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Preface to the Third Edition 

The year was 1979. I was a fourth year surgical resident at New York Uni
versity, sent for a two-month rotation to the (then) Booth Memorial Medical 
Center. Many university programs have a similar rotation: residents are sent 
to an outlying affiliated hospital for a couple of months of intensive bread
and-butter surgery and an experience of what life is like in the real world 
of private practice. Jim Chassin, his associates Jim Turner and Kenny Rifkind, 
and the Booth Memorial residents welcomed me and shared their busy sur
gical practice with me. My notes from the time indicate I scrubbed on a 
wide variety of cases, many with Jim Chassin. The procedures were the very 
operations described in this text, and I hear his voice coaching me as I read 
his words. 

Surgical staplers were just coming into common use that year. My uni
versity program had not yet adopted these devices, reasoning that residents 
need to learn how to suture before using staplers. Thus it was from Jim 
Chassin that I learned how to do a low anterior resection with a circular sta
pled anastomosis. He reinforced his instructions with copies of the typed 
manuscripts of the relevant chapters from a book he was writing, complete 
with rough sketches by his artist. When the first volume of the ftrst edition 
of Chassin's Operative Strategy in General Surgery came out, I bought it, 
and literally wore out my copy. The second volume followed in due course, 
and eventually a second edition. I recommended the book to untold num
bers of residents. 

It was thus with a sense of the circle coming around to full closure that 
I undertook the editorship of this third edition. Searching through my ftles, 
I found original manuscript copies with my handwritten notes from that 
1979 rotation. I can only hope that in bringing this classic up to date I have 
remained true to the intent of the author. Eight years have passed since the 
second edition. Much has changed, much remains the same. Eight new tech
nical chapters for new procedures have been added. New authors, each an 
expert in hislher own fteld, have been recruited to write 13 "concepts" 
chapters. These chapters introduce each section to put the technical chap
ters that follow into perspective. New references have been added. Caspar 
Henselmann, the gifted illustrator of the ftrst two editions, created hundreds 
of new illustrations specillcally for this edition. 

The purpose of this volume remains, as it was so eloquently stated by Frank 
C. Spencer, MD, in the Foreword to the First Edition, to serve "all clinical sur
geons, both those in training and those in surgical practice" by "specillcally 
discussing the conceptual basis of the operation as well as the strategy that 
will help the surgeon avoid common pitfalls . . . the operative technique is 
then described step by step." No procedure has been deleted. No surgeon 
who has relied on the second edition need keep a dogeared copy of that vol
ume out of concern that technical material has been cut. Think of this third 
edition as the edition for the current awkward state of surgical evolution: 
where some, but not all, abdominal operations can be performed through la
paroscopic approaches; where most, but not all, ulcers can be managed med
ically; where sentinel node biopsy is still being validated; and where most, 
but not all, subphrenic abscesses are drained percutaneously. 
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x Preface to the Third Edition 

As an academic surgeon, I am struck by how frequently a resident will 
comment "I've never even seen one of these" when we embark upon cer
tain formerly-common operations, such as an open common bile duct ex
ploration. For this new generation of surgeons, I've included all the proce
dures that were in the second edition. Those that are rarely used are labeled 
Legacy material, for that is what this book is-the legacy of a master sur
geon: an extraordinary surgeon and a kind and gentle man I have been priv
ileged to scrub with and to have as a friend. I hope that you will still hear 
his voice speaking through these pages. 

This work could not have been completed without the wise counsel of 
Laura Gillan, Caspar Henselmann, and Jameson Chassin. Katherine Carolan 
and Lana Slagle at the University of Iowa, and Liz Corra provided invaluable 
help during the editing phase. The library at the Marine Biological Labora
tory in Woods Hole, Massachusetts, provided a refuge and quiet working 
space for me as it has for generations of scholars. Finally, my patients, stu
dents, residents, and coworkers continue to teach and inspire me. 

Carol B.H. Scott-Conner, MD, PhD 
Iowa City, Iowa 
2001 

Dr. Jameson L. Chassin and Dr. Carol E.H. Scott-Conner at the Chassin Surgical 
Society Dinner, April 4, 2000, at the Harvard Club, New York, New York, where 
Dr. Scott-Conner gave the guest lecture, "Women in American Surgery." 



Foreword to the Third Edition 

Eight years have passed since the publication of the second edition of this 
atlas. During that period, I retired from the practice of surgery and from the 
chairmanship of the Department of Surgery at the New York Hospital Med
ical Center of Queens, concluding an exciting and stimulating run of 34 
years, the highlight of which was teaching several generations of residents 
the intellectual and technical details of surgery. A vital component of this 
program was the atlas Operative Strategy in General Surgery, the first edi
tion of which was published in 1980. The success of this work was due in 
large part to the fact that it was based on my day-to-day learning and teach
ing in the operating room. Having retired from the operating room, I felt 
that I could not produce a quality, up-to-date product for the third edition 
of this work. Fortunately, we were able to recruit an outstanding surgeon
teacher to edit the third edition. 

Dr. Carol Scott-Conner, whom I taught when she was a resident in 1980, 
has the intellect, teaching skills, and drive to have functioned as an author, 
surgeon, teacher, and Head of the Department of Surgery at the University 
of Iowa. In editing this volume, she has reviewed each chapter to make sure 
that the text and references are up to date. Although the previous editions 
were the work of a single author (me), it is a fact that surgery and medical 
science have advanced so rapidly that it is no longer feasible for a single au
thor to write a comprehensive surgical text like this one. Consequently, 13 
prominent surgeons have each contributed a chapter that reviews and ana
lyzes recent advances in the fields of the contributor's special expertise. 
Eight new operations have been added, most of which are laparoscopic pro
cedures. In addition, 77 operations from my last edition, having proven them
selves worthy by the test of time, are included in this volume, together with 
the meticulous operating room illustrations by Caspar Henselmann. Many of 
these procedures are complex, such as esophagectomy, total colectomy with 
ileoanal pouch, and pancreatoduodenectomy. Special attention has been 
paid to emphasize in the drawings the detailed teaching points that will 
make these operations safe for the patient. 

I hope that our combined efforts have produced an atlas that you will 
fmd useful. 

Jameson L. Chassin, MD 
Professor of Clinical Surgery 
New York University School of Medicine 
New York, New York 
2001 
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Foreword to the First Edition 

This surgical atlas should be of great value to all clinical surgeons, both those 
in training and those in surgical practice, and Dr. Chassin is superbly qual
ified to author this work. During more than three decades as a member of 
the faculty of the New York University School of Medicine, he has taught 
countless residents many aspects of the art of surgical technique. One mea
sure of Dr. Chassin's unusual teaching ability is that he is both Professor of 
Clinical Surgery at New York University and Director of Surgery at Booth 
Memorial Hospital where our fourth-year surgical residents have rotated reg
ularly for the past 12 years. Booth Memorial is the only hospital outside the 
New York University Medical Center to which New York University resi
dents rotate. This simple fact well underlines Dr. Chassin's remarkable ca
pability for teaching. 

When a surgical complication develops after an operation, two or three 
possibilities should be considered. First, of course, was the diagnosis cor
rect? if it was, then the cause of the complication is usually either an inad
equate operative technique or a flawed concept underlying the selection of 
the operative procedure. When the surgical technique seems faultless, a 
postoperative complication would strongly indicate that the concept was 
erroneous, albeit cherished perhaps for decades. 

Unlike any other atlas on operative technique, this book specifically dis
cusses the conceptual basis of the operation as well as the strategy that will 
help the surgeon avoid common pitfalls. The operative technique is then 
described step by step. 

I am confident that in the years ahead this atlas will be regarded as one 
of the major contributions to our literature of surgical technique. 

Frank C. Spencer, MD 
George David Stewart Professor and Chairman 
Department of Surgery 
New York University School of Medicine 
New York, New York 
1980 
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Part I 
General Principles 



1 Concepts and Strategies 
of Surgery 

DEVELOPING A CONCEPT 

Successful surgery requires study, advance planning, 
clear thinking, and technical skill. Brilliant execution 
of the wrong operation at the wrong time can only 
lead to disaster. To achieve consistently good results 
for each surgical condition the surgeon must develop 
a concept that combines analysis of the literature, study 
of the disordered physiology, and comprehension of 
the hypothesis underlying the contemplated operation. 

To develop a concept properly a surgeon must: 

Know the normal and pathologic physiology and 
anatomy. 

Explore the relative merits of alternative operations 
and treatment options. 

Analyze the operation selected for the problem at 
hand: Are there valid data to demonstrate that it 
can accomplish the desired goal? Is the mortality rate 
for the procedure such that the benefit outweighs 
the risk? Are there alternative treatments that may 
offer lower morbidity and potential mortality? 

Reflect on personal experience with complications 
and deaths following the operation selected. This in
formation is more relevant than are the results that 
may be reported from some renowned medical cen
ter, where one surgeon may have developed exper
tise in a particular operation. Superior results under 
such circumstances obviously do not indicate that 
less experienced surgeons are as successful. 

Review postoperative complications and poor re
sults. When a complication or a death occurs, ana
lyze the case carefully and attempt to make an ob
jective appraisal of what went wrong. Was there 
poor judgment regarding the choice of operation? 
Was the diagnosis inaccurate? Was the assessment 
of the risk incorrect? Was there an error of tech
nique? Did the surgeon lack the technical expertise 
required to undertake the procedure? 

Keep records of mortality and morbidity for each op
eration. Frequent analysis of results increases the 

database of the surgeon's own experience. Knowl
edge the surgeon gains leads to self-renewal and im
proved performance: Without it the surgeon learns 
nothing from experience. 

Persist in a lifetime study of the published literature 
in basic science and clinical surgery. Only in this 
way could one become aware that the trauma of 
surgery induces the release of inflammatory media
tors that make the patient feel weak and ill after 
surgery; that long abdominal incisions, large retrac
tors, and rough surgical technique produce more 
mediators; that gentle dissection and minimally in
vasive techniques with 5- or to-mm incisions and 
"retraction" by 15 mm Hg CO2 reduce the mediator 
cascade and minimize postoperative pain and 
malaise. These scientific advances support the de
velopment of laparoscopic surgery. 

ESTABLISHING STRATEGY 

Establishing an operative strategy-advance plan
ning of the technical steps of the operation-is vi
tal to the safety and efficiency of complex surgical 
procedures. The operative strategy is what the sur
geon ponders the night before the operation: What 
are the major steps of the procedure? How should 
it be modified for this particular case? Where are the 
potential pitfalls? How can they be avoided? In some 
ways this exercise is similar to the visualization em
ployed by highly skilled athletes. The thesis of this 
book is that by creating a strategy the surgeon can 
reduce the incidence of operative misadventures 
and postoperative complications. 

Anticipating and analyzing potential problems 
and danger points before an operation leads to suc
cess more surely than does frenzied activity in the 
operating room after the surgeon and patient are in 
deep trouble. Anticipation enhances the surgeon's 
capacity for prompt decision making in the operat
ing room. 

3 



4 Concepts and Strategies of Surgery 

MAKING TIlE OPERATION EASY 

The main goal of any successful operative strategy 
is to make the operation easy. The main goal of this 
book is to show how to develop such strategy. Easy 
operations are safe operations. A prime requirement 
for making an operation simple is good exposure 
with excellent light. Strategy also means planning 
the sequence of an operation to expose vital struc
tures clearly early during the dissection to avoid dam
aging them. 

Even more important is to do the easy steps of 
any operation first. This practice often makes the 
next step easy. If the surgeon continues to do easy 
steps, there may never be any difficult steps with 
which to contend. Another aid to making an opera
tion easy is for the surgeon to adopt the proper foot 
and body position for each surgical maneuver (see 
Chapter 2). 

The reputation for being a rapid operator is highly 
prized by some surgeons. More important than 
speed, however, are accuracy and delicacy of tech
nique, especially when good anesthesia and patient 
support technology are available. Nevertheless, time 
should not be wasted. A reduction in operating time 
is not achieved merely by performing rapid hand mo
tions. An operation can be expedited without sacri
ficing safety only when thoughtful advance plan
ning, anticipation, and alert recognition of anatomic 

landmarks are combined with efficiency of execu
tion. Together, they eliminate wasted motion and 
wasted time. 

The surgeon in difficulty should stop cutting and 
start thinking. Why is the step difficult? Poor expo
sure? Bad light? Bloody field? The good surgeon 
makes operations look easy because of good opera
tive strategy, rarely needing to resort to spectacular 
maneuvers to extricate the patient from danger. 

The surgeon in real trouble should call for help 
from a senior colleague. Situations such as hemor
rhage from the vena cava or laceration of the com
mon bile duct are best managed with the calming 
influence of an experienced consultant who is not 
burdened by the gUilt and anxiety of having caused 
the complication. 

The chapters that follow in Part I discuss in detail 
the general prinCiples that underlie successful open 
and laparoscopic surgery. Subsequent sections work 
through the anatomic regions and operations that are 
the familiar terrain of the general surgeon. A "con
cepts" chapter introduces each section. The techni
cal chapters that then follow deal with specific sur
gical procedures. No procedure, however rarely used, 
has been omitted. These uncommon procedures are 
labeled "legacy" material. In each technical chapter, 
a discussion of the concept underlying the operation 
and the operative strategy precedes the description 
of each operative technique. 



2 Mechanical Basics of 
Operative Technique 

Rare is the novice who has the inborn talent to ac
complish all the mechanical manipulations of 
surgery with no more thought or analysis than the 
natural athlete gives to hitting a ball. Most surgeons 
in training can gain much from analyzing such ba
sics of surgery as foot position, hand and arm mo
tion, and efficient use of instruments. 

When considering the mechanics discussed here, 
remember that underlying all aspects of surgical 
technique are the fundamental principles articulated 
by Halsted, who emphasized that the surgeon must 
minimize trauma to tissues by using gentle tech
nique. Halsted also stressed the importance of main
taining hemostasis and asepsis. 

This text has been written from the vantage point 
of the right-handed surgeon. Left-handed surgeons 
should of course reverse the instructions where ap
propriate. 

IMPORTANCE OF SURGEON'S FOOT 
AND BODY POSmON 

A comfortable, relaxed stance enables the surgeon 
to spend hours at the operating table without back 
or neck strain and the accompanying muscle 
tremors. It is particularly important to keep the 
shoulders and elbows relaxed. The novice surgeon 
commonly tenses and elevates the shoulders and el
bows. A relaxed posture is facilitated by dropping 
the operating table a few inches. 

When deciding which side of the operating table 
is the "surgeon's side," consider which side allows 
you to most easily use you right arm and hand to reach 
into the area of pathology. For every activity involv
ing the use of hands and arms, there is a body stance 
that allows the greatest efficiency of execution. For 
example, the right-handed professional who uses a 
baseball bat, tennis racket, wood chisel, or golf club 
places the left foot forward and the right foot 30-50 
cm to the rear; the right arm and hand motion are 
then directed toward the left foot. Similarly, for the 
greatest efficiency when suturing, the surgeon as
sumes a body position such that the point of the nee
dle is aimed toward the left foot. This is termed "fore-

hand suturing." It allows the shoulder, arm, and wrist 
to occupy positions that are free of strain and permits 
the surgeon to perceive proprioceptive sensations as 
the needle moves through the tissues. Only in this 
way can the surgeon "feel" the depth of the suture 
bite. Combining this proprioceptive sense with visual 
monitoring of the depth of the needle bite is the best 
way to ensure consistency when suturing. Because 
accurate placement of sutures through the submu
cosa is one of the most important factors during con
struction of an intestinal anastomosis, the surgeon 
must make every effort to perfect this skill. 

Forehand suturing maneuvers use the powerful 
biceps to move the hand from a pronated to a 
supinated position in a natural rolling motion. Back
hand maneuvers require the surgeon to begin from 
a supinated position and roll backward to return to 
a pronated position. With practice this action be
comes smooth but is not as easy or natural as fore
hand suturing. Whenever possible, establish your 
position relative to the field to allow forehand su
turing. When placing a running suture, begin at the 
farthest aspect of the suture line and sew toward 
yourself. 

Figure 2-1 illustrates the proper foot position of 
the surgeon inserting Lembert sutures during con
struction of an anastomosis situated at right angles 
to the long axis of the body. To insert sutures back
hand, the needle is directed toward the surgeon's 
right foot. If only a few backhand sutures are needed, 
it is not necessary to change position. If an entire 
row of sutures requires backhand suturing, how
ever, consider reversing your position relative to the 
surgical field so the row may be placed in the more 
natural forehand manner. 

Some maneuvers require a backhand motion. For 
instance, cutting by scalpel is properly performed 
with a backhand motion directed toward the sur
geon's right foot (Fig. 2-2). Similarly, when elec
trocautery is used as a cutting instrument, it is com
monly drawn toward the right foot in a manner 
analogous to using a scalpel. In contrast, when us
ing scissors the point of the scissors should be di
rected toward the surgeon's left foot. The proper 
foot position for inserting Lembert sutures in an 
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Fig. 2-1 
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8 Mechanical Basics of Operative Technique 

anastomosis oriented in a line parallel to the long 
axis of the body is shown in Figure 2-3. 

Some surgeons do not have a highly developed 
proprioceptive sense when they use the backhand 
suture. Therefore whenever feasible they should 
avoid this maneuver for seromuscular suturing, 

Fig. 2-3 

which is almost always possible if the surgeon re
arranges the direction of the anastomosis or assumes 
a body stance that permits optimal forehand sutur
ing. This is sometimes termed "reversing the field." 
Consider reversing the field whenever you find your
self in a mechanically awkward situation. 
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The method of changing body position so all su
tures can be placed with a forehand motion is illus
trated in Figure 2-4, which shows Cushing sutures 
being inserted into an esophagogastric anastomosis, 
with the surgeon standing on the left side of the pa-

Fig. 2-4 

tient. When the needle is passed through the gastric 
wall from the patient's left to right, the surgeon's 
left foot is planted close to the operating table along 
the left side of the patient's abdomen. The surgeon's 
right foot is placed more laterally. When the suture 
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is passed from the patient's right to left, on the pos
terior aspect of the esophageal wall, the surgeon's 
right foot is placed alongside the operating table. 
The surgeon's body faces the patient's feet, and the 

----------.------

Fig. 2-5 

surgeon's left foot is somewhat lateral to the right 
foot (Fig. 2-5). This positioning directs the point of 
the needle toward the surgeon's left foot at all times. 

A similar change in body stance is illustrated in 

J 
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Figures 2-6 and 2-7, where Cushing sutures are 
being inserted into a low-lying colorectal anasto
mosis. Of course, if the surgeon chose to use the 

Fig. 2-6 

Lembert-type suture for an esophagogastrostomy or 
a coloproctostomy, a single stance would be effi
cient for the entire anastomosis. 
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Figures 2-8 and 2-9 illustrate insertion of Lem
bert sutures for the fmallayer of a gastrojejunal anas
tomosis, showing the foot position of the surgeon, 

~ ( 

Fig. 2-8 

who is standing on the patient's right side, compared 
with a position on the patient's left side. 

/ 
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Figure 2-10 illustrates closure of an upper ver
tical midline abdominal incision. Figure 2-11 shows 
a lower midline incision with the surgeon standing 
at the patient's right side. 

Although it is true that some surgeons are able to 

R 

Fig. 2-10 

accomplish effective suturing despite awkward or 
strained body and hand positions, it must be em
phasized that during surgery, as in athletics, good 
form is an essential ingredient for producing con
sistently superior performance. 

/ 
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1 

Fig. 2-11 

USE OF INSTRUMENTS 

With rare exceptions, all surgical instruments used 
for soft tissue dissection should be held with fm
gertip pressure rather than in a tight, vise-like grip. 
A loose grip is essential if the surgeon is to perceive 
proprioceptive sensations as the instrument is ap
plied to the tissue. A relaxed grip also helps avoid 
fatigue, which contributes to muscle tremors. This 
requirement applies whether the instrument used is 
a scalpel, forceps, needle-holder, or scissors. 

Scalpel 

When making the initial scalpel incision in the skin, 
the surgeon can minimize tissue trauma by using a 
bold stroke through the skin and subcutaneous fat. 
It requires a finn grip. In most other situations, how-

ever, the scalpel should be held gently between the 
thumb on one side of the handle and the other fm
gers on the opposite side. Long, deliberate strokes 
with the scalpel are preferred. Generally, cutting is 
best done with the belly of the scalpel blade, as it 
enables the surgeon to control the depth of the in
cision by feel as well as by vision. The scalpel is a 
particularly effective instrument when broad surface 
areas are to be dissected, as during radical mastec
tomy or inguinal lymphadenectomy. 

In such situations as an attempt to defme the fas
cial ring surrounding an incisional hernia, the surgeon 
can clear overlying adherent fat rapidly from broad 
areas of fascia using a scalpel. The efficiency of knife 
dissection is greatly enhanced when the tissues being 
incised are kept in a state of tension, which can be 
brought about by traction between the surgeon's left 
hand and countertraction by the first assistant. 



The surgeon must always be alert to the nuances 
of anatomy revealed by each scalpel stroke, espe
cially if a structure appears in an unexpected loca
tion. This is not possible if the surgeon is in the habit 
of making rapid, choppy strokes with the scalpel, 
like a woodpecker. Rapid, frenzied motions do not 
afford sufficient time for the surgeon's brain to reg
ister and analyze the observations made during the 
dissection. Nor do they allow sufficient time for feed
back to control the hand motions. Slow, defmitive, 
long sweeping strokes with the scalpel make the 
most rapid progress and yet allow enough time to 
permit activation of cerebral control mechanisms 
and prevent unnecessary damage. 

Metzenbaum Scissors 

The round-tipped Metzenbaum scissors are valuable 
because they serve a number of essential functions. 
Closed, they are an excellent tool for dissection. 
They may be inserted behind adhesions or ligaments 
to elevate and delineate planes of dissection before 
dividing them. Properly held, with the fourth finger 
and thumb in the two rings and the index finger and 
middle finger extended along the handle, this in
strument serves as an extension of the hand when 
detecting sensations and provides the surgeon with 
information concerning the density, pliability, and 
thickness of the tissue being dissected. As with other 
instruments, this proprioceptive function is en
hanced if the hand grasps the instrument gently. 

Electrocautery as a Cutting Device 

Some surgeons prefer to use electrocautery, set for 
the "cutting" current, for such maneuvers as elevat
ing skin flaps during mastectomy or incising subcu
taneous fat. Transecting fat with a cutting current 
makes hemostasis only partially effective but mini
mizes tissue trauma. If the current is set for "coagu
lation," considerable heat may be generated, causing 
the fat to boil. Excessive tissue trauma contributes to 
postoperative wound infection. 

On the other hand, transection of muscle bellies 
(e.g., during a subcostal or thoracic incision) may be 
accomplished efficiently when the electrocautery is 
set for "coagulation" or "blend" current. This setting 
provides good hemostasis and appears not to injure 
the patient Significantly. Occasionally, the peri
toneum and ligaments in the paracolic gutters are 
somewhat vascular secondary to inflammation. Elec
trocautery can be used here to divide these normally 
"avascular" structures. 
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In many areas, such as the neck, breast, and ab
dominal wall, it is feasible to cut with electrocautery, 
now set for "cutting," without causing excessive 
bleeding. To divide a small blood vessel, change the 
switch from "cutting" to "coagulation" and occlude 
the isolated blood vessel by electrocautery. Carefully 
performed, this sequence of dissection seems not to 
be damaging. If the incidence of wound infections, 
hematoma, or local edema is increased using this 
technique, the surgeon is overcoagulating the tissues 
and not isolating the blood vessels effectively. 

Forceps 

Care must be taken to avoid unnecessary trauma 
when applying forceps to body tissues. As with other 
instruments, hold the forceps gently. It is surprising 
how little force need be applied when holding the 
bowel with forceps while inserting a suture. If the 
imprint of the forceps appears on the wall of the 
bowel after the forceps have been removed, it is a 
clear warning that excessive force was applied when 
grasping the tissue. 

With the goal of avoiding unnecessary trauma, 
when selecting forceps recognize immediately that 
"smooth" and "mouse-toothed" forceps are con
traindicated when handling delicate tissue. Applied to 
the bowel, smooth forceps require excessive com
pression to avoid slipping. In this situation DeBakey
type forceps do not require excessive compression to 
prevent tissue from slipping from the forceps' jaws. 
For more delicate dissection, the Brown-Adson-type 
forceps are even more suitable. This instrument con
tains many tiny interdigitating teeth, which allow the 
surgeon to hold delicate tissues with minimal force. 

Needle-Holder 

Match the size and weight of the needle-holder to the 
size of the needle and suture. For example, do not 
use a delicate needle-holder to manipulate the heavy 
needle and suture used for fascial closure. Similarly, 
a heavy needle-holder is too cumbersome to allow ac
curate suturing of bowel or blood vessels. Ideally, 
needle-holders are paired so the scrub assistant is load
ing one with a suture while the surgeon is suturing. 

It should be obvious that a curved needle must 
be inserted with a circular motion to avoid a tear at 
the site of the needle's point of entry into the tis
sue. It requires a rotatory motion of the surgeon's 
wrist, which in tum is aided by proper body stance 
and relaxed shoulder and elbow positions. Stability 
is enhanced if the elbow can be kept close to the 
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body. Many novices tend to ignore the need for this 
rotatory wrist motion, especially when the suture 
line is in a poorly accessible anatomic location. They 
tend to insert a curved needle with a purely hori
zontal motion of the needle-holder, causing a small 
laceration at the entrance hole. 

Using the same hand grip throughout the sutur
ing sequence enhances the surgeon's capacity to de
tect proprioceptive impulses from the needle
holder. It is difficult to sense the depth of the needle 
bite accurately if the surgeon's fmgers are sometimes 
in the rings of the instrument's handle and at other 
times are not. For gastrointestinal suturing, where 
proprioception is of great importance, we prefer a 
grip with the thumb in one ring and the ring fmger 
in the other, steadying the handle with the extended 
index and middle fingers. 

With practice, a delicate needle-holder may be 
palmed, that is, manipulated, opened, and closed 
without placing the thumb or ring fmger through 
the rings. It requires facility and practice and should 
not be attempted by the novice, who is apt to find 
it necessary to put the thumb and fmger into the 
rings to open and close the needle-holder after palm
ing the needle-holder to place the stitch. This se
quence is awkward, increases tissue trauma, and sig
nificantly slows suture placement. 

Although most suturing is accomplished using a 
needle-holder with a straight shaft, some situations 
require a needle-holder whose shaft is angled or 
curved (e.g., for low colorectal and some esopha
gogastric anastomoses). In both instances, inserting 
the suture with a smooth rotatory motion may not 
be possible unless a curved needle-holder such as 
the Stratte or Finochietto is used (see Fig. G-18). 

Hemostat 

Ideally, a hemostat is applied to a vessel just behind 
the point of bleeding, and the bite of tissue is no 
larger than the diameter of the vessel. Obtaining he
mostasis may seem to take less time if large bites of 

tissue are grasped by large hemostats than if small, 
accurate bites are taken. On the other hand, with 
small bites many bleeding points can be rapidly con
trolled by electrocautery rather than ligature, a tech
nique that is especially helpful during such opera
tions as those for radical mastectomy. 

The choice between straight- and curve-tipped 
hemostats is a matter of personal preference, as ei
ther may be applied with equal accuracy. Curve
tipped hemostats make it somewhat easier to bring 
a ligature around the back and tip of the clamp for 
tying. The manner in which the curved hemostat is 
applied differs depending on whether the vessel is 
to be cauterized or tied. The hemostat should be ap
plied points down and then lifted clear of all adja
cent tissue to cauterize the vessel. It should be ap
plied points up if the vessel is to be tied. 

Whenever pOSSible, small Halsted or Crile hemo
stats should be employed. For deeper vessels (e.g., 
the cystic artery), Adson clamps provide more han
dle length combined with delicate jaws. Hemostats 
vary in the length of the serrated segment. Some are 
fully serrated, whereas others are serrated only at 
the distal portion. Only the serrated portion of the 
clamp grasps tissue. 

Occasionally it is more efficient to use a single, 
large Kelly hemostat to grasp a large pedicle con
taining a number of vascular branches than to cause 
additional bleeding by dissecting each small branch 
away from the pedicle. An example is ligation of the 
left gastric artery-coronary vein pedicle along the 
lesser curvature of the stomach during gastric re
section. A right-angled Mixter clamp is useful for ob
taining hemostasis in the thoracic cavity and when 
dividing the vascular tissue around the lower rectum 
during the course of anterior resection. 

In all cases the preferred hand grip for holding 
hemostats is identical with that for holding the 
needle-holder and scissors. When the hemostat has 
a curved tip, the instrument should be held so the 
tip curves in the same direction in which the sur
geon's fmgers flex. 
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Closure 

ACHIEVING EXPOSURE 

Many dangerous surgical mishaps occur because the 
operative exposure is inadequate. The first step to
ward obtaining good exposure is a well planned in
cision of sufficient length. The second step during 
abdominal surgery requires that the intestines be 
packed away from the area of operation. If a dis
section requires exposure of a large portion of the 
abdominal cavity, such as for left hemicolectomy or 
excision of an abdominal aortic aneurysm, it may be 
necessary to exteriorize the small intestine for the 
duration of the dissection. The third step is retrac
tion of the wound edges, which is accomplished by 
having an assistant apply a Richardson retractor to 
the abdominal wall and deep retractors, such as the 
Harrington retractor, to deeper structures. In some 
situations, a mechanical self-retaining retractor, such 
as the Balfour or the Thompson, may be inserted to 
separate the lips of a long abdominal incision. For 
thoracotomy and thoracoabdominal incisions, a 
Finochietto retractor is excellent for separating the 
ribs. 

One disadvantage of using a mechanical self
retaining retractor in the abdomen is that it may in
flict trauma if intense pressure is exerted against the 
rectus muscles. This pressure can be lessened by us
ing long incisions and padding the musculature with 
moist gauze pads. A second potential disadvantage 
when deep blades are used to retract intraabdomi
nal viscera is distortion of normal anatomy, which 
may make it difficult for the surgeon to identify vi-

tal structures. If the field is difficult to interpret, con
sider removing any fIXed deep blades and reassess
ing the exposure. 

Fixed retractors vary from the simple "chain" re
tractor to fancy systems such as the Omni. The 
"chain" retractor (Fig. 3-1) is an inexpensive im
provisation that permits insertion of a retractor blade 
underneath the lower end of the sternum or under
neath either costal margin. The retractor is attached 
to an ordinary link chain, which can be purchased 
in a hardware store. The anesthesiologist attaches a 
curved steel post borrowed from the gynecologic 
lithotomy stirrup set to the side rail at the head of 
the operating table. When the post is adjusted to the 
proper height, the chain is fixed to a snap at the tip. 
By rotating the post in the proper direction, the 
lower end of the sternum and the thoracic cage can 
be retracted forcefully cephalad and anteriorly to el
evate the sternum by as much as 8-10 cm. 

This device is ideal for operations around the 
lower esophagus, such as hiatus hernia repair. It does 
not require purchase of new instruments other than 
25-30 cm of chain. It may be installed when neces
sary without preparation, even during an operation. 
It is also helpful for liberating the splenic flexure of 
the colon. Here the device is placed on the left side 
of the operating table, and the retractor is positioned 
to draw the left costal margin to the left, cephalad, 
and anteriorly, significantly improving exposure. 
Whenever exposure for operations on the biliary 
tract is difficult, applying the "chain" retractor to the 
right costal margin can be of benefit. 

19 
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Fig. 3-2 

A slightly more complex retractor that attaches 
to the operating table to improve upper abdominal 
exposure is the Upper Hand retractor (Fig. 3-2). 
This device is a steel bridge that is attached to both 
sides of the operating table and passes across the pa
tient at the mid-sternal level. Its height is set at 4-10 
cm above the sternum, depending on the type of re
traction desired. Two retractor blades can be at
tached to the steel bridge, one of which may be used 
to elevate the lower sternum in a manner similar to 
the "chain" retractor. A second blade may be at
tached to the bridge to retract the liver for biliary 
tract surgery; this method sometimes eliminates the 
need for a second assistant. 

A variety of more complex self-retaining retrac
tors are available, and the particular one chosen de
pends on personal preference and availability. The 
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Thompson (see Fig. G-26) or Omni retractors attach 
to the operating table and have a large variety of 
components for retraction. These devices are more 
flexible during operation than is the Upper Hand re
tractor. 

The primary aim of all ftxed retractors is not to 
reduce the number of assistants in the operating 
room but to provide better and more stable expo
sure. 

INCISIONS FOR 
ABDOMINAL SURGERY 

Although many surgeons have long believed that 
transverse incisions are stronger and have a lower 
incidence of dehiscence than midline inciSions, this 
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belief is false (see following section). Some think that 
the upper transverse incision interferes less with res
piration than does the upper midline incision. Clin
ically, this does not appear to be important. A long, 
vertical midline incision gives excellent exposure 
for all parts of the abdomen. It also provides flexi
bility, as extensions in either direction are simple to 
execute. Reoperation for other pathology is simpler 
if the previous operation was performed through a 
midline incision rather than a paramedian incision. 

Splenectomy, splenic flexure resection, hiatus 
hernia repair, vagotomy, pancreatectomy, and bil
iary tract surgery are easily done with the aid of the 
"chain" or more sophisticated retractors. Whenever 
exposure in the upper abdomen by this technique 
is inadequate, it is a simple matter to extend the mid
line incision via median sternotomy or into a right 
or left thoracoabdominal approach. Yet another ad
vantage of midline incisions is the speed with which 
they can be opened and closed. 

Despite these advantages, we often use a subcostal 
approach for open cholecystectomy because a short 
incision provides direct exposure of the gallbladder 
bed. If the gallbladder has already been removed and 
a secondary common duct exploration is necessary 
or a pancreaticoduodenectomy is contemplated, a 
midline incision extending 6-8 cm below the um
bilicus provides excellent exposure and is preferred. 

For the usual appendectomy, the traditional 
McBurney incision affords reasonable exposure, a 
strong abdominal wall, and a good cosmetic result. 
Accomplishing the same exposure with a vertical in
cision would require either a long midline or a para
median incision or an incision along the lateral bor
der of the rectus muscle, which might transect two 
intercostal nerves and produce some degree of ab
dominal weakness. 

AVOIDING WOUND DEIDSCENCE 
AND HERNIA 

Wound dehiscence spans a spectrum from cata
strophic evisceration through occult dehiscence. 
Major wound disruption is associated with signifi
cant postoperative mortality; and even minor de
grees of occult dehiscence may result in a postop
erative incisional hernia. 

The major causes of wound disruption are as fol
lows: 

Inadequate strength of suture material, resulting in 
breakage. 

Suture material that dissolves before adequate heal
ing has occurred (e.g., catgut) 

Knots becoming untied, especially with some 
monoftlaments (e.g., nylon and Prolene) 

Sutures tearing through tissue 

All these causes except the last are self-explanatory; 
suture tears are poorly understood by most sur
geons. A stitch tears tissue if it is tied too tightly or 
encompasses too little tissue. Although it is true that 
in some patients there appears to be diminution in 
the strength of the tissue and its resistance to tear
ing, especially in the aged and extremely depleted 
individuals, this does not explain the fact that many 
wound disruptions occur in healthy patients. The su
tures must hold throughout the initial phase of 
wound healing, which lasts several weeks and in
volves softening of the collagen around the wound 
edges. 

When the incision is disrupted following an un
complicated cholecystectomy in a healthy, middle
aged patient with good muscular development, 
there must be a mechanical explanation. Often the 
surgeon has closed the wound with multiple small 
stitches of flne suture material. Under these cir
cumstances, a healthy sneeze by a muscular indi
vidual tears the sutures out of the fascia and peri
toneum because the muscle pull exceeds the 
combined suture-tissue strength. 

If the problem, then, is to maintain tissue ap
proximation during a sneeze or abdominal disten
sion for a period of time sufficient for even the de
pleted patient to heal, what is the best technique to 
use? We now have adequate data to identify the prin
ciples that must be observed if the rate of dehiscence 
is to be reduced to less than 1 %, especially in the 
poor-risk patient. Adequate bits of tissue must be in
cluded in each suture; the sutures must be placed 
neither too close nor too far apart; and they must 
be tied securely in a manner that approximates but 
does not strangulate the tissue. For general abdom
inal wound closure we prefer the interrupted Smead
Jones closure technique with a monoftlament suture, 
described below. 

Many surgeons believe that a patient who is at in
creased risk of wound dehiscence by virtue of mal
nutrition, chronic steroid therapy, or chronic ob
structive pulmonary disease should have an abdominal 
incision closed with "retention sutures" that go 
through the skin and the entire abdominal wall. If re
tention sutures are used they should be considered 
an adjunct to good closure rather than a substitute 
for it. Suture bridges protect the skin, and retention 
sutures tied loosely do not cut through the fascia. 
Retention sutures should be used only when delayed 
healing is anticipated and should be left in place un
til healing is complete, which often is signaled by 
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the previously snug retention sutures becoming 
loose as the wound contracts. A properly placed 
Smead-Jones suture creates a row of internal reten
tion sutures by taking bites through the fascia and 
muscle layers but avoiding the skin (Figs. 3-3, 3-4). 
Although this text describes the interrupted Smead
Jones technique, some have used a similar running 
suture technique with great success. 

OPERATIVE TECHNIQUE FOR 
A MIDLINE INCISION 

Making the Incision 

Hold a large gauze pad in the left hand and apply 
lateral traction on the skin; the ftrst assistant does 
the same on the opposite side of the incision. Use 
the scalpel with a ftrm sweep along the course of 
the incision (Fig. 3-5). The initial stroke should go 
well into the subcutaneous fat. Then reapply the 
gauze pads to provide lateral traction against the sub
cutaneous fat; use the belly of the scalpel blade to 
carry the incision down to the linea alba, making as 
few knife strokes as possible. The linea alba can be 
identilled in the upper abdomen by observing the 
decussation of fascial ftbers. It can be conftrmed by 
palpating the tip of the xiphoid, which indicates the 
midline. 

The former custom of discarding the scalpel used 
for the skin incision (in the belief that it incurred 
bacterial contamination) is not supported by data or 
logic and is no longer observed. Because subcuta
neous fat seems to be the body tissue most suscep
tible to infection, every effort should be made to 
minimize trauma to this layer. Use as few hemostats 
and ligatures as possible; most bleeding points stop 
spontaneously in a few minutes. Subcutaneous 
bleeders should be electrocoagulated accurately and 
with minimal trauma. 
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Fig. 3-5 

Continuing lateral traction with gauze pads, di
vide the linea alba with the scalpel. If the incision 
is to be continued around and below the umbilicus, 
leave a 5- to 8-mm patch of linea alba attached to the 
umbilicus to permit purchase by a suture during clo
sure. Otherwise, a gap between sutures may appear 
at the umbilicus, leading to an incisional hernia. 

Open the peritoneum to the left of the falciform 
ligament. Virtually no blood vessels are encountered 
when the peritoneum is opened close to its attach
ment to the undersurface of the left rectus muscle. 
Elevate the peritoneum between two forceps and 
incise it just above and to the left of the umbilicus. 
Using Metzenbaum scissors, continue this incision 
in a cephalad direction until the upper pole of the 
incision is reached. If bleeding points are encoun
tered here, electrocoagulate them. 

So as not to cut the bladder, be certain when 
opening the peritoneum in the lower abdomen to 
identify the prevesical fat and bladder. As the peri
toneum approaches the prevesical region, the 
preperitoneal fat cannot be separated from the peri
toneum and becomes somewhat thickened and 
more vascular. If there is any question about the lo
cation of the upper margin of the bladder, note that 
the balloon of the indwelling Foley catheter can be 
milked in a cephalad direction. It is easy to identify 
the upper extremity of the bladder this way. It is not 
necessary to open the peritoneum into prevesical 
fat, as it does not improve exposure. However, open
ing the fascial layer down to and beyond the pyra-
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midalis muscles to the pubis does indeed improve 
exposure for low-lying pelvic pathology. 

Closure of Midline Incision by 
Modified Smead-Jones Technique 
In the upper abdomen it is unnecessary to include 
the peritoneum or falciform ligament in the suture. 
Below the umbilicus there is no distinct linea alba, 
and the rectus muscle belly is exposed. In this re
gion include the peritoneum in the stitch. 

Apply Allis clamps to the linea alba at the mid
point of the incision, one clamp on each side. Be
low the umbilicus the Allis clamps should include a 
bite of peritoneum and of anterior fascia. With no. 
1 polydioxanone suture (PDS), encompass 3 cm of 
tissue on each side of the linea alba; then take a small 
bite of the linea alba, about 5 mm in width, on each 
side. This results in a small loop within a large loop 
(Fig. 3-6), The purpose of the small loop is simply 
to orient the linea alba so it remains in apposition 
rather than one side moving on top of the other. 
Place the small loop 5-10 mm below the main body 
of the suture to help eliminate the gap between ad
jacent sutures. Insert the next suture no more than 
2 cm below the first. Large, curved Ferguson nee
dles are used for this procedure. 

Tie the sutures with at least four square throws. 
Avoid excessive tension. When half of the incision 
has been closed, start at the other end and approach 
the midpoint with successive sutures (Fig. 3-6). Do 
not tie the last few stitches, leaving enough space 
to insert the remaining stitch under direct vision. In 
no case should the surgeon insert a stitch without 
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seeing the point of the needle at all times. Tie all the 
remaining sutures (Fig. ~ 7). Close the skin with in
terrupted 4-0 nylon vertical mattress sutures, a con
tinuous subcuticular suture of 4-0 polyglycolic (pGj, 
or staples. 

Other special incisions such as the McBurney (see 
Chapter 40), subcostal (see Chapter 66), and Pfan
nenstiel (see Chapter 56) incisions are found else
where in this volume where the operations most 
commonly performed through these exposures are 
introduced. 
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4 Dissecting and Suturing 

ART OF DISSECTING PlANES 

Of all the skills involved in the craft of surgery, per
haps the single most important is the discovery, de
lineation, and separation of anatomic planes. When 
this is skillfully accomplished, there is scant blood 
loss and tissue trauma is minimal. The delicacy and 
speed with which dissection is accomplished can 
mark the difference between the master surgeon and 
the tyro. 

Of all the instruments available to expedite the 
discovery and delineation of tissue planes, none is 
better than the surgeon's left index finger. [Refer
ences here are again to right-handed surgeons.] This 
digit is insinuated behind the lateral duodenal liga
ment during performance of the Kocher maneuver, 
behind the renocolic ligament during colon resec
tion, and behind the gastrophrenic ligament during 
a gastric fundoplication. These structures can then 
be rapidly divided, as the underlying left index fm
ger is visible through the transparent tissue. Dissec
tion of all these structures by other techniques not 
only is more time-consuming, it is frequently more 
traumatic and produces more blood loss. 

To identify adhesions between the bowel and 
peritoneum, pass the left index fmger behind the ad
hesion. This maneuver produces gentle traction on 
the tissue to be incised. If the finger is visible 
through the adhesion it can aid dissection. 

If there is insufficient space for inserting the sur
geon's left index finger, often Metzenbaum scissors, 
with blades closed, can serve the same function 
when inserted underneath an adhesion for delin
eation and division. This maneuver is also useful 
when incising adventitia of the auxiliary vein during 
a mastectomy. To do this, the closed Metzenbaum 
scissors are inserted between the adventitia and the 
vein itself, they are then withdrawn, the blades are 
opened, and one blade is inserted underneath the 
adventitia. Finally, the jaws of the scissors are closed, 
and the tissue is divided. This maneuver is repeated 
until the entire adventitia anterior to the vein has 
been divided. 

In many situations a closed blunt-tipped right
angle Mixter clamp may be used the same way as 
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Metzenbaum scissors for dissecting and delineating 
anatomic structures. Identification and skeletoniza
tion of the inferior mesenteric artery or the cystic 
artery and delineation of the circular muscle of the 
esophagus during cardiomyotomy are some uses to 
which this instrument can be put. 

The scalpel is the instrument of choice when de
veloping a plane that is not a natural one, such as 
when elevating skin flaps over the breast. When the 
scalpel is held at a 45° angle to the direction of the 
incision (Fig. 4-1), it is useful for clearing fascia of 
overlying fat. 

More important, when the surgeon must cope 
with advanced pathologic changes involving dense 
scar tissue, such as may exist when elevating the 
posterior wall of the duodenum in the vicinity of a 
penetrating duodenal ulcer, the scalpel is the only 
instrument that can divide the dense scar accurately 
until the natural plane of cleavage between the duo
denum and pancreas is reached, beyond the diseased 
tissue. 

The peanut sponge (Kutner dissector), a small, 
1.5 cm gauze sponge grasped in a long hemostat, is 
an appropriate device for separating fat and areolar 
tissue from anatomic structures. It should not be 
used to tear tissues while making a plane. After the 
peritoneum overlying the cystic duct and artery has 
been incised, the peanut sponge can separate peri
toneum and fat from the underlying duct and artery. 
It is similarly useful for elevating a thyroid lobe from 
its capsule. After sharp dissection has exposed the 
major arteries during the course of a colon resec
tion, the peanut sponge can be used to skeletonize 
the vessels and sweep the lymphatic and areolar tis
sue toward the specimen. 

A folded 10 X 10 cm gauze square grasped in a 
sponge holder has occasional application for sweep
ing perirenal fat from the posterior aspect of the peri
toneum during lumbar sympathectomy. It is useful 
also for separating the posterior wall of the stomach 
from peripancreatic ftlmy peritoneal attachments. 
Because use of a large sponge does not permit 
anatomic preCision, small veins may be tom during 
this type of gross dissection; therefore the sponge's 
applicability is limited to avascular planes. 
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The surgeon who wants to perform accurate dis
sections is greatly aided by a talent for quickly rec
ognizing tissues and structures as they are revealed 
by the scalpel or scissors. A truly alert surgeon can 
promptly evaluate the structural characteristics of a 
nerve, blood vessel, ureter, or common bile duct, so 
each is identifiable at a glance, even before the struc
ture is thoroughly exposed. An intimate knowledge 
of anatomy is required for the surgeon to know ex
actly where each structure will appear even before 
it has been revealed by dissection. 

SEWING TECHNIQUE 

Use of a Needle-Holder 

Smooth rotatory wrist action and the surgeon's 
awareness of what it feels like when a needle pen
etrates the submucosa of the bowel are important 
when suturing with a typical half-circle needle on a 
needle-holder (see Chapter 2). 

Selection of Needle 

The needle selected for any use should have the least 
possible thickness commensurate with adequate 
strength to achieve its purpose. Tapered-point nee
dles are used to insert sutures into soft tissue such 
as the fascia, fat, or gastrointestinal viscera. Cutting 
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needles are used for the skin and occasionally for 
tough fibrous tissue such as breast. Use of a too del
icate needle risks bending or breaking the needle. 
More often such damage is due to failure to follow 
the curve of the needle as it passes through the 
tissue or placing the needle too far back on the 
needle-holder. 

Size of Bite 

The width of the tissue enclosed in the typical sero
muscular suture varies between 4 and 6 mm, de
pending on the thickness and consistency of the tis
sue involved. Hypertrophied gastric wall requires a 
larger bite than the normally thin colon. As discussed 
in Chapter 3, our version of the Smead-Jones closure 
includes a bite of abdominal wall 3 cm wide. Thus 
the size of the bite must be matched to the purpose 
of the suture, the size of the suture, and the amount 
of force the suture line must withstand. 

Distance between Sutures 

The distance between bites for a typical approxi
mation of the seromuscular layer with interrupted 
Lembert sutures is 5 mm. When continuous mucosal 
or other sutures are used, the width of the bites and 
the distance apart should be apprOximately the same 
as those specified for interrupted stitches. 
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After one layer of sutures has been inserted, the 
surgeon should use the forceps to test tentatively 
the optimal degree of inversion that permits the sec
ond layer to be inserted without tension (see Figs. 
29-23a, 29-23b). 

Size of Suture Material 

As there must never be any tension on an anasto
mosis in the gastrointestinal tract, it is not necessary 
to use suture material heavier than 4-0 or 3-0. Fail
ure to heal often is due to a stitch tearing through 
the tissue; it is almost never due to a broken suture. 
When two layers of sutures are used for an anasto
mosis in the gastrointestinal (GI) tract, the inner 
layer should be 5-0 or 4-0 PG. This layer provides 
immediate, accurate approximation of the mucosa 
and, in some instances, hemostasis. 

When taking large bites of tissue with consider
able tensile strength, such as with the Smead-Jones 
closure of the abdominal wall, heavier suture mate
rial is indicated. Here, 1-0 PDS is suitable. Obviously, 
the size of the suture material must be proportional 
to the strength of the tissues into which it is inserted 
and to the strain it must sustain. 

Continuous versus 
Interrupted Sutures 

End-to-end anastomosis of the GI tract should be 
done with interrupted seromuscular sutures to avoid 
the possibility that the purse-string effect of the con
tinuous stitch would narrow the lumen. A continu
ous suture is permissible in the mucosal layer if it is 
inserted with care to avoid narrowing. When an 
anastomosis is large, as with gastrojejunostomy, the 
use of two continuous layers of PG appears safe. 

How Tight the Knot? 

If the knot on a suture approximating the seromus
cular coats of two segments of intestine is tied so 
tightly it causes ischemic necrosis, an anastomotic 
leak may follow. This is especially likely if the stitch 
has been placed erroneously through the entire wall 
of the bowel into the lumen. Because considerable 
edema follows construction of an anastomosis, knots 
should be tied with tension sufficient only to pro
vide apposition of the two seromuscular coats. Cau
tion must be exercised when tying suture material 
such as silk or Prolene, which are slippery enough 
that each knot may have the effect of a noose that 
is repeatedly tightened with the tying of each addi-

tional knot. Nylon sutures also exhibit excessive slip
page; even when the first knot has been applied with 
proper tension, each succeeding knot often pro
duces further constriction. When nylon sutures in 
the skin have been tied with too much tension, 
marked edema, redness, and cross-hatching can be 
seen at the site of each stitch. The same ill effects 
occur when intestinal sutures are made too tight, 
but the result is not visible to the surgeon. 

Catching Both Walls of Intestine with 
One Pass of the Needle-Holder 

Most surgeons who insert seromuscular sutures to ap
proximate two segments of intestine were taught to 
insert the Lembert suture through the intestine on one 
side of the anastomosis. They then pick up the nee
dle with the needle-holder to take another Lembert 
stitch in the opposite wall of the bowel. Occasionally, 
under ideal conditions it is possible to pass a needle 
of proper length through one side of the intestine and 
then, without removing the needle-holder, pass the 
needle through the opposite wall before pulling the 
thread through. The danger associated with this short
cut is that one may traumatize the entrance wound 
made on the side of the intestine through which the 
needle was first inserted. This problem can occur as 
the surgeon moves the needle and the intestinal wall 
in a lateral direction to bring it closer to the opposing 
intestine, thereby making a small tear at the entrance 
hole (Fig. 4-2). With proper technique this shortcut 
can be accomplished without undue trauma. After the 
needle has been passed through the first segment of 
intestine, the surgeon should avoid any lateral move-
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ment of the needle-holder. Instead, the surgeon gen
tly picks up the opposing segment of intestine with a 
forceps and brings this portion of bowel to the nee
dle. Then, with a purely rotatory motion of the wrist, 
the surgeon allows the needle to penetrate the sec
ond side (Fig. 4-3), If the surgeon is conscious of the 
need to avoid trauma and uses a rotatory maneuver, 
there are situations in which this technique is ac
ceptable and efficient. 

Types of Stitch 

Simple Everting Skin Stitch 

Eversion of the edges is desired when closing skin. 
Consequently, the wrist should be pronated and the 
needle inserted so the deeper portion of the bite is 
slightly wider than the superficial portion (Fig. 4-4). 
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Fig. 4-5 

Vertical Mattress (Stewart) Stitch 

With the classic Stewart method of skin suturing, 
eversion is guaranteed by the nature of the vertical 
mattress stitch (Figs. 4-6, 4-7). Neither of these 
two types of skin suture should be tied with exces
sive tension if cross-hatching is to be avoided. 

When this stitch is tied, the edges are everted (Fig. Fig. 4-6 
4-5). 

Fig. 4-4 

Deep portion at 
suture bite i wider' 
than superficial partrt 

Fig. 4-7 
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Fig. 4-8 Fig. 4-9 

Continuous Subcuticular Stitch 

For the continuous subcuticular stitch, 4-0 PG may 
be employed on an atraumatic, curved, cutting nee
dle. With practice the surgeon may insert it rapidly 
and obtain a good cosmetic result (Fig. 4-8). Be
cause it is absorbable there are no sutures to remove 
postoperatively. If preferred, continuous 3-0 nylon 
may be used, with lead shot or an external knot fix
ing the stitch at its points of origin and termination. 
This stitch should not be removed for 10-14 days 
following the operation. If the nylon stitch is longer 
than 7-8 cm, it may break during removal. 

Skin Staples 

Skin staples can be applied with force just sufficient 
to achieve approximation without producing cross
hatching of the skin. They allow good cosmetic re
sults. Depending on the thickness of the skin and 
the underlying structures, staples may be placed 
5-10 mm apart (Fig. 4-9), Align the skin edges to 
produce good apposition with slight eversion. When 
working with a less skilled assistant, it is preferable 

Fig. 4-10 

for the surgeon to align the edges and allow the as
sistant to place the staples. 

Simple Interrupted Fascial Stitch 

The McBurney and other special incisions may be 
closed by simple interrupted fascial sutures. These 
sutures are placed so they include 8-10 mm of 
tissue with each bite, as shown in Figure 4-10. Ex
cept for use in the McBurney and Pfannenstiel inci
Sions, this abdominal wall closure should be con
sidered obsolete. 

Continuous Simple Over-and-Over Stitch 

Figure 4-11 illustrates the simple over-and-over 
continuous stitch frequently used for closure of the 
peritoneum. It is sometimes applied to the mucosal 
layer of bowel anastomoses as well. 

Fig. 4-11 
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Horizontal Mattress Stitch 

The mattress suture is occasionally used to close fas
cia and sometimes for ventral hernia repair (Fig. 
4-12). It can also serve as a hemostatic stitch. 

Smead-Jones Stitch 

The Smead-Jones stitch is well suited for closure of 
major abdominal incisions. It is, in essence, a buried 
"retention" suture, as it encompasses all layers of the 
abdominal wall, except the skin, in its large loop. 
The large loop is followed by a small loop, which 
catches only 4-5 mm of linea alba on each side. The 
purpose of this small loop is to orient the abdomi
nal wall in perfect apposition. It is described in de
tail in Chapter 3. 

Hemostatic Figure-ol-Eight Stitch 

The classic hemostatic figure-of-eight stitch is used for 
occlusion of a bleeding vessel that has retracted into 
muscle or similar tissue. It is illustrated in Figure 3-4. 

Single-Layer Bowel Anastomosis 

Bowel anastomoses employing one layer of sutures 
have become acceptable. An effective method for 
accomplishing inversion and approximation simul
taneously is use of the seromucosal stitch (Fig. 
4-13), which is an inverting stitch that catches the 
seromuscular and submucosal layers and a small 
amount of mucosa. When properly applied, it pro
duces slight inversion of the mucosal layer and ap
proximation. It is not necessary to pass this stitch 
deeper than the submucosal layer. 

If it is passed into the lumen before emerging from 
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by Gambee, whose technique was at one time applied 
to one-layer closure of the Heinecke-Mikulicz pyloro
plasty. Used in an interrupted or a continuous fash
ion, it is an excellent alternative to the Connell stitch 
for inversion of the anterior mucosal layer of a two
layer bowel anastomosis. When used for construction 
of a single-layer intestinal anastomosis, it should of 
course be done only in interrupted fashion. 

Lembert Stitch 

Perhaps the most widely used technique for approx
imating the seromuscular layer of a bowel or gastric 
anastomosis is the Lembert stitch (Fig. 4-14). This 
stitch catches about 5 mm of tissue, including a bite 
of submucosa, and emerges 1-2 mm proximal to the 
cut edge of the serosa. It also has been used for one
layer intestinal anastomoses. Under proper circum
stances it may be applied in a continuous fashion. 

Cushing Stitch 

The Cushing stitch is similar to the Lembert stitch, 
except it is inserted parallel to and 2-4 mm from the 
cut edge of the bowel. It should catch about 5 mm 
of the bowel, including the submucosa. It is espe
cially applicable to seromuscular approximation for 
anastomoses in poorly accessible locations, such as 
the low colorectal anastomosis. The interrupted 

the mucosal layer, it is identical with that described Fig. 4-14 
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Fig.4-15a 

Fig. 4-15b 

Fig. 4-16 

Fig. 4-17 Fig. 4-18 

Cushing technique is illustrated in Figure 4-15a. 
When used as a continuous stitch (Fig. 4-15b) the 
Cushing is a good alternative to the Connell stitch 
for inverting the anterior mucosal layer of an anas
tomosis. The main difference between the Connell 
stitch (see Fig. 4-18, below) and a continuous Cush
ing suture is that the former penetrates the lumen 
of the bowel, whereas the latter passes only to the 
depth of the submucosal layer. The continuous 
Cushing suture is also much easier and more effi
cient to accomplish than the Connell stitch. 

Halsted Stitch 

The Halsted stitch (Fig. 4-16) provides excellent sero
muscular approximation in a bowel anastomosis. It 
shares with the Cushing stitch the danger that when 
tied with excessive tension it causes strangulation of 
a larger bite of tissue than does the Lembert suture. 

Continuous Locked Stitch 

Figure 4-17 illustrates approximation of the poste
rior mucosal layer of a bowel anastomosis with a con
tinuous locked stitch. This stitch ensures hemostasis 
and approximation. When hemostasis is not a prob
lem, some surgeons prefer to close this layer with a 
simple over-and-over continuous stitch (Fig. 4-11). 

Connell Stitch 

The Connell suture was originally described as a 
technique for performing a single-layer end-to-end 
anastomosis of the bowel. This suture has been used 
for many decades as the method for inverting the 
anterior mucosal layer of a two-layer bowel anasto
mosis. The stitch goes from the serosa through all 
layers of intestine into the lumen (Fig. 4-18), comes 
out through all the layers on the same side, and 
passes over to the opposite segment of the bowel, 
where the same sequence takes place. 

Because it forms a loop on the mucosa the Con
nell stitch is slightly hemostatic, but one should not 



depend entirely on it for that purpose. The suture 
is placed loosely to avoid purse-stringing the anas
tomosis and hence is inadequate to produce hemo
stasis for small arterial bleeders. As the bowel is in
verted, intraluminal bleeding does not remain visible 
to the surgeon and may go undetected. This is par
ticularly common with the stomach, which has a 
rich submucosal blood supply. Rather than rely on 
the Connell stitch, individually ligate the bleeding 
points or secure them with electrocautery. 

TECHNIQUE OF 
SUCCESSIVE BISECTION 

The technique we named "successive bisection" en
sures consistently accurate intestinal anastomoses, es
pecially when the diameters of the two segments are 
not identical. As illustrated in Figure 4-19, the first 
stitch is inserted at the antimesenteric border and the 
second at the mesenteric border. The third is then in
serted at a point that exactly bisects the entire layer. 
The fourth stitch bisects the distance between the first 
and third stitches. This pattern is then repeated until 
the anastomotic layer is complete (Fig. 4-20). 

Intestinal Anastomoses 

One Layer or Two? 

Although abundant data confirm that an intestinal 
anastomosis can be performed safely with one or two 
layers of sutures, to our knowledge there is no con
sistent body of randomized data conclusively demon
strating the superiority of one or the other in humans. 
It is obvious that the one-layer anastomosis does not 
turn in as much intestine and consequently has a larger 
lumen than the two-layer anastomosis. However, in 
the absence of postoperative leakage, obstruction at 
the anastomotic site is rare except perhaps when the 
esophagus is involved. It seems reasonable, though, 
to assume that if the seromuscular layer sutured by 
the surgeon suffers from some minor imperfection the 
mucosal sutures may compensate for the imperfection 
and prevent leakage. Although we have had good re
sults with one-layer techniques, we recommend that 
each surgeon master the standard two-layer technique 
before considering the other. 

End-to-End or End-to-Side Technique? 

In most situations, the end-to-end technique is sat
isfactory for joining two segments of bowel. If there 
is some disparity in diameter, a Cheatle slit is per
formed on the antimesenteric border of the nar
rower segment of intestine to enable the two diam
eters to match each other (Figs. 4-21, 4-22). If 

Fig. 4-19 

Fig. 4-20 

Fig. 4-21 
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Fig. 4-22 

there is a large disparity in the two diameters 
(>1.5-2.0 cm) the end-to-side anastomosis has ad
vantages, provided the anastomosis is not con
structed in a manner that permits a blind loop to de
velop. If the end-to-side anastomosis is placed within 
1 cm of the closed end of the intestine, the blind
loop syndrome does not occur. Stapled closure of 
the end segment is rapid and efficient. 

There are two instances in which the end-to-side 
anastomosis is clearly superior to the end-to
end procedure. We have reported that for the esoph
agogastric anastomosis following esophagogastrec
tomy the incidence of leakage, postoperative stenosis, 
and mortality is distinctly less with the end-to-side 
technique. This is probably true also for an esoph
agojejunal anastomosis. The second instance is the 
low colorectal anastomosis. With this procedure the 
ampulla of the rectum is often much larger in di
ameter than the descending colon. 

Sutured or Stapled Anastomosis? 

The question of whether to use sutures or staples 
for anastomoses is less frequently asked as tech
niques for gastrointestinal stapling (see Chapter 5) 
have become standardized. When done by sur
geons whose techniques are sophisticated, stapling 
and suturing can achieve equally good results. 

Some anastomoses are naturally easier to suture 
(e.g., choledochojejunostomy), whereas others are 
more rapidly and easily stapled. For example, a side
to-side functional end-to-end anastomosis is an easy 
way to create an ileocolonic anastomosis after right 
hemicolectomy because it eliminates the problems 
previously described for joining bowel of varying 
size. 

SUTURE MATERIAL 

Absorbable Sutures 

Plain Catgut 

Plain catgut is not commonly used during modem 
surgery. Although its rapidity of absorption might 
seem to be an advantage, this rapidity is the result of 
an intense inflammatory reaction that produces en
zymes to digest the organic material. Plain catgut is 
acceptable for ligating bleeding points in the subcu
taneous tissues and not for much else. Electrocautery 
has largely rendered that application unnecessary. 

Chromic Catgut 

Chromic catgut has the advantage of a smooth sur
face, which permits it to be drawn through delicate 
tissues with minimal friction. It thus may be good 
for splenorrhaphy or hepatorrhaphy. Moisten the 
chromic catgut with saline and allow it to soften for 
a few seconds before inserting the suture. Chromic 
catgut generally retains its strength for about a week 
and is suitable only when such rapid absorption is 
desirable. It is completely contraindicated in the 
vicinity of the pancreas, where proteolytiC enzymes 
produce premature absorption, or for closure of ab
dominal incisions and hernia repair, where it does 
not hold the tissues long enough for adequate heal
ing to occur. 

Chromic catgut is useful for approximating the 
mucosal layer during two-layer anastomosis of the 
bowel. For this purpose, size 4-0 is suitable. Bear in 
mind that wound infection increases the rapidity of 
catgut digestion. 

Chromic catgut swells slightly as it absorbs water 
after contact with tissue, with the knots becoming 
more secure. It is used for some endoscopic pretied 
suture-ligatures for this reason. 

Poly glycolic Synthetics 

Polyglycolic synthetic sutures (pG), such as Dexon 
or Vicryl, are far superior to catgut because the rate 
at which they are absorbed is much slower. About 



20% of the tensile strength remains even after 15 
days. Digestion of the PG sutures is by hydrolysis. 
Consequently, the proteolytic enzymes in an area of 
infection have no effect on the rate of absorption of 
the sutures. Also, the inflammatory reaction they in
cite is mild compared to that seen with catgut. The 
chief drawback is that their surface is somewhat 
rougher than that of catgut, which may traumatize 
tissues slightly when the PG suture material is drawn 
through the wall of the intestine. This characteristic 
also makes tying secure knots somewhat more dif
ficult than with catgut. However, these factors ap
pear to be minor disadvantages, and these products 
have made catgut an obsolete suture material for 
many purposes. 

Nonabsorbable Sutures 
Natural Nonabsorbable Sutures 

Natural nonabsorbable sutures, such as silk and cot
ton, have enjoyed a long period of popularity 
among surgeons the world over. They have the ad
vantage of easy handling and secure knot tying. 
Once the knots are set, slippage is rare. On the 
other hand, they produce more inflammatory re
action in tissue than do the monofilament materi
als (stainless steel, Prolene) or even the braided syn
thetics. Silk and cotton, although classified as 
nonabsorbable, disintegrate in the tissues over a 
long period of time, whereas the synthetic materi
als appear to be truly nonabsorbable. Despite these 
disadvantages, silk and cotton have maintained 
worldwide popularity mainly because of their ease 
of handling and surgeons' long familiarity with 
them. Because there are no clear-cut data at this 
time demonstrating that anastomoses performed 
with synthetiC suture material have fewer compli
cations than those performed with silk or cotton, 
it is not yet necessary for surgeons to abandon the 
natural nonabsorbables sutures if they can handle 
them with greater skill. 

With the exception of the monofilaments, a ma
jor disadvantage of nonabsorbable sutures is the for
mation of chronic draining sinuses and suture gran
ulomas. This problem is especially marked when 
material larger than size 3-0 is used in the anterior 
abdominal fascia or subcutaneous tissue. For this rea
son many surgeons do not use nonabsorbable su
tures above the fascia. 

Synthetic Nonabsorbable Braided Sutures 

Synthetic braided sutures include those made of 
Dacron polyester, such as Mersilene, Ticron (Dacron 
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coated with silicone), Tevdek (Dacron coated with 
Teflon), and Ethibond (Dacron with butilated coat
ing). Braided nylon (Surgilon or Nurolon) is popular 
in the United Kingdom. All these braided synthetic 
materials require four or five knots for secure 
closure, compared to the three required of silk and 
cotton. 

Synthetic Nonabsorbable Monofilaments 

Monofilament synthetics such as nylon and Prolene 
are so slippery that as many as six or seven knots 
may be required. They and monofilament stainless 
steel are the least reactive of all the products avail
able. For this reason, 2-0 or 0 Prolene has been used 
by some surgeons for the Smead-Jones abdominal 
closure in the hope of eliminating suture sinuses. 
Because of the large number of knots, this hope 
has not been realized, but there are fewer sinuses 
than when nonabsorbable braided materials are 
used. Prolene size 4-0 on atraumatic needles has 
been used for the seromuscular layer of intestinal 
anastomoses. Both Prolene and various braided 
polyester sutures have achieved great popularity 
for vascular surgery. 

Monofilament Stainless Steel Wire 

Monofilament stainless steel wire has many of the 
characteristics of an ideal suture material, but it is 
difficult to tie. Also, when used for closure of the 
abdominal wall, patients have occasionally com
plained of pain at the site of a knot or of a broken 
suture. True suture sinuses and suture granulomas 
have been rare when monofilament stainless steel 
has been used: no more than 1 in 300 cases. Size 
5-0 monofilament wire has been used for single
layer esophagogastric and colon anastomoses. 
Three square throws are adequate for a secure 
knot with this material. Stainless steel has largely 
been supplanted by the synthetic monofilament 
sutures but is still used for closing median ster
notomy incisions and for other highly selected ap
plications. 

KNOT-TYING TECHNIQUE 

The "three-point technique" for tying knots is 
important when ligating blood vessels. The sur
geon's left hand grasping one end of the ligature, 
the vessel being ligated, and the surgeon's right 
hand grasping the opposite end of the ligature 
are positioned in a straight line, as illustrated in Fig-
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Fig.4-23a 
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ure 4-23a and Figure 4-23h. If this is not the case, 
as the surgeon's hands draw apart when tightening 
the knot they exert traction against the vessel. When 
tying deep bleeding points, this traction tears the ves
sel at the point of ligature and exacerbates bleeding. 
When tying a deep structure, such as the cystic artery, 
the surgeon's left index fmger should draw the deep Fig. 4-24 
end of the ligature deep to the artery so the left in-
dex finger, the cystic artery, and the surgeon's right 
hand always fonn a straight line. 

When using silk, three square throws provide ad
equate security. With PG sutures, four throws are 
necessary. With the various coated polyester sutures, 
four or five knots must be tied. When using the syn
thetic materials, many prefer the "surgeon's knot" 
(Fig. 4-24) as a first throw. 

For heavy monoftlament suture material such as Fig.4-25a 
o or 1 Prolene, we have used modified fishennan's 
3-1-2 knot: First, make a triple throw "surgeon's 
knot" (Fig. 4-25a), and then square it with a single 
throw (Fig. 4-25h). Complete the knot with the 
usual double throw "surgeon's knot" (Fig. 4-25c). 
This knot seems to hold without slipping. 

When tying a knot in a deep or poorly accessible 
location, it is vital that the two-hand tying technique 
be used. For superficial bleeding points in the skin 
and subcutaneous tissues, one- or two-hand knots 
are efficacious. Fig. 4-25b 
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5 Surgical Stapling 
Principles and Precautions 

TO STAPLE OR TO SEW? 

Surgical staplers facilitate gastrointestinal surgery by 
rapidly closing or anastomosing bowel. Some anas
tomoses (e.g., choledochojejunostomy) are best 
done by hand. For other purposes, such as joining 
colon to a rectal remnant after a low anterior re
section, stapling is easier and faster, or it creates a 
more consistent anastomosis in an inaccessible lo
cation. For most procedures, however, the choice is 
up to the surgeon. The advantages and disadvantages 
of various techniques are pointed out throughout 
this volume in the appropriate chapters. 

Stapled anastomoses, when constructed with 
proper technique, are no better and no worse than 
those done with sutures. Stapling has the disadvan
tage of increased expense but the advantage of 
speed: A stapled anastomosis can generally be com
pleted within 2-5 minutes, which is a significant ben
efit in the poor-risk patient who is critically ill and 
who may be undergoing an emergency operation. 
Even with the availability of skilled anesthesiologists 
expert in the physiologic support of desperately ill 
patients, there is indubitably an advantage to com
pleting the operation speedily. 

Stapled anastomoses cannot be expected to suc
ceed under conditions that would make construc
tion of a sutured anastomosis dangerous. There is no 
evidence that staples are safer than sutures, for in
stance, in the presence of advanced peritonitis or 
poor tissue perfusion. 

Whereas sutures can be inserted and tied to ap
propriate tension to approximate but not strangulate 
a wide range of tissue thicknesses, staplers are much 
less tolerant. The stapler must be matched to the task 
and the tissue thickness (see below). In some situa
tions (e.g., stricturoplasty for Crohn disease) the bowel 
may be too thick and diseased to staple accurately. 

There are occasional, though rare, instances in 
which the exposure does not allow enough room to 
insert a stapling instrument into a body cavity. If this 
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is the case, do not apply traction to the tissues to 
bring them within stapler range. 

CHARACTERISTICS OF STAPLES 

Modem gastrointestinal staplers are designed to pre
serve the viability of the tissues distal to the staple 
line. This is analogous to the "approximate but do 
not strangulate" principle used when a bowel anas
tomosis is hand-sewn. Figure 5-1a and Figure 5-1h 
shows how two common staples sizes are designed 
to enter the tissue straight and then bend into a B 
configuration. This allows blood to flow through the 
staple line. If staple size and tissue thickness are ap
propriately matched, one sees blood oozing through 
the staple line. Occasionally a figure-of-eight suture of 
fine PDS must be inserted to stop a small bleeder, par
ticularly when the stomach is being stapled. This tech
nique is contraindicated if the tissues are so thick 
compression by the stapling device is likely to pro
duce necrosis. On the other hand, if the tissues are 
so thin the staples cannot provide a firm approxima
tion, bleeding and anastomotic leakage may occur. 

There is some leeway when approximating tis
sues of varying thickness. Two standard staple 
sizes are available for the standard linear stapler. 
The 3.5 mm staple is 3.5 mm in leg length and 4.0 
mm wide across the base. The 4.8 mm staple also 
is 4.0 mm wide across the base, but its leg length 
is 4.8 mm. The 3.5 mm stapler achieves a closed 
size of 1.5 mm, and the 4.8 mm stapler closes to 
2 mm. For some staplers the smaller (3.5 mm) car
tridge is blue and the larger (4.8 mm) cartridge is 
green; hence the mnemonic "little boy blue and 
the jolly green giant." As a general rule, the 3.5 
mm cartridge is appropriate for most tasks. The 4.8 
mm cartridge is used for thicker tissues, such as 
stomach. Some stapling devices are continuously 
variable within this range, and the thickness may 
be tested with a gauge and then dialed in. Become 
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familiar with the particular stapling devices used 
in your operating room and learn their operating 
characteristics. 

The endoscopic linear cutting stapler compresses 
tissues to a thickness of approximately 1.75 mm. 

STAPIlNG IN INVERSION 

The circular stapler and the linear cutting stapler cre
ate inverted staple lines tlfat mimic the equivalent 
hand-sutured anastomosis. In many situations, both 
inverted and everted staple lines are created, as il
lustrated by the completed functional end-to-end 
anastomosis shown in Figure 5-2. Here a linear cut
ting stapler was used to create the first (inverting) 
staple line, which brought the two segments of 
colon into side-to-side alignment. A single stitch at 
the apex of this suture line helps provide mechani
cal stability. Three applications of a linear stapler 
have been used to close the open ends of bowel in 
an everting fashion. 

/ 

Fig. 5-2 

STAPIlNG IN EVERSION 

Everted staple lines are commonly created when 
the linear stapler is used to complete an anasto
mosis or to close the end of a piece of bowel. Even 
when tissues are stapled in eversion, with mucosa 
facing mucosa, satisfactory healing takes place. 
This is in contrast to sutured everting anastomoses, 
which are generally weaker than inverting anasto
moses. 

STAPIlNG DEVICES USED 
FOR GASTROINTESTINAL 
TRACT ANASTOMOSIS 

Linear Stapling Devices 

The 55 mm linear stapler applies a doubled stag
gered row of staples approximately 55 mm long; sim
ilarly, the 90 mm linear stapler applies a doubled 
staggered row about 90 mm long. There is also a 30 
mm stapler that is occasionally useful for extremely 
short suture lines. 

Each device may be used with 3.5- or 4.8-mm sta
ples, according to the principles described above. 
These devices are used to approximate the walls of 
the stomach or intestine in an everting fashion. They 
fmd application in closure of the duodenal stump, 
the gastric pouch during gastrectomy, and the end 
of the colon when a side-to-end coloproctostomy is 
performed. 

Linear staplers use an aligning pin to ensure that 
the stapler cartridge meets the anvil accurately. This 
limits the length of bowel that can be stapled to 
a length that can be contained between the closed 
end of the device and the pin. For this reason it is 
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Fig. 5-3 

easier to use a cutting linear stapler (described be
low) when a long staple line must be produced. Fig
ure 5--3 shows a linear stapler being used to close 
a Zenker's diverticulum prior to excision. Note that 
the tissue to be stapled is comfortably centered be
tween the closed end of the stapler and the pin, and 
that the stapler is longer than the desired staple line. 

/ 

Fig. 5-4 

Linear Cutting Stapling Device 

The linear cutting stapling device creates a stapled 
anastomosis with the tissues in inversion. It applies 
two double staggered rows of staples while the knife 
in its assembly divides the tissue between the two 
double rows. It is used for side-to-side anastomoses 
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(e.g., with gastrojejunostomy) and "functional end
to-end" anastomoses. It may also be used to divide 
the bowel prior to anastomosis. Figure 5-4 shows 
a linear cutting stapling device being used to join 
the stomach to the jejunum during a gastrojejunos
tomy. 

Circular Stapling Device 
The circular stapling device utilizes a circular anvil, 
a circular staple cartridge, and a circular knife to pro
duce a double staggered row of staples that ap
proximate two tubular structures in inversion while 
the knife cuts the tissue just inside the staple line. 
This creates an end-to-end anastomosis with a lumen 
ranging from 12 to 24 mm depending on the size of 
the device. The smaller sizes are rarely used. This 
stapler compresses tissues to a thickness of approx
imately 2.0 mm. Some circular stapling devices al
low the surgeon to adjust the thickness within a 
range of 1.0-2.5 mm. When the device is inserted 
through the anal canal, it is ideally suited for a low 
colorectal anastomosis (Fig. 5-5). The circular sta
pler has also been used successfully for esophageal 
and gastroduodenal anastomoses. 

CAUSES OF FAILURE FOllOWING 
STAPLED ANASTOMOSIS 

Quality of the Tissues 

The blood supply of the bowel to be anastomosed 
must be vigorous when staples are used, just as it 

Fig. 5-5 

must be for suturing. Bowel that is not fit for su
turing is not suitable for stapling. Do not let the 
ease of inserting staples impair good judgment 
about the adequacy of tissue perfusion in the vicin
ity of any staple line. Always think of the blood 
supply. 

When the linear cutting stapler is used to anas
tomose the jejunum to the back wall of a gastric 
pouch (see Fig. 29-44), at least 2.0-2.5 cm of gas
tric wall should be left between the linear cutting 
staple line and the closed end of the gastric pouch. 
This avoids a narrow ischemic strip of stomach and 
anastomotic failure. 

Excessive compression of thickened tissues (e.g., 
gastric wall hypertrophied by chronic obstruction to 
a thickness of 6-8 mm) may produce a linear tear in 
the serosa adjacent to the stapling device. Seeing 
this, the surgeon should invert the staple line with 
a layer of seromuscular Lembert sutures; otherwise 
the staple line should be excised and the closure ac
complished entirely with sutures. Although tissue 
thickness rarely is a contraindication to the use of 
staples, failure by the surgeon to identify those cases 
in which the tissues are unsuitable for reliance on 
stapling may lead to serious complications. 

Linear tension that exerts a distracting force 
against a sutured anastomosis certainly is detrimen
tal. This tension is even more undesirable in the sta
pled anastomosis. One should assume that the ftne 
wire in the staples tends to cut through tissues more 
readily than sutures, producing a leaking anastomo
sis. Reinforce points of expected tension (e.g., apex 
of a linear cutting staple line) with sutures. 
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Instrument Failure 
The linear cutting stapling instrument may be mis
aligned, especially if it has been dropped on a ce
ramic floor and the two forks of the instrument di
verge instead of remaining parallel. In this case the 
increased distance between the cartridge and the 
anvil prevents the staples at the distal end of the in
strument from closing properly. As a precaution, 
check the staple formation following completion of 
each anastomosis. In addition, when a reusable sta
pling device is used frequently, it should be test-fired 
once a month on a latex drain or a sheet of plastic 
to verify proper B formation (Fig. 5-1). 

Partial failure of the knife assembly in the linear 
cutting stapling instrument occurs on rare occasions. 
When this happens the scalpel fails to make a com
plete incision between the two double rows of sta
ples. If it is not detected by careful inspection, the re
sulting anastomosis has an extremely narrow lumen. 

Complete failure of the staple cartridge to dis
charge staples has been known to happen. An inat
tentive surgeon may not notice it, as pressure alone 
may hold the bowel walls in apposition temporarily. 
A cartridge also fails to discharge staples if it has 
been spent and not replaced by a fresh cartridge be
fore each application of the instrument. 

Failure to wipe the excess spent staples from the 
anvil before inserting a fresh cartridge may result in 
poor apposition and difficult cutting. Check it be
fore applying the stapler. 

Human Error/Judgment 
Do not place a staple line so it includes the mesen
tery of the bowel, as it may result in bleeding or in
tramural hematoma formation. Similarly, do not in
clude mesenteric fat between the seromuscular 
layers of an anastomosis. Whenever the linear cut
ting stapling device is used on the gastric wall, care
fully inspect the staple line for gastric bleeding. 
Transfix bleeding points with absorbable sutures. 
Occasionally an entire staple line in the stomach 
bleeds excessively. If it does, oversew the entire line 
with absorbable sutures inserted in the lumen of the 
stomach. Although it is preferable to insert sutures 
superficial to the staple line, there may not be suf
ficient tissue beyond the staples to accomplish it. 
On such occasions we have not had complications 
when 4-0 PG atraumatic sutures were inserted in the 
lumen of a linear cutting stapled anastomosis and 
were passed deep to the staples. These sutures must 
be tied with excessive tension. We have not ob
served significant bleeding following stapling in or
gans other than stomach. Minor bleeding may be 
controlled by cautious use of electrocautery. 

When an excessive amount of tissue is bunched 
up in the crotch of the linear cutting stapler, firing 
the knife assembly may fail to incise the bowel be
tween the two double rows of staples because the 
knife blade cannot penetrate the compressed tissue. 
As a result there is narrowing or absence of an anas
tomotic lumen. Every linear cutting staple line must 
be inspected for completeness and hemostasis upon 
removing the instrument. If the incision between the 
staple lines has not been made by the stapler knife 
assembly, it should be accomplished with straight 
scissors. Although this type of stapler failure is rare, 
its possibility should not be overlooked. 

Multiple Allis clamps should be applied to the walls 
of the intestine included in a linear staple line. This 
prevents the bowel from retracting from the jaws of 
the instrument as the tissue is being compressed. If 
the tissue should retract from the jaws of the instru
ment, obviously the stapled closure would fail. 

If an anastomosis constructed by the stapling 
technique has a lumen that is too small, the lumen 
probably cannot dilate following the passage of stool 
or food as much as it would if interrupted sutures 
had been used. If a stapled stoma is made too small, 
the two staggered rows of staples may keep it that 
way permanently after the anastomosis has been 
constructed. Consequently, more attention should 
be paid to the size of the lumen when constructing 
a stapled anastomosis than when constructing one 
by sutures. 

Avoid making a false intramural passage when in
serting the forks of the cutting linear stapler into stab 
wounds of the intestine or stomach, as it would pre
vent formation of a proper anastomosis. Place each 
fork accurately in the lumen of the intestine or stom
ach. 

The segments of bowel should be in a relaxed po
sition when a stapling device is applied to them. If 
excessive tension is applied while the stapler is be
ing fired, the tissue may be too thin for proper pur
chase by the staples. 

SPECIAL PRECAUTIONS 

After completing a stapled anastomosis, always inspect 
the entire circumference meticulously to ascertain that 
each staple has been formed into an adequate B. Test 
the lumen by invaginating the bowel wall with the in
dex finger. Any point at which two or more staple 
lines cross should be carefully checked for possible 
leakage. Inspect the serosa for possible cracks or tears. 
If there is any doubt about the integrity of a stapled 
anastomosis, oversew it with a layer of interrupted or 
continuous seromuscular Lembert sutures of 4-0 atrau-
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matic PG. Although the need to oversew the staple 
line occurs in no more than 1-2% of cases managed 
by a surgeon experienced in perfonning stapled anas
tomoses, oversewing can be an essential step in pre
venting leaks in some situations. 

During the last step of a functional end-to-end 
anastomosis, the defect is closed with a linear sta
pling device. If the first two stapling lines (Fig. 5-6) 
are kept in perfect apposition during this maneuver, 
six rows of staples can be seen to come together at 
one point after the linear stapler is fired. We believe 
that such a point is weak and permits development 
of an anastomotic leak because the presence of many 
staples and excess tissue in one spot results in fail
ure to close properly. Occasionally this situation is 
seen in the operating room when carefully inspect
ing the completed anastomosis. To prevent this 
weak point we have modified our technique by de
liberately avoiding perfect apposition of the first two 
staple lines to achieve more security (Fig. 5-7). A 
better way to avoid this problem is to use our mod
ification of the functional end-to-end anastomosis, as 
illustrated in Figures 44-35 through 44-38. 
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Fig. 5-7 

The many possible technical pitfalls of stapled low 
colorectal anastomoses are described in Chapter 45. 
Inserting the circular stapler anvil into the colon or 
esophagus is a problem when the lumen is too nar
row to accommodate the anvil 's diameter. The prob
lem may result from muscle spasm or use of a car
tridge that is too large. Forceful dilatation may tear 
the coat of the colon or dilate the bowel to the point 
where it is too thin to hold staples firmly. The small
est available cartridges may result in an inadequate 
stoma size and should be used with care. 

REFERENCES 

Chassin ]L, Ritkind KM, Turner ]W. Errors and pitfalls in 
stapling gastrointestinal tract anastomoses. Surg Clin 
North Am 1984;64:441. 

Steichen FM, Ravitch MM. Contemporary stapling instru
ments and basic mechanical suture techniques. Surg 
Clin North Am 1984;64:425. 

Turner ]W, Chassin JL. The ideal gastrointestinal anasto
mosis: staplers. In: Schein M, Wise L (eds) Crucial Con
troversies in Surgery. Basel, Karger Landes, 1997. 



6 Control of Bleeding 

TECHNIQUES FOR 
ACHIEVING HEMOSTASIS 

Hemostat and Ligature 

A hemostat of the proper length and design is a suit
able instrument for occluding most bleeding vessels, 
followed by a ligature of a size compatible with the 
diameter of the vessel. As demanded by the situa
tion, hemostats the size of a Halsted, Crile, Adson, 
Kelly, or Mixter may be indicated (see Glossary). 

Polyglycolic (pG) ties are useful for most routine 
ligatures. Silk provides greater security when tying 
major vessels, such as the left gastric or inferior 
mesenteric artery. When the mesentery of the sig
moid colon is being divided during treatment of per
forated diverticulitis, use 2-0 PG to ligate the vessels. 
If the splenic artery is being divided and ligated dur
ing resection of a pseudocyst of the pancreas, use a 
2-0 ligature of Prolene. 

Ligature-Passer 

When ligating large vessels such as the inferior 
mesenteric, ileocolic, or left gastric artery, it is con
venient to pass a blunt-tipped right-angle Mixter 
clamp behind the vessel. The blunt tip of the clamp 
separates the adventitia of the artery from the sur
rounding tissue. Preferably, at least 1.5 cm of vessel 
is dissected free. When this has been done, use a 
ligature-passer, which consists of a long hemostat 
holding the 2-0 silk ligature, to feed the thread into 
the jaws of the open Mixter clamp. Then draw the 
ligature behind the vessel and tie it. Pass the Mixter 
clamp behind the vessel again, feed a second liga
ture into its jaws, and ligate the distal portion of the 
vessel. Divide the vessel, leaving a 1 cm stump dis
tal to the proximal tie and about 0.5 cm on the spec
imen side. Leaving a long stump of vessel distal to a 
single tie of 2-0 silk prevents the ligature from slip
ping off, even when it is subjected to the continu
ous pounding of arterial pulse waves. 

Suture-Ligature 

Two simple ligatures of 2-0 silk placed about 3 mm 
apart, with a free 1 cm stump distal to the ligatures, 
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ensure hemostasis when ligating the large arteries 
encountered during gastrointestinal surgery. If there 
is not a sufficient length of artery to meet these con
ditions, a 2-0 silk ligature supplemented by insertion 
of a transfIxion suture-ligature that pierces the cen
ter of the artery 3 mm distal to the simple ligature 
is almost as good as a free 1 cm arterial stump. Pass 
the suture part of the way through the vessel wall 
rather than completely transfIxing it. This maneuver 
avoids bleeding through the needle hole. 

Another type of suture-ligature is used in tissue 
into which a vessel has retracted. This problem may 
occur on the surface of the pancreas, where at
tempts to grasp a retracted vessel with hemostats 
can be much more traumatic than a small fIgure-of
eight suture of atraumatic 4-0 silk. The same fIgure
of -eight suture-ligature technique is valuable when a 
vessel has retracted into a mesentery thickened by 
obesity or Crohn's disease. 

Hemostatic Clips 

Metallic hemostatic clips offer a secure, expedient 
method for obtaining hemostasis, provided the tech
nique is properly applied. These clips are useful only 
when the entire circumference of a vessel is visible, 
preferably before the vessel has been lacerated. Ap
plying a clip inaccurately often results in incomplete 
occlusion of the vessel and continued bleeding, fol
lowing which the presence of the metal clip ob
structs any hemostat or suture-ligature in the same 
area. Attempts to remove the clip from a thin-walled 
vein may increase the rate of bleeding. 

When clips are applied in an area where subse
quent steps in the operation require blunt dissection 
or vigorous retraction, such as when performing a 
Kocher maneuver, the subsequent surgical maneu
vers often dislodge the clips and lacerate the vessels, 
producing annoying hemorrhage. Hemostatic clips 
may Similarly interfere with application of a stapling 
device. 

It is futile to apply multiple clips in the general 
area from which blood is oozing in the hope it will 
somehow catch the bleeder. Again it must be em
phasized that applying a clip is counterproductive 
unless a bleeding vessel can be clearly visualized. 



In the absence of these contraindications, hemo
static clips speed dissection and allow secure con
trol of bleeding vessels. An example is in the medi
astinum during esophageal dissection or in the 
retroperitoneal area during colon resection. 

Electrocautery 

With electrocautery a locally high current density is 
passed through the target tissues to achieve rapid tis
sue heating. Monopolar cautery devices allow the sur
geon to cut or cauterize with a blade-like tip. The re
turn current path is through a large grounding 
electrode placed on the patient's thigh or back. Two 
types of current are supplied by most electrocautery 
generators: cutting and coagulating. Cutting current 
is continuous-wave, high-frequency, relatively low
voltage current. It produces rapid tissue heating, 
which allows the blade of the cautery to cut through 
tissue like a scalpel. There is minimal hemostatic ef
fect. Coagulating current is pulsed-waveform, low-fre
quency, high-voltage current that heats tissues slowly. 
The resulting protein coagulation seals small vessels. 

Cautery is most effectively employed by grasping 
the bleeding vessel with forceps or a hemostat, ele
vating it slightly above surrounding tissue, and then 
touching the cautery blade to the instrument. The 
resulting coaptive coagulation seals the front and 
back wall of the collapsed vessel together. Small 
punctate bleeders may be secured by touching them 
directly with the tip of the cautery. 

Bipolar cautery units generally have a forceps-like 
configuration that facilitates use of coaptive coagu
lation. It is less useful, however, for cutting. 

Electrocautery is a valuable, rapid means to achieve 
hemostasis, provided certain contraindications are ob
served. Vessels that have an external diameter of more 
than 2-3 mm should not be electrocauterized. As with 
hemostatic clips, any tissue that will subsequently be 
subjected to blunt dissection or retraction may not be 
suitable for electrocautery, as the friction often wipes 
away the coagulum, causing bleeding to resume. Fat 
does not conduct electricity well, and extensive use 
of cautery in fatty tissues may result in excessive tis
sue destruction. Similarly, when many subcutaneous 
bleeding points are subjected to electrocoagulation, 
the extensive tissue insult may contribute to wound 
infection. 

Ultrasonic Shears 
Ultrasonic shears were initially introduced for mini
mal access surgery but are now available with 
shorter shanks for use during open surgery. These 
devices use ultrasound to heat and coagulate tissue 
in a coapted position. The tissue is then cut with the 
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device or with scissors. Slightly larger vessels (e.g., 
short gastric vessels or vessels in the lateral rectal 
pedicles) may be secured with this device rather 
than with coaptive coagulation using electrocautery. 

Physicochemical Methods 

Gauze Pack 

Physical application of a large, moist gauze pad has 
been employed for decades to control diffuse venous 
oozing. It enhances the clotting mechanism because 
pressure slows down the loss of blood, and the inter
stices of the gauze help form a framework for the de
position of fibrin. Unfortunately, after the gauze pack 
is removed bleeding sometimes resumes. Packing has 
been lifesaving after major hepatic trauma or for per
sistent pelvic bleeding during abdominoperineal re
section, particularly when the patient has become cold 
or developed a coagulopathy. Packs may be left in and 
removed after 24 hours when the patient is stable and 
all hemostatic parameters have returned to normal. 

Topical Hemostatic Agents 

A variety of topical hemostatic agents are available in 
powder, sheet, and woven form. They vary in chem
ical formulation, but most are collagen or cellulose 
derivatives and act as a matrix and stimulant for clot 
formation; thus the patient must be able to form clot 
for these agents to work. It is wise to remember the 
old axiom that topical agents work best in a dry 
field. In other words, these agents are adjuncts that 
help stop oozing but do not substitute for definitive 
hemostasis of individual bleeding vessels. 

Topical agents may be applied in a thin layer to an 
oozing surlace, such as liver or spleen from which the 
capsule has been avulsed. An overlying gauze pad is 
then placed and pressure applied. When the pack is 
removed 10-15 minutes later, the topical hemostatic 
agent remains adherent to the surface, preventing dis
ruption of the coagulum that is forming underneath. 
Choice of an agent is dictated in part by the physical 
geometry of the bleeding site (powders are best for ir
regular surlaces), availability, and surgeon preference. 

Avitene (microfibrillar collagen) comes in pow
dered form to be sprinkled on a bleeding surface, or 
it can be applied with clean, dry forceps. Any mois
ture on instruments or gloves that come into con
tact with A vitene causes the A vitene to stick to the 
moist instrument rather than to the bleeding surface. 
If blood oozes through the layer of Avitene, another 
layer should be applied and pressure exerted over 
it. When flat surfaces of a denuded spleen or gall
bladder bed are oozing, oxidized cellulose seems to 
be as effective as Avitene at one-twentieth the cost. 
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A vitene is better for irregular surfaces because it is 
a powder. Microfibrillar collagen and oxidized cel
lulose are valuable when some portion of the splenic 
capsule has been avulsed during a vagotomy or 
splenic flexure mobilization. 

Fibrin Sealant 

Fibrin sealant is a hemostatic agent that mimics the 
final stage of blood coagulation. Fibrinogen and 
thrombin are combined at the bleeding site in the 
presence of calcium and in appropriate concentra
tions to produce an artificial coagulum. There is no 
current consensus on the usefulness of this agent in 
general surgical practice, although it is an area of ac
tive investigation. 

CONTROL OF HEMORRHAGE 

Temporary Control 
During the course of operating, the equanimity of 
the surgeon is jarred occasionally by a sudden hem
orrhage caused by inadvertent laceration of a large 
blood vessel. One should have in mind a sequence 
of steps to execute in such an event, aimed at tem
porary control of the bleeding in preparation for de
fmitive steps later. The sequence should go some
thing like the following. 

1. Finger pressure. The simplest step, especially use
ful for controlling bleeding from an artery, is simple 
application of a fingertip to the bleeding point. In the 
case of a large vein, such as the axillary vein or vena 
cava, pinching the laceration between the thumb and 
index finger is sometimes effective. Notify the anes
thesiologist that you are dealing with bleeding. As
certain that the patient is fully resuscitated, that large
bore intravenous catheters are in place, and that blood 
and blood products are available. 
2. Elevation of the structure by placing the hand 
behind it. If step 1 is not applicable, sometimes the 
left hand can be placed behind a structure such as 
the hepatoduodenal ligament to control bleeding 
from the cystic artery or the pancreas or behind the 
portal vein for bleeding in that area. This maneuver 
may bring temporary control. 
3. Compression by hand pressure or gauze-pad pres
sure. Large lacerations of the liver may be temporar
ily controlled by compressing the liver between two 
hands while the patient is being resuscitated. Massive 
venous bleeding from the presacral space can be con
trolled by applying a large gauze pad. 
4. Satinsky clamp. When direct pressure is not ef
fective, a partially occluding Satinsky-type vascular 

clamp may be used to control the laceration of a 
large vessel. 
5. Proximal and distal control. Sometimes even tem
porary control of hemorrhage is impossible without 
proximal and distal occlusion of the vessel, in some 
cases involving the aorta or vena cava. Preferably, vas
cular clamps are used; but in their absence umbilical 
tape is a satisfactory temporary substitute. The aorta 
may even be clamped or occluded by pressure in a 
suprarenal position for 15-20 minutes if no other 
means of hemostasis is effective. This safe period may 
be lengthened if iced sterile saline is poured over the 
kidneys to reduce their metabolic requirements. 

DefInitive Control 

Once hemorrhage has been temporarily controlled, 
the surgeon reassesses the strategic situation. The 
field is cleared of all instruments and hemostats not 
relevant to the major problem at hand. If additional 
exposure is needed, plans are outlined immediately 
to accomplish this by extending the incision or 
repositioning gauze pads or retractors. Optimal light 
and suction lines are put in place, and arrangements 
are made with the blood bank for adequate support 
of the patient. Additional personnel are recruited as 
necessary. 

Assign someone to be "bookkeeper." This indi
vidual's only duty is to keep track of the volume of 
blood lost and the rate at which it is replaced, re
porting this information to the operating surgeon at 
frequent intervals. Otherwise, the surgeon and anes
thesiologist may become so involved with the task 
at hand they make inadequate provision for resusci
tating the patient. 

After all these steps have been completed and the 
patient's condition has stabilized, the surgeon can 
convert the measures for temporary control of hem
orrhage to maneuvers to ensure permanent control. 
This step generally involves applying a partially oc
cluding Satinsky-type clamp to the vessel or achiev
ing proximal and distal control with vascular clamps, 
so the laceration can be sutured in a definitive fash
ion with a continuous suture of atraumatic Tevdek 
or Prolene. No surgeon should undertake to perform 
major surgery unless trained and experienced in su
turing large arteries and veins. 
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7 Management of the 
Contaminated Operation 
Claudia 1. Corwin 

Infectious complications following surgery remain a 
major cause of morbidity and mortality in the surgi
cal patient. Bacteria are commonly present during 
surgical procedures, and the balance between bac
terial presence and host defense is of critical im
portance. The degree of bacterial inoculum is 
thought to correlate with the risk of developing post
operative infection. Traditionally, surgical wounds 
have been classified according to the predicted de
gree of bacterial contamination. Surgical manage
ment of "classes" of surgical wounds has evolved us
ing this classification (Table 7-1). 

Management of the contaminated operation pre
sents the greatest clinical challenge. Postoperative 
complications may manifest with a wide range of se
quelae, including subcutaneous wound infections, 
fasciitis, and abscess formation (e.g., intraabdominal, 
intrathoracic). Management should be directed to
ward minimizing the bacterial inoculum, addressing 
the patient's additional risk factors for infection and 
augmenting the patient's host defenses. This chap
ter reviews current methods employed to manage 
the contaminated operation, including well estab
lished practices and more modern approaches. 

PREOPERATIVE CONSIDERATIONS 

Risk Assessment 
When considering the possibility of any type of com
plication in the surgical patient, one must formulate 
a "risk assessment" for the development of a partic
ular complication. Although it seems intuitively ob
vious, accurate risk assessment or stratification is dif
ficult to achieve. The Centers for Disease Control 
(CDC) has devised a predictive index for the devel
opment of nosocomial wound infection through the 
Study on the Efficacy of Nosocomial Infection Con
trol project (SENIC score) [1]. This index is based 
on a score of 0 or 1 for the following four factors: 
an abdominal operation, operating time more than 
2 hours, a contaminated operation, and a patient 
who has three or more diagnoses at the time of dis-

charge (exclusive of wound infection). A second risk 
index developed by the CDC is the Nosocomial Sur
veillance System (NISS). This risk index consists of 
scoring each operation by counting the number of 
risk factors present, including the American Society 
of Anesthesiologists' (ASA) preoperative assessment 
score, a contaminated operation, and the length 
of the operation [2]. Data from the NISS indicates 
infection rates of 2.1%, 3.3%, 6.4%, and 7.1% for 
clean, clean-contaminated, contaminated, and dirty
infected cases, respectively [3]. Although neither of 
these indices is a perfect predictor, these large-scale 
efforts by the CDC have translated into better pa
tient stratification than that based on traditional 
wound classification alone. 

Adequate Resuscitation of the Patient 

Maximizing tissue perfusion and oxygen supply form 
the cornerstone of successful preoperative resusci
tation. Two important components of resuscitation 
are (1) restitution of adequate circulatory volume 
and (2) avoidance of peripheral vasoconstriction. 
Successful cardiopulmonary resuscitation ultimately 
results in a higher P02 in injured tissue, which in 
turn results in increased bacterial resistance, colla
gen synthesis, and epithelialization [4]. 

Peripheral vasoconstriction is a clinically impor
tant contributor to poor oxygen supply in wounded 
tissue. Mediators of vasoconstriction include blood 
volume deficits, cold temperatures, smoking (nico
tine), and certain medications. Some surgeons ac
tively seek to enhance tissue perfusion and arterial 
P02 through the use of vasodilating antihypertensive 
drugs (clonidine patches) in adequately volume
resuscitated and normothermic patients [5]. Periop
erative hypothermia has been shown possibly to 
delay healing and predispose surgical patients to 
wound infections [6]. Clearly, volume resuscitation, 
avoidance of peripheral vasoconstriction, and main
tenance of normothermia are supportive measures 
appropriate for patient management from the pre
operative through the postoperative periods. 
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Table 7-1. Classification of Surgical Wounds by Degree of Contamination 

Definition Example 

Clean wound Hernia repair, breast biopsy 
Nontraumatic 
No inflammation 
No break in aseptic technique 
GI, respiratory, or GU tract not entered 

Clean-contaminated wound 
Nontraumatic 
No inflammation 
Minor breaks in aseptic technique 

Elective colon resection 

GI, respiratory, or GU tracts entered with minimal spillage 
or with prior decolonization 

Contaminated wounda 

Traumatic 
Inflammation or gross purulence 
Major break in aseptic technique 
GI, respiratory, or GU tract entered with gross spillage 

GI, gastrointestinal; GU, genitourinary. 

Emergent colon resection for diverticular abscess 

aOlder classifications include a fourth category called "dirty," which is now included in the "contaminated" cases category. 
Adapted from Orebin JA. Surgical wound infection. In: Cameron JL (ed). Current Surgical Therapy, 6th ed. St. Louis, Mosby, 1998, 
p 1079; and Chassin J1. Management of the contaminated operation. In: Operative Strategy in General Surgery, 2nd ed. New York, 
Springer-Verlag, 1994, p 3. 

Perioperative Parenteral Antibiotics 

The use of perioperative antibiotics, an excellent 
method to increase a host's resistance to infection, 
has been studied widely [7]. Much of the research 
has focused on the efficacy of prophylactic antibi
otic use for clean or clean-contaminated surgical 
cases. Data suggest that antibiotics administered 
within at least 2 hours [8] but ideally within 30 min
utes [9] prior to clean or clean-contaminated surgery 
is most effective in preventing wound infections. 
The perioperative use of antibiotics for contami
nated cases is much less controversial and is con
sidered therapeutic rather than prophylactic. Cer
tainly, if one is able to predict that an operation is 
likely to be contaminated, the concept of "prophy
lactic" antibiotic coverage is irrelevant. Nonetheless, 
it is worthwhile to review the basic principles of an
tibiotic use for cases in which the surgeon antici
pates contamination, including some elective and 
many urgent/emergent abdominal operations. 

Contaminated abdominal wounds often involve 
the gastrointestinal tract. Procedures that involve gas
trointestinal pathology place the patient at relatively 
high risk for postoperative intraabdominal or wound 
infection. Thus perioperative antibiotics are recom
mended for most operations that involve the gas
trointestinal (Gn tract. The number of organisms and 
proportion of anaerobic organisms increase along the 
GI tract. Colorectal operations place the patient at the 
highest risk for infectious complications. When 
preparing a patient for an exploratory laparotomy, 

and anticipating colorectal pathology, therapy is di
rected toward anaerobic and gram-negative organ
isms. Metronidazole is a good choice for anaerobic 
coverage, as it has relatively few side effects. To com
plete the coverage, metronidazole combined with 
an aminoglycoside, quinolone, or a second- or third
generation cephalosporin is indicated. If an operation 
lasts beyond the half-life of the antibiotic, additional 
doses are administered during the operation. 

For the operation that proves to be contaminated, 
the issue of postoperative antibiotics is a controver
sial issue. No data have confmned that extended 
postoperative antibiotic coverage prevents postop
erative intraabdominal abscess formation. The guide
lines regarding the duration of postoperative antibi
otic coverage for the contaminated operation are 
vague at best, regardless of the situation (i.e., peri
tonitis due to nontraumatic bowel perforation, trau
matic bowel injury with fecal leakage). In general, 
the consensus is to minimize the length of postop
erative coverage as much as pOSSible, especially with 
concerns increasing about cost containment and the 
emergence of resistant organisms [10]. 

Mechanical and Antibiotic 
Bowel Preparation 
Mechanical bowel preparation for many gastroin
testinal operations continues to be a mainstay of pre
operative preparation. This prophylactiC measure 
may not be relevant to the emergent setting when 
a patient is known preoperatively to have a bowel 



perforation and likely gross contamination; but it is 
important for those more elective cases where con
tamination is anticipated to occur during the course 
of the operation. Various bowel preparation strate
gies have been employed, but all preparation meth
ods share certain common elements. Fecal bulk is 
reduced by oral polyethylene glycol or magnesium 
citrate, as well as by enema administration; this 
phase is considered the "mechanical" portion of 
bowel preparation. The goal is a clear effluent. The 
addition of intraluminal (oral) antibiotics has been 
shown to decrease the incidence of infection. A well 
accepted oral regimen consists of erythromycin base 
(1 g) and neomycin (1 g), administered at 1 p.m., 2 
p.m., and 11 p.m. the day before surgery. The use 
of preoperative parenteral antibiotics in addition to 
the oral antibiotics is a more controversial issue [11]. 
Many, but not all, surgeons believe that there is an 
additive effect to using oral and parenteral antibiotics. 
Thus many general surgeons administer a single dose 
of preoperative parenteral antibiotics within 30 min
utes of the surgery. A second-generation cephalo
sporin is a good choice, especially for lower-risk, 
elective procedures. 

INTRAOPERATIVE CONSIDERATIONS 

Supporting the 
Patient/Continuing Resuscitation 
Resuscitative measures must continue in the operat
ing room, as intraoperative support is an important 
factor in augmenting host defense against infection. 
Hypothermia during abdominal surgery has been as
sociated with an increase in surgical wound infec
tions. 10 animals it has been shown to cause intraop
erative and postoperative vasoconstriction with a 
resultant decrease in subcutaneous tissue oxygen ten
sion. Decreased oxygen tension, in turn, results in de
creased microbial defense and impaired immune func
tion. Thus attention has been directed to the effect 
of perioperative normothermia versus hypothermia 
and the incidence of surgical wound infection. A 
double-blind randomized study in humans undergo
ing elective colorectal surgery showed that patients 
who were normothermic during surgery experienced 
wound infections one-third as often as patients who 
were hypothermic during surgery [12]. Methods to 
achieve and maintain normothermia include forced 
air warming at 40°C, conductive warming using a full
length circulating water mattress at 40°C, and 
warmed intravenous fluids. Various studies have sup
ported using one method versus another [13], but one 
should make the best practical use of whatever equip
ment is available and not hesitate to use more than 
one method when necessary. 
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Surgical Technique: Does the 
Surgeon Make a Difference? 

Studies have shown that when infection rates of in
dividual surgeons are followed and the surgeons are 
provided with feedback regarding these data, their 
postoperative infection rates are reduced. Meticu
lous surgical technique is an important principle that 
affects postoperative results, including the incidence 
of postoperative infections. Sharp dissection, gentle 
tissue manipulation, and adequate hemostasis have 
often been cited as important factors that constitute 
proper surgical technique. Although there are his
torical data that attempt to compare resistance of 
surgical wounds to infection based on the use of a 
steel knife versus electrocautery [14], few data sup
port one technique or the other. Some attention has 
also been given to the use of proper suture usage. 
The guiding message in this regard should be to limit 
suture use to a necessary minimum, avoiding undue 
tissue tension and strangulation. 

Localizing Contamination 

Although it is not possible to eliminate local peri
toneal contamination during operations on the bil
iary or gastrointestinal tract, one can concentrate on 
completely identifying and localizing the spill and 
on minimizing the bacterial insult to the abdominal 
cavity and subcutaneous tissue. Therefore a contam
inated operation is best served by a generous inci
sion. Adequate exposure with proper retraction is 
essential for conducting appropriate exploration of 
the contaminated field. Many surgeons drape off (iso
late) the wound by applying wet towels or gauze to 
the subcutaneous tissue, but it does not create a 
good barrier to microbes. Historically, a wound pro
tector has been used, which is a ring drape device 
that consists of an impermeable plastic sheath to pro
tect the wound and the subcutaneous fat from con
tamination. The wound protector is not a stock item 
in many operating rooms today, although it may still 
be available in some hospitals and used by some sur
geons [15]. 

Subtle behaviors in the operating room may play 
a role in minimizing infectious complications. Upon 
conclusion of the contaminated segment of the op
eration, wound drapes, the surgeon's gloves and 
gowns, and the instruments should all be changed. 

Wound Irrigation 
Adequate intraoperative irrigation of the wound min
imizes the bacterial inoculum and has been shown 
to decrease postoperative infection. It has long been 
customary to pour several liters of saline into the 
contaminated cavity during the contaminated portion 
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of an operation and just prior to closing, although 
specific practices vary widely among surgeons. Fre
quent irrigation with 200 ml of saline followed by 
aspiration is a rationale approach to washing out bac
teria spilled into the field. One should take caution 
not to let the irrigation fluid spill over onto subcu
taneous tissues. Experimental models have shown 
that the most important factor that determines 
wound infection during contaminated surgery is the 
number of bacteria present at the wound margins at 
the end of the operation [16]. The effect of opera
tive field irrigation on the incidence of deep 
wound/abscess formation is less clear. 

The use of antibiotic agents in the irrigating so
lution is more controversial, although many sur
geons routinely irrigate with antibiotic saline solu
tions. Irrigants have contained such antibiotics as a 
cephalosporin, an aminoglycoside, neomycin, and 
metronidazole. In addition to decreasing the bacte
rial inoculum, wound irrigation rinses the operative 
field of tissue debris and blood clots, which may be 
relevant to prevention of postoperative infection. 

Other Topical Antibiotic Methods 
Local antibiotic therapy has received relatively little 
attention in the United States, with most of the avail
able literature ariSing from European study groups. 
The application of local antibiotic therapy has the 
advantage of providing high concentrations of an
tibiotic to a well defmed area. On the other hand, 
once the wound is closed, it is not simple to reduce 
or remove the source of antibiotic. 

Local antibiotic therapy has been supplied in the 
form of undiluted parenteral antibiotic powder, an
tibiotic beads, and antibiotic collagen sponges. The lat
ter two methods are most popular and usually involve 
the use of gentamicin. Gentamicin-containing collagen 
sponges appear to be most practical, as the collagen 
dissolves and does not require removal. The sponges 
are usually in the form of sheets and therefore can be 
used to cover large areas more accurately than the 
beads. Local antibiotic therapy has been utilized for 
orthopedic procedures, pilOnidal surgery, colorectal 
procedures, and cardiovascular and vascular surgery. 

POSTOPERATIVE CONSIDERATIONS 

Wound Closure 
Primary wound closure during contaminated opera
tions has been associated with a nearly 40% wound 
sepsis rate [171. Thus healing by secondary intention 
has been the tradition when dealing with wounds 
of highly contaminated operations. It is well ac-

cepted practice to leave the skin and subcutaneous 
tissue open after such operations to allow drainage. 
The main goal of such management is to prevent po
tentially devastating complications, such as fasciitis. 

Delayed primary closure, within 4-6 postopera
tive days, results in fewer wound infections than pri
mary closure after contaminated operations. Many 
surgeons believe that attempted delayed primary clo
sure is a reasonable "compromise" between healing 
by secondary intention and primary closure. When 
successful, delayed primary closure avoids large 
wounds that require labor-intensive, potentially ex
pensive care. 

Wound Dressings 
Wound dressings are a means to protect the wound 
and a mechanism for absorbing wound drainage. 
Wounds that are to heal by secondary intention or 
delayed primary closure require a wound dressing. 
Wet gauze should be applied to the subcutaneous 
tissue, covered with a dry pad, and then covered 
with occlusive tape. These dressings must be 
changed at least twice a day. To create a wet to dry 
dressing, the gauze is removed from the wound with
out soaking the gauze prior to removal. The wet to 
dry dressing mechanically helps debride the subcu
taneous tissue of any debris that collects between 
dressing changes. On occasion, contaminated and in
fected abdominal operations require marsupializa
tion, leaving the abdominal cavity open. In these 
cases dressing changes using sterile technique and 
optimal exposure must often take place in the op
erating room. They can also take place, with care, 
in the intensive care setting. 
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8 Mechanical Basics of 
Laparoscopic Surgery 

Flawless and smooth completion of laparoscopic sur
gical procedures requires complete understanding 
of equipment, techniques, and regional anatomy. 
This chapter details some of the basic principles 
common to all laparoscopic surgical procedures. It 
should be read and thoroughly understood as a back
ground to the technical chapters that deal with spe
cific surgical procedures. 

EQUIPMENT AND SUPPLIES 

A few minutes of thought and planning may save a 
lot of time once the operation begins. Ascertain 
that all needed equipment is present and in work
ing order and that the room is properly set up be
fore scrubbing. For most laparoscopic equipment 
and supplies there is a choice of manufacturers. Ap
parently similar devices frequently have subtle 
points of difference when compared to other 
brands. Thus it is crucial for surgeons to be famil-

.im~y\ OO'v 

9'" 
1st 

assistant " ':) 

Fig. 8-1. (Reprinted, with pennission, from Scott-Conner 
CEH (ed) The SAGES Manual: Fundamentals of Laparoscopy 
and GI Endoscopy. New York: Springer-Verlag, 1999.) 
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iar with the particular brands in use in their own 
hospitals. 

A troubleshooting guide, such as the one pro
duced by the Society of American Gastrointestinal 
Endoscopic Surgeons (SAGES) facilitates finding and 
fIxing problems with the insufflator, the light source, 
the video equipment, cautery, suction, and other 
complex devices. Such a chart may be laminated and 
afftxed to the laparoscopy cart for ready reference. 
This is particularly important when laparoscopy is 
performed during the evening or night shift (e.g., 
for acute appendicitis) with personnel who may not 
be familiar with the equipment and its setup. 

ROOM SETUP 

The patient position and details of the room setup 
vary depending on the procedure to be performed. 
Laparoscopic surgery is extremely dependent on op
timum patient and equipment position. Whereas 
during an open procedure the surgeon is free to 
move from side to side and vary his or her stance 
even from moment to moment to assume the er
gonomically best position, the laparoscopic surgeon 
is limited by port placement. Think of the laparo
scope as the surgeon's eyes, and the two operating 
ports as the left and right hands. Although it is in
deed possible to switch the laparoscope from one 
port to another, poorly positioned port sites limit 
visibility and access. 

Plan the room setup so the surgeon can stand fac
ing the quadrant containing the anticipated pathol
ogy. For example, laparoscopic cholecystectomy is 
comfortably performed by a surgeon standing to the 
patient's left, facing a monitor positioned at the pa
tient's right shoulder (Fig. 8-1). Surgery around the 
esophageal hiatus is best performed with the patient 
in a modified lithotomy position, the surgeon stand
ing behind the patient's legs, and the monitor at the 
left shoulder or head of the bed (Fig. 8-2). Even a 
relatively minor detail such as whether the arms are 
tucked at the side or placed out on arm boards be
comes significant. In the technical chapters dealing 
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Fig.8-2a 

Fig.8-2b 

with specific laparoscopic procedures, the impor
tant points relevant to each operation are explained. 
For now, suffice it to say that no detail is unimpor
tant. 

CHOICE OF lAPAROSCOPE: 
STRAIGHT VERSUS ANGLED? 

A straight (0°) laparoscope is easy to use and may 
be adequate for basic laparoscopic procedures in 
which the scope is easily brought to an en face view 

Fig.8-2c 

from a standard umbilical port site. The angled lap
aroscope allows the surgeon to view a structure 
from several viewpoints through a single trocar site 
and thus provides good flexibility. For some lapan)
scopic procedures, such as laparoscopic choledo
chotomy, Nissen fundoplication, and inguinal hernia 
repair, an angled laparoscope is virtually a necessity. 
Most commonly, laparoscopes with 30° or 45° an
gles are used. 

The commonest error with an angled laparoscope 
is to point the angle away from the area of interest 
rather than toward it. It is easy for the neophyte 
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camera holder to become confused unless a simple 
principle is kept in mind: Always remember that the 
angle of the laparoscope points away from the point 
of entry of the light handle (Fig. 8-3). Instruct the 
camera handler to hold the laparoscope cradled in 
the hand with the light cord between the thumb and 
forefmger. This comfortable and stable grip allows 
the camera holder easily to angle the scope to one 
side or the other by pronating or supinating the 
wrist. If this causes the horizon to tilt noticeably, 
compensate by rotating the camera on the scope, if 
necessary. 

Fig.8-3a 

Fig.8-3b 

Fig.8-3c 

Many experienced laparoscopic surgeons use an 
angled laparoscope (usually a 30° scope) as their 
standard scope. Become accustomed to an angled lap
aroscope by using it for laparoscopic cholecystec
tomy and note how it facilitates visualization of both 
sides of critical structures. 

CHOICE OF INITIAL PUNCTIJRE SITE 

When planning trocar sites, particularly the initial 
puncture site, examine the abdomen for masses and 
scars from previous surgery and plan the location of 
the probable operative field. Think in terms of rela
tive distance rather than fixed landmarks. 

The umbilicus is a common site for primary en
try and placement of the initial trocar. Use this site 
unless you have a specific reason to prefer an al
ternate position. Because the umbilicus represents 
the point where fascia and skin are adherent, en
try is easy. The resulting scar is easily hidden in 
the skin creases around the umbilicus or is incor
porated in a midline incision if conversion is re
quired. The position of the umbilicus relative to 
the costal margin and symphysis pubis varies from 
one individual to another, particularly with in
creasing amounts of abdominal fat. Therefore 
when considering this initial entry site for a par
ticular patient, take note of how high or low the 
umbilicus is situated. 

In the patient with a normally placed umbilicus, 
an infraumbilical "smile" incision works well for lap
aroscopic cholecystectomy. An obese patient with a 
low-lying umbilicus may require a supraumbilical 
"frown" incision or possibly a midline or right para
median entry site placed even higher. 

Alternate puncture sites include the subcostal 
region. Here the costal arch provides counter
pressure against which the Veress needle is easily 
passed into the abdomen. Subcostal entry sites are 
particularly useful for laparoscopic procedures 
done with the patient in the lateral position (e.g., 
laparoscopic splenectomy) or in the extremely 
obese patient. 

PATrnNTPREPARATION 

An orogastric or nasogastric tube should be passed 
after induction of anesthesia to decompress the 
stomach. This maneuver minimizes the chance of in
advertent injury and Significantly facilitates visual
ization. For laparoscopic procedures in the lower ab
domen, catheter drainage of the bladder is needed. 
Monitoring devices should include end-tidal CO2 

measurement and pulse Oximetry. 



CREATING PNEUMOPERITONEUM 

Closed Technique with Veress Needle 
Begin with the operating table at a comfortable height 
for working on the anterior abdominal wall. Place the 
patient in 100 -15 0 Trendelenburg position. Estimate 
the distance between the abdominal wall and the ab
dominal aorta by palpating the aorta. In a thin patient 
this distance may be only 3 cm. Make a 1 cm incision 
at the chosen entry site and deepen the incision to 
expose the anterior rectus fascia. This is most easily 
done by spreading with a hemostat. The incision must 
be large enough to accept the 10/11 rum trocar if a 
10 rum laparoscope is being used. It is better to err 
on the side of slightly larger, as a small incision causes 
the trocar sheath to catch at the skin level. 

Expose the fascia for a distance of about 10 mm 
in a vertical direction. If the subcutaneous fat is thick 
and it is difficult to visualize the fascia, apply a 
Kocher clamp to the underside of the umbilicus and 
pull up. The umbilicus is adherent to the fascia, and 
this traction pulls the fascia into view. Then apply 
a Kocher clamp to the lower margin of the exposed 
fascia and elevate the clamp in an anterior direction 
to increase the distance between the abdominal wall 
and the great vessels. 

Now grasp the Veress needle between thumb and 
forefinger (Fig. 8-4), and hold it like a dart. After 
the tip of the needle has been inserted into the ab
dominal wall, place one drop of saline in the hub of 
the needle. Aim the needle roughly in the direction 
of the sacral promontory. As the needle passes 
through the abdominal wall, one should feel a pop 
as it passes through the fascia and another when it 
penetrates the peritoneum (Fig. 8-5), At this point, 
the drop of saline in the hub should be drawn into 

Fig. 8-4 
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a 

b 

c 

Fig. 8-5 a. Veress needle inserted at umbilicus (sagittal 
view; the blunt tip retracts as it encounters the fascia of 
the linea alba. b. As the sharp edge of the needle traverses 
the fascia, the blunt tip springs forward into the preperi
toneal space and then retracts a second time as it en
counters the peritoneum. c. Blunt tip springs forward as 
Veress needle passes across the peritoneum to enter the 
abdominal cavity. (Reprinted, with permission, from Scott
Conner CEH (ed) The SAGES Manual: Fundamentals of Lap
aroscopy and GI Endoscopy. New York: Springer-Verlag, 
1999.) 

the peritoneal cavity owing to the negative pressure 
that exists in the peritoneal cavity with traction up
ward on the abdominal wall. Confirm this by plac
ing another drop of saline in the hub of the needle 
and then elevating the abdominal wall to create 
more negative pressure. If the drop of fluid is not 
drawn into the peritoneal cavity, readjust the posi
tion of the needle. If this move is unsuccessful, with
draw the needle and reinsert it. When the needle ap
pears to be in the proper position, perform a 
confirmatory test by attaching a syringe containing 
10 ml of saline in the hub of the needle and inject 
the saline into the abdominal cavity. Then attempt 
to aspirate the fluid. If the needle is in the peritoneal 
cavity, no fluid is aspirated. If turbid fluid is aspi
rated, suspect that the needle has entered bowel. If 
blood returns, remove the needle and promptly in
sert a Hasson cannula as described below and insert 
the laparoscope to inspect the abdominal cavity for 
vascular injury. 



56 Mechanical Basics of Laparoscopic Surgery 

Assuming that the Veress needle has entered the 
abdominal cavity uneventfully, attach the tube lead
ing to the CO2 insufflator. Begin at low flow or reg
ulate the inflow to a rate of 1 liter per minute. The 
initial reading in the gauge measuring intraabdomi
nal pressure should be 5-10 mm Hg if the needle is 
in the free peritoneal cavity. After 3-4 liters of gas 
has been injected into the peritoneal cavity, percuss 
the four quadrants of the abdomen to confirm that 
the gas is being evenly distributed. This confirms 
proper needle placement. Increase the flow rate un
til the intraabdominal pressure has reached 15 mm 
Hg. At this stage, remove the Veress needle and in
sert the trocar-cannula into the previous umbilical 
incision. Direct this device in the direction of the 
sacral promontory and exert gradual pressure with 
no sudden motions until it has penetrated the ab
dominal cavity. Then connect the insufflation device 
to the cannula and continue insufflation to maintain 
the desired intraabdominal pressure. This initial 
cannula should have a diameter of 10-11 mm for the 
standard 10 mm laparoscope. 

Fig.8-6a 

Fig.8-6b 

Open Technique with 
Hasson Cannula 

The Hasson cannula is designed to be inserted un
der direct vision through a mini-laparotomy incision. 
It is thus the method of choice in the previously op
erated abdomen when a scar encroaches on the pro
posed insufflation site. Some surgeons use this 
method preferentially for all cases. 

Make a vertical 2- to 3-cm incision in the umbili
cus and adjacent subumbilical area with a scalpel. 
Then identify the rectus fascia in the midline. Make 
a scalpel incision through the fascial layer and iden
tify the peritoneum. Insert the index finger and care
fully explore the undersurface of the fascia for ad
herent bowel. Open the peritoneum under direct 
vision with a scalpel. The commonest error is to make 
the incision too small. The peritoneal incision should 
comfortably admit the surgeon's index finger, and the 
skin incision should allow easy visualization of the 
peritoneum. After visual and finger exploration as
certains that the abdominal cavity has been entered, 

Fig.8-6c 



insert the Hasson cannula under direct vision (Fig. 
8--6). This cannula has an adjustable olive-shaped ob
turator that partially enters the small incision. Insert 
a heavy PG suture, one on the left and another 
through the fascia on the right aspect of the incision. 
These sutures are used to anchor the cannula and at 
the end of the procedure to close the incision. 

Attach each suture to the respective wing of the 
Hasson cannula, which firmly anchors the olive ob
turator in the incision and prevents loss of pneu
moperitoneum. After this step has been accom
plished, insufflate CO2 as previously described. 
When the pressure reaches 12-15 mm Hg, the tele
scope is inserted and the operation can begin. 

Occasionally there is difficulty or uncertainty 
about inserting the initial trocar-cannula into the ab
domen. In such cases do not hesitate to abandon 
the blind steps of inserting the Veress needle or the 
trocar-cannula and to switch to an open "mini
laparotomy" for insertion of a Hasson cannula. 

MANAGEMENT OF HYPOTENSION 
DURING LAPAROSCOPY 

When the patient deteriorates after induction of 
pneumoperitoneum, the safest immediate response 
is to withdraw any instruments into the trocars and 
release the pneumoperitoneum while seeking the 
cause of the problem. Among the possible causes 
are the following. 

Interference with venous return. The increased 
intraabdominal pressure is not always tolerated, es
pecially in frail, elderly patients. Compounding the 
problem are the frequent use of reverse Trendelen
burg pOSition and relative hypovolemia due to bowel 
preparation or overnight fasting prior to surgery. Of
ten the procedure can resume if additional volume 
is infused and the insufflator is set at a lower pres
sure. Some patients do not tolerate pneumoperi
toneum, and the procedure must then be converted 
to an open laparotomy. 

Hypercapnia. Cardiac dysrhythmias may be in
duced by CO2 pneumoperitoneum, which may pro
duce hypercapnia and occasionally hypoxia. A sudden 
increase in the end-tidal CO2 level may indicate sub
cutaneous emphysema, preperitoneal trapping of CO2, 
or injection of CO2 into the liver by incorrect posi
tioning of the Veress needle. Subcutaneous emphy
sema may be the result of an exceSSively high 
intraabdominal pressure. Extraperitoneal C02 insuffla
tion may progress to pneumomediastinum and sub
cutaneous emphysema. After checking all of these pos
sibilities, the anesthesiologist can generally maintain 
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the patient with hyperventilation. Gas embolus is rare 
if aspiration is performed before CO2 is insufflated. 

Tension pneumothorax. This should be suspected 
if unexpected hypotension occurs during the opera
tion. It is particularly apt to occur during laparoscopic 
surgery in the vicinity of the esophageal hiatus. 

Intraabdominal or retroperitoneal bleeding. 
Bleeding related to trocar insertion is another cause of 
hypotension, and should be suspected when no other 
cause is found. A quick survey of the abdomen with 
the laparoscope is indicated. Look for hematomas, es
pecially arising in the retroperitoneum. If the laparo
scopic search is not adequate, do not hesitate to make 
an emergency midline laparotomy incision, leaving all 
of the instruments and trocars in place. Explore the 
retroperitoneal area for damage to the great vessels, 
including the aorta, vena cava, and iliac vessels. 

SECONDARY TROCAR PlACEMENT 

Place secondary trocars in accordance with the tri
angle rule: Think of the laparoscope (the surgeon's 
eyes) as being at the apex of an inverted isoceles 
triangle with the primary and secondary operat
ing ports as the left and right hands, as shown in 
Figure 8-7 for performance of laparoscopic Nissen 

Monitor 

o Instrument port 
• Camera port 

Fig. 8-7 Position of the surgeon for visual path coaxial 
alignment. Note the triangulation of camera and operat
ing ports, which corresponds to the triangulation of the 
surgeon's eyes and two hands. The surgeon, target tissue, 
suture line, and monitor are aligned. (Reprinted, with per
miSSion, from Scott-Conner CEH (ed) The SAGES Manual: 
Fundamentals of Laparoscopy and GI Endoscopy. New 
York: Springer-Verlag, 1999.) 
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fundoplication. Proper placement of these operating 
ports is crucial. For that reason inspect the abdomen 
with the laparoscope and, if necessary, insert one of 
the ports that will be used for retraction before plac
ing the operating ports. For example, when setting 
up ports for a laparoscopic cholecystectomy, place 
the most lateral retracting port first. Then grasp the 
fundus of the gallbladder and try lifting it to get a 
feeling for the degree of mobility of the gallbladder 
and liver. Finally, place the two operating ports. 

Adopt a two-handed technique eady in your lap
aroscopic career. This is the only way to become 
proficient with the maneuvers needed for laparo
scopic suturing and knot-tying. Instruments placed 
through the primary and secondary operating ports 
should intersect at the operative field at an angle of 
600 -900 • If you are uncertain, try out a contemplated 
trocar site by passing a long spinal needle through 
the insufflated abdominal wall into the field under 
direct vision and observe the position and angle at 
which it enters the operative field. 

Additional trocars are frequently placed to allow 
retraction and assistance. Trocar diagrams given in 
textbooks, including this one, are just guidelines as 
each case is slightly different. If you are having dif
ficulty, consider whether inserting another trocar for 
additional retraction or to substitute for an ill-placed 
port might help. It is generally necessary to leave 
the original trocar in place to avoid loss of the pneu
moperitoneum. 

ERGONOMIC CONSIDERATIONS 

Once the ports have been placed, adjust the operat
ing table and dim the overhead lights. The optimum 
table position allows the hands to be held at approx
imately elbow height with instruments in the trocars. 
Because laparoscopic instruments are longer than 
conventional instruments, it is generally necessary to 
lower the table. Adjust the position of the operating 
table to allow gravity to displace viscera (reverse Tren
delenburg for upper abdominal surgery, Trendelen
burg for lower abdominal surgery with the operative 
side rotated up). If lowering the table has made it im
possible to position the patient optimally, raise the 
table and stand on a platform to compensate. 

IAPAROSCOPIC DISSECTION 
AND HEMOSTASIS 

Because even a small amount of bleeding absorbs 
light and obscures visualization, laparoscopic dis
section places strong emphasis on careful hemosta-

sis. For basic procedures such as laparoscopic 
cholecystectomy, monopolar hook cautery works 
well. The blunt back-side of the hook may be used, 
cold, as a blunt dissector, and the hook then used 
to elevate, cauterize, and divide small structures. The 
back-side of the hook may be used with cautery as 
a spatula cautery tip. The tip of the suction irrigator 
is also a useful dissecting tool. Curved "Maryland" 
dissectors, endoscopic right-angle clamps, and a va
riety of blunt graspers are used to stabilize and dis
sect in a manner analogous to that used for open 
surgery (Fig. G-41). 

For more extensive surgery an ultrasonic scalpel 
or shears allows better hemostasis with less threat 
of damage to adjacent structures than cautery. Heat 
is generated by ultrasonic vibration of an active 
blade. Because this device works best when the ac
tive blade is placed against well supported tissues, 
it is most commonly used with a slightly curved 
grasping tip. The tissue to be divided is grasped and 
gently compressed as the shears are activated. With 
the correct combination of ultrasonic power and 
compression, the tissue within the shears is first co
agulated and then cut. A lower power setting, or 
less pressure on the tissue, produces more coagu
lation and slower cutting. Higher power and greater 
compression produce a cutting effect. The cutting 
speed is inversely proportional to the effectiveness 
of hemostasis. This instrument greatly facilitates ad
vanced procedures such as Nissen fundoplication 
where sizable vessels (the short gastrics) must be 
divided. 

IAPAROSCOPIC SUTURING 

Laparoscopic procedures that require suturing are 
considered advanced procedures; yet the ability to 
place one or two sutures may enable the laparo
scopic surgeon to avoid conversion to open 
surgery if a minor mishap occurs during basic la
paroscopic procedures such as laparoscopic ap
pendectomy. Every laparoscopic surgeon should 
have basic lap-aroscopic suturing and knot-tying 
skills. Practice suturing in a box trainer until you 
are facile. 

Port placement is crucial for successful laparo
scopic suturing. As previously mentioned, the pri
mary and secondary ports should bring instrument 
tips together at an angle of 600 -900 in the field. 
These ports should generally be at least 6 inches 
apart at the skin to avoid "dueling trocars," a situa
tion where two trocars rub against and over or un
der each other at every movement. 

Knots may be tied intracorporeally in a manner 



analogous to that used during open surgery or ex
tracorporeally. Intracorporeal tying has the broad
est range of applications and is briefly described 
here. For intracorporeal tying, the entire needle 
and suture are passed into the abdomen. The su
ture is cut short (generally around 10 cm): just long 
enough to be able to produce the loops required 
for intracorporeal knotting but short enough that 
the tail can be easily manipulated. Generally a pli
able braided material such as silk or PG is used. The 
size of the suture must be appropriate to the in
tended purpose; for instance, during laparoscopic 
Nissen fundoplication a heavier suture must be 
used to approximate the diaphragmatic crura than 
is used to anchor the fundoplication. Sutures for la
paroscopic applications are ideally either dark or 
brightly fluorescent (rather than beige) to facilitate 
easy visualization. 

Interrupted suturing requires that the laparo
scopic surgeon be able to place a stitch accurately, 
pass it through tissue, and securely tie a knot. Tac
tile feedback is limited, and only visual cues are avail-
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able. Two needle-holders, each capable of securely 
grasping and holding a needle, are used. Needle
holders with curved tips facilitate manipulation in 
the limited laparoscopic field. Load the needle fore
hand in the right-hand needle driver. Pass the nee
dle through the tissue with a scooping motion. Fol
lowing the curve of the needle requires a different 
set of motions than the simple supination used dur
ing open surgery. Watch the needle pass through 
the tissue and adjust your hand motions to pass it in 
a smooth, atraumatic fashion. 

Grasp the needle with the left-hand needle-holder 
and release the right. Pull the needle through the tis
sue with the left-hand needle-holder. 

Intracorporeal knots are placed and tied by the 
familiar "instrument tying" method used during 
open surgery. The sequence of movements to cre
ate the first throw of a square knot is shown in Fig
ure 8-8. The second throw is shown in Figure ~9. 

Continuous suturing is more rapid because only 
two knots are needed. Applications are limited, how
ever. 

A. Make C-loop ~ ~ 
............... wnh right hand. Vj' 

B. Wrap (' , >----... 

C. Grab short 
tail. .. 

with 1"
right 
hand. 

Fig. 8-8 Square and surgeon's knot.. Overhand FIat Knot.. (Reprinted with pennission, from Scott-Conner CEH (ed) 
The SAGES Manual: Fundamentals of Laparoscopy and GI Endoscopy. New York: Springer-Verlag, 1999.) 
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B. Wrap with left hand. 
Grab short taiL .. 

A. Make C-Ioop 
with left hand. 

.. . and pull 
through. 

C. lay second flat knot 
to complete square knot. 

Fig. 8-9 Second opposing flat knot. (Reprinted with pennission, from Scott-Conner CEH (ed) The SAGES Manual: 
Fundamentals of Laparoscopy and GI Endoscopy. New York: Springer-Verlag, 1999.) 

USING A PRETIED SUTURE liGATURE 

Pretied endoscopic suture ligatures are available and 
useful for simple applications (e.g., ligating a cystic 
duct if the clip closure appears tenuous). They are 
commonly loaded with chromic catgut because this 
material swells slightly as it absorbs water, render
ing the knot even more secure. Pretied ligatures are 
best used to secure the stump of a structure that has 
already been divided or to ligate the base of an ap
pendix. They are not applicable to the problem of 
applying a tie in continuity because you must be able 
to pass the loop over the structure to be ligated. 

To use a pretied endoscopic ligature, pass it into 
the field and slowly advance the loop. As the loop 
comes into contact with tissue, it absorbs water and 
softens, becoming limp and therefore much more 
difficult to handle. Avoid this problem by keeping 
the loop away from tissue until you are ready to close 
it. Pass a grasper through another port and pass it 
through the loop of the pretied ligature (Fig. 8-10). 
Ignore the loop and grasp the stump of the struc- Fig. 8-10 



ture to be ligated (Fig. ~11). Then slide the loop 
down the grasper until it encircles the stump. The 
loop is quite large, and drawing up on the tail to 
make the loop slightly smaller may facilitate this ma
neuver. Shorten the loop with care, as it is not pos
sible to enlarge the loop again. Once the stump is 
surrounded, place the tip of the knot-pusher against 
the base exactly where you want the knot to sit. 
Slowly tighten the loop while maintaining slight ten
sion on the stump with the grasper (Fig. ~12). 
Withdraw the knot pusher through the trocar and 
pass endoscopic scissors down to cut the ligature. 
As with all monoftlament sutures, leave a tail of about 
2 mm for security. Withdraw the grasper and inspect 
the ligated stump for security. 

LAPAROSCOPIC STAPUNG 

Laparoscopic stapling may be performed intra- or ex
tracorporeally with the same staplers used during 

Fig. 8-11 
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open surgery. Purely intracorporeaI stapling is pos
sible using an endoscopic linear cutting stapler that 
passes through a 12 mm port. This stapler may be 
used to secure the base of an appendix; then, loaded 
with smaller staples, it may be fired across the 
mesentery. It fires two triple rows of staples and cuts 
between them. The device is illustrated and its use 
described in Chapter 41. 

CLOSING lROCAR SITES 

Any port site larger than 5 mm must be sutured 
closed to prevent hernia formation. Special suture 
passers are available to facilitate passing a suture 
through the skin incision at the trocar site and 
thence through all the layers of the abdominal wall 
and back out under direct vision. The suture is then 
tied at the level of the fascia to close the trocar site 
securely. These sutures are especially useful in obese 
patients. 

Fig. 8-12 
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TROUBLE-SHOOTING EQUIPMENT 

Many hours of frustration can be avoided if laparo
scopic surgeons take the time to become thoroughly 
familiar with the specific equipment in use in their 
particular operating suite. Adopt a standardized ter
minology for all the individual instruments you use 
so it is easy for the scrub person to pass you the spe
cific grasper you need. Know where supplies and 
equipment are kept. A trouble-shooting chart, such 
as that developed by SAGES, should be easily ac
cessible. 

LOSS OF WORKING SPACE 

If visualization is difficult and the working space 
seems to be collapsing, feel the abdominal wall and 
check the pressure reading on the insufflator. If the 
abdominal wall is tense and flat and the insufflator 
pressure readings are normal or high, the problem 
is likely to be inadequate muscle relaxation. Instruct 
the anesthesiologist to correct the situation. 

Conversely, a loose, limp, flaccid abdominal wall 
and low insufflator pressures mean inadequate CO2 . 

This may be due to an empty cannister, a dislodged 
insufflator line, or leaks in the system. 

AVOIDING COMPLICATIONS 

Although each procedure has its unique complica
tions, there are a set of problems shared by alliaparo
scopic operations. They are briefly considered here. 

Hypercarbia from absorption of CO2 gas is pre
vented by hyperventilation and vigilance on the part 
of the anesthesiologist. An occasional patient does not 
tolerate the physiologic stress of pneumoperitoneum, 
and conversion to open surgery may be needed. 

Gas embolus is signaled by a sudden jump in end
tidal CO2 followed by a rapid fall as cardiac output 
goes to zero. This rare complication is avoided by 

aspirating to check for blood before insufflating CO2 

through the Veress needle and employing special 
precautions during procedures (e.g., hepatic resec
tion) where venous sinusoids are cut. 

Bleeding from the abdominal wall is a common, an
noying complication of trocar site placement. Blood 
may run down the instruments or laparoscope to ob
scure the view during surgery or cause hematoma or 
hemoperitoneum after surgery is complete. Avoid this 
situation by making the lower abdominal trocar sites 
lateral to the border of the rectus sheath (to avoid the 
inferior epigastric vessels), by avoiding umbilical punc
ture sites in cirrhotic patients (to avoid entering the 
dilated veins of a caput medusae), and by inspecting 
trocar sites as the last step before withdrawing the la
paroscope. Generally such bleeding can be controlled 
by sutures through the abdominal wall. 

Visceral or vascular injury during Veress needle 
or trocar placement is avoided by following the guide
lines for Veress needle placement outlined in the pre
vious sections. Place secondary trocars under direct 
vision. If visceral or vascular injury is suspected, leave 
the Veress needle or trocar in situ as you convert to 
a formal laparotomy. This may tamponade any bleed
ing and greatly facilitates finding the site of injury. 
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PURPOSE OF DRAINS 

Drains permit purulent material, blood, serum, 
lymph, bile, pancreatic juice, and intestinal contents 
to escape from the body. They form a walled-off pas
sageway that leads from the source of infection or 
fluid buildup to the outside. This passageway, or tract, 
must persist for a period long enough to ensure com
plete evacuation of the collection, collapse of the cav
ity, and ultimately healing from the inside out. 

In the presence of a discrete abscess, the need 
for and purpose of a drain is obvious and not con
troversial, as its therapeutic benefits are clear. In 
most other situations the drain acts as a prophylac
tic instrument to prevent accumulation of undesir
able products. Because it is a foreign body, the drain 
also has the paradoxical effect of potentiating in
fection. When and how a drain should be used for 
prophylactic purposes has long been a source of 
controversy. Controlled trials have Significantly de
creased the indications for "prophylactic" drainage; 
some are cited in the references at the end of the 
chapter. 

PROS AND CONS OF VARIOUS DRAINS 

Latex (Penrose) Drain 

The Penrose drain is a soft latex drain of various di
mensions. It has the shape of a flattened cylinder 
and is made of a thin, radiopaque sheet of rubber. 
It has the advantage of being inexpensive. It is also 
successful in encouraging fibrOSis, so it forms a well 
established tract within 8-10 days. 

It has many disadvantages as well. Ideally, the 
drain is placed to create a dependent tract through 
which fluid may escape by gravity. If the surgeon 
does not take pains to bring the drain out in a straight 
line, without wrinkles, stagnant pools of serum ac
cumulate around the wrinkled areas of the drain. Af
ter the drain is removed, the patient may have a 24-
hour increase in temperature of as much as 1°C. 
More fundamentally, the passive latex drain does not 
empty a cavity; it simply permits secretions to over
flow from the abdomen to the outside. It is not par
ticularly effective in evacuating oozing blood before 

a clot forms. There is no method by which the depth 
of the wound can be irrigated with this type of drain 
as there is when a tube or sump type is used. 

Finally, the most important objection to the latex 
drain arises from the fact that it requires a 1- to 2-
cm stab wound in the abdominal wall, which per
mits retrograde passage of pathogenic bacteria down 
into the drain tract. It also creates a sizable fascial 
opening that may be the site of subsequent hernia 
formation. 

Polyethylene or Rubber Tube Drain 

Both polyethylene and rubber tube drains establish 
tracts to the outside, as they are mildly irritating and 
stimulate adhesion formation. They effectively evac
uate air and serum from the pleural cavity and bile 
from the common bile duct. Drainage tract infection 
following the use of tube drains is rare for the rea
sons discussed below. 

Among the disadvantages of rubber and polyeth
ylene tubes is that they become clogged with clot
ted serum or blood unless they are large. Large tubes, 
however, are unsuitable for placement deep in the 
abdominal cavity for a period of more than a few 
days, as there is considerable danger of erosion 
through an adjacent segment of intestine, reSUlting 
in an intestinal fistula. 

Silicone Tube Drain 
Silicone or Silastic tubes are less reactive than are 
other types of drain. They are less prone to become 
plugged as a result of clotting serum. Because of the 
soft texture of silicone, erosion into the intestine is 
uncommon. 

A disadvantage of silicon drains is their lack of re
activity; hence there is minimal fibrous tract forma
tion. This lesson was learned when Silastic T-tubes 
were (briefly) used in the common bile duct, and 
their removal often resulted in bile peritonitis be
cause a firm fibrous channel had not been estab
lished between the bile duct and the outside. 

Sump Suction Drains 

Generally constructed of silicone or polyethylene 
tubing, sump drains must be attached to a source of 
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continuous suction. They effectively evacuate blood 
and serum, especially if suction is instituted in the 
operating room so the blood is evacuated before it 
clots. Instillation of an antibiotic solution also is fea
sible when indicated. If used regularly, fluid instilla
tion prevents obstruction of the drain due to coag
ulation of serum or secretions. Drainage tract 
infections with sumps are uncommon even though 
unsterile, bacteria-laden air is drawn into the depths 
of the patient's wound by the continuous suction. 
Filters are available to minimize this problem. A ma
jor disadvantage of sump drains is the requirement 
that the patient be attached permanently to a suc
tion device, thereby impairing mobility. 

Closed-Suction Drain 
The closed-suction drain consists of one or two mul
tiperforated silicone or polyethylene catheters at
tached to a sterile plastic container, the source of 
continuous suction. It is a closed system; and the 
catheters are brought out through puncture wounds. 
These drains have replaced other drains for most ap
plications. Patient mobility is unimpaired, as the plas
tic container is easily attached to the patient's attire. 
The depths of the wound can be irrigated with an 
antibiotic solution by disconnecting the catheter 
from the suction device and instilling the medica
tion with a sterile syringe. 

Closed-suction drains are commonly used in a 
clean field, such as at axillary node dissection sites to 
prevent seroma formation. They should be removed 
as soon as possible to prevent bacterial entry. 

Some closed-suction drains contain mUltiple per
forations. In time, tissues are sucked into the fenes
trations, and tissue ingrowth may even occur. This 
makes removal difficult (occasionally to the point of 
requiring relaparotomy), and most surgeons are re
luctant to leave a fenestrated closed-suction drain in 
the abdomen for more than 10 days. Fluted suction 
drains are also available and avoid this potential com
plication. 

GAUZE PACKING 

When a gauze pack is inserted into an abscess cav
ity and is brought to the outside, the gauze, in ef
fect, serves as a drain. Unless the packing is changed 
frequently, this system has the disadvantage of po
tentiating sepsis by providing a foreign body that 
protects bacteria from phagocytosis. Management of 
pancreatic abscesses by marsupialization and pack
ing is an example of this technique. Daily dressing 
changes keep the packing fresh. 

PREVENTION OF DRAINAGE 
TRACT INFECTION 

Retrograde transit of bacteria from the patient's 
skin down into the drainage tract is a source of 
postoperative sepsis and may even follow clean op
erations. When a polyethylene sump or a silicone 
closed-suction catheter is brought through a punc
ture wound of the skin, it is easy to suture it in 
place and minimize or eliminate the to-and-fro mo
tion that encourages bacteria to migrate down the 
drain tract. On the other hand, when a latex drain 
is brought out through a 1- to 2-cm stab wound in 
the abdominal wall, there is no possibility of elim
inating the to-and-fro motion of the drain or retro
grade passage of bacteria into the drainage tract. 
Consequently, when latex or gauze drains are re
quired for an established abscess, the surgeon must 
accept the added risk of retrograde contamination 
with bacteria despite sterile technique when dress
ings are changed. 

MANAGEMENT OF 
INTRAPERITONEAL SEPSIS 

When managing intraperitoneal sepsis a distinction 
must be made between an isolated abscess (e.g., 
around the appendix) and mUltiple abscesses in
volving the intestines accompanied by generalized 
peritonitis. With the latter type of sepsis, the pres
ence of fibrin and necrotic tissue prevents adequate 
phagocytosis and perpetuates sepsis. 

When an abscess has developed rigid walls that 
do not collapse after evacuation of pus, large 
drains must be inserted to establish a reliable tract 
to the outside. Sometimes a rigid abscess cavity re
quires 2-5 weeks to fill with granulation tissue. It is 
not safe to remove the drains until injecting the ab
scess with an aqueous iodinated contrast medium 
has produced a radiograph demonstrating that the 
cavity is no longer significantly larger in diameter 
than the drainage tract. If this is not done, the ab
scess may rapidly recur. For rigid-walled abscesses 
of this type, several large latex drains should be in
serted together with one or two sump drains. Some 
surgeons place an additional straight 10F catheter 
for intermittent instillation of dilute antibiotic solu
tion. At least one drain is left in place until the sino
gram shows that the abscess cavity has essentially 
disappeared. Care should be taken that none of the 
rigid drains comes into contact with the intestine or 
stomach, as intestinal fistulas can be a serious com
plication. 



PERCUTANEOUS DRAINAGE 
OF ABDOMINAL ABSCESSES WITH 
COMPUTED TOMOGRAPHY OR 
ULTRASOUND GUIDANCE 

Treatment of abdominal abscesses underwent a rev
olutionary change during the 1990s owing to the 
demonstrated efficacy of percutaneous drainage by 
the interventional radiologist. In the case of most ab
dominal abscesses, the skilled radiologist can find a 
safe route along which to insert a drainage catheter 
that evacuates the pus without a need to perform 
laparotomy for drainage. This technology is espe
cially welcome in the critically ill patient who may 
not tolerate a major operation. 

OTIlER INDICATIONS AND 
ME11IODS OF DRAINAGE 

Abscess 
For abscesses of the extremities, trunk, or perirec
tal area, the important step is to unroof the abscess 
by making a cruciate incision so the tract does not 
close before all the pus has been evacuated. An un
roofmg procedure is adequate for superficial ab
scesses, and any type of temporary drain is sufficient. 
When the danger exists that the superficial portion 
of the tract might close before deep healing takes 
place, insertion of gauze packing is indicated. The 
packing is then changed often enough to keep it 
from blocking the egress of pus. 

Blood and Serum 
The presence of blood, serum, or fibrin in a perfectly 
sterile area is not dangerous to the patient, although 
the operative field is never completely sterile fol
lowing any major operation. For this reason, post
operative puddles of blood or serum in combination 
with even a small number of bacteria can result in 
abscess formation because the red blood cell impairs 
antibacterial defenses. With the low colorectal anas
tomosis, accumulated serum or blood in the pre
sacral space, together with secondary infection and 
abscess formation, may result in anastomotic break
down. For these reasons, strenuous efforts should 
be exerted to eliminate bleeding during any ab
dominal operation. If these efforts must be supple
mented by some type of drainage, the ideal method 
is to insert one or two multiperforated Silastic drains, 
which are brought out through puncture wounds in 
the abdominal wall and attached to a closed suction 
system. 

Other Indications and Methods of Drainage 65 

Closed suction drainage is extremely effective fol
lowing radical mastectomy or regional lymph node dis
sections of the neck, axilla, or groin. Small-diameter 
tubing is acceptable. This technique has also been em
ployed successfully following abdominoperineal proc
tectomy with primary closure of the perineal floor and 
skin. 

Bile 
Because bile has an extremely low surface tension, 
it tends to leak through tiny defects in anastomoses 
or through needle holes. It is essentially harmless 
if a passageway to the outside is established. A 
sump drain or closed suction system works well 
for this purpose. Silastic tubes are contraindicated 
whenever formation of a fibrous tract to the out
side for the bile is desirable, especially with use of 
a T-tube in the common bile duct, as previously 
noted. 

Pancreatic Secretions 
It is not dangerous for pure pancreatic juice to drain 
into the abdominal cavity, as is evident in patients who 
have pancreatic ascites or a fistula. If the pancreatic 
secretion is activated by the presence of bile, duode
nal contents, or pus, however, trypsinogen is con
verted to trypsin and the adjacent tissues are sub
jected to a raging inflammatory reaction. Recently 
constructed adjacent anastomoses may be digested 
and destroyed. Eventually, hemorrhage from retroperi
toneal blood vessels ensues. 

Consequently, it is important to evacuate bile and 
pancreatic secretions completely, especially after 
pancreaticoduodenectomy. This is accomplished by 
inserting a long plastic catheter into the pancreatic 
duct in the tail of the pancreas. The catheter is 
brought through the segment of jejunum to which 
the duct is anastomosed. Then it is brought through 
a jejunostomy opening to an outside drainage bag. 
Unless the tube is accidentally displaced, it conveys 
all pancreatic secretions from the abdominal cavity. 
In addition, a suction catheter is inserted in the vicin
ity of the anastomosis, between the tail of the pan
creas and the jejunum. Many surgeons routinely 
drain pancreatic staple lines or suture lines (e.g., af
ter distal pancreatectomy or pancreaticojejunos
tomy) with closed suction drains. 

Anastomosis 

It makes little sense to place a drain down to a gas
trointestinal anastomosis simply because the surgeon 
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has some doubt about its integrity. If anastomotic 
breakdown occurs, the presence of a drain may not 
prevent generalized peritonitis. If the surgeon be
lieves there is significant risk of anastomotic failure, 
the anastomosis should be taken apart and done 
over, or else both ends should be exteriorized and 
reconnected at a second-stage operation. The sur
geon must not fall into the trap of fuzzy thinking, 
which would permit acceptance of an anastomosis 
that might be less than adequate, rather than re
constructing the anastomosis or eliminating it from 
this stage of the operation. 

When treating Crohn's disease accompanied by 
extensive cellulitis, some surgeons believe the in
flamed areas should be drained. In reality, cellulitis 
or contamination, such as might follow a perforated 
duodenal ulcer, do not benefit from drainage. It is 
well established that the peritoneal cavity as a whole 
cannot be drained. 

If complete hemostasis cannot be achieved in the 
vicinity of an anastomosis, there may be some merit 
to inserting a silicone closed-suction drain for a few 
days, provided it does not come into direct contact 
with the suture line. 
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Advances in diagnostic studies, peri operative man
agement, and the techniques of esophageal surgery 
have greatly reduced mortality, morbidity, and 
length of hospital stay. Multidisciplinary approaches 
have even begun to improve the long-term results 
of treatment for esophageal malignancy. Long-term 
survival following resection of a carcinoma of the 
esophagus is usually limited to patients without re
gional spread whose tumors are confined to the wall 
of the esophagus. Successful esophageal surgery still 
requires knowledge of the anatomy and physiology 
of the esophagus and attention to the details of the 
operative technique. 

CARCINOMA OF TIlE CARDIA REGION 

Resection of lesions of the distal esophagus and gas
tric cardia with esophagogastric anastomosis is no 
longer an operation with high mortality, significant 
complications, and intractable reflux esophagitis. 
Resection with an overall mortality of 2% should be 
routine, and anastomotic leakage should be a rare 
event today. Operation without an intensive care 
unit stay, with early ambulation, return to oral in
take within 48 hours, and hospitalizations of 1 week 
are achievable even for patients over age 70. Con
tinuing epidural analgesia with patient control after 
surgery has been an important advance. Although re
turn of normal appetite and meal volume is slow, 
most patients have no dietary restrictions after the 
early narrowing of the anastomosis due to edema 
has resolved. 

Important concepts are resection with adequate 
margins of normal esophagus and stomach, resec
tion of the fibroareolar tissue around the tumor to 
ensure local circumferential margins, and adequate 
lymphadenectomy for adequate staging. The stom
ach must be well mobilized with preserved vascu
larity and esophagogastric continuity restored with 
an end-to-side anastomosis. The gastroepiploic ar
cade must be carefully preserved and the esophageal 
hiatus widened to prevent a tourniquet effect with 

obstruction to venous outflow. Properly performed, 
esophagogastrectomy is a safe operation with good 
symptomatic and nutritional results. 

If a tumor extends into the stomach a significant 
distance along the lesser curvature or into the fundus, 
a significant proximal gastrectomy is necessary for ad
equate tumor margin. If resection of more than 50% 
of the stomach is required for tumor margins or if the 
anastomosis is less than 10 cm from the pylorus, a to
tal gastrectomy with roux-Y esophagojejunostomy 
gives a much more satisfactory result. Intraabdominal 
esophagogastric anastomoses near the pylorus permit 
too small a gastric remnant to construct a satisfactory 
end-to-side anastomosis. Such end-to-end anastomoses 
have a higher leak rate and severe problems with un
controlled bile reflux esophagitis. 

Laparotomy with right thoracotomy can be used 
for lesions at any level of the thoracic esophagus, 
and transhiatal esophagectomy is an option for le
sions in the distal 10 cm of the esophagus. I con
tinue to prefer a left thoracoabdominal approach 
with the patient in the lateral position for tumors 
whose proximal extent on computed tomography 
(Cn are clearly below the carina. One-stage mobi
lization and anastomosis shortens the operating 
time, provides superb exposure to both esophagus 
and stomach, and decreases blood loss. Although the 
upper extent of the tumor should be known with 
accuracy with CT imaging, the need for additional 
proximal length can easily be addressed. The sur
geon can simply mobilize the esophagus from under 
the aortic arch and make the anastomosis as high in 
the pleural space as necessary. 

CARCINOMA OF TIlE MIDDLE 
AND UPPER ESOPHAGUS 

The operation of choice for lesions in the mid
thoracic esophagus is subtotal resection by right tho
racotomy following full mobilization of the stomach 
through a midline laparotomy. I routinely place a 
feeding jejunostomy as part of the abdominal phase. 
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The anastomosis should be constructed with an end
to-side technique at the apex of the right chest or 
in the neck. A stapled anastomosis at the apex of the 
chest usually provides at least as much esophageal 
margin as a cervical anastomosis. The same consid
erations of blood supply and lack of tension apply. 
Good vascularity ensured by preservation of the gas
troepiploic arcade, enlargement of the hiatus to pre
vent compression, and wide mobilization of the 
stomach and duodenum to eliminate tension are es
sential to a satisfactory anastomosis. With appropri
ate preparation the laparotomy and subsequent right 
thoracotomy approach can be done safely with re
sultant good digestive function and little or no re
flux problems. The tumor must be staged as com
pletely as possible prior to operation to ensure 
resectability because the surgeon cannot assess lo
cal fIxation until after completion of the abdominal 
mobilization if the thoracic phase is done second. 
Bronchoscopy and endoscopic ultrasonography are 
the most accurate studies to determine the extent 
of invasion for these tumors. Doing the thoracic mo
bilization fIrst has the advantage of evaluating the lo
cal condition early in the operation but adds sub
stantially to the operating time. 

I prefer dissection under direct vision through a 
posterolateral thoracotomy for these lesions even 
though the same thing can be accomplished by the 
transhiatal approach. The use of video-assisted 
surgery may prove to be a good alternative. I use a 
transhiatal approach only for mid-esophageallesions 
that were clearly confIned to the wall of the esoph
agus to avoid injury to major vessels and the trachea. 
Wide resection around the esophagus is not as fea
sible in the mid and upper esophagus as it is in the 
lower third and cardia because of the adjacent res
piratory and vascular structures. 

My preference has been for a high intrathoracic 
anastomosis when the location of the tumor per
mits rather than using a cervical anastomosis on 
prinCiple. Anastomosis in the neck has a higher leak 
rate than intrathoracic anastomosis. As the inci
dence of anastomotic failure in the intrathoracic 
anastomoses has been reduced to a rarity, the pre
vious arguments about safety have lost their force. 
Cervical leaks do not necessarily remain localized. 
If it does not drain anteriorly, a cervical leak can 
track down and cause thoracic mediastinitis. Cervi
cal leaks, however, often cause strictures that re
quire dilation and can be difficult to manage. The 
amount of esophagus resected with an anastomosis 
in the neck is minimally (if any) longer than for an 
anastomosis at the apex of the thorax. Cervical anas
tomosis has improved neither local recurrence nor 
long-term survival. 

UNRESECTABLE CARCINOMA 

Patients whose lesions appear locally unresectable 
on initial evaluation by CT scan or ultrasonography 
should be treated with radiation and chemotherapy 
and then reevaluated for surgical treatment after 
completing the course of neoadjuvant therapy. For 
patients with signifIcant invasion beyond the 
esophageal wall, a multimodality approach with ra
diation and chemotherapy has the potential to re
duce SignifIcantly or even eliminate the tumor mass. 
Resection may be feasible for palliation or even with 
curative intent after such neoadjuvant treatment. 

Tumors that invade the aorta or the tracheo
bronchial tree must be approached with extreme 
caution. It is doubtful that heroic measures can 
prove more benefIcial than a palliative approach, 
and the chance of creating an unsalvageable situa
tion is great. 

Distant metastases are not a contraindication to 
palliative resection of a locally resectable tumor. The 
patient's condition and the potential benefIt must be 
carefully weighed when deciding whether to resect 
for palliation. A suitable patient is one whose tumor 
has caused obstruction or bleeding and who can eas
ily withstand the operation. For such a patient, the 
ability to swallow can signiftcantly enhance the qual
ity of life. A palliative resection can be accomplished 
during a short hospitalization in appropriately se
lected patients. 

Although it is feasible to interpose a colon seg
ment between the proximal esophagus and the 
stomach for palliation of obstruction caused by an 
unresectable carcinoma, the operation has a high 
mortality rate and provides poor palliation for the 
short expected survival of such patients. The devel
opment of new techniques including endoscopic 
treatment with dilators, lasers, and stents provides a 
much more acceptable means of palliation. 

CARCINOMA OF TIlE ESOPHAGUS: 
TRANSHIATAL OR TRANSmORACIC 
APPROACH 

Each approach to resection of esophageal cancers 
has had strong proponents. Each also has advantages 
and disadvantages, and no series has demonstrated 
a clear superiority of one over the others. Although 
the left-sided approach I favor for distal lesions has 
been widely accepted, some have reported exces
sive mortality and leak rates. We have not had this 
experience, and others have also noted exceedingly 
low mortality and complication rates. Akiyama [1], 
Ellis et al. [2], and Mathiesen et al. [3] have reported 
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the same experience we have had with complica
tions and mortality, both in the 2% range or lower. 
With a large experience, Orringer et al.'s [4] results 
with transhiatal resections are similar. 

Each operative approach requires knowledge of 
the anatomy, appropriate staging and preparation of 
the patient, a well orchestrated team approach in 
the operating room and afterward with meticulous 
and delicate surgical technique, careful anesthetic 
technique and monitoring, and devoted postopera
tive care to achieve comparable results. 

REPLACING OR BYPASSING mE 
ESOPHAGUS: STOMACH, COLON, 
ORJEJUNUM 

The stomach is the closest we have to the ideal 
esophageal replacement. When fully mobilized and 
based on the gastroepiploic arcades, the apex of the 
stomach reaches the nasopharynx. When the stom
ach is stretched out to reach the neck, it becomes 
a tubular organ of modest diameter, with the fundus 
at its apex and the site of the gastroesophageal junc
tion one-third of the way down the lesser curvature 
side. Its arterial supply and venous drainage are re
liable and difficult to compromise even if the lesser 
curvature arcades are divided to gain length. The 
stomach is thick-walled and resistant to trauma when 
passed up to the neck by any route. Restoration of 
continuity to the esophagus or pharynx is straight
forward and requires only a single anastomosis. 

Although end-to-side anastomosis and creation of 
a partial antireflux "fundoplication" by wrapping or 
"inkwelling" the anastomosis help decrease the 
amount of reflux, all patients with esophagogas
trostomies have abnormal gastroesophageal reflux. 
Significantly symptomatic reflux, however, is seen 
primarily with low anastomoses and rarely with cer
vical anastomoses. Deprived of vagal innervation, 
the stomach acts as a passive conduit, but its func
tion is usually satisfactory. High anastomoses (in the 
neck or apex of the pleural space) help minimize 
the amount of reflux. I believe this improvement is 
on a purely mechanical basis. The complete vagot
omy that occurs as part of an esophageal resection 
makes acid secretion minimal. Bile is the main cul
prit. A long, thin gastric tube helps minimize pool
ing in the intrathoracic stomach and facilitate emp
tying, thereby decreasing the amount of bile reflux. 
When the stomach is available I have used it and re
served intestinal interposition for special circum
stances. I have not had the opportunity to use the 
gastric tube technique described by Gavrilu [5] and 
Heimlich [6] and prefer other techniques in adults. 

The use of the jejunum or colon to replace a re
sected segment of esophagus preserves a function
ing stomach intact. Although less used today than 
preViously, colon or jejunal interposition is an es
sential technique if the stomach is diseased or was 
previously resected. Most of the benign strictures 
formerly treated by short segment colon interposi
tion are now managed without resection. The colon 
is easily mobilized and can be supported on one of 
several major vascular pedicles and the marginal ar
cades. The transverse and descending colon based 
on the ascending branches of the left colic artery in 
isoperistaltic position is the appropriate size and 
length for substernal or intrathoracic interposition. 
The arterial supply is reliable and the venous pedi
cle short and less prone to kinking or twisting. Al
though sufficient length of colon can usually be 
achieved to reach the neck, use of the colon pre
sents some special problems. The colon serves as a 
passive conduit and does not have effective peri
stalsis. Gastrocolic reflux occurs routinely, and the 
refluxate is slowly cleared; but the reflux is seldom 
symptomatic. The transit time for a bolus of food to 
pass into the stomach is invariably slow but variably 
symptomatic. Benign or malignant disease of the 
colon may preclude its use; and the mesenteric vas
cular arcade is variable, especially on the right. The 
interposed colon is also subject to venous infarction 
by trauma to the colon mesentery or compression 
at the hiatus. 

The jejunum retains effective peristalsis when 
used to replace a segment of the esophagus. Short 
segment jejunal interposition has been used effec
tively as a salvage operation to prevent reflux when 
multiple direct operations on the gastroesophageal 
junction for reflux esophagitis have failed. The shape 
of the jejunal mesentery limits the length of the in
terposition that can be achieved with a conventional 
technique. Without special techniques, the jejunum 
does not reach above the inferior pulmonary vein. 
Some of the limitations of jejunal interpositions have 
been solved by microvascular techniques, which al
low either free transfer of jejunum to replace seg
ments of the pharynx or proximal esophagus or in
terruption of the mesentery with a second proximal 
vascular anastomosis. 

Even without microvascular techniques, the ma
jor objection to using jejunum or colon as an 
esophageal substitute has been the time involved in 
the additional dissection and the three required anas
tomoses. Mobilizing the bowel with careful preser
vation of both arterial and venous circulation can be 
difficult and time-consuming. Although experienced 
surgeons have reported excellent results with both 
colon and jejunum, higher mortality and morbidity 
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rates are the rule. The higher complication rate for 
interposition operations likely reflects both the ad
ditional surgery required and the more complicated 
nature of the patients who require such an ap
proach. When approaching a patient who needs an 
intestinal interposition, the surgeon must know as 
much as possible about the condition of the bowel 
and its vascular supply. Endoscopy, contrast studies, 
and vascular studies by angiography or magnetic res
onance imaging (MRI) should be performed and the 
bowel prepared both mechanically and with antibi
otics in every case. The surgeon must have alterna
tives well thought out if the originally selected seg
ment of bowel is not usable or the adequacy of the 
blood supply is questionable. 

Effective complete vagotomy is likely after any 
esophageal resection. Although it may not be nec
essary in more than one-third of cases, I routinely do 
a pyloromyotomy to facilitate gastric emptying. It is 
a simple maneuver if the patient does not have scar
ring from a chronic duodenal ulcer. I have not found 
it harmful, and it avoids the need for balloon dila
tion or reoperation. Although a matter of judgment, 
a pyloromyotomy or other drainage procedure 
should be done any time the pyloroduodenal seg
ment is within the hiatus when the stomach is pulled 
up because reoperation in this area is extremely dif
ficult. 

HIATIJS HERNIA AND 
REFLUX DISEASE 

With the exception of traumatic diaphragmatic rup
ture, virtually all acquired diaphragmatic hernias en
ter the chest through the esophageal hiatus. Parahi
atal hernia occurs but is a rare finding of no 
particular Significance. On the other hand, it is es
sential for a surgeon to understand the difference 
between a sliding and a paraesophageal hiatus her
nia and to differentiate them from posttraumatic 
hernias caused by blunt or penetrating trauma. 

A sliding hiatus hernia may be thought of as a dis
ease of the esophagus whose significance depends 
on the severity of associated gastroesophageal reflux 
and its consequences. A sliding hiatus hernia is slid
ing both in the anatomic sense (one wall of the her
nia is made up of the visceral peritoneum covering 
the herniated stomach) and in the direction it her
niates (the gastroesophageal junction migrates 
cephalad along the axis of the esophagus): hence 
the synonym axial hiatus hernia. The hiatus hernia 
must be reduced and the hiatus repaired as part of 
the operation to control reflux. 

A paraesophageal hernia, also known as a rolling 

hiatus hernia, is best conceived as a disease of the 
diaphragm. In this case the gastroesophageal junc
tion is in its normal position, and the stomach with 
the attached greater omentum and transverse colon 
herniates into the posterior mediastinum through an 
anterior widening of the hiatus. This hernia has a true 
sac of parietal peritoneum. The problems associated 
with paraesophageal hernias are the same as those 
with any abdominal wall hernia with the additional 
special problems of having the acid-secreting stom
ach involved. Patients with paraesophageal hernia 
are more often older and frequently have kyphosco
liosis. They usually do not have significant reflux but 
often have abnormal esophageal peristalsis. Many are 
entirely asymptomatic, and the diagnosis is sug
gested by the presence of a mediastinal air-fluid level 
on chest radiography. Unlike sliding hernias, all pa
tients who have a significant paraesophageal hernia 
should undergo repair to avoid the mechanical com
plications of the hernia unless they are unfit candi
dates for general anesthesia. All symptomatic pa
tients require surgical repair because this disease is 
caused by a mechanical problem for which there is 
no medical therapy. The essentials of the operation 
are reduction of the stomach and repair of the hia
tus. Patients who do not have reflux do not benefit 
from an antireflux operation. 

Complicating the matter is the combined hernia 
with features of both paraesophageal hernia and slid
ing hernia with reflux. These hernias are usually 
large and symptomatic. They should be repaired 
anatomically and to control reflux. They require an 
anatomic repair and an antireflux procedure. 

A posttraumatic hernia may involve any injured 
portion of the diaphragm. Deceleration injuries from 
blunt trauma usually involve the apex of the left 
hemidiaphragm. These hernias are usually large and 
are detected soon after injury from a fall or motor 
vehicle accident. Posttraumatic hernias involving 
penetrating trauma, on the other hand, can be small 
and miss initial detection. Any atypical diaphrag
matic hernia that appears to arise away from the hia
tus should raise the suspicion of previous injury. Be
cause these hernias do not have sacs, the abdominal 
contents are adherent to intrathoracic structures if 
time has passed between the time of injury and the 
time of repair. Consequently, all such hernias should 
be approached through the abdomen if repaired at 
the time of the injury and through the chest if op
erated late. Immediately after the trauma, the con
cern should be for the abdominal viscera; reduction 
should be a simple matter of traction. Late recogni
tion of injury leads to incarceration of the viscera in 
the chest. The primary risk under these circum
stances is injury to both the viscera and the lung. 



The abdominal contents are adherent to the edges 
of the diaphragmatic hernia, the lung, and the pleura 
and can much more safely be freed via the thoracic 
approach. 

Complicated Paraesophageal Hiatus 
Hernia: Obstruction, Gastric Volvulus, 
and Strangulation 
The patient with a large paraesophageal hernia may 
have a large portion of the stomach in the chest. As 
more and more stomach herniates, the fIxed ends at 
the pylorus and the esophagogastric junction come 
close together, and volvulus becomes likely with in
termittent obstruction. More complete volvulus 
leads to the rare but lethal complication of strangu
lation with necrosis and perforation. Much more 
commonly patients develop gastric ulcer with bleed
ing or obstruction with pain. An incarcerated hernia 
usually causes severe substernal or epigastric pain, 
often with an inability to vomit because of obstruc
tion at the esophagogastric junction. All patients 
with these symptoms should have surgery as soon 
as the diagnosis has been conftrmed with a chest ra
diograph and contrast esophagram unless the ob
struction can be relieved. It may be hazardous to in
sert a nasogastric tube for the same reason the 
patients cannot vomit. If the patient is vomiting a 
tube can be passed safely, but in either case it should 
be inserted carefully with the distances measured 
out prior to insertion. Endoscopy or fluoroscopy 
should be used if there is any resistance to avoid per
foration. 

Surgical repair of a paraesophageal hernia should 
include resection of the sac, closure of the hiatus, 
and fIxation of the anterior wall of the stomach in 
the abdomen if the esophagogastric junction is in 
normal position. The esophagogastric junction 
should be reduced and ftxed in the abdomen if it 
has migrated cephalad. 

Sliding Hiatus Hernia 
The presence of a sliding hiatus hernia is not an in
dication for operation. An asymptomatic patient 
with a sliding hernia who has normal sphincter pres
sures and no significant reflux cannot be made bet
ter by medical or surgical therapy. The patient with
out a hiatus hernia who has signillcant reflux and 
esophagitis may be greatly improved by medical 
therapy or operation. It is generally agreed that med
ical management is the treatment of choice for pa
tients who have symptomatic reflux with minimal 
esophagitis. Surgery is most clearly indicated for pa
tients with reflux that causes signillcant esophagitis 
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and its complications of ulceration and stricture. Pa
tients whose symptoms are completely relieved or 
greatly improved by modern medical management 
are also excellent candidates for surgery if their 
symptoms recur after the withdrawal of therapy (as 
is likely but not certain). Patients whose reflux symp
toms cannot be controlled even by escalating doses 
of proton pump inhibitors should be carefully eval
uated prior to operation to exclude other causes for 
their symptoms. Atypical symptoms not clearly re
lated to reflux episodes are rarely improved by an
tireflux operations. The use of antireflux surgery for 
patients with Barrett's esophagus (columnar-lined 
esophagus with intestinal metaplasia) is an unre
solved issue at this time. Although Barrett's esopha
gus is clearly a premalignant lesion, it is less clear 
that it can be eliminated by antireflux surgery. Com
parisons of medical and surgical treatment in con
trolled studies have proven the superiority of surgi
cal control of reflux during every era of medical 
treatment: antacids, H2-blockers, and proton pump 
inhibitors [7]. Surgical control of reflux also has the 
advantage of controlling all the refluxate-duodenal 
as well as gastric-whereas medical therapy at best 
reduces only the amount of acid refluxed. 

The minimal preoperative evaluation of a patient 
with gastroesophageal reflux disease (GERD) and 
classic symptoms should include esophagoscopy 
with biopsy to confIrm the presence of esophagitis 
and a barium contrast foregut study. A timed 
esophageal pH study conftrms the relation of symp
toms to episodes of acid reflux. Manometry is use
ful for defIning any abnormalities of sphincter loca
tion and pressure. It is also essential to position the 
pH probe at the proper place. Manometry can de
fIne the strength and regularity of the contractions 
of the body of the esophagus and can exclude de
fmed motility disorders such as achalasia. It is not 
clear, however, how the surgeon can use mano
metric information to modify antireflux surgery. I 
have been able to plan antireflux surgery much more 
effectively by looking at the results of a standard bar
ium meal, which clearly demonstrates the size and 
reducibility of the sliding hiatus hernia, the amount 
of shortening, and the effectiveness of peristalsis in 
the body of the esophagus. 

Minimally invasive approaches can clearly repli
cate open antireflux surgery, and the short-term re
sults with laparoscopy are excellent, although sig
nillcant additional time must pass before long-term 
results are conftrmed. At present, patients with early
stage disease seem best suited for minimally invasive 
surgery. With the availability of effective acid re
duction, fewer patients have peptic stricture, severe 
ulceration, or dramatic shortening of the esophagus. 
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I continue to recommend open operations to pa
tients with peptic stricture, nonreducing hernias, or 
an esophagus shortened enough that the gastro
esophageal junction never returns to the abdomen. 
Further advances in laparoscopy will likely make 
minimally invasive surgery available to increasing 
numbers of patients with reflux disease. 

Antireflux Operations 
The multiple operations developed to prevent gas
troesophageal reflux were developed empirically 
and only later validated. They have in common the 
principles of successful antireflux surgery, which 
seek to reproduce normal reflux control. 

1. Reduce the gastroesophageal junction into the ab
domen to restore the intraabdominal segment of 
esophagus 

2. Narrow the esophageal hiatus posteriorly to in
crease the intraabdominal length of esophagus 
and prevent the development of an iatrogenic 
paraesophageal hernia 

3. Restore the lower esophageal sphincter mecha
nism by creating a high pressure zone in the dis
tal esophagus with a fundoplication 

They differ in the degree of fundoplication, the 
method of fIxation, and the approach required. Al
though known by the name of one or more of a tech
nique's primary developers, it is preferable for the 
surgeon to defme the operation by what is done than 
by the use of an eponym, as the current operation 
may little resemble the original description. 

A complete (360°) fundoplication done by either 
the abdominal or thoracic approach is termed a 
Nissen-type operation [8]. Lesser degrees of anterior 
fundoplication follow the models of Hill [9], Watson 
et al. [10], or Dor et al. [11], which can only be done 
by the abdominal approach, or that of Belsey [12], 
which can only be done by the thoracic approach. 
Partial posterior fundoplication is termed a Toupet 
[13] procedure. It can be done effectively only 
through the abdomen. All these operations have been 
done by minimally invasive and open techniques. 

Personal preference aside, the more complete the 
fundoplication, the more complete is control of re
flux. The advantages of greater reflux control are off
set by the more numerous postfundoplication symp
toms created by the complete fundoplication. 
Fundoplications are associated with a reduced gas
tric reservoir and more rapid emptying of the stom
ach in addition to the abolition of both physiologic 
and pathologic reflux. The patient experiences post
fundoplication symptoms as a result of these 
changes. Most patients have symptoms of early sati-

ety, diarrhea, and increased flatus, which are usually 
mild and resolve over weeks to months. Some pa
tients have a sensation of upper abdominal pressure 
or fullness, called the gas bloat syndrome. These 
symptoms are related to the changes created by the 
fundoplication and the habit of frequent swallowing 
or aerophagia common to refluxers. As the reflux re
solves, so too do the postfundoplication symptoms. 

The inevitable results of surgery to control reflux 
must be distinguished from the consequences of 
surgery done incorrectly. Dysphagia and the inabil
ity to belch or vomit are often listed as postfundo
plication symptoms. I believe they are most often 
the result of too long or too tight a fundoplication 
and are rarely seen with appropriate narrowing of 
the hiatal opening, full mobilization of the fundus 
with division of both the short gastric vessels and 
posterior gastropancreatic folds, and a floppy fun
doplication. Whichever operation is chosen, the 
fundoplication should be kept to the physiologic 
length and too tight a closure of the hiatus is avoided 
to minimize the undesirable effects of the antireflux 
surgery. The most reproducible operation with the 
best combination of durability and reflux control is 
the complete, loose (floppy) fundoplication done 
with posterior crural closure and complete mobi
lization of the fundus. 

Benign Reflux Stricture 

The most important step when dealing with a stric
ture in a patient with reflux is to be certain that the 
stricture is benign. Most carcinomas of the cardia pre
sent with symptoms of obstruction. The possibility 
of Barrett's esophagus with malignancy must be con
sidered especially in white men over age 50 who 
have a long history of heartburn. If carcinoma can be 
excluded, the patient should undergo aggressive 
medical treatment with proton pump inhibitors and 
at least 40F sequential dilation prior to surgery. Al
most all strictures regress with this treatment, and 
surgery is then greatly simpJifted. All patients who 
are good candidates for operation should undergo 
this initial treatment followed by antireflux surgery. 
Strictures that do not respond to acid reduction ther
apy and that cannot be dilated preoperatively with 
available techniques have a substantial chance of be
ing malignant. When operating for such lesions, the 
surgeon must be prepared to resect the stricture, as 
for carcinoma. If the strictured esophagus splits open 
during aggressive dilation, resection is the only op
tion. Some strictures that appear resistant to dilation 
dilate readily at operation with the esophagus mobi
lized. In my experience, all strictures not dilatable in 
the operating room or that split during operative di
lation proved to be malignant. 



The approach used when operating for stricture 
depends on the level of the stricture and the degree 
of esophageal shortening. In most cases with sliding 
hiatus hernia the shortening is more apparent than 
real, and I would approach those cases by lapa
rotomy. Mobilization through the hiatus allows the 
surgeon to have the stricture under vision and in hand 
when dilators of increasing size are passed through 
the mouth to dilate the stricture. After dilation, an am
ple length of intraabdominal esophagus can ordinar
ily be restored. In the unusual case where mobiliza
tion does not allow reduction of the esophagogastric 
junction into the abdomen without tension, an 
esophageal lengthening procedure such as the stan
dard Collis gastroplasty [14] or the uncut Collis gas
troplasty described by Demos [15] can be used. 

With long-standing reflux and columnar-lined 
esophagus, the stricture may be in the mid-esophagus 
and the shortening real. Such cases are best ap
proached by thoracotomy with plans for an 
esophageal lengthening procedure. The surgeon 
must always be prepared to resect the esophagus un
der these circumstances. The bowel should be pre
pared to allow for colon or jejunal interposition as 
well as gastric advancement in all cases when an 
esophageal lengthening operation is done. Dilation 
is safest when it can be done with the esophagus 
completely mobilized using soft, tapered, mercury
filled, rubber (Maloney) bougies. With the stricture 
in hand, the surgeon can see and feel the stricture 
and dilator and can then guide the dilator precisely 
into the stricture and assess the pressure required 
to achieve dilation. Only when the esophagus is pli
able and easily reducible after mobilization should 
transthoracic fundoplication alone be done. All other 
patients should have a Collis gastroplasty combined 
with fundoplication. 

Intrathoracic fundoplication is a potentially danger
ous condition. Incomplete intrathoracic fundoplica
tions do not prevent reflux. A complete intrathoracic 
fundoplication is an incarcerated paraesophageal her
nia and has all the associated complications of that 
condition including ulceration and perforation. The in
traabdominal segment of tubular esophagus should be 
restored in all cases, and the fundoplication should al
ways be comfortably in the abdomen. Patients with 
these complications have advanced reflux disease and 
should always be treated with a complete, short, loose 
(Nissen) fundoplication to control their reflux. 

Failed Antiretlux Operation 
Secondary operations for reflux are a challenge at 
best and are associated with increased mortality and 
failure rates. After abdominal operation, the deci
sions to reoperate and by what technique can be dif-
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ficult. Following thoracic antireflux surgery an ab
dominal approach may provide relatively easy access 
for successful fundoplication provided the esopha
gus is not significantly shortened or adherent to the 
mediastinum. Likewise, following abdominal antire
flux operations a transthoracic approach has the ad
vantage of going through a previously unoperated 
body cavity. In general this plan has merit, but the 
surgeon must be prepared to use the alternative ap
proach of a thoracoabdominal operation or another 
type of surgery when dealing with this clinical prob
lem. For the abdominal surgeon the secondary ap
proach should be a diversion procedure [16]. Distal 
gastrectomy and Roux-en-Y gastrojejunostomy pre
vents reflux of either acid or bile into the esopha
gus if the defunctionalized limb is 40-50 cm long. 
This operation usually provides relief of symptoms 
at minimal surgical risk. Especially in poor risk pa
tients, it has much to recommend it over extensive 
operations, such as thoracoabdominal reoperation 
with resection and interposition. If a resection has 
been done previously, a complete vagotomy can be 
correctly assumed. Even if vagal trunks remain, an 
adequate distal gastrectomy prevents marginal ulcer 
formation. The possibility of delayed gastric empty
ing following the Roux-en-Y reconstruction is a con
cern that has been overstated. An individualized de
cision based on the situation and the surgeon's 
expertise should be used because of the complex 
nature of the disease and the understandable lack of 
consensus among experts. 

PHARYNGOESOPHAGEAL 
DIVERTICULUM 

Normal swallowing is an elegant, complex series of 
events coordinated by the swallowing center in the 
medulla. In the peristaltic sequence, both the upper 
and lower esophageal sphincters must relax to en
sure proper timing to allow the bolus to pass. The 
upper esophageal sphincter-the cricopharyngeus 
muscle and the adjacent upper cervical esophagus
and the lower esophageal high pressure zone are 
physiologic sphincters. They are in a state of con
traction in the resting state and then relax on stim
ulation. A pharyngoesophageal (Zenker's) diverticu
lum develops in the posterior midline just above the 
cricopharyngeus muscle. The pathophysiology ap" 
pears to be a lack of coordination in the relaxation 
of the upper sphincter with a resultant false diver
ticulum through the weak area of the distal pharyn
geal constrictor. Whatever the cause, Zenker's di
verticulum is a progressive disorder with no known 
medical treatment that should be corrected by 
surgery when diagnosed. The operation is simple 
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and straightforward with the use of surgical staplers. 
The diverticulum almost always projects toward the 
left, so it is best approached through a left cervical 
incision. Although the operation can be performed 
under local anesthesia, it is far better done under 
general anesthesia to control the airway and allow 
intubation of the esophagus. It is well tolerated in 
elderly, poor risk patients who characteristically 
have this disease. 

The size of the diverticulum is not predictive of 
the severity of the patient's symptomatology. Small 
diverticula can be associated with severe dysphagia. 
Both that and the average length of the upper 
sphincter of >3 cm make combining myotomy and 
diverticulectomy the only logical operation for both 
the more common Zenker's diverticula, which are 
easily diagnosed radiographically, and those rare pa
tients with dysphagia caused by upper esophageal 
sphincter disorders and so-called cricopharyngeal 
achalasia, which are related to neurologic dysfunc
tion and which must be manometrically proven. 

PERFORATIONS AND 
ANASTOMOTIC LEAKS 

"Conservative" Management 

Untreated, esophageal perforations are uniformly fa
tal. Expectant or nonoperative management of 
esophageal perforations is hardly "conservative." Al
though nonoperative treatment has a place in highly 
selected situations such as small perforations of the 
pharynx from endoscopy and clinically insignificant 
anastomotic leaks, its use must be confined to those 
settings in which the leak is proven to be small, con
tained or adequately drained, and minimally symp
tomatic with no sign of systemic sepsis. The poste
rior mediastinum has no compartments and poor 
defenses against the spread of infection. Perforation 
of the cervical esophagus can track through the me
diastinum and into the retroperitoneum. A radio
graphically "small" thoracic perforation can cause a 
fulminant mediastinitis and lead to hydropneumoth
orax and empyema. Any pleural air or fluid is a con
traindication to continued expectant management. 

The essentials for treating perforations are as fol
lows: 

1. Early identification of the perforation 
2. Accurate localization of the site of perforation 
3. Control of the airway and pulmonary decom-

pression 
4. Adequate drainage of the leak 
5. Broad-spectrum antibiotic coverage 
6. Supportive care 

7. Operation for debridement and closure of the 
perforation whenever it is appropriate and pos
sible 

Adequate drainage can be accomplished surgi
cally or by radiographically guided intervention. Ad
equate drainage implies that the drain goes to the 
site of the perforation and completely controls the 
leakage. Debridement of devitalized mediastinal tis
sues and decortication of the pleural space are nec
essary to restore pulmonary function and treat the 
infection. 

The mixture of digestive enzymes and foreign ma
terial characteristic of traumatic and postemetic per
forations creates a fertile ground for microbial 
growth. Antibiotic therapy should cover aerobic and 
anaerobic bacteria and yeasts. Although proximal 
perforations contain mouth organisms generally sen
sitive to penicillin, the bacterial flora quickly 
changes to resemble that in the colon, so an antibi
otic regimen suitable for a colon perforation should 
be used. The esophagus also contains large numbers 
of yeast, especially Candida species, which are 
more of a problem the longer the perforation is un
treated. 

Supportive care must include enteral or par
enteral nutritional support. A feeding jejunostomy 
should be done in most cases. 

Surgical Repair 

Suture or stapled repair alone is unwise unless the 
perforation occurs during operation, occurs in nor
mal tissue, and can be immediately repaired. Even 
under those circumstances, buttress of the repair 
with viable tissue is a logical approach. For all other 
circumstances, the surgeon should always buttress 
the repair with viable tissue and provide adequate 
drainage [17]. Parietal pleura, intercostal muscle, 
pericardium, diaphragm, and stomach have all been 
used successfully, and the choice depends on loca
tion and available tissue. Successful repair can still 
be achieved more than 48 hours after perforation 
with a buttress of viable tissue so long as the esoph
agus was normal prior to perforation and there is no 
distal obstruction [18]. Proximal and distal tube de
compression are useful adjuncts but are not substi
tutes for an adequate repair. 

When the esophagus is abnormal, resection is the 
best treatment. The resection can be done by a cer
vical approach combined with an abdominal and 
transhiatal or a transthoracic approach. The most ef
fective proximal esophageal diversion is total tho
racic esophagectomy with end-cervical esophagos
tomy. Primary anastomosis is usually unwise in this 



setting. The esophagogastric junction should be 
closed and the stomach decompressed with a gas
trostomy. Reconstruction with stomach or colon can 
follow at an appropriate interval. In the special case 
of perforation following balloon dilation for achala
sia, a complete myotomy of the distal sphincter must 
be done along with the buttressed repair. 

ESOPHAGEAL PERFORATION 
AT VARIOUS ANATOMIC LEVELS 

Cervical Esophagus 

The cervical esophagus may be perforated during en
doscopy, during endotracheal intubation, by swal
lowing a foreign body, or by external trauma. Al
though endoscopic perforations of the pharynx can 
almost be managed with antibiotics and usually do 
not need drainage, cervical perforations below the 
cricopharyngeal sphincter are a much more serious 
matter. The esophageal perforation in this location 
may be several centimeters long, and prompt surgi
cal exploration should be the rule. Exploration of 
this area is a simple procedure, and adequate 
drainage prevents spread of the contamination into 
the thoracic mediastinum. All patients who are 
febrile or have tenderness or swelling in the neck 
should undergo exploration and drainage of the 
retropharyngeal space. All cervical esophageal per
forations should be repaired. Repair of pharyngeal 
perforations is usually neither feasible nor necessary. 

Thoracic Esophagus 
Perforation by Instrumentation: 
Dilator or Endoscope 

Pain, crepitation, fever, leukocytosis, mediastinal 
emphysema, and pneumothorax or hydropneu
mothorax are evidence of esophageal perforation 
following instrumentation as under other circum
stances, but these fmdings develop gradually over 
12-24 hours. When selecting the proper treatment 
for a patient with an iatrogenic perforation diag
nosed within a few hours of the event, remember 
that the patient may look quite well during the first 
few hours only to collapse hours later with fulmi
nating mediastinitis. Water-soluble contrast can de
fme the presence and location of a perforation in al
most all cases, but the study cannot accurately defme 
the size of the perforation or the extent of spread 
of contamination in the mediastinum. If the signs 
and symptoms suggest a perforation but the contrast 
study is negative, CT or barium should be used to 
confirm the absence of perforation. Flexible en
doscopy has only a limited role. Although normal 
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esophageal mucosa excludes perforation, if a perfo
ration is present insufflation can lead to tension 
pneumothorax. Therefore flexible endoscopy should 
be used only after decompressive thoracostomy or 
negative contrast studies. 

All patients with instrumental perforation should 
be treated by exploration and drainage. Closed-tube 
thoracostomy is ineffective as defmitive therapy. But
tressed repair or resection should be done depend
ing on the pathology of the esophagus. Obstruction 
of the esophagus must be relieved if treatment is to 
be successful. 

Barotrauma: Boerhaave Syndrome 
and External Pressure 

Postemetic perforations of the thoracic esophagus 
are dangerous because they occur in a patient with 
a full stomach. Vomiting against a closed glottis 
floods the mediastinum with food, microbes, and di
gestive secretions. Rapidly developing, fulminant 
mediastinitis is the result, and patients often present 
late for medical care. Diagnosis is often further de
layed because esophageal perforation is not consid
ered. A missed diagnosis is common after the patient 
presents for emergency care. Mediastinal emphy
sema on the chest radiograph is diagnostic and 
should lead to a water-soluble contrast study to con
firm the diagnosis and location even though the site 
of perforation is almost always in the distal esopha
gus with extension into the left pleura with Boer
haave syndrome. With a blast injury from external 
pressure, the perforation may be anywhere in the 
esophagus. In the absence of trauma, hydropneu
mothorax is diagnostic of esophageal perforation. 

After resuscitation, chest decompression, and 
control of the airway, thoracotomy for decortication, 
repair of the esophagus with a parietal pleural flap, 
and adequate drainage is almost always successful 
even if the delay to operation is more than 24 hours. 
Although primary closure without leak is not 
achieved in every case, the fistula can be well con
trolled by the flap and drainage; and spontaneous 
closure occurs within weeks [19]. After completion 
of the thoracic phase, a separate laparotomy to place 
a gastrostomy and jejunostomy should be done in all 
patients. 

ANASTOMOTIC LEAKS 

Patients who develop a leak following a cervical 
anastomosis respond well to drainage so long as the 
interposition is viable, especially if drainage was es
tablished at surgery. Although an anastomotic stric
ture may develop secondary to the leak, systemic or 
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mediastinal sepsis is unusual and recovery is ex
pected. These strictures usually respond to sequen
tial dilations. 

Anastomotic failure following intrathoracic anas
tomosis is a far more serious occurrence. Although 
most patients survive, their hospitalizations are usu
ally long and complicated. Without prompt, ade
quate treatment, death from sepsis and organ failure 
is probable. I believe that virtually all anastomotic 
leaks result from technical errors at operation. They 
are present but not clinically apparent early when 
the defect could be corrected by reoperation. The 
best time to check for leakage is in the operating 
room. In addition to inspection of the anastomosis, 
insufflation through the nasogastric tube distends 
the stomach and reveals gross defects in a stapled 
or sutured anastomosis. In the past, we conducted 
studies at 5-7 days, if at all, before allowing oral in
take. For the past several years I have been doing 
contrast studies on all patients on the first postop
erative day. The study is done first with a small 
amount of water-soluble contrast and then with bar
ium if the first part of the swallow shows no leak. 
If the study is normal, patients are allowed liquids 
immediately. If the study is equivocal, a CT scan is 
obtained to look for extraluminal contrast. If none 
is seen, I leave the chest tube in place to maintain 
the seal of the lung around the anastomosis and with
hold oral intake until a repeat study is normal. If a 
leak is demonstrated, the patient can be returned to 
the operating room for repair with a viable tissue 
buttress and wide drainage before extensive tissue 
reaction and infection limit the chance of success. 
Even if the leak is not completely sealed, the result
ing lateral fistula is well controlled and closes spon
taneously. If a jejunostomy was not done at the orig
inal operation, it should be done at this time. 

If a leak is recognized late, reoperation should be 
done as soon as the patient can be prepared for anes
thesia. Debridement, decortication, and closure can 
be attempted if the defect is small; but the realistic 
goal is creation of a controlled fistula and control of 
sepsis. Antibacterial and antifungal therapy is essen
tial under these circumstances. Enteral feeding by je
junostomy is a necessary part of management. 

Nonoperative treatment is a tenable plan only if 
strict criteria are met [18]. The leak must be an in
significant radiographic fmding. It must be a small, 
localized sinus that drains completely back into the 
lumen and does not involve the pleural space. The 
presence of pneumothorax or significant effusion 
mandates exploration, as does any sign of systemic 
toxicity. CT scanning is essential to confirm that the 
sinus is behaving like a diverticulum, which would 
promptly resolve by itself. Broad-spectrum antibi
otics and parenteral or enteral nutrition by jejunos-

tomy should be used until healing is confirmed by a 
contrast study. Oral intake should await proof that 
no leak is present. 

In the catastrophic situation of complete anasto
motic dehiscence or necrosis of the interposition, the 
source of sepsis must be completely eliminated to 
avoid death from multiple organ failure. All nonviable 
tissue must be debrided. Decortication and wide 
pleural drainage help the antibacterial and antifungal 
therapy clear the sepsis. The anastomosis should be 
resected and the esophagus exteriorized as an end
esophagostomy. The stomach should be returned to 
the abdomen, closed, and drained with a gastrostomy. 
Reconstruction usually requires colon interposition 
and can be done at an appropriate time. 

Occult perforation is a problem during esoph
ageal surgery, especially with minimally invasive ap
proaches. Hence testing for leaks should be done in 
the operating room and on the first postoperative 
day in all patients who undergo resection, myotomy, 
and fundoplication. 

ACHALASIA 

Achalasia, an acquired disease of unknown etiology, 
is characterized by denervation pathology. The gan
glion cells of the myenteric plexus are lost, and the 
patient develops a hypertonic, nonrelaxing distal 
esophageal sphincter with an aperistaltic body of the 
esophagus that progressively dilates and then elon
gates. In the long term, patients with achalasia have 
an increased risk of epidermoid carcinoma. Their nu
trition is usually well preserved, and patients typi
cally present with a long history of eating slowly and 
dysphagia to liquids more than solids that is not pro
gressive. All treatment modalities rely on ablation of 
the lower esophageal sphincter mechanism to allow 
more normal but passive emptying of the esopha
gus. In all cases, the striated muscle proximal to the 
esophagus retains its normal size and contraction. 
The methodologies available today include tempo
rary paralysis of the muscle of the sphincter with 
botulinum toxin, disruption of the muscle by bal
loon dilation, and surgical myotomy. Botulinum in
jection has had a predictably transient effect. The 
only difference between surgical and balloon my
otomy is that the modified Heller myotomy is more 
controlled and more effective than the balloon pro
cedure. The availability of minimally invasive surgi
cal approaches has largely rendered balloon my
otomy irrelevant. Because of the possibility of 
perforation, all patients with balloon disruption of 
the sphincter should have surgical backup, and all 
should have follow-up contrast studies as soon as 
possible to exclude perforation. 



All patients should be studied with radiography, 
manometry, and endoscopy to conftrm the diagno
sis and to exclude other causes of pseudoachalasia 
in even the most typical cases. When the diagnostic 
combination of an aperistaltic body of the esopha
gus with a nonrelaxing distal sphincter is present, 
the surgeon must chose among the available surgi
cal approaches. The sphincter can be approached 
to perform a myotomy from the left chest or from 
the abdomen. The surgeon may use either a mini
mally invasive or open technique with or without 
an antireflux fundoplication. Although a complete 
myotomy can be done by any of the approaches, 
only a myotomy done by an expert through a left 
thoracotomy can be done accurately enough to com
plete the myotomy and not have an unacceptable 
amount of reflux [20]. Approached through the left 
chest, the pattern of vessels that mark the cephalad 
margin of the stomach can be identilled as the lower 
limit of the sphincter and of the myotomy without 
disrupting the anatomy of the cardia. This anatomic 
landmark cannot be visualized adequately by thora
coscopy or through the abdomen. The most impor
tant principle is to complete the division of the 
sphincter. To do so by any of the other approaches, 
the myotomy must be carried down well onto the 
stomach, and the operation must include a partial 
circumference fundoplication to minimize reflux. At 
present, a laparoscopic myotomy with anterior, par
tial fundoplication is the operation most acceptable 
to patients and physicians and most easily done by 
many surgeons. The integrity of the mucosa must be 
ensured in the operating room and should be con
flffiled by a contrast study within 24 hours to iden
tify incomplete myotomy and exclude perforation. 

The morbidity associated with laparotomy is lit
tle different than that seen with laparoscopy for my
otomy and fundoplication. The surgeon must exer
cise good judgment when choosing the approach 
best suited to the individual patient. Extensive pre
vious abdominal surgery may make a laparotomy or 
thoracic approach a better choice for such a patient. 
Reoperative surgery for achalasia can be challeng
ing. For patients with failed operations for achalasia 
and for end-stage disease with sigmoidization of the 
esophagus, resection with gastric interposition and 
esophagogastrostomy in the neck or at the apex of 
the right thorax is an effective, durable option. 

OTHER MOTruTY DISORDERS 

Diverse motility disorders of the esophagus-diffuse 
esophageal spasm, corkscrew esophagus, nutcracker 
esophagus, and others-have been described. They 
are poorly understood disorders of the body of the 
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esophagus that do not affect the distal sphincter. The 
various diseases can be diagnosed and distinguished 
from achalasia and reflux by motility and pH stud
ies. In the past, there has been enthusiasm for sur
gical procedures such as long myotomy of the body 
of the esophagus, but the results are mediocre at 
best. Although there may be a place for long my
otomy in carefully selected patients who have failed 
medical therapy, almost all these patients should be 
treated pharmacologically. 
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11 Esophagectomy 
Right Thoracotomy and Laparotomy 

INDICATIONS 

Carcinoma of the esophagus 

PREOPERATIVE PREPARATION 

Institute nutritional rehabilitation by parenteral ali
mentation or nasogastric tube feeding in patients 
who have lost more than 10 lb. 

Perform preoperative esophagoscopy and biopsy. 

Use computed tomography (Cn and other staging 
studies, including preoperative bronchoscopy, to de
tect invasion of the tracheobronchial tree. 

Improve oral and dental hygiene, if necessary. 

Insist on smoking cessation. 

Conduct pulmonary function studies. 

Preoperative chemotherapy and radiation therapy is 
appropriate in selected cases. 

Pass a nasogastric tube before operation. 

Administer peri operative antibiotics. 

PITFAllS AND DANGER POINTS 

Hemorrhage from aorta 

Perforation of trachea or bronchus 

Anastomotic leak 

Anastomotic stenosis 

Inadvertent interruption of gastroepiploic arcade on 
greater curvature of the stomach 

OPERATIVE STRATEGY 

The right chest allows access to the upper esopha
gus with resection of associated lymphatic tissue. 
The stomach must be fully mobilized during the ab
dominal phase of the operation. With care to pre-

serve the arterial supply and venous drainage, the 
stomach can be extended as far as the cervical 
esophagus. Anastomosis in the neck allows the great
est margin of safety if anastomotic leakage occurs. 

Critical errors such as attempting to resect a tu
mor that has invaded adjacent structures (aorta, 
bronchus, trachea) can be avoided by accurate pre
operative staging. Anastomotic leakage and postop
erative stenosis may be minimized by adopting sev
eral techniques. Maintain the blood supply to the 
stomach by meticulous attention to the gastroepi
ploic arcade. The esophageal hiatus must be en
larged sufficiently to prevent any element of venous 
compression, as obstruction of the venous circula
tion is as detrimental as arterial ischemia. The end
to-side esophagogastric anastomosis described here 
has markedly reduced the incidence of anastomotic 
leaks in our experience (see Chapter 12). 

Because the submucosal spread of esophageal car
cinoma has been observed by microscopy to extend 
a considerable distance cephalad from the visible 
carcinoma, remove a 10 cm margin of apparently 
normal esophagus with the specimen. Check the up
per limit of the specimen by frozen section exami
nation. Ease of access to the proximal esophagus is 
one of the major advantages of this operative ap
proach. 

OPERATIVE TECHNIQUE 

Incision and Position 

Use a small sandbag to elevate the patient's right side 
30°, with the right arm abducted and suspended 
from the "ether screen" cephalad to the surgical 
field. Tum the patient's head to the left in case the 
right cervical region has to be exposed for the 
esophagogastric anastomosis. Prepare the right 
neck, right hemithorax, and abdomen. Rotate the 
operating table slightly so the abdomen is parallel 
with the floor. After induction of one-lung endotra
cheal anesthesia, perform a midline upper abdominal 
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4th interspace 

Fig. 11-1 

Fig. 11-2 



Fig. 11-3 

incision for preliminary exploration of the liver and 
lower esophagus to help determine if resection 
should be attempted. 

Then, in men, make an incision along the course 
of the fourth intercostal space from the sternum to 
the posterior axillary line (Fig. 11-1). In women, 
make the skin incision in the inframammary fold. In
cise the pectoral and anterior serratus muscles with 

Fig. 11-4 
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electrocautery along the fourth interspace (Figs. 
11-2, 11-3). Similarly incise the intercostal muscles 
along the upper border of the fIfth rib. Identify the 
internal mammary artery near the sternal margin, 
doubly ligate it, and divide it. Enter the pleura of the 
fourth intercostal space and then divide the carti
laginous portion of the fourth rib near its artic
ulation with the sternum (Fig. 11-4). Clamp the 
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Fig. 11-5 
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neurovascular bundle, divide it, and ligate with 2-0 
silk (Fig. 11-5). 

Insert a Finochietto retractor over gauze pads and 
separate the ribs. If an additional costal cartilage re
quires division for adequate exposure, do not hesi
tate to perfonn this maneuver. Retract the lung an
teriorly, cover it with gauze pads, and hold it with 
Harrington refractors. 

Some surgeons prefer a posterolateral thoracot
omy incision from the region of the paraspinal mus
cles to the sternum through the fourth or fifth in
terspace, but we have found the above exposure to 
be satisfactory. Using the anterior incision permits 
placing the patient in a position that is convenient 
for operating in the abdomen, the thorax, and even 
the neck, as necessary. 

Mobilization of Esophagus 

Make an incision in the mediastinal pleura, expos
ing the esophagus. Identify the azygous vein. Skele-
tonize, divide, and ligate it with 2-0 silk (Fig. 11--6). 
Encircle the esophagus with the index finger at a 
point away from the tumor. The dissection reveals 
several small arterial branches to the esophagus. Di-
vide each branch between hemostatic clips. Wher-
ever the pericardium or pleura is adherent to the 
tumor, excise patches of these structures and leave 
them attached to the specimen. Include adjacent Fig. 11-7 

mediastinal lymph nodes in the specimen. Dissect 
the esophagus from the apex of the chest to the di
aphragmatic hiatus; this maneuver requires division 
of the proximal vagal trunks. To minimize spillage 
of tumor cells, ligate the lumen of the esophagus 
proximal and distal to the tumor, utilizing narrow 
umbilical tapes or a 55 mm linear surgical stapler. 

Remove the Harrington retractors and gauze pads, 
pennitting the right lung to expand. Cover the tho
racic incision with a sterile towel. 

Mobilization of Stomach 
Expose the abdominal incision. Use a Thompson re-
tractor to elevate the sternum. Elevate the left lobe 
of the liver in a cephalad direction with the Wein
berg blade of the Thompson retractor and incise the 
peritoneum overlying the abdominal esophagus. 
Circumferentially mobilize the lower esophagus. 
Transect the vagal trunks and surrounding phre
noesophagealligaments (Figs. 11-7, 11~, 11-9). 
The cephalad portion of the gastrohepatic ligament, 
generally containing an accessory left hepatic artery, 

Fig. 11-8 

should be doubly clamped, divided, and ligated with Fig. 11-9 
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Fig. 11-10 

Fig. 11-11 



/ 

Fig. 11-12a 

2-0 silk or Hemoclips (Fig. 11-10). Insert the left 
hand behind the esophagus and cardia of the stom
ach, elevate the gastrophrenic ligaments on the in
dex fmger, and transect them (Fig. 11-11). This dis
section leads to the cephalad short gastric vessel; 
divide it between clamps and ligate it, along with 
the remaining short gastric vessels. The spleen need 
not be removed. 

Divide and ligate the left gastroepiploic artery, but 
perform the remainder of the dissection outside the 
gastroepiploic arcade, which must be kept intact 
and free of trauma. This is accomplished by divid
ing the greater omentum serially between Kelly 
clamps, leaving 3-5 em of omentum attached to 
the arcade as a margin of safety. Discontinue this 
dissection 6-8 em proximal to the pylorus (Fig. 

-

Gastroepiploic 
arcade preserved 

11-12). Fig. 11-12b 
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Fig. 11-13 

With the greater curvature of the stomach ele
vated, use palpation to identify the origin of the left 
gastric artery at the celiac axis. The coronary vein is 
situated just caudal to the artery. Clear it and encir
cle it with a Mixter clamp. Then divide it between 
2-0 silk ligatures. Skeletonize the left gastric artery 
(Fig. 11-13) so two 2-0 ligatures can be placed on 
the proximal portion of the artery and one on the 
specimen side. Transect the vessel and follow with 
an extensive Kocher maneuver. 

Kocher Maneuver 

Make an incision in the peritoneum lateral to the prox
imal duodenum (Fig. 11-14). Insert the left index fin
ger behind the peritoneum and compress this tissue 
between fingertip and thumb, pushing retroperi
toneal blood vessels and fat away. Incise the peri
toneum on the index finger with scissors until the 
third portion of the duodenum is reached. Note that 
dividing the peritoneum alone is not sufficient to re-

There remains a ligamentous structure connecting 
the posterior duodenum to the region of Gerota's 
fascia. This ligamentous structure is easily delineated 
by inserting the left index finger behind the pan-

lease the duodenum from its posterior attachments. Fig. 11-14 



Incision 
in peritoneum 

Fig. 11-15 

creas. Move the finger laterally, exposing a lateral 
duodenal "ligament" behind the descending duode
num. Again, pinch the tissue between fmgertip and 
thumb, which leaves vascular and fatty tissue be
hind, allowing this ligamentous structure to be di
vided. Incise it with Metzenbaum scissors (Fig. 
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11-15). Repeat this maneuver, going around the sec
ond and third portions of duodenum (behind the he
patic flexure); this leads to the point at which the 
superior mesenteric vein crosses over the duode
num. Be careful, as excessive traction with the in
dex finger may tear this vessel. 
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Vena 
cava 

Fig. 11-16 

For esophagogastric resection the Kocher ma
neuver need not be continued much beyond the 
junction of the second and third portions of the duo
denum. At this point the left hand is easily passed 
behind the head of the pancreas, which should be 
elevated from the renal capsule, vena cava, and aorta 
(Fig. 11-16). This permits the pyloroduodenal seg
ment to be placed high in the abdomen, 8-10 cm 
from the esophageal hiatus, which in turn permits 
the gastric fundus to reach the thoracic apex, or 
neck, without tension. 

Fig. 11-17 



/ 

Fig. 11-18 

Pyloromyotomy 
Although in 80% of patients satisfactory results may 
be obtained without it, pyloromyotomy is generally 
performed at this point to prevent secondary oper
ations for excessive gastric stasis due to vagotomy. 
Pyloromyotomy is accomplished by making a 1.5-
to 2.O-cm incision across the anterior surface of 
the pylOric sphincter muscle (Figs. 11-17, 11-18, 
11-19), This maneuver is more difficult in an adult 
(who has only the normal thickness of muscle) than 
in an infant who suffers hypertrophic pyloric steno
sis. Frequently, sharp dissection with a no. 15 scalpel 
blade must be done through most of the circular Fig. 11-19 
muscle. Separate the muscle fibers with a hemostat 
until the mucosa bulges out. This procedure may be 
expedited by invaginating the anterior gastric wall 
into the pyloric sphincter with the index finger to 
divide the few remaining circular muscle fibers. 
Exercise care not to perforate the mucosa, which is 
prone to such injury at the duodenal end of the in-
cision. 
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Advancement of Stomach 
into Right Chest 

Divide the right crux of the diaphragm transversely 
using electrocautery (Fig. 11-20) and further dilate 
the esophageal hiatus manually. Advance the stom
ach into the right hemithorax, which should again 
be exposed by expanding the Finochietto retractor. 
There must be no constriction of the veins in the 
vascular pedicle of the stomach at the hiatus. Suture 

Fig. 11-20 

the wall of stomach to the margins of the hiatus by 
means of interrupted 3-0 silk or Tevdek sutures 
spaced 2 cm apart to avoid postoperative herniation 
of bowel into the chest. 

With the right lung collapsed, expose the esoph
agogastric junction in the right chest. When the 
esophageal carcinoma is located in the middle or up
per esophagus, it is not necessary to remove the 
lesser curvature of the stomach and the celiac lymph 
nodes. 



After clearing the areolar tissue and the fat pad 
from the region of the esophagocardiac junction, ap
ply a 55/4.8 mm linear stapler to the gastric side of 
this junction and fire the staples. Apply an Allen 
clamp to the esophagus, which should be transected 
flush with the stapler. Place a rubber glove over the 
divided esophagus and fix it in place with a narrow 

Fig. 11-21 
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tape ligature. Lightly electrocoagulate the everted 
gastric mucosa and remove the stapling device (Fig. 
11-21). It is not necessary to invert this stapled clo
sure with a layer of sutures. The fundus of the stom
ach should now reach the apex of the thorax with
out tension. Take care to avoid twisting the stomach 
and its vascular pedicle. 

/ 



Fig. 11-22 

Fig. 11-23 

Proximal esophagus 

Incision in post. 

wall of e Ophagus 

Layer of interrupted 

Cushing su tu res 



Esophagogastric Anastomosis 
Select a point on the proximal esophagus 10 cm 
above the tumor for the anastomosis. Before re
moving the specimen, insert the posterior layer of 
sutures to attach the posterior esophagus to the an
terior seromuscular layer of the stomach at a point 
6-7 cm from the cephalad end of the fundus (Fig. 
11-22). The posterior layer should consist of about 
five interrupted atraumatic 4-0 silk Cushing sutures. 
Each bite should be 5 mm in width and deep enough 
to catch submucosa. The Stratte needle-holder (see 
Glossary) may facilitate suture placement. 

Transect the posterior wall of the esophagus with 
a scalpel at a point 6 mm beyond the first line of su
tures. One can be certain that the esophageal mu
cosa has been transected when the nasogastric tube 
appears in the esophageal lumen. Now make a trans
verse incision in the stomach and control the bleed
ing points. This incision should be slightly longer 
than the diameter of the esophagus (Fig. 11-22). 

Approximate the posterior mucosal layer by 
means of interrupted or continuous 5-0 atraumatic 
PG sutures, with the knots tied inside the lumen 
(Fig. 11-23). Then pass the nasogastric tube from 
the proximal esophagus through the anastomosis 
into the stomach. 

Detach the specimen by dividing the anterior wall 
of the esophagus with scissors in such fashion as to 
leave the anterior wall of the esophagus 1 cm longer 
than the posterior wall (Fig. 11-24). This maneu
ver enlarges the stoma if the incision in the stomach 
is large enough to match that of the elliptical 
esophageal lumen. 
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Fig. 11-25 

Fig. 11-26 

Execute the anterior mucosal layer by means of 
interrupted sutures of 5-0 PG, with the knots tied in
side the lumen thus inverting the mucosa (Fig. 
11-25). Accomplish the second anterior layer by 
means of interrupted Cushing sutures of 4-0 silk 
(Fig. 11-26). Tie these sutures gently to approxi
mate but not strangulate the tissue. 

At this point some surgeons perform a Nissen fun
doplication, which can be done if there is enough 
loose gastric wall to permit a wraparound without 
constricting the esophagus. Otherwise, a partial fun
doplication may be accomplished by inserting sev
eral sutures between the outer walls of the esopha
gus and adjacent stomach. We have observed that 
even if fundoplication is not performed few patients 
develop reflux esophagitis following this operation 
so long as end-to-side esophagogastric anastomosis 
has been accomplished 6 cm or more below the 
cephalad margin of the gastric remnant. 

Suture fixing 
~:-_-"""'~---stomach to pleura 

J::------r-t-:I-~&-,--- Outer layer of 
Cushing sutllres 



Surgeons who lack wide experience with this 
anastomosis might fmd it wise to inflate the gastric 
pouch to test the anastomosis for leakage. A solu
tion of methylene blue is injected into the nasogas
tric tube by the anesthesiologist for this purpose. 

As a fmal, essential step in this operation, tension 
on the. anastomosis is prevented by tacking the fun
dus of the stomach to the prevertebral fascia and me
diastinal pleura at the apex of the thorax. Use inter
rupted sutures of 3-0 silk or Tevdek for this purpose 
(Fig. 11-26). These sutures must not penetrate the lu
men of the stomach, lest a gastropleural fistula result. 

As soon as the specimen has been removed, ex
amine the proximal end of the esophagus by frozen 
section to see if there has been submucosal exten
sion of the cancer. If the pathologist detects tumor 
cells in the esophageal margin, more esophagus 
should be resected. 

Stapled Esophagogastrlc Anastomosis 
Stapling techniques for this anastomosis are de
scribed in Chapter 12. 

Cervical Esophagogastric Anastomosis 

When treating carcinoma of the mid-esophagus it is 
often necessary to resect the entire thoracic esoph
agus to obtain a sufficient margin of normal tissue 
above the tumor. This requires esophagogastric re
construction in the neck. 

Fig. 11-27 
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Omohyoid m. 

Sternomastoid m. 

Fig. 11-28 

With the patient's head turned slightly to the left, 
make an oblique incision along the anterior border 
of the right sternomastoid muscle (Fig. 11-27). 
Carry the incision through the platysma. Identify 
(Fig. 11-28) and transect the omohyoid muscle. Re
tract the sternomastoid muscle and carotid sheath lat
erally and retract the prethyroid muscles medially, 
exposing the thyrOid gland (Fig. 11-29), The mid-

Middle 
thyroid v. 

Sternohyoid m. 

Recurrent 
laryngeal n. 

thyroid a. 

Fig. 11-29 
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Fig. 11-30 

dIe thyroid vein, when present, should be doubly lig
ated and divided. Put traction on the areolar tissue 
between the gland and the carotid sheath by upward 
and medial displacement of the thyroid. Excessive 
traction applied to the thyroid or larynx may injure 
the contralateral recurrent laryngeal nerve. Identify 
and skeletonize the inferior thyroid artery, which 
crosses the lower third of the surgical field in a trans
verse direction, by a Metzenbaum dissection toward 
the prevertebral fascia. Dissect it toward the thyroid 
gland until the recurrent laryngeal nerve can be seen. 
Then dissect the nerve upward to achieve thorough 
exposure, so it can be preserved (Fig. 11-29). 

At this point the tracheoesophageal groove is seen, 
and the cervical esophagus can be encircled by the 
surgeon's index finger, which should be passed be
tween the esophagus and the prevertebral fascia and 

L~ 

then between the esophagus and trachea. The finger 
should stay close to the esophageal wall; otherwise 
the left recurrent laryngeal nerve may be avulsed dur
ing this dissection. Although the inferior thyroid 
artery generally must be ligated and divided before 
the esophagus is mobilized, in some cases its course 
is low enough in the neck so it can be preserved. 

Because the thoracic esophagus has been dis
sected up to the thoracic inlet, it is a simple matter 
to transect the esophagus low in the neck. When 
the proper point of transection of the esophagus has 
been selected, apply a 55 rom linear stapler to the 
specimen side (Fig. 11-30) and transect the esoph
agus flush with the stapler. Remove the specimen 
through the thoracic incision. 

Now pass the fundus of the stomach (which has 
already been passed into the thorax) through the 



/ 

Fig. 11-31 

Fig. 11-32 

thoracic inlet into the cervical region. The fundus 
should reach the hypopharynx without tension. An
chor it to the prevertebral fascia with several 3-0 silk 
sutures. Then construct an end-to-side anastomosis 
by the same technique described above (Figs. 
11-25, 11-26, 11-31, 11-32). 

Lavage the operative site with an antibiotic solu
tion and initiate wound closure by inserting a layer 
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of interrupted 4-0 PG sutures, approximating the an
terior border of the sternomastoid to the prethyroid 
strap muscles. Several similar sutures may be used 
loosely to approximate the platysma. Close the skin, 
generally by means of a continuous 4-0 PG subcu
ticular suture, leaving sufficient space to bring a la
tex drain out from the prevertebral region through 
the lower pole of the incision. 
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Fig. 11-33 

Fig. 11-34 



Closure 
Insert a 36F chest tube through a stab wound in the 
ninth intercostal space, and use 4-0 absorbable su
tures to secure the catheter to the posterior pleura 
in the upper thorax. After thoroughly irrigating the 
thoracic and abdominal cavities with an antibiotic 
solution, approximate the ribs with four or five in
terrupted pericostal sutures of no. 1 PDS and ap
proximate the serratus and pectoral muscles in lay
ers by means of continuous 2-0 atraumatic PG (Figs. 
11-33, 11-34). Close the skin with continuous 3-0 
nylon or subcuticular 4-0 PG. Consider inserting a 
needle-catheter feeding jejunostomy. Close the ab
dominal wall in the usual fashion by means of in
terrupted no. 1 PDS sutures. 

POSTOPERATIVE CARE 

Keep the nasogastric tube on low suction for 4-5 
days. Permit nothing by mouth until a contrast study 
has demonstrated integrity of the anastomosis. 

Obtain an esophagram with water-soluble con
trast followed by thin barium on the seventh post
operative day. If no leak is demonstrated, the patient 
is given a liquid diet, which is advanced to a full diet 
within 3-5 days. 

Attach the chest tube to underwater suction 
drainage for 4-5 days. Follow the routine steps for 
managing a postoperative thoracotomy patient, in
cluding frequent determinations of arterial blood 
gases and pH. Tracheal suction is used with caution 
to avoid possible trauma to the anastomosis. Venti
latory support is employed when necessary. Con
tinue prophylactic antibiotics until removal of the 
chest tube. Use the needle-catheter jejunostomy for 
enteral alimentation beginning promptly after 
surgery. 

COMPilCATIONS 

Anastomotic leaks. Anastomotic leaks constitute by 
far the most important complication of this opera
tion, but they are preventable if proper surgical 
technique is used. Although minor contained leaks 
may be treated nonoperatively, most leaks require 
operative drainage, diversion, repair, or a combina
tion of these maneuvers (see Chapter 23). 

Abscesses. A subphrenic or subhepatic abscess may 
follow an operation for an ulcerated malignancy be-
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cause a necrotic gastric tumor often harbors virulent 
organisms. The incidence of this complication can be 
reduced by administering prophylactic antibiotics be
fore and during the operation. Treatment is by com
puted tomography (C1}directed or surgical drainage. 

Pulmonary problems. Pulmonary complications 
were common in the past, but their incidence has 
been minimized by proper postoperative pulmonary 
care. Adequate pain control may require epidural 
analgesia. 

Cardiac arrhythmias. Cardiac failure and arrhyth
mia are not uncommon in patients who are in their 
seventh or eighth decade of life. Generally, with 
careful monitoring and early detection these com
plications can be easily managed. Hemodynamic 
monitoring may be helpful. 

Stenosis. In the absence of recurrent mediastinal 
cancer, stenosis of the anastomosis has not occurred 
in any of the cases Chassin managed and reported. 
When this complication does occur, repeated pas
sage of Maloney bougies may reverse the condition. 
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12 Esophagogastrectomy 
Left Thoracoabdominal Approach 

INDICATIONS 

Carcinoma of the distal esophagus or proximal stom
ach 

Distal esophageal stricture 

PREOPERATIVE PREPARATION 

See Chapter 11. 

PITFAllS AND DANGER POINTS 

Anastomotic failure. 
Ischemia of gastric pouch. Pay meticulous attention 
to preserving the entire arcade of the right gas
troepiploic artery and vein along the greater curva
ture of the stomach. 

Hemorrhage. Occasionally, the left gastric artery is 
embedded in tumor via invasion from metastatic 
lymph nodes. Unless this vessel can be identified, 
transecting the artery through the tumor may pro
duce hemorrhage that is difficult to control. 

Pancreas. Trauma to the tail of the pancreas may 
cause a pancreatic fistula or acute hemorrhagic pan
creatitis. 

Sepsis. Some malignancies in the proximal portion 
of the stomach are ulcerated and bulky with areas 
of necrosis that contain virulent bacteria. These bac
teria may produce postoperative subhepatic or sub
phrenic abscesses via operative contamination even 
without anastomotic leakage. Both enteral and par
enteral antibiotics that cover colon flora should be 
used. 

Inadequate cancer operation. Because gastric and 
esophageal malignancies can spread submucosally 
for some distance without being visible, frozen sec
tion studies of both proximal and distal margins of 
the excision are helpful. 
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Paralysis of the diaphragm. The diaphragm should 
be divided around the periphery to preserve phrenic 
innervation and prevent paralysis. 

OPERATIVE STRATEGY 

Objectives of Esophagogastrectomy 

With operations done for cure, the objective is 
wide removal of the primary tumor, along with a 
6- to lO-cm margin of normal esophagus in a prox
imal direction and a 6 cm margin of normal stom
ach below. Even if the stomach is not involved, 
when the tumor is situated low in the esophagus 
the proximal lesser curvature of the stomach 
should be included to remove the left gastric artery 
at its origin and the celiac lymph nodes. Splenec
tomy and removal of the lymph nodes at the splenic 
hilus may be required for large lesions of the prox
imal stomach and fundus. Any suspicious nodes 
along the superior border of the pancreas should 
also be removed. 

Thoracoabdominal Incision 
with Preservation of Phrenic 
Nerve Function 

When gastric cancer encroaches on the gastro
esophageal junction, operations done by abdominal 
incision exclusively are contraindicated for several 
reasons. In the first place, this anastomosis fre
quently requires the surgeon's hand and the needle
holder to be in an awkward position and may result 
in leakage. Furthermore, the abdominal incision 
makes it difficult to perform wide excision of pos
sible areas of invasion of the distal esophagus. We 
have seen some upper gastric lesions that extended 
into the esophagus as far as 10 cm. 

The left thoracoabdominal incision, we have 
found, is both safe and efficacious. It is easy to di
vide all the muscles of the thoracic cage rapidly by 
electrocautery. Even patients in their eighties have 
tolerated this incision well when given adequate 



postoperative support. Epidural anesthesia mini
mizes pain and allows eady mobilization. 

Positioning the patient in the full lateral position 
with an incision through the ftfth or sixth intercostal 
space gives wide exposure to the mediastinum, left 
pleural space, and left upper quadrant of the ab
domen. 

The diaphragm should not be incised radially 
from the costal margin to the esophageal hiatus be
cause it would transect the phrenic nerve and para
lyze the left diaphragm. Many patients who require 
gastric surgery for cancer are aged and have limited 
pulmonary reserve; moreover, because atelectasis is 
a common postoperative complication, it is better 
to make a circumferential incision in the periphery 
of the diaphragm to preserve phrenic and intercostal 
nerve function and normal diaphragmatic motion. 

Postoperative pain at the site of the divided costal 
margin is allegedly common following a thoracoab
dominal incision. In our experience proper resutur
ing of the costal margin with monoftlament steel 
wire results in solid healing of this area. Neither pain 
nor costochondritis has been a problem. 

Anastomotic Leakage 

Delicacy and precision of anastomotic technique and 
adequate exposure are important for preventing anas
tomotic leaks. If a gastric or lower esophageal lesion 
has spread up the lower esophagus for a distance of 
more than 6-8 cm, the esophagogastric anastomosis 
should not be constructed high up under the aortic 
arch, as it is a hazardous technique. Instead, 1 cm pos
terior segments of two additional ribs are resected if 
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1. It is necessary to close a portion of the end of the 
stomach because of the disparity between the 
lumen of the stomach and that of the esophagus. 
This increases the technical difficulty of doing the 
end-to-end anastomosis (Fig. 12-1a,b). 

2. The blood supply of the gastric pouch at its prox
imal margin is inferior to that at the site of the 
end-to-side anastomosis. 

3. Inserting the posterior layer of esophagogastric 
sutures may be difficult. Traction must be applied 
to the esophagus to improve exposure, and the 
surgeon's hand and the needle-holder may have 
to assume positions that are awkward for effi
cient, atraumatic suturing, which produces im
perfections in the suture line. 

4. As seen in Figure 12-2a, protection from pos
terior leakage is achieved in the end-to-side cases 
by the buttress effect of a 6- to 7 -em segment of 

necessary to give more proximal exposure, and the Fig. 12-1a 
esophagus is liberated behind the arch of the aorta 
and passed out to an intrapleural, supraaortic posi-
tion. This exposure permits the anastomosis to be 
done in a manner less traumatic to the tissues than 
an anastomosis constructed high up under the aortic 
arch. Otherwise, the surgeon's hand and wrist are sit
uated in an awkward position, which makes smooth 
manipulation of instruments difficult. Jerky suturing 
motions produce small tears in the esophagus, espe
cially in the posterior layer, where access is difficult. 

End-to-End versus 
End-to-Side Anastomosis 

We showed that the end-to-end esophagogastric 
anastomosis carries with it a much higher rate of 
leakage and a higher mortality rate than the end-to
side variety (Chassin 1978). Explanations for the 
increased complication rate following end-to-end 
esophagogastrostomy are not difficult to ftnd. Fig. 12-1 b 
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Fig. 12-2a 

Fig. 12-2b 

gastric wall behind the esophagus. In end-to-end 
operations, however, there is no second line of 
defense against technical error. 

5. Although the anterior layer of the end-to-end or 
the end-to-side esophagogastrostomy is much eas
ier to construct without technical defects than 
the posterior layer, even here the end-to-side ver
sion offers advantages. Figure 12-2b illustrates 
how the anterior wall of the esophagus invagi
nates into the stomach for additional protection. 
If this were attempted with an end-to-end anas
tomosis, the large inverted cuff would produce 
stenosis at the stoma (Fig. 12-1b). 

Additional protection against leakage from the an
terior aspect of the end-to-side anastomosis can be 
achieved by performing a Nissen fundoplication 
around the anastomosis. This also helps prevent 
postoperative gastroesophageal reflux, but it re
quires the presence of a large gastric pouch and can
not be performed, unless modified, when the prox" 
imal stomach has been resected. 

Avoiding Postoperative 
Reflux Esophagitis 

Another serious drawback of an end-to-end esopha
gogastric anastomosis is the occurrence of reflux 
esophagitis in patients who achieve long-term sur
vival. It can be avoided by implanting the end of the 
esophagus end-to-side into the stomach at least 6 cm 
beyond the proximal margin of the gastric pouch. 
This type of construction functions as a valve, prob
ably because air in the gastric pouch behind the dis
tal esophagus and above the esophagogastric anas
tomosis compresses the overlying esophagus. This 
is fortunate, as there is rarely enough remaining 
stomach to fashion an adequate "fundoplication" 
when the gastric fundus has been resected. 

When the anastomosis is performed by the sta
pling method, the anastomosis should still be a com
fortable distance from the proximal end of the gas
tric interposition for the same reason as elaborated 
for the sutured anastomosis. 

Efficacy of Stapling Techniques for 
the Esophagogastric Anastomosis 

We have developed a stapling technique for end-to
side esophagogastrostomy that can be done swiftly 
with an extremely low leak rate (Chassin 1978). M
ter a long, sometimes complicated dissection, an ac
curate anastomosis that takes only 2-3 minutes of 
operating time constitutes a welcome epilogue, es
pecially when treating poor-risk patients. Whereas 
28 mm and 31 mm circular stapling cartridges pro
duce a good anastomosis, use of the 25 mm cartridge 
results in a high incidence of anastomotic postop
erative strictures requiring dilatation. 

Postoperative Sepsis 

To prevent postoperative sepsis, meticulously avoid 
spillage of the gastric content, which can contami
nate the SUbhepatic or subcutaneous space. Any in
struments that come into contact with the lumen of 
the stomach or esophagus should be treated as dirty 
and the area walled off wherever possible. During the 
operation intravenous antibiotics that cover a spec
trum from lower mouth to skin to enteric organisms 
should be given at appropriate intervals to ensure that 
body fluid and tissue levels are maintained. 

OPERATIVE TECHNIQUE 

Incision and Position 

Endobronchial (double-lumen) one-lung anesthesia 
permits atraumatic collapse of the left lung during 
the esophageal dissection. It is far preferable to ad-



vancing an endotracheal tube down the right main
stream bronchus. 

With the aid of sandbags and wide adhesive tape 
across the patient's hips and left shoulder, elevate the 
patient's left side to a 60°-90° angle. Place the right 
arm straight on an arm board. Pad the patient's left 
arm and suspend it in a forward position (Fig. 12-3). 

Begin the incision at the umbilicus and continue 
it up the midline about halfway to the xiphoid, or use 
an oblique incision parallel to the right costal margin 
midway between the xiphOid and umbilicus. Explore 
the abdomen. The presence of metastasis of moder
ate degree to the celiac lymph nodes or to the liver 
does not constitute a contraindication to resection. 

Redirect the incision to cross the costal margin into 
the sixth intercostal space and continue to it the re
gion of the erector spinae muscle near the tip of the 
scapula. After the skin incision has been completed, 
use the coagulating current to divide the latissimus 
dorsi muscle in as caudal a location as possible (Fig. 
12-4). The index fmgers of both the surgeon and fIrst 
assistant should be inserted side by side underneath 
the latissimus muscle while the electrocautery divides 

Fig. 12-4 
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Fig. 12-5 

the muscle (Fig. 12--5). Divide the anterior serratus 
muscle in a similar fashion. The rhomboid muscles 
medial to the scapula need not be divided unless a 
supraaortic dissection proves necessary. 

Next retract the scapula in a cephalad direction 
and count down the interspaces from the fIrst rib to 
confIrm the location of the sixth interspace. Divide 

Cl 
Latissimus 
dOT i m. 

the intercostal musculature by electrocautery along 
the superior surface of the seventh rib and enter the 
pleura (Fig. 12-6). Divide the costal margin where 
it is a wide plate with a scalpel, heavy scissors, or 
rib cutter. Divide the internal mammary artery, deep 
and slightly lateral to the costal margin, ligate or elec
trocoagulate it (Fig. 12--7). 
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Fig. 12-8 

Incise the diaphragm in a circumferential fashion 
(Figs. 12-7, 12-8) along a line 3-4 cm from its in
sertion into the rib cage. Use electrocautery for this 
incision, which should extend laterally about 15 cm 
from the divided costal margin. Spread the intercostal 
incision by inserting a mechanical retractor. Use of a 
multiarm retraction system without a mechanical ad
vantage allows retraction of the lung, diaphragm, and 

Fig. 12-9 
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liver for both the thoracic and abdominal phases of 
the operation, and it avoids fracturing the ribs. 

Liberation of Esophagus 

Divide the inferior pulmonary ligament with electro
cautery or long Metzenbaum scissors, progressing in 
a cephalad direction until the inferior pulmonary vein 
has been reached. Collapse the lung, cover it with 
moist gauze pads, and retract it in a cephalad and an
terior direction with Harrington retractors. 

Incise the mediastinal pleura from the aorta to the 
hiatus, beginning at a point above the tumor (Fig. 
12-9). Encircle the esophagus fIrst with the index fm
ger and then with a latex drain (Fig. 12-10). Divide 
the vagus nerves as they approach the esophagus 
from the hilus of the lung. Dissect the tumor and the 
attached vagus nerves away from the mediastinal 
structures. If the pleura of the right thoracic cavity or 
pericardium has been invaded by tumor, include it in 
the resection. Dissection of the esophagus should free 
this organ from the arch of the aorta down to the hia
tus, including all the periesophageal areolar tissue. 
Generally, only two or three arterial branches of the 
descending aorta join the esophagus. They should be 
occluded by hemostatic clips and divided. Use an um
bilical tape ligature or a 55/3.5 mm linear stapler to 
occlude the lumen of the proximal esophagus (above 
the tumor) to prevent cephalad migration of tumor 
cells (Fig. 12-11). The esophagus may be divided at 
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this time and reflected into the abdomen once hiatal 
mobilization is complete, or it may be delayed until 
the stomach is mobilized. 

Splenectomy 

If the proximity of the carcinoma makes splenec
tomy necessary, retract the spleen medially and di
vide the lienophrenic ligament (Fig. 12-12). Gently 
elevate the spleen and the tail of the pancreas from 
the retroperitoneal tissues by fmger dissection. Di
vide the lienocolic ligament. Identify the splenic 
artery and vein on the posterior surface of the 
splenic hilus. Each should be divided and ligated 
with 2-0 silk. It may be convenient to remove the 
spleen as a separate specimen after dividing each of 
the short gastric vessels. Do this on the anterior as
pect of the stomach to visualize the greater curva
ture accurately, thereby avoiding any possibility of 
trauma to the stomach. If splenectomy is not nec
essary, enter the lesser sac through the avascular 
space above the left gastroepiploic vessels and indi
vidually control and divide the short gastric vessels. 

Fig. 12-12 

Gastric Mobilization 
The gastroepiploic arcade along the greater curva
ture of the stomach must be preserved with com
pulsive attention to detail, as the inadvertent oc
clusion of this vessel in a clamp or ligature results 
in ischemia of the gastric pouch and anastomotic 
leakage. Working from above down, divide the left 
gastroepiploic vessels and open the lesser sac to 
identify the gastroepiploic arcades from both front 
and back. Be sure always to leave 3-5 cm of re
dundant omentum attached to the vascular arcade. 
Identify the plane separating the colon mesentery 
from the gastroepiploic arcade. Continue the dis
section to a point 6-8 cm cephalad to the pylorus 
(Figs. 12-13a, 12-13b). The greater curvature now 
should be elevated. Complete posterior mobilization 
of the stomach by incising the avascular attachments 
that connect the back wall of the stomach to the 
posterior parietal peritoneum overlying the pancreas 
(gastropancreatic folds) and continue the dissection 
to the pylorus. Carefully preserve the subpyloric ves
sels (right gastroepiploic and right gastric). 

Licnophrenic lig. 

Splenic 3. 



Fig. 12-13a 

Fig. 12-13b 
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Identify the celiac axis by palpating the origins of 
the splenic, hepatic, and left gastric arteries. Dissect 
lymphatic and areolar tissues away from the celiac 
axis toward the specimen. Skeletonize the coronary 
vein and divide and ligate it with 2-0 silk. Immedi
ately cephalad to this structure is the left gastric 
artery, which should be doubly ligated with 2-0 silk 
and divided (Figs. 12-14a, 12-14b). Incise the gas
trohepatic ligament near its attachment to the liver 
(Fig. 12-15). An accessory left hepatic artery gen
erally can be found in the cephalad portion of the 
gastrohepatic ligament. Divide the artery and ligate 
it with 2-0 silk; then divide the remainder of the lig
ament and the peritoneum overlying the esophagus. 

/ 

I 
Fig. 12-16 
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Hiatal Dissection 

A gastrophrenic ligament attaches the posterior as
pect of the gastric fundus to the posterior di
aphragm. Divide the ligament using the left index 
finger as a guide. If tumor has encroached on the 
hiatus, leave crural musculature attached to the tu
mor and divide it from the surrounding diaphragm 
with electrocautery. This may require division and 
ligature of the inferior phrenic artery. Divide the va
gus nerves just below the hiatus (Fig. 12-16) and 
divide the phrenoesophageal ligaments; this frees 
the esophagus and stomach from the arch of the 
aorta down to the duodenum. 

11 • 
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Fig. 12-17 

Kocher Maneuver 
To achieve maximum upward mobility of the gastric 
pouch, divide the avascular lateral duodenal liga
ment and pass a hand behind the duodenum and the 
head of the pancreas (Figs. 12-17, 12-18). If nec
essary, continue this Kocher maneuver along the 
duodenum as far distally as the superior mesenteric 
vein (see Figs. 11-15, 11-16). Additional freedom of 
the mobilized stomach can be achieved by dividing 
the attachments of the greater omentum to the duo
denum beyond the right gastroepiploic vessels. 

Pyloromyotomy 
Perform a pyloromyotomy as described in Chapter 
11 (see Figs. 11-17 to 11-19). 

Fig. 12- 18 

Transection of Stomach 
and Esophagus 
To treat a primary tumor of the lower esophagus, 
apply either a long linear cutting stapler or a 90 rom 
linear stapler (loaded with 4.8 mm staples) in an 
oblique fashion to remove the stump of the left gas
tric artery, the celiac lymph nodes on the lesser cur
vature of the stomach, and 5-6 cm of the greater 
curvature. 

To treat lesions of the proximal stomach, which is 
the operation illustrated in Figures 12-19a, and 
12-19b, apply the stapler so 5-6 cm of normal stom
ach distal to the lesion is removed. Ascertain that the 
nasogastric tube has been withdrawn, and divide 
the stomach with a long linear cutting stapler or with 



Fig. 12-19a 

Fig. 12-19b 

two 90 mm linear staplers applied in a parallel fash
ion. Make an incision with the scalpel flush with the 
stapler attached to the residual gastric pouch. If two 
90 mm linear staplers are not available, the first sta
pler should be applied to the stomach, fired, and then 
reapplied 1 cm lower on the gastric wall. The tran
section should be made flush with the stapler on the 
gastric pouch. Control individual bleeding vessels 
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with electrocautery after removing the device. This 
staple line should be oversewn with fine inverting 
sutures. The gastric wall is of variable thickness, and 
we have seen isolated leakage from this staple line 
when it was not reinforced. If multiple applications 
of the cutting stapler were required, a running 4-0 
polypropylene Lembert suture conveniently rein
forces the staple line without excess inversion. 
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In a previous step the esophageal lumen proxi
mal to the tumor was occluded with a row of sta
ples (Fig. 12-11). If the esophagus has not yet been 
divided, transect it now 8-10 cm proximal to the tu
mor and remove the specimen (Fig. 12-20). Submit 
the proximal and distal margins of the specimen to 
frozen section examination. Clean the lumen of the 
proximal esophagus with a suction device (Fig. 
12-21). 

Fig. 12-20 

Enlargement of Hiatus 
Enlarging the hiatus is rarely necessary if the crura 
have been skeletonized as described by division of 
the phrenoesophagealligament. If the hiatus appears 
tight, make a transverse incision by electrocautery 
in the left branch of the crux (Fig. 12-22). The in
cision should be of sufficient magnitude to allow the 
gastric pouch to pass into the mediastinum without 
constriction of its venous circulation. 
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Enlargement of Thoracic Incision If 
Supraaortic Anastomosis Is Necessary 

A properly fashioned end-to-side esophagogastric 
anastomosis requires the presence of 6-8 cm of 
esophagus below the aortic arch. If there is not 6-8 
cm of esophagus below the aortic arch, the surgeon 
should not hesitate to enlarge the thoracic incision 
so the esophagus can be passed behind the arch into 
a supraaortic position. This makes the anastomosis 
far simpler and safer to perform and requires only a 
few minutes to accomplish. 

Move to a position on the left side of the patient. 
Extend the skin incision up from the tip of the 

r 

Fig. 12-23 

scapula in a cephalad direction between the scapula 
and the spine. With electrocautery divide the rhom
boid and trapezium muscles medial to the scapula. 
Retract the scapula in a cephalad direction and free 
the erector spinal muscle from the necks of the sixth 
and rtfth ribs. Free a short (1 cm) segment of the 
sixth (and often of the fifth) rib of its surrounding 
periosteum and excise it (Fig. 12-23). Divide and 
ligate or electrocoagulate the intercostal nerves with 
their accompanying vessels (Fig. 12-24). Reinsert 
the Finochietto or other mechanical retractor (Fig. 
12-25). If the exposure is still inadequate, a segment 
of the fourth rib may also be excised, but this is 
rarely necessary. 



Fig. 12-24 
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Enter the space between the anterior wall of the 
esophagus and the aortic arch with the index finger 
(Figs. 12-26a, 12-26b, 12-26c). There are no vascu
lar attachments in this area. The index fmger emerges 
cephalad to the aortic arch behind the mediastinal 
pleura. Incise the mediastinal pleura on the index fm
ger, making a window extending along the anterior 
surface of the esophagus up to the thoracic inlet. Now 
dissect the esophagus free of all its attachments to the 
mediastinum in the vicinity of the aortic arch. Avoid 

Recurrent laryngeal 11. 

L---- Vagus 11. 
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Fig. 12-26a 

Fig. 12-26b 

damage to the left recurrent laryngeal nerve, the tho
racic duct, and the left vagus nerve located medial to 
the esophagus above the aortic arch. One or two ves
sels may have to be divided between hemostatic clips. 

Deliver the esophagus from behind the aortic 
arch up through the window in the pleura between 
the left carotid and subclavian arteries (Fig. 12-27). 
If the space between the carotid and subclavian ar
teries is narrow, bring the esophagus out through a 
pleural incision lateral to the subclavian artery. 
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The esophagogastric anastomosis, as described be
low, should be constructed in a position lateral and 
anterior to the aortic arch. Exposure for the anasto
mosis in this location is excellent. Bring the esopha
gus down over the anterior wall of the stomach for a 
sutured anastomosis. An overlap of 6-7 cm is desir
able. If the esophageal dissection has been carried out 
without undue trauma, the esophageal segment has 
an excellent blood supply even though its distal 10 
cm has been liberated from its bed in the medi
astinum. The anastomosis can readily be performed 
as high as the apex of the thorax by this method, and 
a level of resection comparable to that achieved by 
adding a cervical incision can often be used. Use of 
the circular stapling technique to perform the anas
tomosis high in the chest is an excellent alternative 
to sutured intrathoracic or cervical anastomosis. For 

Fig. 12-28 

Fig. 12-29 

this technique the stomach is placed in front of the 
esophagus for the end-to-side anastomosis. 

Esophagogastric Anastomosis, 
Suture Technique 
The technique for sutured esophagogastric anasto
mosis is described and illustrated in Chapter 11. 

Esophagogastric Anastomosis, 
Stapling Technique 
(Surgical Legacy Technique) 

In 1978 Chassin described a linear stapling tech
nique for esophagogastric anastomosis. Although 
circular staplers are more commonly used currently, 
this method is still occasionally useful and applica-

/ 



Fig. 12-30 

ble when other methods are difficult. It involves at
taching the posterior aspect of the distal esophagus 
to the anterior wall of the stomach. It requires an 
overlap to enable 7 -8 cm of the esophagus to lie 
freely over the front of the stomach. If a 7- to 8-cm 
overlap is not available, this stapling technique is 
contraindicated. 

Make a stab wound, 1.5 cm long, on the anterior 
wall of the gastric pouch at a point 7-8 cm from the 
cephalad margin of the stomach (Fig. 12-28). In
sert one fork of the cutting linear stapler through 
the stab wound into the stomach and the other fork 
into the open end of the overlying esophagus (Fig. 
12-29). Insert the stapling device to a depth of 
3.5-4.0 cm. Fire and remove the stapling device. 
This step leaves both the end of the esophagus and 
a large opening in the stomach unclosed (Fig. 
12-30). The posterior layer of the anastomosis has 
already been accomplished by the stapling device. 
Complete the anastomosis in an everting fashion by 
triangulation with two applications of the 55 mm 
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Fig. 12-31 

linear stapler. To facilitate this step, insert a 4-0 tem
porary guy suture through the full thickness of the 
anterior esophageal wall at its midpOint, carry the 
suture through the center of the remaining opening 
in the gastric wall (Fig. 12-31), and tie the suture. 
Apply Allis clamps to approximate the everted walls 
of the esophagus and stomach. Apply the first Allis 
clamp just behind termination of the first staple line 
on the medial side. Hold the suture and the Allis 
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clamps so the linear stapler can be applied just un
derneath the clamps and the suture (Fig. 12-32). 
Tighten and fIre the stapling device. Excise the 
esophageal and gastric tissues flush with the stapling 
device with Mayo scissors. Leave the guy suture in
tact. 

Use an identical procedure to approximate the 
lateral side of the esophagogastric defect. Apply ad
ditional Allis clamps. Then place the 55 mm linear 
stapling device into position deep to the Allis clamps 
and the previously placed guy suture. Close and fIre 

Fig. 12-32 

Fig. 12-33 

the stapler and remove the redundant tissue with 
Mayo scissors (Fig. 12-33). It is essential that a small 
portion of the lateral termination of the stapled anas
tomosis be included in the fmallinear staple line. In
clude the guy suture also in this last application of 
the linear stapler. These measures eliminate any pos
sibility of leaving a gap between the various staple 
lines. Test the integrity of the anastomosis by in
serting a sterile solution of methylene blue through 
the nasogastric tube into the gastric pouch. The ap
pearance of the completed stapled anastomosis is 
shown in Figure 12-34. 

Whether a Nissen fundoplication is to be con
structed following this anastomosis depends on the 
judgment of the surgeon and the availability of loose 
gastric wall. In some cases partial fundoplication can 
be done. 

Esophagogastric Anastomosis 
Performed by Circular 
Stapling Technique 
The circular stapling technique is especially suitable 
for patients in whom the lumen of the esophagus is 
large enough to admit a 28- or 31-mm circular stapling 
device. The esophageal lumen can be measured by 
attempting to insert sizers (which come in 25, 28, and 
31 mm sizes). It is dangerous to stretch the esopha
gus with these sizers, because it can result in one or 
more longitudinal tears of the mucosa and submu-



Fig. 12-34 

cosa. Gentle dilatation with a Foley catheter balloon 
is the safest way to achieve lumen of adequate size 
for anastomosis. Use a 16F Foley catheter with a 5 cc 
balloon attached to a 20 cc syringe filled with saline. 
Insert the Foley catheter well above the site for anas
tomosis and inflate the balloon in 2.5 cc increments. 
Withdraw the inflated balloon slowly after each in
flation. A 28 mm circular staple can almost always be 
inserted with ease (use the largest size that can be in
serted easily). Place four long Allis clamps or guy su
tures equidistant around the circumference of the 
esophagus to maintain a wide lumen and minimize 
difficulty with insertion of the stapler head. 

If a tear is detected, resect an additional segment 
of the esophagus to remove the laceration. If the tear 
is not detected and a stapled anastomosis is con
structed, postoperative leakage is a potentially dan
gerous complication. 

Next, insert the 25 mm sizer and then the 28 mm 
sizer. If the 28 mm sizer passes easily, the circular 
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stapling technique is a good one. If only the 25 mm 
sizer can be inserted, there is danger of postopera
tive stenosis when this size staple cartridge is used. 
Although this type of stenosis frequently responds 
well to postoperative dilatation, we prefer to utilize 
the alternative technique described above (Fig. 
12-28 to 12-34), which corrects for the narrow 
esophagus without requiring postoperative dilata
tion. Use a purse-string suture to tighten the esoph
agus around the shaft of the stapler. After inserting 
a 28- or 31-mm sizer, place one or two purse-string 
sutures of 0 or 2-0 Prolene, making certain to include 
the mucosa and the muscularis in each bite. 

The anastomosis can be done to the anterior or 
posterior wall of the stomach. We generally prefer 
to use the posterior wall if the anastomosis is high 
in the chest, as it allows an easy anterior hemifun
doplication. 

Make a 3 cm linear incision somewhere in the 
antrum of the gastric pouch utilizing electrocautery. 
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Fig. 12-35 

Through this opening in the anterior wall of the gas
tric pouch, insert the cartridge of a circular stapling 
device after having removed the anvil. 

Then choose a point 5-6 cm from the proximal 
cut end of the gastric pouch and use the spike of 
the stapler to puncture it. Advance the shaft as far 
as it will go and then insert a small purse-string su
ture of 2-0 Prolene around the shaft. Alternatively, 
place the purse-string suture first; then make a stab 
wound in the middle of it (Fig. 12-35) and permit 
the shaft of the circular stapler to emerge from the 
stab wound. Tie the purse-string suture around the 
shaft. Remove the spike. Gently insert the anvil of 
the device into the open end of the esophagus. Draw 
the esophagus down over the anvil. When this has 
been accomplished, tie the purse-string suture 
around the instrument's shaft, fixing the esophagus 
in position (Fig. 12-36). Ensure that there is no ax
ial rotation of the stomach. Now attach the anvil to 
the shaft of the device and approximate the anvil to 
the cartridge of the circular stapling device by turn
ing the wing-nut in a clockwise direction to the in
dicated tightness. Be certain that the purse-string su
ture fits snugly around the shaft and that it does not 
catch on grooves in the shaft. After this has been ac
complished, fire the stapling device. 

Now rotate the wing-nut the appropriate number 
of turns in a counterclockwise direction, gently dis
engage the anvil from the newly created anastomo-

Fig. 12-36 



Fig. 12-37 

sis, and remove the entire device from the gastric 
pouch. Carefully inspect the newly constructed cir
cular anastomosis between the open end of the 
esophagus and the gastric pouch to see that all the 
staples have ftred and that the anastomosis is intact. 
Conftrm this by inserting the index ftnger through 
the previously made gastrotomy incision and pass 
the fmger into the esophagus, conftrming the pres
ence of an open lumen. Now apply Allis clamps to 
the gastrotomy incision on the anterior wall of the 
gastric pouch. Apply a linear stapling device for 
thick tissue (4.8 mm) and ftre. Excise any redundant 
gastric tissue, remove the stapler, and lightly elec
trocoagulate bleeding vessels. Carefully inspect the 
staple line to be sure all of the staples have closed. 
Many surgeons oversew the gastrotomy incision 
with a layer of continuous or interrupted Lembert 
sutures of a nonabsorbable nature, although this step 
may not be essential if 4.8 mm staples are used (Fig. 
12-37). Do not convert the linear gastrotomy to a 
transverse closure as you would for a pyloroplasty 
because it increases tension on the suture line. 

Muehreke and Donnelly reported four leaks from 
stapled gastrotomies in 195 patients undergoing 
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esophageal resection using circular stapling instru
ments. A possible explanation for failure of the sta
pled gastrotomy closure to heal properly is the use of 
a 3.5 mm staple. In a stomach of normal thickness, 
using a small staple can produce a line of necrosis. 
We prefer that a 4.8 mm staple be used when clos
ing the stomach. These authors found that there was 
a reduction in the leak rate from their gastrotomy clo
sures if they oversewed the gastrotomy staple line 
with a continuous noninverting layer of 3..(} Mersilene. 
We have used a 4-0 polypropylene running, inverting 
seromuscular suture to cover the staple line and have 
seen leaks only when this step was omitted. 

Stabilizing the Gastric Pouch 

To prevent any gravity-induced tension on the anas
tomosis, the apex of the gastric pouch should be su
tured to the mediastinal pleura or the prevertebral 
fascia with 2-0 or 3-0 nonabsorbable sutures. The 
gastric pouch should then be ftxed to the enlarged 
diaphragmatic hiatus with interrupted 2"(} or 3..(} non
absorbable sutures, which attach the gastric wall to 
the margins of the hiatus (Fig. 12-34). These sutures 



I em of eo tal ca rtila"e 

being trimmed O ..... f .... f~O __ ~ ___ ~o4: 

Fig. 12-39 

Fig. 12-40 

Fig. 12-38 

Wire sutu re to 
app roximate co tal 
cartilage 



should be 2 cm apart and should not penetrate the 
gastric mucosa lest they induce a gastropleural fis
tula. Consider performing a jejunostomy for imme
diate postoperative enteral alimentation. 

Closure 
Irrigate the thoracic and abdominal cavities and 
close the incision in the diaphragm with interrupted 
sutures of 2-0 Tevdek or a running suture of 0 
monoftlament (Fig. 12-38). In either case, take 
fairly large (1 cm) bites, as dehiscence of this suture 
line can have serious consequences, such as hernia
tion of small intestine into the chest. Do not try to 

Fig. 12-41 
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complete this closure until the costal margin has 
been approximated to avoid tearing the diaphragm. 

Excise approximately 1 cm of cartilage from the 
costal margin to improve apposition (Fig. 12-39). 
Close the incision in the costal margin with one or 
two sutures of monoftlament stainless steel wire 
(Fig. 12-40). Either 2-0 or no. 5 wire may be used. 
Insert four or five pericostal sutures of no. 1 PDS to 
approximate the ribs (Fig. 12-41). Bring a 30F chest 
tube through the ninth intercostal space in the an
terior axillary line and carry it up to the level of the 
anastomosis. Place it under direct vision. If it does 
not sit comfortably, suture it to the parietal pleura 
posterior to the aorta using fme absorbable sutures. 
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Fig. 12-42 

Fig. 12-43 



Fig. 12-44 

Inflate the lung to eliminate any atelectatic patches. 
If a significant number of air leaks from the lung are 
noted, pass a second chest catheter anterior to the 
lung up to the apex of the thorax. Tie the pericostal 
sutures and the fmal diaphragm sutures and close 
the muscles in two layers with a continuous 2-0 or 
o PG atraumatic synthetic absorbable suture in each 
(Figs. 12-42, 12-43). 

Close the abdominal portion of the incision with 
interrupted no. 1 PDS Smead-Jones sutures as de
scribed in Chapter 3. The diaphragm is continuous 
with the endoabdominal fascia, and separate closure 
of this layer to meet the diaphragmatic closure fa
cilitates closure of both diaphragm and abdominal 
wall. Use staples or a subcuticular suture to close 
the skin (Fig. 12-44). No drains should be needed 
in the abdominal cavity. 

POSTOPERATIVE CARE 

See Chapter 11. 

COMPilCATIONS 

See Chapter 11. 
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13 Transhiatal 
Esophagectomy 

INDICATIONS 

Carcinoma of the esophagus 

Esophageal stricture 

PREOPERATIVE PREPARATION 

See Chapter 11. 

Prepare for possible massive blood loss during the 
blunt phase of the thoracic dissection. 

Prepare a single-lumen endotracheal tube, not cut 
short. 

Consider hemodynamic monitoring. 

PITFAllS AND DANGER POINTS 

Excessive bleeding 

Laceration of membranous trachea 

Injury to spleen 

Hypotension during mediastinal dissection due to 
compression of the heart 

Trauma to thoracic duct; chylothorax 

Traction injury or laceration of the recurrent laryn
geal nerve 

Bowel herniation through a too large diaphragmatic 
hiatus 

Undetected pneumothorax 

Ischemia or trauma to tip of gastric tube in the neck 
inducing necrosis and sepsis 

Anastomotic leak 

Inadvertent laceration of right gastroepiploic artery 

OPERATIVE STRATEGY 

Although a large portion of this operation is ac
complished by blunt dissection, there are five areas 
where dissection must be performed with consum
mate delicacy to avoid devastating complications. 

132 

1. Membranous trachea. A small linear laceration 
of the membranous trachea can be repaired by 
suturing. However, if a patch of the membranous 
trachea is avulsed while dissecting an esophageal 
cancer that has invaded the trachea, adequate re
pair may be impossible. In the absence of a ma
lignancy in the area of the trachea, dissection of 
the esophagus away from the trachea should not 
be difficult if carried out in a gentle manner. 

2. Right gastroepiploic artery. While dissecting the 
omentum away from the gastroepiploic artery, 
continually keep in mind that this vessel consti
tutes the major blood supply to the tip of the gas
tric tube to be constructed. In many areas this 
vessel is covered by omental fat so its exact lo
cation is not obvious to the naked eye. Conse
quently, when dividing the omentum, leave a few 
centimeters of omentum attached to the artery, 
as inadvertent division of this vessel makes the 
stomach useless as an esophaeal substitute. 

3. Gastric tip. Be aware that the gastroepiploic 
artery does not continue to the tip of the gastric 
tube. Beyond the termination of this artery the 
blood supply to the gastric tip consists of intra
mural circulation. Although this circulation is 
normally adequate to sustain the healing process 
of the gastroesophageal anastomosis in the neck, 
unnecessary trauma to this area can threaten 
this precarious anastomosis. Consequently, be 
aware throughout the operation that this tissue 
must be protected from rough handling. Even in
serting a suture between the gastric tip and the 
prevertebral fascia in the neck has been reported 
to have caused focal necrosis of the stomach and 
a gastric fistula with vertebral osteomyelitis. If an 
anchoring stitch is considered necessary, use 5-0 
PG suture material, do not place the suture too 
deeply, and do not tie a tight knot. 

4. Recurrent laryngeal nerve. Aside from hoarse
ness, damage to the left recurrent laryngeal nerve 
during the cervical dissection can also result in 
swallowing difficulty and aspiration. Use the as
sistant's index fmger rather than a rigid instru
ment to retract the trachea and the thyrOid gland. 



5. Azygos vein. Laceration or avulsion of the azygos 
vein results in massive hemorrhage that in most 
cases requires right thoracotomy for control. 
Avoid this by careful preoperative staging and 
careful dissection at the point where the azygous 
vein crosses the esophagus. 

OPERATIVE TECHNIQUE 

Place the patient in a supine position on the oper
ating table and insert bilateral intravenous catheters 
and one intraarterial catheter, which permits con
tinuous monitoring of the patient's blood pressure. 
Both arms are padded and aligned alongside the 
body. If a central venous pressure or a Swan-Ganz 
catheter is to be used, insert it into the right inter
nal jugular vein, as the left side of the neck is pre
served for the esophagogastric anastomosis. Request 
that the anesthesiologist use a standard endotracheal 
tube of standard length that has not been shortened. 
If the membranous trachea is inadvertently lacer
ated, the anesthesiologist can then advance the tip 
of the endotracheal tube into the left main bronchus. 
After the balloon is inflated, this maneuver enables 
the anesthesiologist to control the patient's respira
tion while repair of the laceration is attempted. Place 
a small blanket roll under the upper thorax to keep 
the neck extended. 

Turn the head to the right. Attach a self-retaining 
Thompson, Omni, or similar retractor to the oper
ating table for later use (see Glossary). 

Abdomen 
Make a midline incision from the xyphoid to a point 
a few centimeters distal to the umbilicus, and enter 
the abdominal cavity. Check the stomach carefully 
to ascertain that it is indeed suitable for the devel
opment of a gastric tube that reaches up into the 
neck. Check the celiac lymph nodes for metastases. 
Liberate the left lobe of the liver by incising the tri
angular ligament. Expose the spleen and divide any 
adhesions that involve the capsule of the spleen, so 
the short gastric and left gastroepiploic vessels are 
easily identified. Insert the Weinberg blade of the 
Thompson retractor underneath the sternum and re
tract the liver in a cephalad direction, exposing the 
esophageal hiatus. Thereupon free the lower esoph
agus and divide the gastrophreniC ligament as de
scribed in Figures 11-7 to 11-11. Encircle the 
esophagus with the index fmger and then with a 2 
cm wide Penrose drain. Divide the right and left va
gus nerves. Apply caudad traction to the esophagus 
via the Penrose drain and free up the lower esoph
agus by blunt dissection. If the tumor can be reached 
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by digital palpation, ascertain that it is not ftxed to 
the aorta or vertebral column. If it is ftxed, transhi
atal esophagectomy without thoracotomy is con
traindicated. If not, expose the gastric cardia and 
then carefully divide and ligate each of the short gas
tric vessels as well as the left gastroepiploic artery. 

Divide the greater omentum serially between 
Kelly clamps leaving 3-5 cm of omentum attached 
to the right gastroepiploic arcade to avoid injury to 
the gastroepiploic artery. Remember that this vessel 
will be the main blood supply to the gastric conduit 
(see Figs. 11-12a,b). 

Elevate the greater curvature of the stomach in a 
cephalad direction and identify the origin of the left 
gastric artery. Divide and ligate it as described in fig
ure 11-13 and then perform an extensive Kocher 
maneuver (see Figs. 11-14 to 11-16). Perform a py
loromyotomy (see Figs. 11-17 to 11-19). Cover the 
abdominal incision with sterile towels and start the 
neck operation. 

Cervical Dissection 

Expose and mobilize the cervical esophagus as de
scribed in Chapter 11. Encircle the esophagus with 
a Penrose drain and apply cephalad traction. Use the 
index fmger with the volar aspect of the fmgers fac
ing the esophagus to dissect the esophagus away 
gently from the overlying trachea and the posterior 
prevertebral fascia. With this dissection, the index 
finger can reach down almost to the carina of the 
trachea. 

Transhiatal Dissection 
Wear a headlamp for this phase of the operation. Ad
just the Thompson retractor to elevate the sternum 
and liver. Enlarge the hiatal opening by incising the 
diaphragm with electrocautery in an anterior direc
tion through the middle of the central tendon, divid
ing and ligating the transverse phrenic vein during 
this step. Dissect the central tendon away from the 
pericardium. If necessary, insert a flat malleable re
tractor behind the heart and elevate gently. Push the 
right and left diaphragmatic plurae laterally to im
prove exposure. Palpate the esophagus and the tu
mor. Determine that they are flexible and mobile, and 
that there are no points of tumor invasion that would 
make resection without thoracotomy inadvisable. Be
fore embarking on further dissection, pass a 28F Ar
gyle Saratoga suction catheter into the neck incision 
and then down into the lower mediastinum to facili
tate evacuation of blood from the surgical field. 

Despite the limited exposure allowed by the trans
hiatal approach, the transhiatal esophagectomy is nei
ther a blind nor a crude operation. Dissection of the 
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esophagus from the diaphragm to the arch of the aorta 
is performed under direct vision. Exposure can be en
hanced by inserting long, narrow retractors along the 
lateral aspects of the hiatal aperture. Many of the vas
cular attachments to the esophagus can be divided 
and occluded by hemostatic clips or ligatures. When 
dissecting the esophagus in the mediastinum, make 
no special effort to excise any pleura or lymph nodes. 
The strategy of the operation is to separate the sur
rounding anatomy from the esophageal tube as effi
ciently as possible. When dissecting the esophagus 
along its posterior surface, keep the hand flat against 
the vertebral column. Orringer et al. stated that entry 
into one or both pleural cavities occurs in 75% of pa
tients during this operation. After the esophagus has 
been removed from the mediastinum, and before the 
stomach is brought into the chest, examine the pleura 
visually and by palpation. If a tear has occurred, in
sert an appropriate chest tube to prevent a postop
erative tension pneumothorax. 

After the lower esophagus has been mobilized, in
sert a small sponge on a long sponge-holder ("sponge 
on a stick") along the prevertebral fascia in the neck 
behind the esophagus while the other hand is placed 
behind the esophagus in the mediastinum (Fig. 
13-1). When the sponge-stick meets the hand, the 
posterior dissection of the esophagus has been com
pleted. Try not to compress the heart unduly with 
the hand in the prevertebral space. Remind the anes
thesiologist to monitor the arterial pressure carefully 
during this dissection. Now remove the sponge-stick 
from the neck. With the assistant exerting traction 
in a caudal direction on the Penrose drain encircling 
the esophagogastric junction, place the hand, palm 
down, on the anterior surface of the esophagus and 
with fmger dissection free the esophagus from over
lying pericardium and carina. With the other hand 
insert one or two fmgers, volar surface down, over 
the anterior face of the esophagus in the neck while 
cephalad traction is being applied to the Penrose 
drain encircling the cervical esophagus. Working 
with both hands simultaneously, disrupt the ftlmy at
tachments between the esophagus and the mem
branous trachea-left main stem bronchus. After this 
has been accomplished, there remain lateral attach
ments to be disrupted before the esophagus is freed. 
Again retract the upper esophagus in a cephalad di
rection and separate the esophagus from these at
tachments until the upper 8 cm of thoracic esopha
gus is freed circumferentially. Now insert the hand 
into the hiatus and slide upward along the anterior 
esophagus behind the trachea until the circumfer
entially freed upper esophagus is contacted. Trap 
the esophagus against the vertebral column between 
the index and middle fmgers. Then with a down-

Fig. 13-1 

ward raking motion, avulse the lateral attachments 
until the esophagus has been completely mobilized. 

Deliver 7 -8 cm of thoracic esophagus into the neck 
and transect the esophagus with a linear cutting sur
gical stapler. This maneuver provides a few centime
ters of extra esophagus, allowing the option of select
ing the best length when the anastomosis is performed. 

Suture a long 2 cm wide Penrose drain to the dis
tal end of the divided esophagus. Apply a hemostat to 
the proximal end of the drain in the neck. Draw the 
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thoracic esophagus down into the abdomen. Then cut 
the drain and apply a hemostat to the proximal cut 
end in the abdomen. This drain with its two identify-
ing hemostats is later used to draw the stomach up 
through the posterior mediastinum into the neck. 

Insert two narrow retractors into the mediastinum 
and retract laterally. Inspect the mediastinum for any 
laceration of the pleura. If a laceration is encountered, 
insert a 32F chest tube into the chest cavity on the 
side of the laceration, in the mid-axillary line. Then in
sert moist gauze packing into the mediastinum to help 
acWeve hemostasis while the stomach is being pre
pared. 

Exteriorize the stomach and attached esophagus by 
spreading it out along the patient's anterior chest wall. 
Because the blood supply to the lesser curvature sub
sequent to ligation of the left gastric artery is poor 
(Akiyama), the lesser curvature is excised, converting 
the stomach into a tubular structure (Fig. 13-2). Man
ually stretch the proximal tip of the cardia in a cepha
lad direction. Observe the esophagogastric junction 
and note where the second or tWrd branch down of 
the left gastric artery enters the lesser curvature. At 
tWs point, apply the linear cutting stapler and aim it 
in a cephalad direction toward the cardia. While con
tinuing to apply cephalad traction on the cardia, fire 
the stapler. Sequentially reapply and fire the stapler 
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about 6-8 cm width of cardia intact at the gastric tip 
(Fig. 13-3). Remember that with each application of 
the stapler a small portion of the previous staple line 
must be included. Now invert the entire staple line by 
means of a continuous 4-0 Prolene Lembert suture. Re
move the identifying hemostat from the previously po
sitioned Penrose drain that was brought down from 
the neck into the mediastinum. Suture tWs Penrose 

until the lesser curvature has been amputated, leaving Fig. 13-3 
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drain to the most cephalad point of the gastric cardia 
using 3-0 silk sutures. Leave a 4- to 5-cm tail on the 
medial suture to identify the lesser curvature side of 
the gastric tube. Place gentle cephalad traction on the 
proximal end of the Penrose drain that remains in the 
cervical incision while using the right hand to ma
neuver the gastric tip gently through the hiatus and 
into the posterior mediastinum until the stomach has 
been manipulated into the neck. To avoid the possi
bility of gastric torsion, be certain that the staple line 
along the lesser curvature is located to the patient's 
right and the greater curvature to the patient's left. 
The long-tailed suture at the junction of the Penrose 
drain and the gastric cardia identify the medial aspect 
of the gastric tube. Confirm the absence of torsion by 
inserting the right hand through the hiatus and pal
pating the anterior surface of the stomach up to the 
aortic arch and with the left hand from the cervical 
approach. With both hands, deliver the gastric tip up 
to the apex of the cervical incision. Insert several su
tures of 5-0 Vicryl to attach the gastric fundus to the 
fascia of the longus colli muscles on both sides of the 
neck. Do not take deep bites of stomach or tie the su
tures so tight that necrosis of the gastric wall occurs. 

Return to the abdomen and close the incision in 
the diaphragm with interrupted 2-0 silk sutures but 
do not constrict the newly formed hiatus to the point 
where it obstructs venous return from the gastric 
tube. Leave about three fmgers' space between the 
diaphragm and the stomach. Then insert enough in
terrupted 3-0 silk sutures between the muscle sur
rounding the hiatus and the stomach to prevent the 
possibility of bowel herniating through the newly 
formed diaphragmatic hiatus. Cover the pyloromy
otomy with omentum. Perform a feeding needle 
catheter jejunostomy in the proximal jejunum. Close 
the abdominal incision and then return to the neck 
to perform the esophagogastric anastomosis. 

To avoid any tension whatsoever on the anasto
mosis, divide the cervical esophagus at a point 
where it can easily reach the clavicle. When divid
ing the esophagus, cut the anterior flap of esopha
gus so it is at least 1 cm longer than the posterior 
flap, as illustrated in Figure 11-24. This maneuver 
converts the anastomotic suture line into an ellipse 
instead of a circle and should result in a larger stoma. 
Now reflect the esophagus in a cephalad pOSition 
above the cervical incision. The uppermost gastric 
cardia has already been sutured to the neck muscles 
as high as is comfortable in the cervical incision. Us
ing Babcock forceps, gently elevate the anterior wall 
of the stomach from behind the clavicle to a more 
superficial and superior location in the neck. The 
anastomosis between the end of the esophagus and 
the anterior wall of the stomach should be located 

3-5 cm down from the apex of the gastric tube and 
above the level of the clavicle. Bring the esophagus 
back into the neck so it rests on the anterior wall of 
the gastric tube. Make an incision in the anterior wall 
of the gastric tube in a vertical direction, the length 
being appropriate to the diameter of the elliptical 
esophageal orifice, which is approximately 2.5 cm. 

Be certain that the esophagus and stomach are 
positioned such that there is no tension on the su
ture line. Using 4-0 PG or PDS insert the first stitch 
in the mucosa 4 mm from the cut end. This stitch 
passes through the muscle layer of the esophagus 
and then enters the cephalad margin of the gastric 
incision 4 mm above the incision, entering the lu
men of the stomach. When tying these sutures, make 
the knot just tight enough to afford approximation, 
not strangulation. Place the second stitch through 
the left lateral wall of the esophagus into the lumen, 
again catching at least 4 mm of mucosa, and bring 
the stitch into the stomach and out the center of the 
left lateral wall of the stomach. Do not tie this stitch; 
rather, clamp it in a hemostat and place the third 
stitch in the same fashion in the right lateral margin 
of the esophagus and stomach. Ask the assistant to 
apply hemostats to stitches 2 and 3 and then to ap
ply lateral traction to separate the two stitches. This 
maneuver lines up the esophagus and stomach so 
closing the posterior layer is simple. Insert inter
rupted sutures about 4 mm apart from each other. 
When the knots are tied the mucosa will automati
cally have been inverted into the lumen. Cut the tails 
of all the sutures in the posterior anastomosis but 
retain the hemostats on stitches 2 and 3. Maintain 
lateral traction on these two stitches and begin the 
anterior anastomosis by inserting the first stitch at 
12 o'clock at the midpoint of the inferior esopha
gus. Bring this stitch into the lumen of the stomach 
and bring it out of the stomach at 6 o'clock. Apply 
a hemostat to this stitch, which serves as an anchor. 
Now close the anterior layer by inserting Lembert 
sutures and then invert the tissues as the knots are 
being tied. These knots remain outside the lumen 
(Fig. 13-4), We frequently use the technique of 
successive bisection (see Figs. 4-19, 4-20). After the 
anastomosis is completed, ask the anesthesiologist 
to pass a nasogastric tube and guide it through the 
anastomosis into the gastric pouch. 

Closure 

Close the cervical incision in layers with interrupted 
4-0 PG after inserting a 1.5 em latex drain to a point 
near the anastomosis. Consider a needle catheter je
junostomy. Close the abdominal cavity without 
drainage using the modified Smead-Jones closure de-
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Fig. 13-4 

scribed in Chapter 3 and no. 1 PDS sutures. Close 
the skin with interrupted fine nylon, subcuticular 
continuous 4-0 PG, or staples 

POSTOPERATIVE CARE 

Continue nasogastric suction for 4-5 days. Maintain 
the chest catheter on some type of underwater 
drainage for 4-5 days or until the volume of drainage 
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becomes insignificant. Leave the cervical drain in 
place 7-10 days. 

COMPliCATIONS 

Anastomotic leak. This is seen especially in cases of 
anastomoses involving the cervical esophagus. 

Stricture of the cervical anastomosis. This occurs 
especially after leaks. 
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Intestinal obstruction. Obstruction is due to adhe
sions. 

Trauma to recurrent laryngeal nerve. The nerve is 
traumatized during dissection of the cervical esoph
agus. 

Pneumothorax and intraoperative or postopera
tive hemorrhage. Insert a large drainage tube into 
the right or left hemithorax (or both) if a pneu
mothorax has been produced by the transhiatal dis
section. Inspection of the mediastinum reveals most 
gaps in the mediastinal pleura. 

Chylothorax. Chylothorax may follow transhiatal 
esophagectomy. It should be suspected whenever the 
chest tube drainage exceeds 800 ml per day after the 
third postoperative day. The diagnosis can be con
firmed by administering cream via the jejunostomy 
catheter and observing an opalescent tinge to the 
pleural drainage. Early recognition, exploration, and 
transthoracic ligation may hasten resolution when 
compared with traditional conservative management. 

Leaking thoracic duct. To identify the leaking tho
racic duct at reoperation, Orringer et al. injected 
cream into the jejunostomy feeding tube at a rate of 
60-90 mllhr for 4-6 hours prior to reoperation for 
duct ligation. A limited fIfth-interspace posterolateral 
thoracotomy under one-lung anesthesia was the ap
proach these authors employed for the reoperation. 
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14 Operations to Replace 
or Bypass the Esophagus 
Colon or Jejunum Interposition 

INDICATIONS 

Esophageal stricture or perforation 

PREOPERATIVE PREPARATION 

Nutritional rehabilitation, if needed 

Peri operative antibiotics 

Preoperative assessment of colon or jejunum by con
trast studies, colonoscopy, and arteriography (if nec
essary) 

Routine bowel preparation 

OPERATIVE STRATEGY 

Resect the damaged esophagus and replace it with 
a conduit whenever possible. When this is not fea
sible, a bypass leaving the damaged esophagus in 
situ is occasionally warranted. Patients who have an 
irreversible stricture due to peptic esophagitis re
quire esophageal resection. Esophagectomy is also 
performed on patients who have undergone failed 
operations for neuromotor esophageal disorders or 
who have had diversion-exclusion operations (see 
Chapter 23) for esophageal perforations or anasto
motic leakage. Orringer and Orringer (1983) did not 
open the chest in most of these patients but instead 
performed transhiatal esophagectomy from the ab
dominal and cervical approaches. 

The colon is a versatile conduit that is applicable to 
most situations unless the patient has had a previous 
colon resection. Sufficient length can be obtained to 
perform a cervical anastomosis if necessary. Jejunum 
provides a better size match than colon but is consid
erably more difficult to use owing to the small size of 
the vessels. It has been used for cervical reconstruc
tions using microsurgical free flap techniques. 

The conduit must be carefully developed to pre
serve the blood supply, pOSitioned in an isoperi
staltic fashion without kinking or twisting, and the 
gastrointestinal continuity restored. These complex 
operations require thorough preoperative planning 
and must be individualized. 

OPERATIVE TECHNIQUE 

Incision and Resection of Esophagus 

The choice of incision is determined by whether, 
and how much, esophagus is to be resected. Trans
hiatal esophagectomy is an option that obviates the 
need for a thoracic incision (see Chapter 13). 

We prefer a sixth interspace left thoracoabdominal 
incision for most of these esophagectomies (see Figs. 
12-3 to 12-8). Close the gastroesophageal junction 
in an area relatively free of disease using a 55- or 90-
mm linear stapler on the stomach side. Close the 
esophageal end with another application of the sta
pling device. Dissect the esophagus out of the medi
astinum. If the esophagus is markedly fibrotic, this dis
section may require a scalpel. After the esophagus has 
been freed to the arch of the aorta, dissect the esoph
agus from underneath the arch of the aorta, as illus
trated in Figure 12-26. Temporarily leave the esoph
agus in its bed until the colon has been liberated. 

Long Segment Colon Interposition: 
Colon Dissection 
The initial step for preparing a long colon segment 
is to liberate the hepatic flexure and the transverse 
and descending colon. If necessary, extend the tho
racoabdominal incision below the umbilicus. Dissect 
the omentum away from the transverse colon and 
its mesentery, as illustrated in Figures 33-3, 33-4, 
44-3, and 44-8. 

With this accomplished, inspect the blood supply 
of the left and transverse colon. Preserving the left colic 
artery in most cases permits transection of the middle 
colic vessels close to the point of origin and yields a 
segment of colon that could include a good portion of 
the descending colon as well as the entire transverse 
colon if it should be necessary. We have not encoun
tered any cases where the "marginal artery" did not 
continue unimpeded from the left colon around to the 
transverse colon. However, verify this by careful pal
pation of the marginal artery and transillumination of 
the mesentery. Apply bulldog vascular clamps along 
the marginal artery at the points selected for division 
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and check the adequacy of the pulse in the vessels be
ing retained to supply the transplanted segment. 

To ensure a vigorous blood supply to the proximal 
portion of the transverse colon, with sufficient length 
to reach the cervical region, ligate and divide the mid
dle colic artery at a point well proximal to its bifur
cation (along line A rather than line B in Figure 
14-1a). This allows the blood flow from the left colic 
artery to enter the left branch of the middle colic artery 
and to continue along the right branch to nourish the 
right portion of the transverse colon. For this reason 
it is critical that this division and ligature of the mid
dle colic artery and vein be done with great care. 

Estimating the Length of Colon 
Required to Reach the Neck 

After the omentum has been dissected off the colon 
and after both the left and right colon segments have 
been freed from the posterior abdominal wall, grasp 
the splenic flexure at the point of termination of the 
left colic artery and draw this segment of colon in a 
cephalad direction toward the sternum. Then measure 
the distance from this point (point X in Fig. 14-1b) 
on the sternum to the neck. This distance approxi
mates the amount of colon required going in a proxi
mal direction from the termination of the left colic 
artery. Add about 4-5 cm to the estimate and insert a 
marking stitch in the right transverse colon at this 
point. In most cases the point marked is at the right of 
the middle colic vessels, indicating that division of the 
origin of the middle colic artery and vein is required. 

Fig. 14-3 
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Transect the colon at the proximal margin of the 
segment selected for transplantation. Restore conti
nuity to the colon by performing a stapled anasto
mosis as illustrated in Figures 44-35 to 44-38. Close 
the proximal (right) margin of the colon transplant 
(temporarily) with a 55 mm linear stapler and leave 
the distal end of the colon segment open. 

Cologastrostomy 

Elevate the stomach with its attached omentum 
away from the pancreas. Divide the avascular at
tachments between the peritoneum overlying the 
pancreas and the back wall of the stomach. Also in
cise the avascular portion of the gastrohepatic omen
tum; then draw the colon transplant with its mesen
tery in an isoperistaltic direction through the 
retrogastric plane and through the opening in the 
gastrohepatic omentum. Be certain not to twist the 
mesentery. Verify that the colon does indeed reach 
the cervical esophagus without tension. 

Prepare to anastomose the open end of the distal 
colon transplant to a point on the stomach approx
imately one-third the distance down from the fun
dus to the pylorus. The anastomosis may be made 
on the anterior or posterior side of the stomach. As 
illustrated in Figure 14-2, make a 1.5 cm vertical 
incision in the stomach about one-third of the way 
down from the fundus; then insert the cutting lin
ear stapler-one fork in the stab wound of the stom
ach and one in the open lumen of the colon-to 
a depth of 3 cm and lock it (Fig. 14-3), Fire the 
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Fig. 14-4 

Fig. 14-5 

stapler and remove it. Inspect the staple line for 
bleeding. Then apply Allis clamps to the left and 
right terminations of this staple line. Place a guy su
ture through the midpoint of the stab wound of the 
stomach as illustrated in Figure 14-4. Close the re
maining defect by two applications of the 55 mm 
linear stapler. First, apply the stapler just deep to the 
Allis clamp and the guy suture to close the left half 
of the gap. After firing the stapling device (Fig. 
14-5), excise the surplus tissue but preserve the guy 
suture. Lightly electrocoagulate the everted mucosa 
and remove the stapling device. Then reapply the 
stapler in similar fashion to close the remaining de
fect. Be sure to place the stapler deep to the Allis 
clamp and the guy suture. After firing the stapling 
device, cut away the surplus tissue and lightly elec
trocoagulate the mucosa. This creates a fairly large 
anastomosis between the stomach and colon, as il
lustrated in Figure 14-6. 

DeMeester et al. pointed out that it is possible to 
divide the descending colon as it comes behind the 
stomach without simultaneously dividing the mar
ginal artery of the descending colon. If the marginal 
artery is not divided, it provides an added avenue of 
blood flow to the colon that has been transplanted 
into the neck. By carefully transecting the colon be
hind the stomach and then dividing and ligating the 
end branches of the marginal artery close to the 
colon for a distance of about 4 cm, sufficient colon 
will have been liberated that a cologastric anasto
mosis can be constructed to the posterior wall of 
the stomach, and the distal segment of descending 
colon can be anastomosed to the remaining hepatic 
flexure. If the anastomosis is made at the junction 
between the upper third and the lower two-thirds 
of the stomach, it seems not to matter whether the 
cologastrostomy is constructed on the posterior wall 
or the anterior wall of the stomach. However, if one 
wishes to preserve the marginal artery of the de
scending colon, it is necessary to place the cologas
trostomy on the posterior wall of the stomach (Fig. 
14-7a). The posterior cologastric anastomosis may 
be constructed by suturing (as illustrated here) or 
by stapling (as described in Figs. 14-3 to 14-6). In 
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Fig. 14-6 

Fig. 14-7a 
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Fig. 14-7b 

this manner the colocolostomy can also be per
formed close by, preserving the marginal artery (Fig. 
14-7b). 

Pyloromyotomy 

In most conditions for which a thoracic esophagec
tomy is being performed, the vagus nerves are de
stroyed, which impairs gastric emptying to a fairly se
vere degree in about 20% of cases. To prevent this 
complication, a pyloromyotomy may be performed by 
the technique illustrated in Figures 11-17 to 11-19. 

Advancing the Colon Segment to the Neck 

Be certain to enlarge the diaphragmatic hiatus (see 
Fig. 11-20) sufficiently that the veins in the colon 

mesentery are not compressed by the muscles of the 
hiatus. The most direct route to the neck follows the 
course of the original esophageal bed in the poste
rior mediastinum. Place several studies between the 
proximal end of the colon transplant and the distal 
end of the esophagus; then draw the colon up into 
the neck by withdrawing the esophagus into the 
neck. This brings the colon into the posterior me
diastinum behind the arch of the aorta and into the 
neck posterior to the trachea. If there is no con
striction in the chest along this route, the sternum 
and clavicle at the root of the neck are also not likely 
to compress the colon. On the other hand, if a sub
sternal tunnel is selected for passing the colon up 
to the neck, it is generally necessary to resect the 
head of one clavicle and a 2 em width of adjacent 



sternal manubrium to be certain there is no ob
struction at that point. 

A good alternative method for transporting the 
colon up to the neck is to pass a 36F rubber catheter 
from the neck down into the abdominal cavity. Ob
tain a sterile plastic sheath such as a laser drape and 
suture the end of this plastic cylinder to the termi
nation of the rubber catheter. Insert the proximal 
end of the colon into this plastic sheath and suture 
it lightly to the red rubber catheter. By withdrawing 
the catheter through the thoracic cavity into the 
neck, the colon with its delicate blood supply can 
be delivered into the neck without trauma. 

Verify that the tube of colon from the neck to the 
abdominal cavity lies in a straight line and there is 
no surplus of colon in the chest. Leaving redundant 
colon in the thorax may produce a functional ob
struction to the passage of food. Then suture the 
colon to the muscle of the diaphragmatic hiatus with 
interrupted sutures of atraumatic 4-0 Tevdek at in
tervals of about 2 em around half the circumference 
of the colon. This helps maintain a direct passage
way from the neck into the abdomen. Be sure not 
to pass the needle deep to the submucosa of the 
colon, as colonic leaks have been reported to result 
from this error. 

Dissecting the Cervical Esophagus 

Change the position of the patient's left hand, which 
is suspended from the ether screen. Bring the left 
hand laterally and place it along the left side of the 
patient. Tum the head slightly to the right and make 
an incision along the anterior border of the left ster
nomastoid muscle; continue the dissection as de
scribed in Figures 11-27 to 11-30. Be careful not to 
damage the left or the right recurrent laryngeal 
nerve. After dissecting the esophagus free down into 
the superior mediastinum, extract the thoracic 
esophagus by applying gentle traction in the neck. 
In this way the thoracic esophagus and the attached 
colon interposition segment may be drawn gently 
into the neck. Divide the distal cervical esophagus 
and remove the thoracic esophagus. Inspect the end 
of the colon. There should be a good pulse in the 
marginal artery. Cyanosis indicates venous obstruc
tion, which must be corrected. Draw the closed sta
pled end of the colon transplant to a point about 
6-7 em above the cut end of the esophagus and, tak
ing care not to penetrate the lumen of the colon, su-
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ture the colon to the prevertebral fascia with sev
eral interrupted 4-0 silk sutures. 

Esophagocolonic Anastomosis 

Perform an end-to-side esophagocolonic anastomo
sis at a point about 4 em below the proximal end of 
the colon using a technique similar to that described 
in Figures 11-22 to 11-26 and by using interrupted 
4-0 silk Cushing sutures for the outer layer and 5-0 
PG or PDS for the mucosal layer. Before closing the 
anterior portion of the anastomosis, ask the anes
thesiologist to pass a nasogastric tube into the 
esophagus and guide this tube through the anasto
mosis into the colon. 

Retrosternal Passage of 
Colon Transplant 

When the posterior mediastinum is not a suitable 
pathway for the colon or if the esophagus has not 
been removed, make a retrosternal tunnel to pass 
the colon up to the neck. If the left lobe of the liver 
is large or if it appears to be exerting pressure on 
the posterior aspect of the colon transplant, liberate 
the left lobe by dividing the triangular ligament. This 
permits the left lobe to fall in a posterior direction 
and thereby relieves this pressure. If the xiphoid 
process curves posteriorly and impinges on the 
colon, resect the xiphOid. 

Enter the plane just posterior to the periosteum 
of the sternum. Start the dissection with Metzen
baum scissors; then insert one or two fingers of 
the right hand. Finally, pass the entire hand just 
deep to the sternum up to the suprasternal notch. 
This is generally an avascular plane. Orient the 
colon segment so the mesentery enters from the 
patient's left side. Resect the medial 3-4 cm of 
clavicle using a Gigli saw. Then rongeur away 
about 2 cm of adjacent sternal manubrium to be 
certain the aperture at the root of the neck is suf
ficiently large to avoid any venous obstruction in 
the mesentery. Pass a long sponge-holder into the 
retrosternal tunnel from the neck down into the 
abdomen and suture the proximal end of the colon 
segment to the tip of the sponge-holder. Gently 
pass the colon into the substernal tunnel while si
multaneously drawing the sutures in a cephalad di
rection. 

There may be fewer symptoms after resection of 
the clavicular head if it is performed on the side 
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Fig. 14-8 
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Fig. 14-9 

opposite the dominant hand. Once it has been as
certained that the circulation to the colon segment 
is good, perform the esophagocolonic anastomosis 
as above. The fmal appearance of the colon inter
position is depicted in Figures 14-8 and 14-9. 

Closure 

Close the cervical incision in layers with interrupted 
4-0 PG sutures. Insert one or two drains in the gen
eral vicinity of the anastomosis and leave them in 
place 7-10 days. Close the skin in the usual fashion. 
Close the thoracoabdominal incision as illustrated in 
Figures 12-35 to 12-41. 

Colon Interposition, Short Segment 

In rare cases of benign peptic stricture of the lower 
esophagus, it is impossible to dilate the stricture, 
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even in the operating room, without rupturing the 
esophagus. If there is no significant amount of dis
ease above the level of the inferior pulmonary liga
ment, resect the diseased esophagus down to the 
esophagogastric junction and replace the missing 
esophagus with a short isoperistaltic segment of 
colon to extend from the divided esophagus to a 
point about one-third the distance between the fun
dus and the pylorus of the stomach. For a short seg
ment operation it is not necessary to divide the mid
dle colic artery, and only the distal portion of the 
transverse colon and the splenic flexure need be em
ployed. Otherwise, the operation is much the same 
as described above. The cologastric anastomosis is 
identical. The esophagocolonic anastomosis may be 
sutured in an end-ta-end fashion, an end-ta-side fash
ion, or even by a stapling technique. The latter in
volves inserting a proper circular stapling cartridge 
(generally 28 or 25 rom) into the open proximal end 
of the colonic segment. The anastomosis is made be
tween the end of the esophagus and the side of the 
colon by the usual circular stapling technique. Then, 
after disengaging the instrument, explore the anas
tomosis visually and manually with a fmger through 
the open end of the colon. If the exploration ap
pears satisfactory, close the opening in the colon 
about 1 cm away from the circular stapled anasto
mosis using a 55/3.5 rom linear stapler. Excise the 
redundant tissue and remove the stapler. 

Jejunum Interposition 

Incision and Mobilization 

Although Polk advocated mobilizing the esopha
gogastric junction through an upper midline ab
dominal incision, we prefer the left sixth interspace 
thoracoabdominal incision with a vertical midline 
abdominal component. This is because the jejunal 
interposition operation is performed primarily in pa
tients who have had multiple failed previous opera
tions for reflux esophagitis. The Collis-Nissen gas
troplasty combined with dilatation of the esophageal 
stricture suffices in most patients. This leaves a few 
of the most advanced cases that require a colon 
(short-segment) or jejunum interposition. 

The combined thoracoabdominal incision pra
vides superb exposure and makes this operation as 
safe as possible. It should be emphasized that cre
ating a jejunal segment is much more difficult than 
the short-segment colon interposition. When per
forming the thoracoabdominal incision, incise the 
diaphragm with electrocautery in a circumferential 
fashion, as depicted in Figure 12-8. 

Dissect the left lobe of the liver carefully away 
from the anterior wall of the stomach; in doing so, 



148 Operations to Replace or Bypass the Esophagus: Colon or Jejunum Interposition 

approach the dissection from the lesser curvature as
pect of the stomach. At the same time, incise the 
gastrohepatic omentum by proceeding up toward 
the hiatus. This may require division of the acces
sory left hepatic artery, provided it has not been 
done at a previous operation (see Fig. 17-4). It may 
also be difficult to free the upper stomach from its 
posterior attachments to the pancreas. Careful dis
section with good exposure from the thoracoab
dominal incision should make it possible to preserve 
the spleen from irreparable injury. At the conclusion 
of this dissection, the upper portion of the stomach 
and lower esophagus should be free. Freeing the 
esophagus in the upper abdomen may be expedited 
by first dissecting the esophagus out of its bed in 
the lower mediastinum. 

Resection of Diseased Esophagus 

After the esophagus has been freed from its fibrotic 
attachments in the mediastinum and upper stomach, 
select a point near the esophagogastric junction for 
resection. If the upper stomach has been perforated 
during this dissection and the perforation can be in
cluded in the specimen, do so. If the upper stom
ach is not excessively thickened, apply a 55 or 90 
mm linear stapling device with 4.8 mm staples and 
fire it. Transect the esophagogastric junction just 
above the stapling device. Lightly electrocoagulate 
the everted mucosa and remove the stapler. Deliver 
the transected esophagus into the chest and select 
the point of transection on the esophagus above the 
stricture. A mild degree of mucosal inflammation in 
the esophagus is acceptable at the point of transec
tion. Remove the specimen. 

If the point of division of the esophagus is not 
higher than the inferior pulmonary vein, jejunal in
terposition is a good method for establishing conti
nuity. If the esophagus must be transected at a 
higher level, use a short segment of colon for the in
terposition or remove the remainder of the thoracic 
esophagus and reestablish continuity by means of a 
long-segment colon interposition from the neck to 

the stomach or by bringing the stomach up into the 
neck for this purpose, as described below. The graft 
of jejunum may be lengthened safely if its circula
tion can be boosted by creating microvascular anas
tomoses from a thoracic artery and vein to the up
per end of the graft. 

Mobilizing the Jejunum Graft 

Because the vascular anatomy of the proximal je
junum varies somewhat from patient to patient, it is 
necessary to individualize the dissection according 
to the conditions encountered. First, try to stretch 

the proximal jejunum in a cephalad direction to de
termine where the greatest mobility is located. Be 
certain to leave intact at least the first major jejunal 
artery to the proximal jejunum. The average length 
of the jejunal segment to be transplanted varies be
tween 12 and 20 cm, and the pedicle should con
sist of at least one major arcade vessel with careful 
preservation of the veins. Most jejunal grafts fail not 
because of poor arterial circulation but because the 
veins have been injured or compressed at some 
point. Follow the principles illustrated in Figure 
34-4 and try to preserve a vascular pedicle con
taining two arcade vessels with their veins intact. 
When dividing an arcade vessel, be sure to place the 
point of transection sufficiently proximal to a bifur
cation so the continuity of the "marginal" artery and 
vein is not interrupted. Divide and temporarily close 
the jejunum proximally and distally with a linear cut
ting stapler, preserving a segment measuring 15-20 
cm for interposition. 

Make an incision in the transverse mesocolon 
through its avascular portion just to the left of the 
middle colic vessels. Carefully pass the jejunal graft 
together with its vascular pedicle through this inci
sion into the previously dissected lesser sac behind 
the stomach. Be absolutely certain the incision in 
the mesentery does not constrict the veins of the 
vascular pedicle. Also be careful not to twist the 
pedicle. Pass the proximal portion of the jejunal seg
ment through the hiatus into the chest. Be certain 
that the hiatus is large enough that it does not com
press the veins in the vascular pedicle. 

Esophagojejunostomy 

Establish an end-to-side esophagojejunal anastomo
sis on the antimesenteric border of the jejunum be
ginning about 1 cm distal to the staple line on the 
proximal closed end of the jejunal segment. A tech
nique similar to that described in Figures 34-5 to 
34-15 using 4-0 atraumatic interrupted silk Cushing 
or Lembert sutures for the outer layer and inter
rupted or continuous 5-0 Vicryl for the mucosal layer 
may be employed. Pass the nasogastric tube through 
this anastomosis down to the lower end of the jeju
nal graft. It is also possible to perform a stapled 
esophagojejunostomy by the technique described in 
Figures 34-16 to 34-21. 

Jejunogastrostomy 

Place the jejunogastric anastomosis 5-7 cm below the 
proximal margin of the stomach in an area of stom
ach that is relatively free of fibrosis and that permits 
the vascular pedicle to be free of tension. This may 
be done by the same suture technique as mentioned 
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above (see Figs. 34-5 to 34-15), but if there is suffi
cient length of jejunum it may also be performed by 
a stapled anastomosis similar to that described in Fig
ures 14-2 to 14-6. The appearance of the completed 
anastomosis is shown in Figure 14-10. 

Jejunojejunostomy 

Reestablish the continuity of the jejunum by creat
ing a functional end-to-end anastomosis using the sta
pling technique described in Figures 37-12 to 
37-16. Then carefully resuture the defect in the je
junal mesentery without compressing the vascular 
pedicle jejunal graft. 
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Use interrupted 4-0 Tevdek sutures to approxi
mate the diaphragmatic hiatus to the seromuscular 
wall of the jejunum to avoid herniation of bowel 
through the hiatus. Be certain not to compress the 
vascular pedicle. 

Gastrostomy; Pyloromyotomy 

Although the nasogastric tube has been passed 
through the jejunal graft into the stomach to main
tain the position of the graft, there is a risk that the 
nasogastric tube may be inadvertently removed 
before the patient's gastrointestinal tract has re
sumed function. For this reason, perform a Stamm 
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gastrostomy as described in Figures 32-1 to 32-5 
and remove the nasogastric tube. 

Most surgeons advocate performing a pyloromy
otomy or pyloroplasty during this type of operation 
because it is assumed that the vagus nerves have 
been interrupted during the course of dissecting a 
heavily scarred esophagus out of the mediastinum. 
Polk stated that this step may not be necessary. 

Closure 

Repair the diaphragm and close the thoracoabdom
inal incision as illustrated in Figures 12-38 to 12-44 
after inserting a chest tube. No abdominal drains are 
utilized. 
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15 Transabdominal 
Nissen Fundoplication 

INDICATIONS 

Gastroesophageal reflux (see Chapter 10), especially 
in patients in whom laparoscopic Nissen fundopli
cation is not applicable 

PREOPERATIVE PREPARATION 

Esophagogastroduodenoscopy with brushing and 
biopsies of any abnormal mucosa 

Esophageal manometry or pH studies in selected pa
tients 

PITFALLS AND DANGER POINTS 

Inadequate mobilization of gastric fundus and ab
dominal esophagus 

Injury to spleen or to vagus nerves 

Fundoplication wrap too tight or too long 

Inadequate fundoplication suturing 

Undiagnosed esophageal motility disorders, such as 
achalasia, diffuse spasm, aperistalsis, or scleroderma 

Hiatal closure too tight, causing esophageal ob
struction 

Hiatal closure too loose, permitting postoperative 
paraesophageal herniation 

Injury to left hepatic vein or vena cava when incis
ing triangular ligament to liberate left lobe of liver 

OPERATIVE STRATEGY 

Mobilizing the Gastric Fundus 
To perform a hiatus hernia repair efficiently, the 
lower 5-7 cm of the esophagus and the entire gas
tric fundus from the gastroesophageal junction 
down to the upper short gastric vessel must be 
completely mobilized from all attachments to the 
diaphragm and the posterior abdominal wall. Iden
tify the gastrophrenic ligament by passing the left 

hand behind the stomach so the fingertips can iden
tify this avascular ligament, which attaches the 
greater curvature to the diaphragm. The ligament 
extends from the gastroesophageal junction down 
to the first short gastric vessel. It is simple to di
vide once it has been stretched by the surgeon's 
left hand behind the stomach. Although in a few 
cases no short gastric vessels must be divided, there 
should be no hesitation to divide one to three prox
imal short gastric vessels to create a loose fundo
plication. 

On the lesser curvature aspect of the gastro
esophageal junction, it is necessary to divide the 
proximal portion of the gastrohepatic ligament. This 
ligament often contains an accessory left hepatic 
artery arising from the left gastric artery and going 
to the left lobe of the liver and the hepatic branch 
of the left vagus nerve. Division ofthe accessory left 
hepatic artery has, in our experience, not proved 
harmful. Do not divide the left gastric artery itself. 
Preserving the left gastric artery and the hepatic 
branch of the vagus nerve helps prevent the fundo
plication from slipping in a caudal direction. The 
lower esophagus is freed by incising the overlying 
peritoneum and phren oesophageal ligaments; con
tinue this incision in a semicircular fashion so the 
muscular margins of the diaphragmatic crura are ex
posed down to the median arcuate ligament. During 
all of this mobilization, look for the major branches 
of the anterior and posterior vagus nerves and pre
serve them. 

Preventing Splenic Injury 
Splenic trauma is a common but preventable com
plication of the Nissen operation. With use of the 
Thompson or Upper Hand retractor there is no rea
son for any retractor to come into contact with the 
spleen. The mechanism of splenic injury is usually 
traction on the body of the stomach toward the pa
tient's right, which avulses that portion of the 
splenic capsule attached to the omentum or to the 
gastrospleniC ligament. Early during the operation, 
make it a point to look at the anterior surface of the 
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spleen. Note where the omentum may be adherent 
to the splenic capsule. If necessary, divide these at
tachments under direct vision. Otherwise, simplyap
ply a moist gauze pad over the spleen and avoid lat
eral traction on the stomach. Traction on the 
gastroesophageal junction in a caudal direction 
along the lesser curve of the stomach generally does 
not cause injury to the spleen. 

If a portion of the splenic capsule has been 
avulsed, it can almost always be managed by apply
ing topical hemostatic agents followed by 10 min
utes of pressure. Other splenic injuries can be re
paired by suturing with 2-0 chromic catgut (see 
Chapter 85). Extensive disruption of the spleen at 
its hilus may necessitate splenectomy. 

Avoiding Postoperative Dysphagia 
Probably secondary to local edema, transient mild 
dysphagia is common during the first 2-3 weeks fol
lowing operation, although some patients have dif
ficulty swallowing for many months after a hiatus 
hernia operation. There are several possible causes 
for this dysphagia. First, it is possible to make the 
fundoplication wrap so tight or so wide that per
manent dysphagia ensues (see below). Second, the 
defect in the hiatus may be sutured so tightly the 
hiatus impinges on the lumen of the esophagus and 
prevents passage of food. With an 18F nasogastric 
tube in place, after the crural sutures have been tied 
to repair the defect in the hiatus it should still be 
possible to insert an index finger without difficulty 
between the esophagus and the margins of the hia
tus. There is no virtue in closing the hiatus snugly 
around the esophagus. A final cause of dysphagia in 
patients who have experienced this symptom as a 
preoperative complaint is the presence of an 
esophageal motility disorder such as achalasia or 
aperistalsis. Patients who present to the surgeon 
with reflux esophagitis and who also complain of 
dysphagia should undergo preoperative esophageal 
manometry to rule out motility disorders that may 
require surgery in addition to the antireflux proce
dure or instead of it. 

How Tight Should the 
Fundoplication Be? 
The Nissen operation produces a high pressure zone 
in the lower esophagus by transmitted gastric pres
sure in the wrap, rather than by the tightness of the 
wrap itself. An excessively tight wrap causes dys
phagia and the gas bloat syndrome. Therefore the 
fundoplication should be made loose, rather than 

tight enough to constrict the esophagus. Many sur
geons use an indwelling esophageal bougie to avoid 
creating a wrap that is too tight. Regardless of 
whether the indwelling bougie is used, it is possible 
to judge the tightness of the wrap by applying Bab
cock clamps to each side of the gastric fundus and 
tentatively bringing them together in front of the 
esophagus. This mimics the effect of the sutures. The 
surgeon should be able to pass one or two fingers 
between the wrap and the esophagus without diffi
culty with an 18F nasogastric tube in place. Other
wise readjust the fundoplication so it is loose enough 
for this maneuver to be accomplished. 

How Long Should the 
Fundoplication Be? 
Another cause of postoperative dysphagia is making 
the fundoplication wrap too long. For the usual Nis
sen operation, do not wrap more than 2-3 cm of 
esophagus. A shorter wrap may be appropriate 
when esophageal dysmotility and gastroesophageal 
reflux coexist (e.g., when a fundoplication is added 
to a myotomy). 

Avoiding Fundoplication 
Suture Line Disruption 
Polk and others have noted that an important cause 
of failure after Nissen fundoplication has been dis
ruption of the plication because the sutures broke. 
For this reason, use 2-0 sutures. Generally, the su
tures that were found to have broken were silk. We 
have used 2-0 Tevdek because it retains its tensile 
strength for many years, whereas silk gradually de
generates in the tissues. It is also important not to 
pass the suture into the lumen of the stomach or 
esophagus. If this error is committed, tying the su
ture too tight causes strangulation and possibly leak
age. Some insurance against the latter complication 
is to tum in the major fundoplication sutures with 
a layer of continuous 4-0 Prolene seromuscular Lem
bert sutures. 

Failure to Bring the 
Esophagogastric Junction 
into the Abdomen 
If it is not possible to mobilize the esophagogastric 
junction from the mediastinum and bring it into the 
abdomen while performing transabdominal repair of 
a hiatus hernia, it is likely that esophageal fibrosis 
has produced shortening. Such a situation can gen
erally be suspected prior to operation when the 



lower esophagus is strictured. In our opinion, these 
patients require a transthoracic Collis-Nissen opera
tion (see Chapter 18). Although it is possible to per
form a Collis-Nissen procedure in the abdomen, it is 
difficult. If it cannot be accomplished transabdomi
nally, it is necessary to open the chest through a sep
arate incision or through a thoracoabdominal ex
tension to perform the Collis-Nissen operation. 

Keeping the Fundoplication 
from Slipping 
Various methods have been advocated to keep the 
fundoplication from sliding in a caudal direction, 
where it constricts the middle of the stomach in
stead of the esophagus and produces an "hourglass" 
stomach with partial obstruction. The most impor
tant means of preventing this caudal displacement 
of the wrap is to include the wall of the esophagus 
in each of the fundoplication sutures. Also, catch the 
wall of the stomach just below the gastroesophageal 
junction within the lowermost suture. This suture 
anchors the lower portion of the wrap (see Fig. 
15-10, below). 

OPERATIVE TECHNIQUE 

Incision 
Elevate the head of the operating table 100 _15 0 • 

Make a midline incision beginning at the xiphoid 
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Fig. 15-1 

and continue about 2-3 cm beyond the umbilicus 
(Fig. 15-1). Explore the abdomen. Insert a 
Thompson or Upper Hand retractor to elevate the 
lower portion of the sternum. Reduce the hiatus 
hernia by traction along the anterior wall of the 
stomach. Look at the anterior surface of the spleen 
to determine whether there are omental adhesions 
to the capsule that may result in the capsule avuls
ing later during the operation. Place a moist gauze 
pad over the spleen. In most cases it is not nec
essary to free the left lobe of the liver; simply el
evate the left lobe with a Weinberg retractor to ex
pose the diaphragmatic hiatus. 
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Mobilizing the Esophagus 
and Gastric Fundus 

Make a transverse incision in the peritoneum over
lying the abdominal esophagus (Fig. 15-2) and con
tinue this incision into the peritoneum overlying the 
right margin of the crus. Then divide the peritoneum 
overlying the left margin of the diaphragmatic hia
tus. Separate the hiatal musculature from the esoph
agus using a peanut dissector until most of the cir
cumference of the esophagus has been exposed. 

Fig. 15-2 

Then pass the index finger gently behind the esoph
agus and encircle it with a latex drain (Fig. 15-3). 
Enclose both the right and left vagus nerves in the 
latex drain and divide all the phrenoesophageal at
tachments behind the esophagus. If the right (pos
terior) vagus trunk courses at a distance from the 
esophagus, it is easier to dissect the nerve away from 
the upper stomach and to exclude the right vagus 
from the fundoplication wrap. Some exclude both 
vagus trunks from the wrap, but we prefer to in
clude them inside the loose wrap. Before the com-
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plete circumference of the hiatus can be visualized, 
it is necessary to divide not only the phreno
esophageal ligaments but also the cephalad portion 
of the gastrohepatic ligament, which often contains 
an accessory left hepatic artery that may be divided 
(Fig. 15-4), The exposure at the conclusion of this 
maneuver is seen in Figure 15-5. Now pass the left 

Fig. 15-5 
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Fig. 15-6 

Fig. 15-6 

hand behind the esophagus and behind the gastric 
fundus to identify the gastrophrenic ligament and di
vide it carefully down to the proximal short gastric 
vessel (Fig. 15-6), 

While the assistant is placing traction on the la
tex drain to draw the esophagus in a caudal direc
tion, pass the right hand to deliver the gastric fun
dus behind the esophagus (Fig. 15-7). Apply 
Babcock clamps to the two points on the stomach 
where the first fundoplication suture will be in
serted and bring these two Babcock clamps to
gether tentatively to assess whether the fundus has 
been mobilized sufficiently to accomplish the fun
doplication without tension. Figure 15-8, a cross
sectional view, demonstrates how the gastric fun
dus surrounds the lower esophagus and the vagus 
nerves. 

Generally, there is inadequate mobility of the gas
tric fundus unless one divides the proximal one to 
three short gastric vessels. ligate each with 2-0 silk. 



Right agus 11. 

Left vagus 11 . 

Fig. 15-8 

On the greater curvature aspect of the esopha
gogastric junction there is usually a small fat pad. Ex
cising the fat pad improves adhesion of the gastric 
wrap to the esophagus. 

Repairing the Hiatal Defect 
Using 0 Tevdek sutures on a large atraumatic nee
dle, begin at the posterior margin of the hiatal de
fect and take a bite (1.3-2.0 cm in width) of the crus 
and its overlying peritoneum on each side of the hia
tus. Insert the next suture about 1.0-1.2 cm cepha
lad and continue this process until the index fmger 
can just be inserted comfortably between the esoph
agus and the margin of the hiatus (Fig. 15-9). 

Suturing the Fundoplication 
Pass a 40F Maloney dilator into the stomach. Insert 
the ftrst fundoplication suture by taking a bite of the 
fundus on the patient's left using 2-0 atraumatic 
Tevdek. Pass the needle through the seromuscular 
surface of the gastric lesser curve just distal to the 
esophagogastric junction; then take a fmal bite of 
the fundus on the patient's right. Attach a hemostat 
to tag this stitch but do not tie it. Each bite should 
contain 5-6 mm of tissue including submucosa, but 
it should not penetrate the lumen. Do not pierce any 
of the vagus nerves with a stitch. To perform a fun
doplication without tension, it is necessary to insert 
the gastric sutures a sufficient distance lateral to the 
esophagogastric junction. Place additional sutures, 
as illustrated in Figure 15-10, at intervals of about 
1 cm. Each suture should contain one bite of fun
dus, then esophagus, and then the opposite side of 
the fundus. No more than 2-3 cm of esophagus 
should be encircled by the fundoplication. Now 
tie all of these sutures (Fig. 15-11). It should be 
possible to insert one or two fmgers between the 
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Fig. 15-9 

Fig. 15-10 

Fig. 15-11 
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Fig. 15-12 

esophagus and the Nissen wrap (Fig. 15-12). If this 
cannot be done, the wrap is too tight. Fig. 15-13 

A number of surgeons place sutures fIxing the up
per margin of the Nissen wrap to the esophagus to 
prevent the entire wrap from sliding downward and 
constricting the stomach in the shape of an hour
glass. DeMeester and Stein, after considerable expe
rience, advocated a Nissen wrap measuring only 1 
cm in length, claiming that longer wraps produce 
postoperative dysphagia in a number of patients. 
Even with a 60F Maloney bougie in the esophagus, 
a 1 cm wrap has effectuated excellent control of re
flux. They constructed this wrap employing one hor
izontal mattress suture of 2-0 Prolene buttressed 
with Teflon pledgets (Figs. 15-13, 15-14). 

Optionally, at this point one may invert the layer 
of fundoplication sutures by inserting a continuous 
seromuscular layer of 4-0 Prolene Lembert sutures 
(not illustrated). This layer provides protection 
against leakage if any of the fundoplication sutures 
were placed too deep. Fig. 15-14 



Testing Antireflux Valve 

Ask the anesthesiologist to inject 300-400 ml saline 
solution into the nasogastric tube and then withdraw 
the tube into the esophagus. Now try to expel the 
saline by compressing the stomach. If the saline can
not be forced into the esophagus by moderate man
ual compression of the stomach, the fundoplication 
has indeed created a competent antireflux valve. 

Abdominal Closure 
Close the abdomen without drainage in routine fash
ion. 

POSTOPERATIVE CARE 

Continue nasogastric suction for 1-2 days. Then ini
tiate oral feeding. A barium esophagram is obtained 
before the patient is discharged. If a satisfactory re
pair has been accomplished, 3-4 cm of distal esoph
agus becomes progressively narrower, tapering to a 
point at the gastroesophageal junction. If this ta
pering effect is not noted, it suggests that the wrap 
may be too loose. Successful antireflux procedures, 
whether by the Nissen, Hill, Belsey, or Collis-Nissen 
technique, show similar narrowing of the distal 
esophagus on the postoperative esophagram. A typ
ical postoperative barium esophagram is shown in 
Figure 15-15. 

Fig. 15-15 

COMPliCATIONS 

Dysphagia, usually transient 

"Gas bloat" (rare) 

Disruption of fundoplication 
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Slipping downward of fundoplication with obstruc
tion 

Postoperative paraesophageal hernia if hiatal defect 
was not properly closed 

Herniation of fundoplication into thorax 

Esophageal or gastric perforation by deep necrosing 
sutures 

Persistent gastroesophageal reflux 
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16 Laparoscopic Nissen 
Fundoplication 

INDICATIONS 

Symptomatic reflux esophagitis refractory to med
ical therapy 

Barrett's esophagus (consider mucosal ablation) 

PREOPERATIVE PREPARATION 

Pass a nasogastric tube to decompress the stomach. 

See Chapter 15. 

PITFAllS AND DANGER POINTS 

Injury to the esophagus. 

Tension pneumothorax due to unrecognized entry 
into the mediastinal pleura. Even a relatively small 
tear can allow CO2 to enter the pleural space and 
compromise ventilation. 

Injury to spleen or stomach. 

Failure to create a sufficiently floppy wrap. 

OPERATIVE STRATEGY 

Several laparoscopic fundoplications have been de
vised. We prefer the laparoscopic Nissen fundoplica
tion because it is intended to be virtually identical to 
a well established open procedure when completed. 
The steps in the dissection are necessarily a bit dif
ferent from those for the open procedure, and sev
eral additional features should be noted. 

First, the hiatus is accessed by elevating the left 
lobe of the liver without dividing its attachments. 
Second, the esophagus is exposed and mobilized by 
dissecting the crura with minimal manipulation of 
the esophagus. The resulting extensive mediastinal 
dissection that accompanies esophageal mobiliza
tion makes approximation of the crura mandatory. 
Postoperative herniation of the stomach or small in
testine may complicate the laparoscopic procedure 
when this step is omitted. Finally, several short gas
tric vessels must be divided to ensure creating a 
floppy wrap. 

OPERATIVE TECHNIQUE 

Room Setup and Trocar Placement 

Position the patient with the legs slightly spread and 
supported on padded stirrups (Fig. 16-1). Position 
the monitors at the head of the table. We place the 
primary monitor at the patient's left shoulder, with 
a secondary monitor at the patient's right, as shown. 
Some surgeons use a single monitor placed over the 
head of the operating table. We prefer to stand in 

Fig. 16-1 (Reprinted with permission, from Scott-Conner 
CEH (ed) The SAGES Manual: Fundamentals of Lap
aroscopy and GI Endoscopy. New York, Springer-Verlag, 
1999.) 
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the usual position, at the patient's side, for the ini
tial puncture and entry into the abdomen. During 
dissection and suturing, the surgeon should stand 
between the patient's legs, directly facing the hiatus 
(Fig. 16-2). When choosing an initial puncture site 
(to be used for the laparoscope) recall that the hia
tus is quite high and deep. The normal umbilical port 
site may therefore be too low. A trocar pattern must 
be individualized according to the patient's body 
habitus. A 30° angled laparoscope is mandatory for 
easy visualization. 

Exposure of the Hiatus 
Pass a liver retractor through the right lateral port 
site. A variety of liver retractors are available, and 
which one is chosen is largely a matter of the sur
geon's preference. We prefer a flexible retractor that 
becomes rigid and assumes the shape shown in Fig
ure 16-3 when a screw is turned. The particular re
tractor shown is composed of many short segments 
with an internal cable. When the tension on the ca
ble is released, the retractor becomes limp and may 
be straightened out to pass it through a trocar. Once 
the retractor is inside the abdomen, the cable is 
tightened by twisting a knob on the handle. In-

Fig. 16-2 (Reprinted with pennission, 
from Scott-Conner CEH (ed) The SAGES 
Manual: Fundamentals of Laparoscopy 
and GI Endoscopy. New York, Springer-
Verlag, 1999.) A 

creasing tension on the internal cable forces the ar
ticulations to bend into the shape shown. The re
tractor is bent into shape by tightening the cable in 
the commodious right subphrenic space and is then 
passed underneath the liver. 

The liver retractor is properly placed when sta
ble exposure is obtained and the diaphragmatic sur
face is seen behind the left lobe of the liver. It may 
not be possible to distinguish the actual hiatus at this 
point. This exposure generally requires that the re
tractor be "toed in" so the part of the retractor clos
est to the hiatus has maximal lift applied. The lap
aroscope and instruments are then insinuated 
underneath the left lobe of the liver in the working 
space thus created. 

Generally, the stomach and some omentum par
tially or completely obscure the hiatus even with the 
liver retracted. Therefore the second part of obtain
ing exposure entails placing an endoscopic Babcock 
clamp on the stomach and pulling toward the left 
lower quadrant (Fig. 16-4). 

Dissecting the Hiatus 

The esophagus is dissected by clearing the peri
toneum off the hiatus and carefully exposing the 
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Fig. 16-3 

Fig. 16-4 
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muscular crura. Properly performed, this maneuver 
automatically exposes the esophagus and creates a 
posterior window. 

Begin the dissection by exposing the right crus. 
Start by opening the peritoneum just to the right of 
the probable hiatus. The first step involves dividing 
the lesser omentum. A grasper is used to elevate the 
flimsy lesser omentum close to the hiatus, and ul
trasonic dissecting scissors are used to divide the 
omentum (Fig. 16-4). 

It is tempting to begin this dissection by opening 
the transparent part of the omentum farther to the 
right. If you begin your omental window high, how
ever, near the hiatus, you are less likely to encounter 
a hepatic artery. This has the additional advantage 
of keeping the window in the lesser omentum rela
tively small, which helps anchor the wrap and pre
vents slipping. 

Do not try to identify and dissect the esophagus at 
this stage. To do so risks perforation. A far safer ap
proach is to dissect and clearly define the muscular 
hiatus and both crura. First identify the right crus af
ter dividing the peritoneum. Next carry the dissec
tion up over the arch of the crura, concentrating on 
exposing the muscle fibers of the diaphragm. During 
this dissection the esophagus becomes obvious by its 
orientation, longitudinal muscle, and overlying vagus 

Fig. 16-5 

nerve; it may also be gently displaced downward (Fig. 
16-5) and to the left. The esophagus has a light pink 
to reddish pink color and characteristic longitudinal 
striations. If there is uncertainty as to the location of 
the esophagus, the nasogastric tube may be palpable 
to light touch with a grasper, or an esophagogastro
duodenoscopy (EGD) scope may be passed and used 
to elevate and transilluminate the esophagus. These 
maneuvers are rarely needed. 

A closed grasper is used to push the esophagus 
down. This grasper is introduced parallel to the 
esophagus through one of the left-sided trocars and 
is used to probe into the mediastinum by gently 
pushing the esophagus down. 

When the upper part of the hiatus has been 
cleaned thoroughly, elevate the esophagus gently 
with a closed grasper and clean the lower part of 
the left crus from the right side by working under
neath the esophagus (Fig. 16-6). This maneuver 
produces a window behind the esophagus while 
minimizing the risk of perforating the esophagus. 
The esophagus is never actually grasped; rather, it 
is gently displaced to one side or the other using a 
closed grasper. Frequently the anterior vagus nerve 
is seen on the right side of the esophagus. 

It is fairly common to encounter a sizable vessel 
next to the esophagus on the right side (Fig. 16-7). 



FFig. 16-6 

Fig. 16-
Fig. 16-7 
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The vessel is smaller than it appears; it looks large be
cause it is closer to the scope than the esophagus. 
This vessel is usually a branch of the inferior phrenic 
artery. It must be carefully secured with ultrasonic 
shears (Fig. 16-8). A replaced hepatic artery, some
times encountered in this region, is usually larger and 
is seen to curve away toward the liver rather than 
pass cephalad toward the diaphragm. If a replaced he
patic artery is encountered, gently displace it to the 
right (out of the field of surgery) and protect it. 

Mobilizing the Esophagus 
If the crura have been carefully dissected to create 
an adequate posterior window, there should be a 
clear space behind the esophagus and retractors 
should pass easily. The retractors we prefer are 
curved and paired. They are designed to be inserted 
from the left and right sides. 

Pass the first retractor from the left side. The de
sign of the retractor shown is similar to that of the 
liver retractor. It is passed into the abdomen limp, 
and the cable is tightened to make it assume its work-

Fig. 16-8 

ing configuration. Once the curve is set, the retrac
tor is rigid and ready for use. 

Follow the arc of the circle while passing the re
tractor. Gently swing it from behind. Do not attempt 
to create a window with the retractor-the window 
should already be there. Do not attempt to "hook 
up" under the esophagus; to do so risks posterior 
perforation. When the tip of the retractor is seen to 
emerge from the right side of the space behind the 
esophagus, lift the esophagus with the retractor 
(Fig. 16-9), 

Pass the second esophageal retractor from the 
right. Follow the first retractor around, concentrat
ing on the feel of metal on metal as the second re
tractor "rides" along parallel to the first. Maintain 
traction on the stomach to help generate a sufficient 
length of esophagus (Fig. 16-10). 

Move the two retractors apart in a spreading 
movement, parallel to the long axis of the esopha
gus (Fig. 16-11) to enlarge the window behind the 
esophagus if needed. Generally only one of the re
tractors is needed for the remainder of the proce
dure. 
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Fig. 16-9 

Fig. 16-10 

Fig. 16-11 
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Closing the Hiatus 

The hiatus must be closed to avoid herniation of the 
stomach or small intestine. Place one or two simple 
sutures of 0 or 2-0 silk and tie them (Fig. 16-12). 
Leave a gap to avoid overtightening the hiatus, 
which may cause postoperative dysphagia. 

Fig. 16-12 

Fig. 16-13a,b 

Dividing the Short Gastric Vessels 

The short gastric vessels tether the fundus of the 
stomach to the spleen (Fig. 16-13a). Begin divid
ing these vessels at a convenient point high on the 
fundus and work cephalad (Fig. 16-13b). We pre
fer ultrasonic shears for this division. Test the mo-



Fig. 16-14a 

bility of the fundus by passing it back and forth an
terior to the esophagus (Figs. 16-14a, 16-14b), 

If at any time there has been concern about in
jury to the esophagus or stomach, have the anes-

Fig. 16-14b 
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thesiologist instill methylene blue into the nasogas
tric tube and look for staining. Repair any areas of 
concern at this time. Use the wrap to buttress any 
esophageal repair. 
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Fig. 16-15a,b,c,d 

Creating the Wrap 

Remove the esophageal retractors and allow the 
esophagus to return to its normal anatomic position. 
Pass Maloney dilators from above. For most adults, 

Fig. 16-16 

sequentially pass dilators until a 56-60F dilator is in 
place (Fig. 16-15a). 

Replace the left esophageal retractor and elevate 
the esophagus. Use an angled grasper to reach be
hind the esophagus from right to left. Grasp the fun-



Fig. 16-17 

Fig. 16-18 

dus and pull it behind the esophagus. It should pass 
easily (Fig. 16-15b, 16-15c, 16-15d). 

Bring additional fundus over from the left side to 
meet the portion that has been passed behind (Fig. 
16-16). The wrap should meet easily and feel 
"floppy." Avoid the error of creating a twist by pulling 
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the posterior part of the wrap too far to the right. Such 
a twist may contribute to postoperative dysphagia. 

Place three sutures to complete the wrap. Catch 
a bit of the esophagus with the flfst suture or two 
to anchor the wrap well above the stomach (Fig. 
16-17). Take care not to take an excessively deep 
bite and create a perforation. Some surgeons place 
clips on the knots to mark the location ofthe wrap. 
It facilitates postoperative evaluation with barium 
swallow. The completed wrap should lie easily be
low the diaphragm (Fig. 16-18). 

POSTOPERATIVE CARE 

We keep the nasogastric tube in place for the first 
24 hours to avoid gastric dilatation. A Hypaque swal
low the first postoperative day should demonstrate 
free passage of Hypaque without extravasation. This 
is particularly important if there is any question of 
the integrity of the wrap or esophagus. 

COMPI1CATIONS 

Esophageal perforation 

Herniation of viscera through the hiatal opening 

Slipped wrap 

Dysphagia 
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17 Posterior Gastropexy 
(Hill Repair) 

SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

See Chapter 15. 

Gastroesophageal reflux. 

Successful execution of this operation requires 
that the esophagus be long enough to suture the 
esophagogastric junction to the level of the median 
arcuate ligament without tension (5-7 cm of in
traabdominal esophagus). 

PREOPERATIVE PREPARATION 

See Chapter 15. 

PITFAllS AND DANGER POINTS 

Hemorrhage from laceration of celiac or inferior 
phrenic artery 

Injury to spleen 

Improper calibration of lumen of lower esophageal 
sphincter 

Excessive narrowing of diaphragmatic hiatus 

Failure to identify the median arcuate ligament 

Injury to left hepatic vein or vena cava when incis
ing triangular ligament to liberate left lobe of liver 

OPERATIVE STRATEGY 

Dissecting the Median 
Arcuate Ligament 
The median arcuate ligament constitutes the ante
rior portion of the aortic hiatus, the aperture in the 
diaphragm through which the aorta passes. The lig
ament, a condensation of preaortic fascia, arches 
over the anterior surface of the aorta just cephalad 
to the origin of the celiac artery and joins the right 

crus of the diaphragm at its insertion onto the ver
tebral column. This band of fibrous tissue covers 
about 3 cm of the aorta above the celiac axis and is 
in tum covered by crural muscle fibers. It can be 
identified by exposing the celiac artery and pushing 
it posteriorly with the fmger at the inferior rim of 
the median arcuate ligament. For Hill's operation, 
the surgeon dissects the celiac artery and celiac gan
glion away from the overlying median arcuate liga
ment in the midline, avoiding the two inferior 
phrenic arteries that arise from the aorta just to the 
right and just to the left of the midline. Nerve fibers 
from the celiac ganglion must be cut to liberate the 
median arcuate ligament. 

An alternative method for identifying the median 
arcuate ligament is to visualize the anterior surface 
of the aorta above the aortic hiatus. A few fibers of 
preaortic fascia may have to be incised. Then with 
the left index fingernail pushing the anterior wall of 
the aorta posteriorly, pass the fmgertip in a caudal 
direction. The fingertip passes behind a strong layer 
of preaortic fascia and median arcuate ligament. At 
a point about 2-3 cm caudal to the upper margin of 
the pre aortic fascia, blocking further passage of the 
fmgertip, is the attachment of the inferior border of 
the median arcuate ligament to the aorta at the ori
gin of the celiac artery. The pulsation of the celiac 
artery is easily palpated by the fmgertip, which is 
lodged between the aorta and the overlying liga
ment. Vansant and colleagues believed that the fore
going maneuver constitutes sufficient mobilization 
of the median arcuate ligament and that the ligament 
need not be dissected free from the celiac artery and 
ganglion to perform a posterior gastropexy. We be
lieve that a surgeon who has not had considerable 
experience liberating the median arcuate ligament 
from the celiac artery may fmd Vansant's modifica
tion to be safer than Hill's approach. If one succeeds 
in catching a good bite of the preaortic fascia and 
median arcuate ligament by Vansant's technique, the 
end result should be satisfactory. 
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If the celiac artery or the aorta is lacerated dur
ing the course of the Hill operation, do not hesitate 
to divide the median arcuate ligament and preaortic 
fascia in the midline. This step may be necessary to 
expose the full length of the laceration. 

Calibrating the 
Esophagocardiac Orifice 
In addition to fIxing the esophagocardiac junction 
to the median arcuate ligament, the Hill operation 
serves to narrow the entrance of the lower esopha
gus into the stomach by partially turning in the lesser 
curvature aspect of the esophagogastric junction. 
Calibration of this tum-in is important if reflux is to 
be prevented without at the same time causing 
chronic obstruction. Hill (1977) used intraoperative 
manometry to measure the pressure at the esophago
cardiac junction before and after completing the gas
tropexy. He believed that a pressure of 50-55 mm 
Hg ensures that the calibration is proper. Orringer 
et al. reported that intraoperative pressures did not 
correlate at all with pressures obtained at postoper
ative manometry, perhaps because ofthe variable in
fluence of preoperative medication and anesthetic 
agents. 

If intraoperative manometry is not used, the ade
quacy of the repair should be tested by invaginating 
the anterior wall of the stomach along the indwelling 
nasogastric tube upward into the esophagogastric 
junction. Prior to the repair, the index fmger can 
pass freely into the esophagus because of the in
competent lower esophageal sphincter. After the su
tures have been placed and drawn together but not 
tied, the tip of the index fmger should be able to 
palpate the esophageal oriftce but should not quite 
be able to enter the esophagus alongside the 18F na
sogastric tube. This method of calibration has been 
successful in our hands. 

Liberating Left Lobe of Liver 
As discussed in Chapter 15, liberating the left lobe 
of the liver is rarely needed. 

OPERATIVE TECHNIQUE 

Incision and Exposure 
With the patient in the supine position, elevate the 
head of the table about 10°_15° from the horizon-

point about 4 cm below the umbilicus (Fig. 17-1). 
Insert a Thompson or Upper Hand retractor to ele
vate the lower portion of the sternum and draw it 
forcefully in a cephalad direction. Explore the ab
domen for incidental pathology, such as a duodenal 
ulcer, cholelithiasis, chronic pancreatitis, or colon 
disease. 

Mobilizing the Esophagogastric 
Junction 
Identify the peritoneum overlying the abdominal 
esophagus by palpating the indwelling nasogastric 
tube. Divide this peritoneum with Metzenbaum 
scissors and continue the incision over the right 
and left branches of the crus (Fig. 17-2). After ex
posing the crus, elevate this muscle by inserting a 
peanut sponge dissector between the crus and the 
esophagus, fIrst on the right and then on the left. 
Then insert the left index fmger to encircle the 
esophagus by gentle dissection. If the esophagus is 
inflamed owing to inadequately treated esophagi
tis, it is easy to perforate it by rough fInger dissec
tion. Identify and protect both the right and left va
gus nerves. Then encircle the esophagus with a 
latex drain and free it from posterior attachments 
by dividing the phren oesophageal ligaments (Fig. 
17-3). 

Make an incision in the avascular portion of the 
gastrohepatic ligament. Continue this incision in a 
cephalad direction toward the right side of the hia
tus. When dividing the gastrohepatic ligament it is 
often necessary to divide an accessory left hepatic 
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Fig. 17-4 

Fig. 17-5 

lert hepati a. 

branch of the left gastric artery (Fig. 17-4). At the 
conclusion of this step, the muscular portion of the 
crura surrounding the hiatus should be clearly visi
ble throughout the circumference of the hiatus. 

The only structure binding the gastric fundus to 
the posterior abdominal wall now is the gastrophrenic 
ligament. The best way to divide this ligament is to 
insert the left hand behind the esophagogastric junc
tion and then bring the left index fmger between the 
esophagogastric junction and the diaphragm. This 
places the ligament on stretch. Divide this avascular 
ligament (Fig. 17-5) from the esophagogastric junc
tion along the greater curvature down to the fIrSt 
short gastric artery. It is often necessary to divide the 
first two short gastric vessels to achieve proper mo
bilization. This may be done by applying a Hemoclip 
to the splenic side and a 2-0 silk ligature to the gas
tric side of the short gastric vessel. 



Avoid injuring the spleen by carefully inspecting 
the anterior surface of this organ prior to dissection 
in this region. Divide any attachments between the 
omentum and the splenic capsule, as traction on the 
omentum would otherwise cause avulsion of the 
capsule and bleeding. 

Inserting the Crural Sutures 

Ask the first assistant to retract the esophagus to
ward the patient's left; then narrow the aperture of 
the hiatus by approximating the crural bundles be
hind the esophagus. Use 0 Tevdek atraumatic su
tures on a substantial needle. Take a bite of 1.5-2.0 
cm of crus on the left and a similar bite on the right. 
Include the overlying peritoneum together with the 
crural muscle (Fig. 17-6). Do not tie these sutures 
at this time but tag each with a small hemostat. It is 
sometimes helpful to grasp the left side of the crus 
with a long Babcock or Allis clamp. Do not apply 
excessive traction with these clamps or sutures, as 
the crural musculature tends to split along the line 
of its fibers. Insert three or four sutures of this type 
as necessary. Then tentatively draw the sutures to
gether and insert the index fmger into the remain
ing hiatal aperture. It should be possible to insert a 
fmgertip into the remaining aperture alongside the 
esophagus with its indwelling nasogastric tube. Nar
rowing the hiatal aperture more than this may cause 
permanent dysphagia and does not help reduce re
flux. Do not tie the crural sutures at this point. 

Fig. 17-6 
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Identifying the Median 
Arcuate Ligament 

HiU's Method 

After the lower esophagus and proximal stomach 
have been completely freed, identify the celiac artery 
and use the left index fmger to press it posteriorly 
into the aorta. If the index fmger slides in a cephalad 
direction, its tip meets the lower border of the me
dian arcuate ligament. Between the aorta and median 
arcuate ligament are branches of the celiac ganglion 
as well as the right and left inferior phrenic arteries, 
which arise from the aorta in this vicinity. It is nec
essary to divide some of the nerve fibers; but once 
the inferior margin of the ligament is freed from the 
aorta in the midline, it is possible to pass an instru
ment in a cephalad direction without encountering 
any further resistance. Hill passed a Goodell cervical 
dilator between the median arcuate ligament and the 
aorta to protect the aorta while sutures were being 
inserted into the lower border of the ligament. He 
stated that if a small diaphragmatic branch of the aorta 
is disrupted the bleeding often subsides with pres
sure. However, it is possible for the inexperienced 
surgeon to induce major hemorrhage by traumatizing 
the arteries in this vicinity. Caution is indicated. 

Vansant's Method 

Vansant and colleagues described another technique 
for identifying and liberating the median arcuate 
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ligament by approaching it from its superior margin: 
Identify the anterior surface of the aorta in the hiatal 
aperture between the right and left branches of the 
crus. Occasionally, it is necessary to dissect away 
some areolar tissue. With the left index fingernail 
pressing posteriorly against the aorta about 4 cm 
cephalad to the diaphragm, slide the index finger in 
a caudal direction. Deep behind the confluence of the 
diaphragmatic crura, the tip of the index fmger passes 
behind a dense band of preaortic fascia that crosses 
over the aorta as the aorta passes through the aortic 
hiatus in the posterior diaphragm. The width of this 
band is variable but averages perhaps 3 cm. At the 
lower margin of this band the fmgertip encounters 
pulsation of the celiac artery, which arises from the 
anterior wall of the aorta at the inferior margin of the 
median arcuate ligament. The median arcuate liga
ment lies between the fmgertip and a thin layer of 
muscle fibers representing the caudal confluence of 
the diaphragmatic crura. With the index fmger in 
place, Vansant and associates inserted three inter
rupted atraumatic sutures of no. 1 braided silk into 
the median arcuate ligament. Each suture is tagged 
with a hemostat, leaving each needle attached for 
later use when suturing the posterior gastropexy. 

Suturing Posterior Gastropexy 

Rotate the esophagogastric junction so the lesser cur
vature aspect of the stomach faces anteriorly. Then 
place a large Babcock clamp on the anterior and an
other clamp on the posterior phrenoesophageal bun
dle. Between these two bundles the longitudinal mus
cle fibers of the esophagus can be seen as they join 
the lesser curvature of the stomach. Where to place 
the proximal suture is an important consideration. 
Placing it too high causes excessive narrowing of the 
esophageal lumen; placing it too low does not increase 
the intraluminal pressure adequately in the lower 
esophageal sphincter area. We use 2-0 atraumatic 
Tevdek and include a few millimeters of adjacent gas
tric wall together with the phrenoeSOPhageal bundle 
to ensure that the submucosa has been included in 
the suture. After placing the upper suture, cross the 
two ends or insert the first throw of a tie. Then esti
mate the lumen of the esophagastric junction by in
vaginating the stomach with the index finger along 
the indwelling nasogastric tube. If this maneuver is at
tempted before tying down the suture, the fmger 
passes easily into the lumen of the esophagus in pa
tients who have an incompetent lower esophageal 
sphincter. After the first suture is tentatively closed, 
only the tip of the index finger should be able to en
ter the esophagus. In the absence of intraoperative 
esophageal manometry, this is the best method for cal
ibrating proper placement of the gastropexy sutures. 

If the first suture has been judged to be properly 
placed, tag it with a hemostat and insert three ad
ditional sutures of atraumatic 2-0 Tevdek into the 
phrenoesophageal bundles, at intervals of about 1 
cm, caudal to the first suture. Place a hemostat on 
each suture as a tag. After all the sutures have been 
placed, tighten each and again use the index fmger 
to calibrate the lumen of the esophagogastric junc
tion. If it is satisfactory, expose the anterior wall of 
the aorta in the hiatal aperture behind the esopha
gus. With the index fingernail closely applied to the 
anterior wall of the aorta, pass the fingertip in a cau
dal direction underneath the preaortic fascia and me
dian arcuate ligament down to the point where the 
fmgertip palpates the pulsation of the celiac artery. 
Then remove the index fmger and replace it with a 
narrow right-angled retractor such as the Army-Navy 
retractor (Fig. 17-7). Be certain that the retractor 
is indeed deep to the median arcuate ligament. This 
retractor serves to protect the aorta while the gas
tropexy sutures are being inserted through the 
preaortic fascia. 

Identify the proximal suture that has already been 
placed in the phrenoesophageal bundles and pass 
the suture through the preaortic fascia. Be sure to 
take a substantial bite of the tissue anterior to the 
Army-Navy retractor. Pass the needle deep enough 
so it makes contact with the metal retractor; other
wise, only some overlying crural muscle fibers may 
be included in the stitch, which is then not strong 
enough to ensure a long-term successful result. Af
ter the first stitch has been passed through the 
preaortic fascia, tag it with a hemostat; pass each of 
the remaining phrenoesophageal sutures through 
the preaortic fascia by the same technique and tag 
each with a hemostat (Fig. 17-7). 

Another good method to expedite suturing of the 
median arcuate ligament is to use a large right-angle 
bronchus clamp. Insert the tip of the clamp behind the 
median arcuate ligament instead of behind the Army
Navy retractor. Use the clamp to draw the median ar
cuate ligament vigorously anteriorly. Pass the needle 
with the suture through the median arcuate ligament 
just deep to the clamp, which ensures that a large bite 
of ligament is included in each stitch. Be certain not 
to injure the underlying aorta with the needle. 

At this point check the entire area for hemosta
sis. Then tie the previously placed crural sutures 
(Fig. 17-6), narrowing the aperture of the hiatus. Af
ter these sutures have been tied, the index finger 
should pass freely into the hiatal aperture with an 
indwelling 18F nasogastric tube in the esophagus. If 
this is not the case, replace the proximal crural su
ture as necessary. Now tie each of the previously 
placed gastropexy sutures and cut all the ends (Fig. 
17-8). 
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Testing the Antireflux Valve 
A simple method for testing the efficacy of the an
tireflux valve is to have the anesthesiologist inject 
about 500 ml of saline into the nasogastric tube 
and then withdraw the tube to a point above the 
esophagogastric junction. In the presence of a 
competent antireflux valve, compressing the saline
filled stomach fails to force the saline into the 
esophagus. 

Abdominal Closure 
Close the abdomen without drainage in routine fash
ion. 

POSTOPERATIVE CARE 

Continue nasogastric suction for 1-2 days. 

Obtain a radiograph of the esophagogastric junction 
after a barium swallow before the patient is dis
charged from the hospital. 

COMPIlCATIONS 

Dysphagia (usually transient). 

Persistence or recurrence of gastroesophageal re
flux. This and other complications following the Hill 
operation, are uncommon. 
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18 Transthoracic Gastroplasty 
(Collis) and Nissen 
Fundoplication 

INDICATIONS 

Short esophagus due to reflux esophagitis 

Recurrent gastroesophageal reflux with stricture af
ter an antireflux procedure 

Previous subtotal gastrectomy generally con
traindicates a Collis-Nissen procedure 

PREOPERATIVE PREPARATION 

Dilate the esophageal stricture up to 40F. It can gen
erally be done with Maloney dilators. 

Insert a nasogastric tube down to the stricture. 

Assessment for colon interposition is prudent in dif
ficult cases (see Chapter 14). Bowel preparation al
lows colon to be used as a conduit if needed. 

When esophagoscopy reveals severe acute ulcera
tive esophagitis with inflammation and bleeding, a 
2- to 3-week period of preoperative intensive med
ical treatment with cimetidine, omeprazole, or both 
reduces inflammation and lessens the risk of intra
operative perforation of the esophagus. 

PITFAllS AND DANGER POINTS 

Esophageal perforation 
Hemorrhage resulting from traumatizing or avulsing 
the accessory left hepatic artery, inferior phrenic 
artery, ascending branch of the left gastric artery, 
short gastric vessel, or inferior pulmonary vein 

Laceration of spleen 
Inadvertent vagotomy 

Inadequate suturing, permitting the fundoplication 
to slip postoperatively 

OPERATIVE STRATEGY 

Performing an Adequate Gastroplasty 
The object of performing a gastroplasty is to 
lengthen a shortened esophagus for an extent suffi-

cient to prevent tension from being exerted on the 
antireflux operation and hernia repair. This newly 
constructed esophagus ("neoesophagus") consists of 
a tube made from the lesser curvature of the stom
ach. A 56F Maloney dilator is passed into the stom
ach, and the tube is constructed by applying an 80 
mm linear cutting stapler precisely at the esopha
gogastric junction parallel to and snugly alongside 
the Maloney dilator. When the stapler is fired, the 
esophageal tube is lengthened by as much as 7 cm. 
If the stapler has been placed snugly against the 
esophagogastric junction, there are no irregularities 
or outpouchings at this point. 

Mobilizing the Esophagus 
and Stomach 

Not only is it important to mobilize the distal esopha
gus completely, at least as far up as the inferior pul
monary vein, but the proximal stomach must be en
tirely free of attachments, just as when a Nissen 
fundoplication is being performed through an ab
dominal approach. This operation can be accom
plished without tension only with full mobilization. It 
requires dividing the phrenoesophageal and gas
trophrenic ligaments, freeing the hiatus throughout its 
complete circumference from any attachments to the 
stomach or lower esophagus, and dividing an acces
sory left hepatic artery, which courses from the left 
gastric artery across the proximal gastrohepatic liga
ment to help supply the left lobe of the liver. After mo
bilization has been accomplished, the remaining ma
neuvers in the Collis-Nissen operation are not difficult. 

If the esophagus is inadvertently perforated dur
ing the dissection, exercise careful judgment when 
deciding whether it is safe to suture the esophageal 
laceration or a resection and colon or jejunum in
terposition is necessary. If it is elected to suture the 
laceration, try to cover the suture line with a flap of 
parietal pleura (see Figs. 23-1 to 23-3). 

Avoiding Hemorrhage 
Avoiding unnecessary bleeding during any operation 
requires a careful dissection and a knowledge of 

181 



182 Transthoracic Gastroplasty (CoUis) and Nissen Fundoplication 

vascular anatomy. This is especially important when 
mobilizing the stomach through a thoracic approach 
because losing control of the accessory left hepatic, 
short gastric, or inferior phrenic artery causes the 
proximal bleeding arterial stump to retract deep into 
the abdomen. Controlling these retracted vessels is 
difficult and may require laparotomy or at least a pe
ripheral incision in the diaphragm. Preventing this 
complication is not difficult if the dissection is orderly 
and the surgeon is aware of the anatomic location of 
these vessels. Similarly, careful dissection and avoid
ance of traction along the greater curvature of the 
stomach helps prevent damaging the spleen. 

Avoiding Esophageal Perforation 

When the distal esophagus is baked into a fibrotic 
mediastinum, sharp scalpel dissection is safer than 
blunt dissection if injury to the esophagus and the 
vagus nerves is to be avoided. Sometimes the fibro
sis terminates 8-9 cm above the diaphragm. If so, 
the esophagus and the vagus nerves can easily be 
encircled at this point, which provides a plane for 
subsequent dissection of the distal esophagus. 

OPERATIVE TECHNIQUE 

Incision 

With the patient under one-lung anesthesia in the 

it is preferable to divide these muscles somewhat 
caudal to the skin incision, as it helps preserve mus
cle function. Then use electrocautery to divide the 
intercostal muscles along the upper border of the 
seventh rib (Fig. 1~3) and open the pleura. Com
plete this opening from the costal margin to the re
gion of the lateral spinal muscles. Separate the peri
osteum and surrounding tissues from a 1 cm segment 
of the posterior portion of the seventh rib lateral to 
the spinal muscles. Excise a 1 cm segment of this 
rib (Fig. 18-4). Then divide the intercostal neu
rovascular bundle that runs along the inferior bor
der of this rib (Fig. 1~5)' 

lateral position, left side up, make a skin incision in Am. serratus 111. 

the sixth intercostal space from the costal margin to 
the tip of the scapula (Fig. 1~1). Then identify the 
latissimus dorsi muscle and insert the index finger 
underneath it. Transect this muscle with electro-
cautery; then divide the underlying anterior serratus 
muscle in similar fashion (Fig. 1~2). In both cases 

il1lcrCOSla l 111. ---'tr~,-' 
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Fig. 18-1 Fig. 18-2 
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Insert a Finochietto retractor into the incision and 
gradually increase the distance between the blades 
of the retractor over a lO-minute period to avoid 
causing rib fractures. In patients who have under
gone previous surgery of the distal esophagus or 
proximal stomach, do not hesitate to continue this 
incision across the costal margin, converting it into 
a thoracoabdominal incision to facilitate dissection 
on the abdominal aspect of the diaphragmatic hia
tus (see Figs. 12-6, 12-7). 

liberating the Esophagus 

Incise the inferior pulmonary ligament with elec
trocautery and then compress the lung and retract 
it in anterior and cephalad directions using moist 
gauze pads and Harrington retractors. Incise the me
diastinal pleura just medial to the aorta (Figs. 1S-6, 
18-7). Encircle the esophagus with the index fmger 
using the indwelling nasogastric tube as a guide. If 
this cannot be done easily, it may be necessary to 
initiate sharp dissection at a somewhat higher level, 
where the fibrosis may be less advanced. Encircle 
the esophagus and the vagus nerves with a latex 

Fig. 18-6 

drain. Continue the dissection of the esophagus from 
the inferior pulmonary vein down to the diaphrag
matic hiatus. After the mediastinal pleura has been 
incised down to the hiatus, continue the incision an
teriorly and divide the pleura of the pericardio
phrenic sulcus (Fig. 18-6); otherwise, the medial as
pect of the hiatal ring is not visible. If the right 
pleural cavity has been inadvertently entered, sim
ply place a moist gauze pad over the rent in the 
pleura to prevent excessive seepage of blood into 
the right chest and continue the dissection. 

Excising the Hernial Sac 

Identify the point at which the left branch of the crus 
of the diaphragm meets the hernial sac. Any attenu
ated fibers of the phrenoesophageal ligament and 
preperitoneal fat are made apparent by applying trac
tion to the diaphragm. Incise these tissues and the un
derlying peritoneum (Fig. 18-8). Continue the inci
sion in the peritoneum in a circumferential fashion, 
opening the lateral and anterior aspects of the hernial 
sac; expose the greater curvature of the stomach. In
sert the left index finger into the sac and continue the 

~I cliastinal pleura 
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Fig. 18-9 

incision along the medial (deep) margin of the hiatus 
using the finger as a guide (Fig. 18-9). A branch of 
the inferior phrenic artery may be noted posterolat
erally near the left vagus nerve; it is divided and lig
ated with 2-0 silk. While attempting to circumnavigate 
the proximal stomach, the index finger in the hernial 
sac encounters an obstruction on the lesser curvature 
side of the esophagogastric junction. It represents the 
proximal margin of the gastrohepatic ligament, which 
often contains a 2- to 4-mm accessory left hepatic 
artery coming off the ascending left gastric artery. By 
hugging the lesser curvature side of the cardia with 
the index fmger, this finger can be passed between 
the stomach and the gastrohepatic ligament, deliver
ing the ligament into the chest, deep to the stomach. 

Fig. 18-10 

Identify the artery and ligate it proximally and distally 
with 2-0 silk. Divide it between the two ligatures (Fig. 
18-10). After this step, it should be possible to pass 
the index fmger around the entire circumference of 
the proximal stomach and encounter no attachments 
between the stomach and the hiatus. lbroughout 
these maneuvers, repeatedly check on the location of 
the vagus nerves and preserve them. Excise the peri
toneum that constituted the hernial sac. 

Dilating an Esophageal Stricture 

Ascertain that the esophagus is lying in a straight line 
in the mediastinum. Ask the anesthesiologist or a sur
gical assistant to pass Maloney dilators into the esoph-



agus through the mouth after removing the indwelling 
nasogastric tube. As the dilator is passed down the 
esophagus, guide it manually into the lumen of the 
stricture. Successively larger bougies are passed, up to 
size 50-60F, which can be successfully accomplished 
in probably 95% of cases. Occasionally, forceful di
latation of this type causes the lower esophagus to 
burst in the presence of unyielding transmural fibro
sis. In this case, resect the damaged esophagus and 
perform a colonic or jejunal interposition between the 
healthy esophagus and the stomach (see Chapter 14). 

Dividing the Short Gastric Vessels 

Continue the dissection along the greater curvature 
of the stomach in an inferior direction until the first 
short gastric vessel is encountered. Use a long right-

Fig. 18-11 
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angled Mixter clamp to encircle this vessel with two 
2-0 silk ligatures. Tie each ligature, leaving at least 1 
cm between them. Divide between ligatures. Con
tinue this process until about five proximal short 
gastric vessels have been divided and about 12 -15 
cm of greater curvature has been mobilized. 

Gastroplasty 

Verify that the esophagogastric junction has indeed 
been completely mobilized. Identify the point at 
which the greater curvature of the stomach meets 
the esophagus. Overlying this area is a thin fat pad 
perhaps 3 cm in diameter. Carefully dissect this fat 
pad away from the serosa of the stomach and the 
longitudinal muscle of the esophagus (Fig. 18-11). 
Avoid damaging the anterior vagus nerve. 

~-~- Fat pad 
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Pass a 56-60F Maloney dilator into the stomach 
and position it along the lesser curvature. Then ap
ply an 80 mm linear cutting stapler parallel and 
closely adjacent to the Maloney dilator; a Babcock 
clamp retracts the greater curvature of the stomach 
in a lateral direction (Fig. 18--12). Fire the stapler 
and remove it. Verify that the staples have been 
shaped into an adequate B and that there are no 
leaks. Lightly electrocoagulate the everted mucosa. 
This maneuver will have lengthened the esophagus 
by approximately 6-7 cm (Fig. 18--13). In most 
cases no additional length of neoesophagus is nec
essary because of the greater lengths now available 
in these stapling devices. Although this step is not 
shown here, it is wise as a precautionary measure 
to oversew the staple lines with two continuous 
Lembert sutures of 4-0 Prolene or PDS: one contin
uous suture to invert the staple line along the neo
esophagus and a second continuous suture to invert 
the staple line along the gastric fundus. A continu
ous suture of the Lembert type is suitable, taking 
care not to tum in an excessive amount of tissue, as 
it would narrow the neoesophagus unnecessarily. 

Fig. 18-12 

Performing a Modified 
Nissen Fundoplication 

Because the neoesophagus has utilized a portion of 
the gastric fundus, there may not be sufficient re
maining stomach to perform the Nissen fundoplica
tion in the classic manner. Instead, as seen in Fig
ure 18--14, the apex of the gastric fundus is 
wrapped around the neoesophagus in a counter
clockwise fashion. 

Before inserting any sutures, remove the in
dwelling large Maloney dilator and replace it with 
one of 50F. Place a large hemostatic clip at the site 
of the new esophagogastric junction (i.e., the junc
tion of the neoesophagus with the stomach) as a ra
diographic marker. The fundoplication should en
circle the neoesophagus in a loose wrap for a 
distance of 3 cm (Fig. 18--15). 

Figure 18-15 illustrates insertion of the first Nis
sen fundoplication stitch including a 5- to 6-mm bite 
of gastric wall, then a bite of the neoesophagus, and 
fUlally a bite of the opposite wall of the gastric fun
dus. These bites should be deep to the submucosa 
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Fig. 18-16 

but not into the lumen of the stomach. We prefer 
2-0 Tevdek for these sutures. A total of three or four 
fundoplication sutures are used at 1 cm intervals 
(Figs. 18-16, 18-17). Now remove the Maloney 
dilator from the esophagus and replace it with a na
sogastric tube. Figure 18-18 illustrates that the fun
doplication wrap around the neoesophagus is loose 
enough to admit the fmgertip. Optionally, invert the 
layer of fundoplication sutures by oversewing it with 
a continuous Lembert seromuscular suture of 4-0 
Prolene (not illustrated). 

Closing the Hiatal Defect 

Close the defect in the posterior portion of the hia
tus by inserting 0 Tevdek interrupted sutures 
through the right and left margins of the hiatus. Take 
a bite 1.5-2.0 cm in width and include overlying 
parietal pleura. After checking for hemostasis, re
duce the fundoplication into the abdomen. It should 
slide down with ease. Then tie each of the sutures, 
leaving space for the surgeon's fmgertip alongside 
the esophagus or neoesophagus with a nasogastric 
tube in place (Figs. 18-19, 18-20). Place a hemo
static clip at the edge of the hiatus as a marker. It is 
not necessary to resuture the incision in the medi
astinal pleura. 

Irrigate the mediastinum and thoracic cavity with 
warm saline and check for complete hemostasis. In
sert a 36F chest tube through a puncture wound be
low the level of the incision and bring the tube up 
the posterior gutter above the hilus of the lung. In
sert three to five interrupted no. 2 PDS pericostal 
sutures and tie them to approximate the ribs. Close 

Fig. 18-17 

the overlying serratus and latissimus muscles in two 
layers with 2-0 PG continuous sutures. Close the 
skin with continuous or interrupted fine nylon su
tures. 

Fig. 18-18 
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POSTOPERATIVE CARE 

Continue nasogastric suction for 1-3 days. 

Continue perioperative antibiotics for 24 hours. 

Obtain an esophagram (first water-soluble then thin 
barium) on postoperative day 7. 

Remove the chest drainage tube on day 3 unless 
drainage is excessive. 

COMPLICATIONS 

Obstruction. Occasionally there is a partial obstruc
tion at the area of the fundoplication due to edema 
during the first 2 weeks following surgery. If the 
wrap is too tight, this obstruction may persist. 

Recurrent gastroesophageal reflux. This is uncom
mon after the Collis-Nissen procedure unless the fun
doplication suture line disrupts. 

Leakage from the gastroplasty or fundoplication su
tures. This complication is rare. If the fundoplication 
sutures are inserted into the lumen of the stomach 
and the suture is tied with strangulating force, a leak 
is possible. The risk of this occurring may be reduced 

by oversewing the fundoplication suture line with a 
continuous Lembert seromuscular suture. 

Necrosis of the gastroplasty tube. This complication 
was reported by Orringer and Orringer during an op
eration for recurrent hiatus hernia. They warned that 
traumatizing the lesser curve of the stomach may 
doom a gastroplasty tube. 
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19 Bile Diverting Operations 
for Management of 
Esophageal Disease 

INDICATIONS 

Disabling bile reflux symptoms after esophageal 
surgery 

PREOPERATIVE PREPARATION 

Confirm bile reflux by visual inspection at endoscopy, 
radionuclide scan, or 24-hour pH monitoring. 

Insert a nasogastric tube. 

PITFALLS AND DANGER POINTS 

Injury to liver, pancreas, or stomach 
Damaging blood supply to residual gastric pouch 

Fig. 19-1 

OPERATIVE STRATEGY 

Bile Diversion after Failed 
Antireflux Procedures 

Bile diversion is considered only after multiple failed 
antireflux procedures. Generally vagotomy and 
antrectomy with bile diversion via a Roux-en-Y re
construction (Figs. 19-1, 19-2) is the procedure of 
choice. If transabdominal vagotomy does not appear 
feasible because of excessive scar tissue around the 
abdominal esophagus, transthoracic or thoraco
scopic vagotomy is an alternative. 

Fig. 19-2 
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Bile Diversion 
after Esophagogastrectomy 

Bile diversion after esophagogastrectomy is used 
when bile reflux complicates otherwise successful 
esophageal resection with esophagogastrectomy. 
Perform the dissection with extreme care to avoid 
traumatizing the blood supply to the residual stom
ach. Generally, the gastric remnant is supplied only 
by the right gastric and right gastroepiploic vessels. 
A variation of this procedure, the duodenal switch 
procedure, is also illustrated. 

OPERATIVE TECHNIQUE 

Vagotomy and Antrectomy 
with Bile Diversion 

Incision and Exposure 

Ordinarily a long midline incision from the xiphoid 
to a point about 5 cm below the umbilicus is ade
quate for this operation. Divide the many adhesions 
and expose the stomach. Evaluate the difficulty 
of performing a hemigastrectomy, rather than other 
available operations. Insert an Upper Hand or 
Thompson retractor and determine if a transab
dominal vagotomy is feasible . 

Vagotomy 

If it is feasible to perform a truncal vagotomy, fol
low the procedure described in Chapter 25. If dis
secting the area of the esophagogastric junction ap
pears too formidable a task, thoracoscopic or 
transthoracic vagotomy is an option. 

Hemigastrectomy 

Follow the procedure described in Chapter 30 for 
performance of a Billroth II gastric resection. Close 
the duodenal stump by stapling (see Fig. 29-43) or 
suturing (see Figs. 29-20 to 29-22). 

Roux-en-Y Gastrojejunostomy 

Create a Roux-en-Y limb of jejunum by the tech
nique described in Figure 34-4. Then perform an 
end-to-side gastrojejunostomy using sutures (see 
Figs. 29-34 to 29-40) or staples (see Figs. 29-42 to 
29-47). Position this anastomosis so it sits about 1 
cm proximal to the stapled closed end of the je
junum (see Fig. 29-49). Complete construction of 
the Roux-en-Y segment by anastomosing the prox
imal cut end of the jejunum near the ligament of 
Treitz to the side of the descending segment of je-

tomy, as shown in Figures 34-26 to 34-30. Close 
the defect in the jejunal mesentery with interrupted 
sutures. 

Closure 

Close the abdominal wall without drainage in the 
usual fashion. 

Bile Diversion Following 
Esophagogastrectomy 

Incision and Exposure 

Make a midline incision from the xiphOid to a point 
somewhat below the umbilicus. Divide the various ad
hesions subsequent to prior surgery and expose the 
pyloroduodenal region. Because of the previous 
surgery (esophagogastrectomy) (Fig. IH) this area 
is now located 5-8 cm from the diaphragmatic hiatus. 

Dividing the Duodenum, 
Duodenojejunostomy, Roux-en- Y 
Reconstruction 

Divide the duodenum at a point 2-3 cm beyond the 
pylorus. Be careful not to injure the right gastric or 
right gastroepiploic vessels, as they constitute the en
tire blood supply of the residual gastric pouch. To di-

junum at a point 60 cm distal to the gastrojejunos- Fig. 19-3 



vide the duodenum, first free the posterior wall of the 
duodenum from the pancreas for a short distance. If 
possible, pass one jaw of a 55/3.5 mm linear stapler 
behind the duodenum, close the device, and fire the 
stapler. Then divide the duodenum flush with the sta-

Duodenal lum p ---~_. 
(to be closed by stapling) 

Fig. 19-4 
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piing device. lightly cauterize the everted mucosa 
and remove the stapler, which leaves the proximal 
duodenum open. Leave 1 cm of the posterior wall of 
the duodenum free (Fig. 19-4, point A) to construct 
an anastomosis with the jejunum. 
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Fig. 19-5 



Develop a Roux-en-Y limb of jejunum by the tech
nique described in Figure 34-4. Bring the open dis
tal end of the divided jejunum (Fig. 19-4, point D) 
to the level of the duodenum. Generally it most com
fortably assumes an antecolic position, but occa
sionally it is feasible to bring it through an incision 
in the mesocolon (retrocolic). 

Establish an end-to-end duodenojejunostomy 
(Fig. 19-5, point A to point D) utilizing one layer 
of interrupted 4-0 silk for the seromuscular layer and 
continuous or interrupted sutures of atraumatic 5-0 
PG for the mucosal layers (see Figs. 37-2 to 37-10). 

Complete the construction of the Roux-en-Y seg
ment by creating an end-to-side jejunojejunostomy 
at a point 60 cm distal to the duodenojejunostomy 
using the technique shown in Figures 34-26 to 
34-30. Close the defect in the jejunal mesentery 
with interrupted sutures. 

Bile Diversion by 
Duodenojejunostomy Roux-en-Y 
Switch Operation 

Incision and Exposure 

Make a midline incision from the xiphoid to a point 
about 3-4 cm below the umbilicus. 
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Duodenojejunostomy 

Perform a thorough Kocher maneuver, freeing the 
head of the pancreas and duodenum anteriorly and 
posteriorly. Place a marking suture on the anterior 
wall of the duodenum precisely 3 cm distal to the 
pylorus. This represents the probable point at which 
the duodenum will be transected. Now approach the 
point at which the duodenum and pancreas meet. 
Divide and carefully ligate the numerous small ves
sels emerging from the area of the pancreas and en
tering the duodenum on both anterior and posterior 
surfaces until a 2 cm area of the posterior wall of 
duodenum has been cleared. Do not dissect the 
proximal 2-3 cm of duodenum from its attachment 
to the pancreas. Dissecting the next 2 cm of duo
denum free of the pancreas provides enough length 
to allow stapled closure of the duodenal stump and 
a duodenojejunal end-to-end anastomosis. Be careful 
not to injure the pancreatic segment of the distal 
common bile duct or the duct of Santorini, which 
enters the duodenum at a point about 2 cm proxi
mal to the papilla of Vater. 
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Fig. 19-6 

Fig. 19-7 

After this step has been completed, make a 2 cm 
transver e incision across the anterior wall of the 
duodenum near the marking suture (Fig. 19--{)). In
sert an index finger and palpate the ampulla. Con
firm it location by compressing the gallbladder and 
liver, ob erving the influx of bile into the distal duo
denum. ow u e a 55/3.5 mm linear stapler to oc
clude the duodenal stump just distal to the marking 
suture. Complete the transection of the duodenum 
after the rapier ha be n fired by cutting along the 
tapling device with a calpel , cauterize the muco a 

and check the tapJe line in the usual fashion . 
At a point 20 cm distal to the ligament of Tre

itz, tran ect the jejunum and incise its mesentery 
down to, but not across, the arcade vessel (Fig. 
19-7, C and D). Limiting the incision in the mesen
tery to 3 cm help preserve the innervation of the 



intestinal pacemaker in the upper jejunal mesen
tery. Bring the distal transected end of the jejunum 
through a small incision in the mesocolon and make 
an end-to-end anastomosis between the proximal 
transected duodenum to the jejunum using 4-0 in
terrupted silk sutures for the seromuscular layer 
and 5-0 Vicryl sutures for the mucosa (Fig. 19-8, 
A and C). Then perform an end-to-side jejunoje
junostomy to the descending limb of jejunum (Fig. 
19-8) at a point 60 em distal to the duodenoje
junostomy by the technique described in Figures 
34-26 to 34-30. Eliminate any defect in the meso
colon or the jejunal mesentery by suturing. Irrigate 
the abdominal cavity and abdominal wound and 
close the abdomen in the usual fashion without 
drainage. 

COMPLICATIONS 

Intestinal obstruction 

Anastomotic leak 
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20 Cricopharyngeal Myotomy 
and Operation for 
Pharyngoesophageal 
(Zenker's) Diverticulum 

INDICATIONS 

Symptomatic Zenker's diverticulum 

PREOPERATIVE PREPARATION 

Perioperative antibiotics 

OPERATIVE STRATEGY 

Adequate Myotomy 

Performing a cricopharyngeal myotomy is similar to 
performing a cardiomyotomy. The physiologic upper 
esophageal sphincter is considerably wider than the 
anatomic cricopharyngeus muscle. The transverse 
muscle fibers are only about 2.0-2.5 cm wide, whereas 
the high pressure zone corresponding to the cricopha
ryngeus area can be 4 cm wide. Consequently, a 
proper cricopharyngeal myotomy should not only 
transect all of the transverse fibers of the cricopha
ryngeus muscle but also 1-2 cm of the proximal esoph
agus so the myotomy is at least 4 cm long. The inci
sion in the muscle is carried down to the mucosa of 
the esophagus, which should bulge out through the 
myotomy after all the muscle fibers have been divided. 
Additionally, the mucosa is freed from the overlying 
muscle over the posterior half of the esophagus. 

Is Diverticulectomy Necessary? 
If the pharyngoesophageal diverticulum is a small dif
fuse bulge measuring no more than 2-3 cm in diam
eter, we perform only a myotomy and make no at
tempt to excise any part of the diverticulum because 
after the myotomy there is only a gentle bulge of mu
cosa and no true diverticulum. On the other hand, 
longer, finger-like projections of mucosa should be am
putated because there have been a few case reports 
of recurrent symptoms due to the persistence of di
verticula left behind in patients in whom an otherwise 

suturing the most dependent point of the diverticu
lum to the prevertebral fascia in the upper cervical re
gion. This procedure effectively up-ends the divertic
ulum so it can drain freely into the esophageal lumen 
by gravity. We prefer to amputate diverticula larger 
than 3 cm rather than perform a diverticulopexy. With 
application of a stapling device, amputation of the di
verticulum takes only about 1 minute of additional op
erating time, and the results have been excellent. 

OPERATIVE TECHNIQUE 

Incision and Exposure 

With the patient's head turned somewhat toward his 
or her right, make an incision along the anterior bor
der of the left sternomastoid muscle beginning at a 
point 2-3 cm above the clavicle (Fig. 20-1), Divide 
the platysma muscle. Electrocoagulate the bleeding 
points. Free the anterior border of the sternomas
toid muscle and retract it laterally, exposing the 
omohyoid muscle crossing the field from medial to 
lateral. Transect this muscle (Fig. 20-2), The diver-

adequate myotomy had been done. Belsey advocated Fig. 20-1 
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Fig. 20-2 

ticulum is located deep to the omohyoid muscle. 
Identify the carotid sheath and the descending hy
poglossal nerve and retract these structures laterally. 
The thyroid gland is seen in the medial portion of 

Fig. 20-3 

lernoma LOid m. 

the operative field underneath the strap muscles. Re
tract the thyroid gland and the larynx in a medial di
rection, revealing in most cases a prominent middle 
thyroid vein (Fig. 20-3). ligate and divide this vein. 

ternol11asLOid m. 

arotid a. 



202 Cricopharyngeal Myotomy and Operation for Pharyngoesophageal (Zenker's) Diverticulum 

Divide the areolar tissue anterior to the carotid 
artery and identify the inferior thyroid artery and the 
recurrent laryngeal nerve. In some patients there ap
pears to be no true left inferior thyroid artery aris
ing from the thyrocervical trunk, in which case the 
lower thyroid is supplied by branches of the supe
rior thyroid artery. In most patients with the inferior 
thyroid artery emerging from underneath the carotid 
artery and crossing the esophagus to supply the 
lower thyroid (see Figs. 107-10, 107-11), divide and 
ligate this vessel after identifying the recurrent la
ryngeal nerve. After this step has been completed, 
retracting the larynx in an anteromedial direction 
and the carotid artery laterally exposes the lateral 
and posterior aspects of the cervical esophagus and 
the pharyngoesophageal junction. Often it is not 
necessary to divide the inferior thyroid artery or its 
branches to develop adequate exposure for diver
ticulectomy. 

Fig. 20-4 

Dissecting the 
Pharyngoesophageal Diverticulum 

The pharyngoesophageal diverticulum emerges pos
teriorly between the pharyngeal constrictor and the 
cricopharyngeus muscles. Its neck is at the level of 
the cricoid cartilage, and the dependent portion of 
the diverticulum descends between the posterior 
wall of the esophagus and the prevertebral fascia 
overlying the bodies of the cervical vertebrae. Blunt 
dissection with the index finger or a peanut sponge 
generally identilles the most dependent portion of 
the diverticulum. Grasp it with a Babcock clamp and 
elevate the diverticulum in a cephalad direction. Mo
bilize the diverticulum by sharp and blunt dissection 
down to its neck. If there is any confusion about the 
anatomy, especially in patients who have undergone 
previous operations in this area, ask the anesthesi
ologist to pass a 40F Maloney bougie through the 



mouth into the cervical esophagus. Guide the tip of 
the bougie past the neck of the diverticulum so it 
enters the esophagus. The exact location of the junc
tion between the esophagus and the diverticulum 
can then be identified. There is generally some fi
brous tissue overlying the mucosa of the diverticu
lum. Lightly incise it with a scalpel near the neck of 
the sac down to the submucosa. At this point the 
transverse fibers of the cricopharyngeus muscle are 
easily identified. 

Cricopharyngeal and 
Esophageal Myotomy 
Insert a blunt-tipped right-angled hemostat between 
the mucosa and the transverse fibers of the cricopha
ryngeus muscle just distal to the neck of the diver
ticulum (Fig. 20-4). Elevate the hemostat in the 

Fig. 20-5 
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posterior midline and incise the fibers of the crico
pharyngeus muscle with a scalpel. Continue this dis
section down the posterior wall of the esophagus 
for a total distance of about 5-6 cm. Now elevate 
the incised muscles of the cricopharyngeus and the 
upper esophagus from the underlying mucosal layer 
over the posterior half of the esophageal circumfer
ence by blunt dissection. 

After the mucosa has been permitted to bulge out 
through the myotomy, determine whether the di
verticulum is large enough to warrant resection. If 
so, apply a 30- or 55-mm linear stapler with 3.5 mm 
staples across the neck of the diverticulum (Fig. 
20-5). Close the stapler. Fire the staples and ampu
tate the diverticulum flush with the stapling device. 
The 40F Maloney dilator in the lumen of the esoph
agus protects against excising too much mucosa and 
narrowing the lumen. After removing the stapling 
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Fig. 20-6 

Fig. 20-7 

device, carefully inspect the staple line and the sta
ples for proper closure. Check for complete hemo
stasis (Fig. 2().....6). 

An alternative method for perfonning the my
otomy is illustrated in Figure 20-7, where the inci
sion is initiated 1.0-1.5 cm cephalad to the cricopha
ryngeus muscle, in the pharyngeal constrictor muscle. 
It is then continued downward for 4-5 cm. Remove 
the diverticulum in the usual fashion. 

Drainage and Closure 

After carefully inspecting the area and ensuring com
plete hemostasis, insert a medium-size latex drain 

into the prevertebral space just below the area of 
the diverticulectomy. Bring the drain out through 
the lower pole of the incision. 

Close the incision in layers with interrupted 4-0 
PG sutures to the muscle fascia and platysma. Close 
the skin with continuous subcuticular sutures of 4-
o PG, interrupted nylon sutures, or skin staples. 

POSTOPERATIVE CARE 

Remove the drain by postoperative day 4. Initiate a 
liquid diet on the ftrst postoperative day and 
progress to a full diet over the next 2-3 days. Con
tinue perioperative antibiotics for a second dose. 

COMPIlCATIONS 

Esophageal fistula. When the ftstula is small and 
drains primarily saliva, it generally closes after a 
week of intravenous feeding if the patient's opera
tive site has been drained as described above. 

Recurrent laryngeal nerve palsy. It is generally tem
porary, secondary to excessive traction on the thy
roid cartilage or to direct trauma to the nerve 

Persistent dysphagia. This is due to inadequate my
otomy 
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21 Esophagomyotomy for 
Achalasia and Diffuse 
Esophageal Spasm 

INDICATIONS 

Achalasia 

Extended myotomy sometimes performed for diffuse 
esophageal spasm 

PREOPERATIVE PREPARATION 

Obtain a barium swallow esophagram. 

Perform esophagoscopy with biopsy and brusbings 
of the narrowed portion of distal esophagus if any 
mucosal abnormalities are noted. 

Perform esophageal manometry. 

For advanced cases, lavage the dilated esophagus 
with a Levine tube and warm saline for 1-2 days 
prior to operation to evacuate retained food parti
cles. Combine this with a liquid diet. 

Pass a nasogastric tube into the esophagus the morn
ing of operation. 

Administer perioperative antibiotics. 

PITFAllS AND DANGER POINTS 

Extending the myotomy too far on the stomach 

Perforating the esophageal mucosa 

Performing an inadequate circumferential liberation 
of the mucosa 

Creating a hiatus hernia 

OPERATIVE SlRATEGY 

Length of Myotomy for Achalasia 

Ellis et al. (1980) attributed their low incidence of 
postoperative gastroesophageal regurgitation (3%) to 
the fact that the myotomy terminates only a few mil
limeters beyond the esophagogastric junction. At the 

esophagogastric junction, several veins run in a trans
verse direction just superficial to the esophageal mu
cosa. One does not encounter any other transverse 
vein of this size during myotomy of the more prox
imal esophagus. Once these veins are encountered, 
terminate the myotomy. In no case should more than 
1 cm of gastric musculature be divided. Continue 
the myotomy in a cephalad direction for 1-2 cm be
yond the point at which the esophagus begins to di
late. For early cases, where no significant esophageal 
dilatation is evident, the length of the myotomy 
should be 5-8 cm. 

Choice of Operative Approach 

Laparoscopic myotomy is an excellent alternative for 
patients with achalasia in whom the narrow segment 
is limited to the distal esophagus (see Chapter 22). 
Open esophagomyotomy may be performed through 
a thoracotomy incision (as shown here) or transab
dominally. The thoracic approach allows excellent 
exposure without disrupting the phrenoesophageal 
ligaments, potentially contributing to postoperative 
gastroesophageal reflux. It facilitates a long myotomy 
in cases of diffuse esophageal spasm. 

Mucosal Perforation 
Mucosal perforation is easily repaired if recognized. 
It is advisable for the surgeon to test the integrity of 
the mucosal layer following myotomy by having the 
anesthesiologist insert 100-200 ml of a methylene 
blue solution through the nasogastric tube. When a 
mucosal perforation is identified during the opera
tion, careful suturing of the mucosa generally avoids 
further difficulty. Some surgeons close the muscle 
over the perforation and then rotate the esophagus 
so the myotomy can be performed at a different 
point on the esophageal circumference. Closing the 
mediastinal pleura over the esophagus, as we do rou
tinely, helps buttress a sutured perforation of the 
mucosa (see Figs. 23-1 to 23-3). 
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Fig. 21-1 

Fig. 21-2 

OPERATIVE TECHNIQUE 

Incision and Exposure 
Place the patient in the full left thoracotomy posi
tion. Make a skin incision along the course of the 
seventh intercostal space. Incise the serratus and 
latissimus muscles with electrocautery; then make 
an incision along the upper border of the eighth rib 
through the intercostal musculature (see Figs. 18-1 
to 18-3). Open the pleura for the length of the 
eighth rib. Insert a Finochietto retractor and gradu
ally increase the space between the seventh and 
eighth ribs. Divide the inferior pulmonary ligament 
and retract the left lung in a cephalad and anterior 
direction using large moist gauze pads and Harring
ton retractors. Make an incision in the mediastinal 
pleura overlying the distal esophagus (Fig. 21-1). 
Then gently encircle the esophagus with the index 
finger, which is facilitated by the indwelling nasa
gastric tube. Encircle the esophagus with a latex 
drain. Be careful to identify and preserve the vagus 
nerves. Free the esophagus from surrounding struc
tures to the level of the diaphragm but no lower 
(Fig. 21-2). 

Esophagomyotomy for Achalasia 
Place the left index finger underneath the distal 
esophagus. Make a longitudinal incision through both 
the longitudinal and circular muscle layers of the 
esophagus until the muscosal surface is exposed (Fig. 
21-3). Continue this incision in a cephalad direction 
for a distance of about 2 cm above the point where 
the esophagus begins to dilate, or at least 5-7 cm. 

Continue the myotomy in a caudal direction as far 
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Fig. 21-4 

as the esophagogastric junction (Fig. 21-4). This junc
tion can be identified by noting one or two veins cross
ing transversely over the mucosa deep to the muscu
lature. Do not continue the incision more than 1 cm 
into the gastric musculature. Another way to confirm 
the location of the esophagogastric junction is that the 
gastric musculature differs from that of the esophagus. 

To prevent the muscle fibers from reuniting it is 
important to free at least 50% of the circumference 
of the mucosa from its muscular coat. This may be 
accomplished using Metzenbaum scissors to elevate 
the circular muscle from the underlying mucosa, 
proceeding medially and then laterally to the initial 
longitudinal myotomy until the mucosa bulges out, 
as seen in cross section in Figure 21-5. Achieve 
complete hemostasis by cautious electrocoagulation 
and fine suture-ligatures, especially in the incised 
esophageal muscle. 

If the mucosa has been inadvertently incised, 

Fig. 21-5 

carefully repair the laceration with one or more 5-0 
nonabsorbable sutures. At this point, ask the anes
thesiologist to inject a solution of methylene blue 
into the esophagus to prove that there is no mucosal 
perforation. 

Esophagomyotomy for 
Diffuse Esophageal Spasm 

The technique for performing a myotomy to allevi
ate diffuse spasm differs from that described for 
achalasia only in the length of the myotomy. If the 
lower esophageal sphincter can relax normally 
when swallowing occurs, do not extend the my
otomy to the terminal esophagus. The preoperative 
manometric assessment of the patient's esophageal 
contractions determines how far the esophagomy
otomy should be extended. 



Closure and Drainage 

Bring a 30F chest tube out through a stab wound in 
the ninth intercostal space in the anterior axillary 
line. Approximate the ribs with two or three peri
costal sutures of no. 2 PDS. Close the remainder of 
the wound in layers, as illustrated in Figures 12-42 
to 12-44. 

POSTOPERATIVE CARE 

Remove the nasogastric tube the day following 
surgery. 

Initiate oral intake of liquids on the fIrst or second 
postoperative day, if tolerated. 

Remove the chest tube as soon as the drainage be
comes minimal, about the third or fourth postoper
ative day. 

COMPllCATIONS 

Persistent dysPbagia. In some cases an inadequate 
myotomy for achalasia fails to relieve the patient's 
dysphagia. About 2 weeks following operation in 
such cases, esophageal dilatation with Maloney dila
tors may help. If reoperation is needed, consider lap
aroscopic myotomy, as the problem is generally at 
the distal end of the myotomy. 

Recurrent dysPbagia following initial relief of 
symptoms. It is possible that in these cases the mus
cular tissues have reunited. A trial of bougienage 
with Maloney bougies up to 50F may prove suc
cessful. Because esophageal carcinoma occasionally 
complicates long-standing achalasia, patients with 
recurrent dysphagia following a symptom-free in
terval after esophagomyotomy should have com
plete evaluation by radiography, esophagoscopy, 
and biopsy. 
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Reflux esopbagitis. Although most patients with 
symptoms of reflux can be handled conservatively, 
an antireflux operation is required in severe cases. 

Diapbragmatic bernia. 

Empyema. 
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22 Laparoscopic 
Esophagomyotomy 

INDICATIONS 

Achalasia in which the high-pressure zone is local
ized to the distal esophagus 

PREOPERATIVE PREPARATION 

See Chapters 16 and 21. 

PITFALLS AND DANGER POINTS 

Inadequate myotomy. Careful review of preopera
tive studies (esophagoscopy, manometry, contrast 
esophagraphy) helps determine whether the high
pressure zone is limited to the distal esophagus and 
hence is accessible from the abdominal approach. 
Intraoperative endoscopy assists in ensuring that an 
adequate myotomy has been performed. 

Esophageal perforation. 
Creation of severe gastroesophageal reflux. Over
zealous myotomy, extension of the myotomy too far 
down on the cardia, poor patient selection, and ex
cessive mobilization of the esophagus contribute to 
postoperative reflux. Selective use of partial fundo
plications (Dor and Toupet) is advocated by some 
surgeons. We believe this is not necessary routinely. 

OPERATIVE STRATEGY 

The first laparoscopic esophagomyotomies were 
done through the left chest using a thoracoscope in 
a manner analogous to the open Heller myotomy 
(see Chapter 21). As experience with laparoscopic 
Nissen fundoplication grew, it became obvious that 
access to the distal esophagus was better through 
the laparoscopic approach than through the thora
coscopic approach. For the typical patient with 
achalasia limited to the distal esophagus, laparo
scopic approach is easiest. References at the end of 
the chapter describe the thoracoscopic approach, 
which is needed when a long myotomy is required 
for diffuse esophageal spasm. Most surgeons who 
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perform this procedure are already facile in laparo
scopic Nissen fundoplication (see Chapter 16). 

Patient Position, Room Setup, 
Trocar Placement 

Use the same patient position and room setup shown 
for the Nissen fundoplication (see Figs. 16-1, 16-2). 
Allow room at the head of the table for an esopha
gogastroduodenoscopy (EGD) scope, which is us·~d 
at the end of the procedure to judge the adequacy 
of the myotomy. Typical trocar placement is shown 
in Figure 22-1. Generally five ports are required, 
and the general considerations discussed in Chapter 
16 apply to trocar site placement for this procedure. 

Initial Exposure and 
Esophageal Mobilization 

Place a liver retractor and obtain access to the hiatus 
in the usual fashion (see Figs. 16-3 through 16-5). 
Concentrate on the anterior dissection. It is not strictly 

Fig. 22-1 Trocar placement. The supraumbilical trocar and 
the right subcostal trocar are placed 15 cm from the 
xiphOid, the left subcostal trocar about 10 cm from the 
xiphoid. The epigastric trocar is placed as high as the liver 
edge allows and as lateral as the falciform ligament allows. 
The left flank port is about 7 cm lateral to the left sub
costal trocar. 



necessary to mobilize the esophagus fully both ante
riorly and posteriorly if the narrowed segment and 
the dilated segment above it are easily visualized once 
the hiatus has been cleared. Many surgeons believe 
that preserving the posterior attachments of the 
esophagus at the hiatus may decrease the incidence 
of postoperative reflux. Additional length may be 

Fig. 22-2a 

Fig. 22-2b 
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gained, if necessary, by minimal additional dissection, 
sufficient to pass an articulating curved grasper behind 
the esophagus (Fig. 22-2a) and encircling the esoph
agus with a 6 inch segment of a O.25-inch Penrose 
drain (Fig. 22-2b). Grasp the drain and pull down to
ward the left lower quadrant to lengthen the segment 
of intraabdominal esophagus. 
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Myotomy 

Begin the myotomy at a convenient location on the 
midportion of the thickened distal esophagus (Fig. 
22-3a). Curved scissors attached to electrocautery are 
useful for splitting, elevating, lightly cauterizing, and 
cutting parallel to the longitudinal muscle fibers. Use 
atraumatic graspers to elevate and pull down on the 
longitudinal muscle to improve exposure (Fig. 
22-3b). The underlying hypertrophied circular mus
cle fibers then come into view. Release the tension on 
the Penrose drain (if one was placed) to avoid push
ing the walls of the esophagus together, which would 
increase the probability of injury to the epithelial tube. 

Sequentially elevate the circular muscle fibers on 

Fig. 22-3a 

Fig. 22-3b 

the blade of the scissors, lightly cauterize, and cut. 
As the esophageal wall starts to open, place atrau
matic graspers on the left and right cut edges of the 
muscular tube and pull gently apart and toward the 
patient's feet. 

The epithelial tube is readily identified by its 
whitish color, smooth texture, and the small blood 
vessels that cross it. It may appear to balloon out into 
the field and is easily injured (Fig. 22-4). Elevating 
the muscle edges helps minimize this tendency. 

Extend the myotomy cephalad with the scissors un
til the circular muscle layer becomes thinner and the 
esophagus is dilated by sequentially lifting the circu
lar muscle away from the epithelial tube with the blade 
of the scissors and cutting it (Figs. 22-5a, 22-5b). 
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Fig. 22-4 

Fig. 22-5a 

Fig. 22-5b 
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Fig. 22-6 

Complete the myotomy distally with hook cautery. 
Engage the hook under the circular muscle fibers; 
lift it up to avoid burning the underlying epithelial 
tube, and pull it down to cauterize and divide the 

Fig. 22-7 

muscle (Fig. 22-6). Some surgeons pass a right
angle clamp under the circular muscle and use it to 
displace the epithelial tube deep, out of harm's way. 

Generally, a complete myotomy must extend about 
1 cm onto the stomach (Fig. 22-7). Release all in
struments from the esophagus. Pass an EGD scope into 
the distal esophagus and visualize the gastro
esophageal junction, identifiable by the Z-line where 
the color changes between whitish esophageal ep
ithelium and pink gastric mucosa. The opening should 
be patulous if an adequate myotomy was performed. 

Irrigate the abdomen with saline and fill the left 
upper quadrant. Insufflate with the EGD scope and 
watch for bubbles. The completed myotomy is 
shown in Figure 22-7. 

Fundoplication 
Some surgeons perform a partial fundoplication at 
the conclusion of the procedure. An anterior (Dor) 
fundoplication is a simple way to buttress a small 
(repaired) perforation. A posterior partial (foupet) 
fundoplication is said to help keep their edges of the 
myotomy separate. We use a partial fundoplication 
selectively. 

COMPllCATIONS 

Inadequate myotomy 

Gastroesophageal reflux 

Esophageal perforation 
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23 Operations for 
Esophageal Perforation 
and Anastomotic Leaks 

INDICATIONS 

Instrumental or emetogenic esophageal perforation 

Postoperative leak 

PREOPERATIVE PREPARATION 

Conftrm perforation with diagnostic studies such as 
chest radiography; for suspected cervical perfora
tions, lateral neck mms in hyperextension; com
puted tomography (Cn scan or esophageal contrast 
radiographs. 

Administer nasoesophageal suction proximal to per
foration of the thoracic esophagus. 

Insert a thoracostomy tube for pneumothorax. 

Maintain fluid resuscitation. 

Administer appropriate systemic antibiotics. 

Insert appropriate central venous or pulmonary 
artery pressure monitors. 

Control the airway with endotracheal intubation. 

PITFALLS AND DANGER POINTS 

Delayed diagnosiS of the perforation 

Inadequate attention to pulmonary function 

Inadequate surgery to control continuing contami
nation 

Inadequate drainage 

Depending on sutured closure of inflamed esophagus 

Suturing a perforated esophagus proximal to an ob
struction 

Inadequate pleural toilet and lung decortication 

OPERATIVE STRATEGY 

Visualize and thoroughly explore the region of the 
perforation. What appears to be a 1 cm perforation 
may prove to be three to four times that length af-

ter it is mobilized from the mediastinal pleura. 
Debride necrotic material around the perforation if 
suturing is anticipated. When the defect appears too 
large or the tissues too inflamed for suturing, it may 
be possible to apply a roof patch consisting of a flap 
of muscle pedicle, pleura, or pericardium that is su
tured over the perforation. Otherwise, a diversion
exclusion operation or thoracic esophagectomy is 
necessary. 

OPERATIVE TECHNIQUE 

Pleural Flap Repair of Thoracic 
Esophageal Perforation 
Incision 

Make an incision in the left or right thoracic cavity de
pending on which side the perforation appears to pre
sent on the contrast esophageal radiograph. Generally, 
the lower half of the esophagus is approached through 
a left sixth or seventh intercostal space thoracotomy. 
The uncommon perforations of the upper esophagus 
are better approached through the right chest. 

Exposure; Locating the Perforation 

Incise the mediastinal pleura above and below the 
area of suspected perforation. Free to the mediasti
nal pleura from the esophagus so the esophagus can 
be elevated from its bed for thorough exploration. 
Sometimes the perforation is obscured by a layer of 
necrotic tissue. If the perforation is not immediately 
apparent, ask the anesthesiologist to instill air or a 
solution of methylene blue into the nasoesophageal 
tube and look for bubbling or the area of blue stain
ing on the esophageal wall. Most patients have a 
pleural and a signifIcant mediastinal infection with 
necrosis. Complete debridement of the mediastinum 
and decortication of the lung with removal of both 
parietal and visceral peels are used to control infec
tion and ensure maximal lung function. Complete 
expansion of the lung is the best secondary defense 
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against breakdown of an esophageal repair and helps 
control any fistula that develops. 

Repair 

When operation is perfonned soon (8 hours) after 
perforation, it may be possible to debride the tissues 
around the esophagus if marked edema and inflam
mation have not yet occurred; a viable tissue buttress 
should always be added to the repair. For suture clo
sure, close the mucosal layer with interrupted sutures 
of 4-0 or 5-0 nonabsorbable synthetic suture and ap
proximate the muscular layer with interrupted Lem
bert sutures of 4-0 silk or Prolene. In selected cases, 
a stapled closure may work. There must be sufficient 
good tissue to achieve an everted stapled closure 
without narrowing the lumen. Mobilize the edges of 
the effect and use Allis clamps to bring the full thick
ness of the esophageal wall within the jaws of a lin
ear thick tissue stapler. Cover the suture line with a 
pleural flap. If the perforation is located in the lat
eral aspect of the esophagus, a simple rectangular 
flap of pleura is elevated and brought over the su
ture line. Use many interrupted 4-0 nonabsorbable 
sutures to fix the pleural flap around the sutured per
foration. 

When the perforation is not suitable for a sutured 
closure due to marked edema and inflammation, em
ploy a pleural flap, an intercostal muscle flap, or 
some other viable buttress as a roof patch over the 

Fig. 23-1 

open defect in the esophagus. First debride the ob
vious necrotic tissue around the perforation. When 
the esophagus is too inflamed to hold sutures, it is 
advisable to exclude the upper esophagus from the 
gastrointestinal tract by one of the methods de
scribed below to supplement the pleural roof patch. 
With an extensive defect in the esophagus or one 
located on the posterior surface, outline a large rec
tangular flap of pleura as illustrated in Figure 23-1. 
In the presence of mediastinitis, the pleura is thick
ened and easy to mobilize from the posterior tho
racic wall. Leave the base of the pedicle attached to 
the adjacent aorta. Slide the pedicle flap underneath 
the esophagus (Fig. 23-2) so it surrounds the 
entire organ. Insert multiple 4-0 interrupted nonab
sorbable sutures deep enough to catch the submu
cosa of the esophagus around the entire circumfer
ence of the perforation as well as the entire 
circumference of the esophagus above and below 
the perforation, as illustrated in Figure 23-3. 

Drainage 

Place the tip of a 36F chest tube near the site of the 
esophageal perforation. Suture it to the mediastinal 
tissues with a catgut stitch. Bring this tube out 
through a small incision through the ninth or tenth 
interspace in the anterior axillary line. Place a 
smaller chest tube in the posterior portion of the 
apex of the chest and bring it out through a second 
stab wound. Attach both to underwater suction 
drainage. 

Intercostal Muscle Flap Repair 
of Esophageal Perforation 

Another method for bringing viable tissue to the site 
of an esophageal perforation is to create a vascular
ized flap of the appropriate intercostal muscle with 
which to wrap the perforation of the esophagus. If 
the patient undergoes surgery within the first 8 
hours after a perforation, minor debridement and 
primary suturing generally remedy the situation. 
However, for perforations that have been leaking for 
a longer interval before surgery is undertaken, 
debridement of necrotic tissue and primary suturing 
may not be adequate; in these situations wrapping 
with a viable muscle flap may help achieve primary 
healing. In cases where the perforation is too large 
for suture closure, a roof patch consisting of viable 
intercostal muscle sutured to the intact esophagus 
around the perforation may be effective. Richardson 
et al. have reported remarkable success with this 
technique for esophageal defects due to penetrating 
trauma. 



To achieve a viable muscle flap, care must be taken 
to preserve the intercostal vessels. These vessels must 
be left attached to the muscle as it is being dis-

Fig. 23-2 

Fig. 23-4 
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sected away from the upper and lower rib borders. 
Figure 23-4 illustrates dissection of the full thick
ness of the intercostal muscle from its attachments 

Fig. 23-3 
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Fig. 23-5 

to the adjacent ribs. Figures 23-5, 23-6, and 23-7 
illustrate application of the intercostal muscle flap 
as a roof patch over a perforation that was not suit
able for sutured closure. Large perforations (longer 
than the width of the muscle flap) may be difficult 
to repair by this technique. Drain the mediastinum 
and chest as described above. If the repair proves to 
be of poor quality, do not hesitate to resect the 
esophagus or to apply a temporary occlusion tech
nique to the esophagus, as described below. 

Fig. 23-6 

Esophageal Occlusion Methods 
Without Cervical Esophagostomy 

When cervical esophagostomy is used for diversion 
in the neck, it is sometimes difficult to reconstruct 
the esophagus after the perforation heals. An alter
native but less secure method is staple occlusion of 
the proximal esophagus. Avoid capturing the vagus 
nerves when stapling the lower esophagus. It is pos
sible to occlude the esophagus above a thoracic per
foration through the exploratory chest incision if the 
thoracic esophagus above the perforation is healthy. 
A sump-type nasoesophageal suction catheter is 
placed above the staple line. 

Esophageal Diversion by 
Cervical Esophagostomy 

Incision and Exposure 

With the patient's head turned toward the right, 
make an incision along the anterior border of the 
sternomastoid muscle beginning 2-3 cm below the 
level of the mandibular angle and continuing down 
to the clavicle (see Fig. 11-27). Liberate the anterior 
border of the sternomastoid muscle. Divide the omo
hyoid muscle if it crosses the operative field. Retract 
the sternomastoid muscle and carotid sheath later
ally and retract the prethyroid muscles medially, ex
posing the thyroid gland (see Fig. 11-29). Carefully 
divide the areolar tissue between the thyrOid gland 
and the carotid sheath to expose the inferior thyroid 
artery and the recurrent laryngeal nerve. In some 
cases it is necessary to divide the inferior thyroid 
artery. Preserve the recurrent nerve. Identify the tra
cheoesophageal groove. Begin the dissection on the 

Fig. 23-7 



prevertebral fascia and free the esophagus posteri
orly. Then encircle the esophagus with the index 
finger or a right angle clamp, but keep the plane of 
dissection close to the esophagus; otherwise, it is 
possible to traumatize the opposite recurrent laryn
geal nerve or injure the membranous posterior wall 
of the trachea. After the esophagus has been encir
cled, pass a latex drain around the esophagus for 
purposes of traction. Mobilize the esophagus from 
the level of the hypopharynx down to the upper me
diastinum. 

Suturing the Esophagostomy 

After mobilization is satisfactory, suture the ster
nomastoid muscle back in place by means of several 
interrupted 4-0 synthetic absorbable stitches. Close 
the platysma muscle with interrupted sutures of the 
same material, leaving sufficient space to suture the 
esophagostomy to the skin. Then insert interrupted 
4-0 PG subcuticular sutures to close the skin, leav
ing a 3- to 4-cm gap in the closure for the esophagos
tomy. 

Now make a transverse incision across the ante
rior half of the circumference of the esophagus. 
Suture the full thickness of the esophagus to the 
subcuticular layer of skin with interrupted 4-0 ab
sorbable synthetic sutures (Fig. 23-8). 

Fig. 23-8 
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In one case we found that, despite thorough mo
bilization of the esophagus, the incised esophagus 
could not be sutured to the skin without tension. A 
subtotal thyroid lobectomy was carried out. The in
cised esophagus was then sutured to the platysma 
muscle with interrupted sutures, leaving the skin in 
this area open. These steps produced a satisfactory 
result. As an alternative, mobilize the proximal tho
racic esophagus and staple it closed with the linear 
stapler. Then either return it to its bed and decom
press the closed esophageal remnant with a naso
esophageal tube or a lateral pharyngostomy tube or 
explant it to a subcutaneous position and create a 
stoma as described below. 

Anterior Thoracic Esophagostomy 

When a thoracic esophagectomy (Orringer and Stir
ling 1990) is carried out in these patients, an incision 
is made in the neck along the anterior border of the 
sternomastoid muscle. After the esophagus has been 
delivered through this incision, excise the segment 
that is nonviable and preserve all the viable esopha
gus. Make a subcutaneous tunnel from the incision in 
the neck over the anterior thorax. This tunnel should 
equal the length of the preserved esophagus. Make 
the esophagostomy on the anterior wall of the chest 
by making an incision in the skin and suturing the full 
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thickness of the esophagus to the subcuticular layer 
of skin with interrupted 5-0 Vicryl sutures. It is much 
easier to apply stoma collection bags to the anterior 
chest than to a cervical esophageal stoma. 

Excluding the Esophagus from 
the Gastrointestinal Tract 
Perform a thoracotomy as described for the pleural 
flap operation. Incise the mediastinal pleura and lib
erate the esophagus from its bed (Fig. 23-9). The 
perforation may be sutured or covered with a pleural 
flap (Fig. 23-3). 

Then free the esophagus around its entire cir
cumference distal to the perforation. Urschel et al. 
occluded the esophagus by surrounding it with a 
strip of Teflon that was sutured to itself to form a 
circumferential constricting band. Do not make this 
band so tight it strangulates the tissue. An umbilical 
tape may be passed around the Teflon band and tied 
to ensure the proper degree of constriction. Try to 
avoid including the vagus nerves in the constricting 

Fig. 23-10 

Fig. 23-9 

band. An alternative method of occluding the lower 
esophagus is to ligate it with a Silastic tube, such as 
the Jackson-Pratt catheter (Figs. 23-10, 23-11). 
This material appears to be less irritating to the tis
sues than Teflon or umbilical tape. Another alterna
tive is to use the TA-55 stapling device with 4.8 mm 
staples to occlude the esophagus. When applying 
the staples, separate the vagus nerves from the 
esophagus so they are not trapped in the staple line. 
Use staples only if the esophagus is not markedly 
thickened or inflamed. Otherwise, the thickened tis
sues may be strangulated by the staples. After a pe
riod of 3-4 weeks a gap often appears in this staple 
line. This gap can usually be dilated by gentle pas
sage of Maloney dilators. If the gap is small, the in
terventional radiologist can pass a guidewire over 
which dilating devices may be passed. 

Another reported method for occluding the esoph
agus is passage of no. 2 chromic catgut or PG twice 
around the esophagus, which is then tied in a snug 
but not strangulating knot. The esophagus should re
spond easily to dilatation by the end of 2-4 weeks. It 

Fig. 23-11 



has been reported that even with delayed operations 
in patients who suffer large lacerations of the thoracic 
esophagus spontaneous healing occasionally occurs 
over a period of weeks, so esophageal replacement 
with either colon or stomach is not necessary. 

This technique should be used if the patient has 
significant reflux. In other circumstances, we elimi
nate this step altogether because it is a distal ob
struction and can prevent healing of a fistula. 

To decompress the stomach and prevent pressure 
against the esophageal closure, a Stamm gastrostomy 
should be performed. In contrast to the usual loca
tion shown in Figure 23-11, it is wise to place this 
gastrostomy near the lesser curvature of the stom
ach if possible. In this way, if a gastric pull-up op
eration is to be performed to replace the esophagus, 
the gastrostomy defect can be included in the seg
ment of the lesser curvature that is customarily ex
cised when preparing the stomach for advancement 
into the neck. It does not interfere with the blood 
supply to the greater curvature. 

Finally, place proper drainage tubes to the area 
of perforation and close the thoracic incision. All of 
these patients require a tube gastrostomy to de
compress the stomach; after the esophageal perfo
ration has healed, the gastrostomy tube is used for 
purposes of feeding. 

POSTOPERATIVE CARE 

Most of these patients require ventilatory support 
for several days. Careful cardiopulmonary moni
toring is a necessity. 

Paste a small drainage bag or ileostomy bag over 
the esophagostomy to collect saliva. In patients with
out an esophagostomy, maintain nasoesophageal 
sump suction postoperatively. 

These patients require intensive antibiotic treatment, 
depending on bacterial cultures of the mediastinum. 

Do not remove the thoracotomy drainage tubes un
til drainage has ceased. 

Total parenteral nutrition is necessary until the gas
trostomy tube can be used for feeding. 

Obtain frequent chest radiographs or CT scans in a 
search for loculated collections of pus. 

COMPIJCATIONS 

Esophagocutaneous fistula 

Uncontrolled sepsis including empyema or medi
astinal abscess 
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Subphrenic abscess 

Ilmited expansion of lung, requiring surgical decor
tication after active infection has subsided 
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The major indications for gastric surgery are ulcer 
disease, cancer, and access for feeding (gastrostomy 
placement). This chapter begins with considerations 
relevant to those three indications. A brief discus
sion of alternative choices for a drainage procedure 
after gastric resection for benign disease or malig
nancy follows. The chapter concludes with a sec
tion on complications. This fmal section details 
recognition and management of various postgas
trectomy and postvagotomy syndromes. 

SURGERY FOR PEPTIC ULCER 

The last quarter century has seen dramatic changes 
in how peptic ulcer disease is evaluated and treated. 
Although older paradigms such as "no acid no ulcer" 
remain valid, they have largely been replaced with 
models relating peptic ulcer to Helicobacter infec
tion or nonsteroidal antiinflammatory drug (NSAID) 
ingestion [1]. Three key advances are responsible for 
this change: the discovery and evolution of antiacid 
secretory medications, elucidation of the critical role 
of Helicobacter pylori in the pathogenesis of peptic 
ulcer, and the evolution of advanced endoscopic/ 
laparoscopic techniques to diagnose and intervene 
in the natural history of the disease. As a direct re
sult, the indications for surgery and the selection of 
procedures for peptic ulcer disease are currently be
ing reevaluated. Controversy exists regarding the 
"best" surgical procedure. In the past extensive op
erations were utilized because they had the lowest 
ulcer recurrence rate, although they led to the most 
morbidity and mortality. The ability to eradicate H 
pylori and the use of proton pump inhibitors may 
mitigate the concern about ulcer recurrence [2]. As 
we have seen in many other areas of surgery, less 
may become more as we treat peptic ulcer disease 
during the twenty-first century. 

Surgical interventions for the management of pep
tic ulcer disease fall into two broad categories. Elec-

tive operations have been relegated to relative ob
scurity, and urgent or emergent procedures for the 
complications of peptic ulcer disease (PUD) , most 
commonly bleeding, perforation, and obstruction, 
have come to the forefront. Surgeons today must be 
knowledgeable about the indications for operation 
and facile in the performance of surgical procedures 
that are now more commonly accomplished in a 
nonelective situation. In this section, we review the 
current concepts related to operative management 
ofPUD. 

Gastric Ulcer 

Gastric ulceration has traditionally been divided into 
four types based on location and acid secretory sta
tus. Type I gastric ulcers are located in the body of 
the stomach and are not necessarily associated with 
high acid output. Type II and III gastric ulcers have 
some duodenal or prepyloric component and thus 
are surgically treated more like duodenal ulcers [3]. 
Their management is discussed below. Lastly, type 
IV gastric ulcer is relatively uncommon and occurs 
high on the lesser curvature close to the gastro
esophageal (GE) junction. 

Elective surgery for intractability of type I gastric 
ulcer should be preceded by an appropriate biopsy 
to rule out occult carcinoma. In an emergent oper
ation for gastric ulcer, biopsy must be done because 
the result may alter the choice of operation. Classi
cally, the procedure of choice for intractable type I 
benign gastric ulcer has been distal gastrectomy to 
include the ulcer with reconstruction in a Billroth I 
(preferred) or Billroth II fashion. The mortality rate 
for this elective operation is not substantially higher 
than that for vagotomy and drainage (around 2%), 
and the operation is defmitely more effective in pre
venting ulcer recurrence, which is about 4% fol
lowing partial gastrectomy with Billroth I versus up 
to 20% following vagotomy and drainage. An alter
native approach to type I benign gastric ulcer is 
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highly selective vagotomy with excision of the ul
cer. In experienced hands this method yields lower 
morbidity and mortality but an increased chance of 
ulcer recurrence, in the range of 4-15% [4]. Propo
nents of the latter approach claim that the patients 
have fewer postoperative side effects and the pro
cedure may be approached in a minimally invasive 
fashion. Unfortunately, excision of a lesser curve ul
cer can be challenging and may denervate the 
antrum and pylorus, thwarting the "highly selective" 
vagotomy. Type IV gastric ulceration poses a chal
lenge because of its relation to the GE junction. Ide
ally, the ulcer is resected in continuity with a distal 
gastrectomy and reconstruction with gastroduo
denostomy (pauchet operation). Other options in
clude vagotomy and drainage with biopsy or exci
sion of the ulcer, biopsy of the ulcer followed by 
distal gastric resection, or Roux-en-Y esophagogas
trojejunostomy (Csendes operation). Total gastrec
tomy for benign gastric ulcer should be avoided. 

Emergent surgery for gastric ulceration is most of
ten indicated for perforation or hemorrhage. The pro
cedure to be undertaken is often influenced by the 
preoperative status of the patient. After controlling he
morrhage or spillage and assessing the possibility of 
occult carcinoma, the surgeon has several options de
pending on stability and premorbid risk factors of the 
patient. Distal gastrectomy addresses the inciting prob
lem and has the lowest recurrence rate but is associ
ated with significant morbidity and mortality in this 
class of patients [5]. Alternatively, in higher risk or 
more unstable patients, excision, omental patch, or 
oversewing of the ulcer with or without vagotomy and 
pyloroplasty are viable alternatives. 

Duodenal Ulcer 
Elective surgery for intractable duodenal ulcer is 
now rare. The surgical options include highly se
lective vagotomy, truncal vagotomy with drainage 
procedure, or vagotomy and antrectomy. Any elec
tive surgery for an intractable duodenal ulcer must 
have extremely low morbidity. Highly selective vagot
omy (HSV) has the lowest postoperative morbidity 
rate while providing an acceptably low recurrence 
rate [6]. Moreover, HSV can be completed laparo
scopically with good results in experienced hands. 
Thus HSV is considered the primary surgical choice 
for intractable duodenal ulcer. Truncal vagotomy 
(TV) with a drainage procedure or TV with antral re
section are associated with higher postoperative 
complication rates and are probably best reserved 
for failure of HSV in this setting. 

Gastric outlet obstruction (GOO) secondary to 
peptic ulcer disease most often presents a semi-

elective indication for operation. Attempt a trial of 
medical/endoscopic treatment before undertaking 
surgery. Fluid resuscitation, nasogastric decompres
sion, acid suppression, and therapy for H pylori are 
the mainstays of the preoperative regimen. An at
tempt at endoscopic balloon dilation may yield ini
tial success, but recurrent obstruction is common. 
The operative choices for GOO include HSV with di
lation, HSV and drainage (we prefer gastrojejunos
tomy to pyloroplasty), truncal vagotomy and 
drainage, and truncal vagotomy and antrectomy. Our 
procedure of choice in most patients nowadays is 
HSV and gastrojejunostomy. Although the ulcer re
currence rate is somewhat higher, the morbidity is 
clearly lower than vagotomy and antrectomy. 

Perforated duodenal ulcer, on rare instances 
treated in a nonoperative fashion, most often re
quires urgent surgical intervention. The choice of 
operation depends on whether a definitive ulcer op
eration as undertaken. This decision can be clouded 
today, as most of the published data on this topic 
predate elucidation of the critical role of H pylori 
in this disease. Patients with major premorbid med
ical illness, shock, or delayed diagnosis of perfora
tion are probably best served with omental patch 
closure (Graham patch) alone. Alternatively, good 
operative candidates, especially those with a history 
of peptic ulcer disease, may be better served with 
closure of the perforation and HSV. The latter ap
proach not only fixes the acute process it provides 
long-term protection from recurrence with minimal 
side effects. In some cases, where there is extensive 
scarring of the pyloric region, truncal vagotomy with 
drainage may be indicated. Lastly, there is consider
able enthusiasm for the laparoscopic management 
of duodenal ulcer perforation, especially in good risk 
patients with early diagnosis. Laparoscopic manage
ment of this problem most often involves omental 
patch closure and requires the surgeon to be facile 
in the techniques of intracorporeal suturing [7]. 

Although advanced endoscopic techniques may 
have improved the nonoperative management of 
bleeding duodenal ulcer, it remains a not infrequent 
indication for urgent or emergent surgical interven
tion. The first concern should be management ofthe 
bleeding ulcer site. This is most often accomplished 
via a longitudinal duodenotomy, which may have to 
be extended through the pylorus. Once the bleeding 
duodenal ulcer is controlled with sutures of nonab
sorbable material, the surgeon is faced with several 
options. If the pylorus has not been encompassed in 
the duodenotomy, HSV may be undertaken. If the 
incision crossed the pylorus (the more common sce
nario), we prefer truncal vagotomy with closure of 
the duodenotomy in a pyloroplasty. Although one 



might consider truncal vagotomy with antrectomy, 
it carries a higher perioperative risk and probably is 
not warranted in the current era. 

Gastrostomy 
Use of the stomach as a portal for feeding or de
compression seems to be increasing as more med
ically complex and terminal patients are encoun
tered. Additionally, the last quarter century has seen 
the advent of less invasive methods for gaining ac
cess to perform gastrostomy [8,9]. Gastrostomy 
tubes may be placed endoscopically (percutaneous 
endoscopic gastrostomy, or PEG), laparoscopically, 
or in a conventional (open) fashion. Each method 
has its unique advantages and limitations. PEG is a 
relatively simple method that can be performed out
side the operating room and does not require gen
eral anesthesia. The limitation of this method lies in 
the blind nature of the tube insertion and the lack 
of fIxation of the stomach to the inner abdominal 
wall. Laparoscopic gastrostomy provides direct vi
sualization as well as a method of stomach fIxation 
but is more invasive. Open gastrostomy is the most 
invasive but may be the only option in certain pa
tients with prior abdominal surgery. The Stamm gas
trostomy method is the more commonly used open 
method today since the introduction of better feed
ing tubes. The Janeway gastrostomy creates a per
manent mucosa-lined gastrocutaneous fIstula, obvi
ating the need for continual tube placement. It is 
less frequently employed. The best gastrostomy tube 
placement method is that which is individualized to 
the patient's medical condition and long-term needs 
and the surgeon's personal experience. 

CHOICE OF OPERATION 
FOR GASTRIC CANCER 

Adenocarcinoma of the stomach often extends sub
mucosally much farther than is appreciated on gross 
examination. Early metastasis is usually to regional 
lymph nodes, but the lymphatic drainage of the 
stomach is extensive and often unpredictable. These 
facts support a generous gastric resection for treat
ment of this disease, with the ideal being 6 cm of 
normal tissue proximal and distal to the tumor. For 
the past two decades the standard operation per
formed for gastric adenocarcinoma of the body or 
antrum has been "radical subtotal gastrectomy," 
which includes (1) a 70-90% distal gastrectomy; (2) 
ligation of the right gastric, right gastroepiploic, and 
left gastric arteries at their origin with removal of as
sociated lymphoid tissue; and (3) removal of the 
lesser and greater omentum. Cancers of the cardia 
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or fundus are treated with total gastrectomy or prox
imal subtotal gastrectomy with high ligation of the 
left gastric artery and removal of the gastrosplenic 
ligament and lesser omentum together with the 
crural lymphatic tissue. For lesions close to the GE 
junction, distal esophagus is usually removed. De
spite increasing interest in more extensive surgical 
procedures for the treatment of gastric adenocarci
noma, none has defmitively improved the cure rate 
of this dreaded disease [10]. 

Subtotal Versus Total Gastrectomy 
Despite the argument for wider resection, routine 
total gastrectomy for gastric adenocarcinoma should 
be avoided. When compared to subtotal resection, 
the operative mortality is higher, the nutritional side 
effects more devastating, and the cure rate no bet
ter after total gastrectomy [11]. Most tumors of the 
distal stomach are adequately resected with distal 
subtotal gastrectomy described above. If at least 30% 
of the proximal stomach remains, continuity is 
reestablished with the Billroth II gastrojejunostomy. 
A Billroth I reconstruction should be avoided in 
cases of gastric malignancy because of the risk of re
currence at the duodenal margin (usually the mar
gin with the least tumor clearance). If 20% or less 
of the proximal stomach remains, reconstruction 
should be with a Roux limb or a Billroth II with 
Braun enteroenterostomy. 

Total gastrectomy should be considered for ex
tensive cancers and for proximal gastric cancer [12]. 
A less attractive alternative for the latter lesion is 
proximal subtotal gastrectomy. However, in this in
stance esophagogastrostomy should be assiduously 
avoided because of the risk of bile esophagitis, 
which inevitably occurs if pyloroplasty is added. Oc
casionally we have used a prOximal gastrectomy 
with esophagogastrostomy without pyloroplasty in 
patients with a poor prognosis. In this instance we 
always add a feeding jejunostomy. A better option 
for reconstruction following proximal gastric resec
tion may be isoperistaltic jejunal interposition (Hen
ley loop). 

If total gastrectomy is performed (and the surgeon 
should not hesitate if this operation is necessary to 
do an adequate curative resection), some sort of je
junal reservoir should be constructed. In our expe
rience, the most satisfactory option is a Roux-en-Y 
esophagojejunostomy with a J-pouch. 

Rl Versus R2 Lymphadenectomy 
In general, an Rl resection means complete removal 
of all perigastric lymph nodes appropriate for the tu
mor (distal, middle, or proximal gastric tumor) 
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Table 24-1. Lymphadenectomy for Gastric 
Cancer (Lymph Node Groups Resected) 

Lymph Node Groups Resected 

Rl Resection 

Lower third tumors 
3 Lesser curve 
4 Greater curve 
5 Suprapyloric 
6 Infrapyloric 

Middle third tumors 
1 Right cardiac 
3 Lesser curve 
4 Greater curve 
5 Suprapyloric 
6 Infrapyloric 

Upper third tumors 
1 Right cardiac 
2 Left cardiac 
3 Lesser curve 
4 Greater curve and 

short gastric 

R2 Resection 

1 Right cardiac 
7 Left gastric artery 
8 Hepatic artery 
9 Celiac artery 

2 Left cardiac 
7 Left gastric artery 
8 Hepatic artery 
9 Celiac artery 
10 Splenic hilar 
11 Splenic artery 

5 Suprapyloric 
6 Infrapyloric 
7 Left gastric artery 
8 Hepatic artery 
9 Celiac artery 
10 Splenic hUar 
11 Splenic artery 
110 Low paraesophageal 

(Table 24-1). An R2 resection means an R1 resec
tion plus removal of all lymph nodes along the 
named arteries to the stomach, again appropriate for 
the tumor [13]. The R2 dissection requires signifi
cant retroperitoneal dissection, and for most gastric 
tumors includes the anterior leaf of the transverse 
mesocolon and the anterior capsule of the pancreas. 
Splenectomy and distal pancreatectomy are not rou
tinely performed, as this extensive surgery has been 
shown to increase perioperative morbidity without 
improving the cure rate. The extent of gastric re
section is generally the same for R1 and R2 resec
tions for distal gastric tumors 00% distal gastrec
tomy) and for proximal gastric tumors (total 
gastrectomy). Most surgeons doing an R2 resection 
for mid-gastric tumors perform total gastrectomy, 
whereas those doing an R1 resection may leave a 
small proximal gastric pouch (10-20%). 

The Japanese experience with extended gastrec
tomy and lymphadenectomy has been favorable. How
ever, prospective evaluations in Western countries 
have shown higher operative morbidity and mortality 
rates without any improvement in cure rates [14,15]. 

Splenectomy 

Splenectomy should be performed if the tumor is ad
herent to the spleen. It should also be considered 

for tumors of the greater curvature that involve the 
gastrosplenic ligament. Otherwise, splenectomy 
should not be part of the routine surgical treatment 
for gastric adenocarcinoma [16]. 

Laparoscopy 

Should staging laparoscopy be a routine part of the 
preoperative evaluation of gastric carcinoma? The 
answer to this question depends somewhat on the 
surgeon's attitude toward the surgical palliation of 
incurable gastric cancer. Despite improvements in 
preoperative staging with dynamic computed to
mography (CT) and endoscopic ultrasonography, 
unexpected liver or peritoneal metastases are found 
in 10-20% of patients with gastric cancer. In the ab
sence of significant bleeding or impending obstruc
tion from the primary tumor, many surgeons (the au
thors induded) believe that gastrectomy is 
contraindicated if liver or peritoneal disease is ex
tensive. Laparoscopy helps avoid a major unneces
sary operation in this small group of patients. 

CHOICE OF DRAINAGE PROCEDURE 
FOR GASTRIC SURGERY 

Pyloroplasty Versus 
Gastrojejunostomy 

If the tissue proximal and distal to the pylorus is rel
atively normal, pyloroplasty is an attractive option 
after truncal vagotomy. Although gastrojejunostomy 
is an equally effective drainage procedure with a 
comparable incidence of dumping, several problems 
can occur with this operation [17], including mar
ginal ulceration, internal hernia (under the jejunal 
loop or through the mesocolon if a retrocolic anas
tomosis is done), afferent loop obstruction, and bil
ious vomiting from "circus movement." It may be 
more difficult to perform a subsequent gastric re
section in a patient with a previous pyloroplasty than 
with a gastrojejunostomy. 

Billroth I Versus Billroth n 
Gastroduodenostomy (Billroth I) is a useful option 
for establishing gastrointestinal continuity following 
distal gastric resection « 50%) for benign disease. 
Although there are no clinically significant physio
logic advantages of Billroth lover Billroth II, the for
mer does avoid the aforementioned problems asso
ciated with loop gastrojejunostomy. It also avoids a 
duodenal stump. Billroth II is the preferred recon
struction after gastrectomy for malignancy. 



Bil1roth n Versus Roux-en-Y 
The Roux gastrojejunostomy prevents bile from en
tering the gastric remnant. This is important if a small 
gastric remnant «20%) exists, as performance of 
Billroth II in this situation often results in intolera
ble bile reflux esophagitis. Furthermore, a leak at a 
Roux-en-Y anastomosis does not contain bile or pan
creatic enzymes and may be less virulent than a leak 
following a Billroth II gastrojejunostomy. The disad
vantages of the Roux gastrojejunostomy include the 
need for an additional anastomosis (the entero
enterostomy). In addition, this reconstruction is rel
atively ulcerogenic, as bile, pancreatic juice, and 
duodenal secretions do not bathe the gastric anas
tomosis. Finally, some patients develop Significantly 
delayed gastric emptying following Roux gastroje
junostomy, especially if a generous gastric remnant 
remains. For these two latter reasons, the Roux-en
Y gastrojejunostomy should not be performed in pa
tients unless a generous gastrectomy (>80%) has 
been performed. 

Roux-en-Y Versus Braun 
Enteroenterostomy or Henley Loop 
Because of problems with delayed gastric emptying 
following the Roux gastrojejunostomy, some sur
geons prefer a loop gastrojejunostomy with a Braun 
enteroenterostomy to divert most of the bile away 
from the small gastric remnant [18]. A more com
plex operation that can be used to minimize bile re
flux into a small gastric remnant without bypassing 
the duodenum is the Henley loop. Here an isoperi
staltic loop of jejunum (40 cm) is interposed be
tween the gastric remnant and the duodenum [19]. 
These options clearly should be considered in pa
tients requiring reoperation because of complica
tions following the Roux gastrojejunostomy. 

POSTOPERATIVE COMPLICATIONS 

Pulmonary Problems 
Atelectasis is probably the most common complica
tion after gastric operation. Adequate analgesia, in
centive spirometry, and early ambulation help min
imize this problem. Pneumonia is a less common but 
feared complication. Predisposing factors are at
electasis, vomiting, and preexisting lung disease. Pul
monary embolism is unusual with current prophy
lactic practices but should be considered in any 
postoperative patient with acute shortness of breath 
or chest pain. 
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Leak 
Following a gastric or duodenal operation, any su
ture line may leak and create a potentially fatal sit
uation. These problems usually are obvious by the 
ftfth or sixth postoperative day and are associated 
with increasing abdominal pain, fever, distension, 
and leukocytosis. These fmdings should prompt an 
aggressive diagnostic evaluation including obstruc
tion series, contrast CT scan, or Gastrografm upper 
gastrointestinal (GD series. Although small leaks can 
sometimes be managed nonoperatively with a strate
gically placed drain, most patients beneftt from re
operation. Irrigation and drainage of the peritoneal 
cavity, decompression of the leaking segment (e.g., 
duodenostomy or gastrostomy), closure or intuba
tion of the leak (or both), and feeding jejunostomy 
are important aspects of management. 

Pancreatitis 

Pancreatitis following gastroduodenal operation is 
generally caused by trauma ("blunt or penetrating") 
to the gland itself or to the major or minor papilla. 
Treatment is usually nonoperative except in cases of 
necrotizing pancreatitis or persistent pancreatic fts
tula. Either of the papillae can be injured during ag
gressive dissection of the postbulbar duodenum. 
More commonly the more proximal minor papilla is 
occluded or transected. This is usually a self-limited 
problem unless the patient has pancreas divisum. 
OccaSionally, a duodenal stump leak is misdiagnosed 
as pancreatitis. 

Wound Problems 
Wound infection, dehiscence, and herniation occur 
after major gastric operations. The problems are in
terrelated in that infection predisposes to the other 
two complications, and all three share risk factors. 
Wound infection is related to intraoperative contam
ination, which is more signiftcant in the setting of acid 
suppression, gastric cancer, and obstruction. Pul
monary disease, abdominal distension, obesity, infec
tion, malnutrition, and steroid therapy have all been 
shown to increase the incidence of wound failure. 

Delayed Gastric Emptying 
In the occasional patient recovering from gastric 
surgery, the nasogastric tube "cannot be removed" 
because of persistent nausea and vomiting. Fre
quently the gastric outlet is anatomically patent. Al
ternative methods of gastric intubation and alimen
tation are often preferable to a major reoperation 
during the ftrst 6 weeks postoperatively when the 
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inflammatory response in the surgical field may be 
intense. Reoperation during this early postoperative 
period is often difficult, hazardous, and usually un
necessary. If adequate gastric remnant remains, a 
gastrostomy may be placed laparoscopically or en
doscopically and a tube fed into the jejunum. Ali
mentation can be given enterally or via total par
enteral nutrition. Alternatively, in patients with a 
small gastric remnant where a Stamm gastrostomy 
technique is impossible, a decompressing gastric 
tube can be passed retrograde through the jejunal 
efferent limb (using a Witzel technique), and another 
(distal) tube may be placed antegrade as a Witzel 
feeding jejunostomy. If these patients can be nursed 
through the first 3 months postoperatively, reoper
ation is often unnecessary and GI function is satis
factory. Reoperation should thus usually be delayed 
for 3-6 months after the first operation unless a high
grade or complete mechanical obstruction has been 
demonstrated in the small intestine. This may rep
resent a process that predisposes to small bowel 
strangulation (e.g., herniation through the transverse 
mesocolon or proximal adhesive small bowel ob
struction) and should be operated on promptly. 

POSTGASTRECTOMY SYNDROMES 

A variety of abnormalities affect a small number of 
patients after gastric surgery [20]. Most result from 
disturbance of the normal anatomic and physiologic 
mechanisms that control gastric motor function or 
from an alteration in the food stream. 

Dumping Syndrome 
Clinically significant dumping occurs in 5-10% of pa
tients after pyloroplasty, pyloromyotomy, or distal 
gastrectomy. The symptoms are thought to be a re
sult of the abrupt delivery of a hyperosmolar load 
into the small bowel. It is usually due to ablation of 
the pylorus, but decreased gastric compliance with 
accelerated emptying of liquids (e.g., after HSV) is 
another accepted mechanism. 

"Early" dumping occurs about 15-30 minutes af
ter a meal. The patient becomes diaphoretic, weak, 
lightheaded, and tachycardic. These symptoms may 
be ameliorated by recumbence or saline infusion. 
Diarrhea often follows. A variety of aberrations in GI 
hormones have been observed. 

"Late" dumping usually occurs 2-3 hours after a 
meal. It represents a form of postprandial hypo
glycemia associated with hyperinsulation and is re
lieved by administration of sugar. 

Medical therapy for the dumping syndrome con
sists of dietary management and a somatostatin ana-

log (octreotide). There is some evidence that adding 
dietary fiber at mealtime may alleviate the syndrome. 
It is the rare patient with dumping symptoms who 
requires an operation. Most patients improve with 
time (months and even years), dietary management, 
and medication. 

The results of remedial operation for dumping are 
variable and unpredictable. There are a variety of 
surgical approaches, none of which works consis
tently well. There is not a great deal of experience 
reported in the literature with any of these methods, 
and long-term follow-up is rare. Operations to be 
considered for disabling dumping include pyloric re
construction, take down of the gastrojejunostomy, 
and Roux reconstruction [21]. Although the latter 
has been applied successfully to patients with dis
abling dumping following distal gastrectomy, it may 
also prove useful as a Roux-en-Y duodenojejunos
tomy (i.e., duodenal switch procedure) in the rare 
patient with disabling dumping following pyloro
plasty (we are skeptical of pyloric reconstruction). 
Long-term acid suppression is advisable. 

Diarrhea 
Truncal vagotomy is associated with clinically sig
nificant diarrhea in 5-10% of patients. It occurs soon 
after operation and is usually not associated with 
other symptoms, a fact that helps distinguish it from 
dumping (see above). The diarrhea may be a daily 
occurrence, or it may be more sporadic and unpre
dictable. Possible mechanisms include intestinal 
dysmotility and accelerated transit, bile acid malab
sorption, rapid gastric emptying, and bacterial over
growth. Some patients with postvagotomy diarrhea 
respond to cholestyramine, and in others codeine or 
loperamide are useful. 

In the rare patient who is debilitated by post
vagotomy diarrhea that is unresponsive to medical 
management, one surgical option is a 10 cm reversed 
jejunal interposition placed in continuity 100 cm dis
tal to the ligament of Treitz. Another option is the 
onlay antiperistaltic distal ileal graft. Both operations 
can cause obstructive symptoms or bacterial over
growth (or both). 

Gastric Stasis 

Gastric stasis following operation on the stomach 
may be due to gastric motor dysfunction or me
chanical obstruction. The gastric motility abnormal
ity may have been preexistent and unrecognized by 
the operating surgeon. Alternatively, it may be sec
ondary to deliberate or unintentional vagotomy or 
resection of the dominant gastric pacemaker. An ob
struction may be mechanical (e.g., anastomotic stric-



ture, efferent limb kink from adhesions or con
stricting mesocolon, or a proximal small bowel ob
struction) or functional (e.g., retrograde peristalsis 
in a Roux limb). Gastric stasis presents with vomit
ing (often of undigested food), bloating, epigastric 
pain, and weight loss. 

Evaluation of a patient with suspected postoper
ative gastric stasis includes esophagogastroduo
denoscopy (EGD), upper gastrointestinal series, gas
tric emptying scan, and gastric motor testing. Once 
mechanical obstruction has been ruled out, medical 
treatment is successful in most cases of motor dys
function that follows previous gastric surgery. It con
sists of dietary modification and promotility agents. 
Intermittent oral antibiotic therapy may be helpful 
for treating bacterial overgrowth with its attendant 
symptoms of bloating, flatulence, and diarrhea. 

Gastroparesis following vagotomy and drainage 
may be treated with subtotal (75%) gastrectomy. Bill
roth II anastomosis with Braun enteroenterostomy 
may be preferable to Roux-en-Y reconstruction. This 
latter option may be associated with persistent emp
tying problems, which subsequently require near
total or total gastrectomy, a nutritionally unattractive 
option. Delayed gastric emptying following ulcer op
eration may represent an anastomotic stricture (of
ten due to recurrent ulcer), or proximal small bowel 
obstruction. The latter should be dealt with at re
operation. Recurrent ulcer usually responds to med
ical therapy. Endoscopic dilation is occasionally 
helpful. Gastroparesis following subtotal gastric re
section is best treated with near-total (95%) or total 
gastric resection and Roux-en-Y reconstruction. If to
tal gastrectomy is performed, a jejunal reservoir 
should be fashioned. Gastric pacing is promising, but 
it has not achieved widespread clinical usefulness in 
the treatment of gastric atony. 

Bile Reflux Gastritis 

Following ablation or resection of the pylorus, most 
patients have bile in the stomach on endoscopic ex
amination along with some degree of gross or mi
croscopic gastric inflammation [22,23]. Attributing 
postoperative symptoms to bile reflux is therefore 
problematiC, as most asymptomatic patients also have 
bile reflux. It is generally accepted that a small sub
set of patients have bile reflux gastritis; they present 
with nausea, bilious vomiting, epigastric pain, and 
quantitative evidence of excess enterogastric reflux. 
Curiously, symptoms often develop months or years 
after the initial operation. The differential diagnosis 
includes afferent or efferent loop obstruction, gastric 
stasis, and small bowel obstruction. Plain abdominal 
radiography, upper endoscopy, upper GI series, ab-
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dominal CT scans, and gastric emptying scans are 
helpful for evaluating these possibilities. Bile reflux 
may be quantitated with gastric analysis or more 
commonly scintigraphy (bile reflux scan). 

Remedial operation eliminates the bile from the 
vomitus and may improve the epigastric pain, but 
it is quite unusual to render these patients com
pletely asymptomatic, especially if they are narcotic
dependent. Bile reflux gastritis after distal gastric 
resection may be treated by Roux-en-Y gastroje
junostomy, Henley loop, or Billroth II gastroje
junostomy with Braun enteroenterostomy. To elim
inate bile reflux the Roux limb or Henley loop should 
be at least 45 cm long, and a Braun enteroenteros
tomy should be placed a similar distance from the 
stomach. Excessively long limbs may be associated 
with obstruction or malabsorption. All operations 
can result in marginal ulceration on the jejunal side 
of the gastrojejunostomy and thus are combined 
with a generous distal gastrectomy. If this has already 
been done at a previous operation, the Roux or 
Braun operations may be attractively simple. The 
benefits of decreased acid secretion following total 
gastric vagotomy may be outweighed by vagotomy
associated dysmotility in the gastric remnant, espe
cially during the current era when excellent and safe 
acid suppression is available. The Roux operation 
may be associated with an increased risk of empty
ing problems compared to the other two options, 
but controlled data are lacking. Patients with debil
itating bile reflux after gastrojejunostomy can be 
considered for simple takedown of this anastomosis. 

Primary bile reflux gastritis (Le., no previous op
eration) is rare and may be treated with duodenal 
switch operation, essentially an end-to-end Roux-en
Y to the proximal duodenum. The Achilles' heel of 
this operation is, not surprisingly, marginal ulcera
tion. Thus it should be combined with parietal cell 
vagotomy and perhaps H2 blockers. 

Roux Syndrome 

A subset of patients who have had distal gastrectomy 
and Roux-en-Y gastrojejunostomy have great diffi
CUlty with gastric emptying in the absence of me
chanical obstruction. These patients present with 
vomiting, epigastric pain, and weight loss. This clin
ical scenario has been labeled the Roux syndrome. 
Endoscopy may show bezoar formation, dilation of 
the gastric remnant, or dilation of the Roux limb. An 
upper GI series confirms these findings and may 
show delayed gastric emptying. This is better quan
titated by a gastric emptying scan, which always 
shows delayed solid emptying and may show de
layed liquid emptying as well. 
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Gastrointestinal motility testing shows abnormal 
motility in the Roux limb, with propulsive activity 
toward rather than away from the stomach. Gastric 
motility may also be abnormal. Presumably the dis
ordered motility in the Roux limb occurs in all pa
tients with this operation. Why only a subset of pa
tients develop the Roux syndrome is unclear. 
Perhaps those with disordered gastric motility are at 
most risk. The disorder seems to be more common 
in patients with a generous gastric treatment. Trun
cal vagotomy has also been implicated. 

Medical treatment consists of promotility agents. 
Surgical treatment consists of paring down the gas
tric remnant. If gastric motility is severely disor
dered, a 95% gastrectomy should be done. The Roux 
limb should be resected if it is dilated and flaccid; 
doing so does not put the patient at risk for short 
bowel problems. Gastrointestinal continuity may be 
reestablished with another Roux, a Billroth II with 
Braun enteroenterostomy, or a Henley loop. Truncal 
vagotomy should probably not be done. Long-term 
acid suppression may be necessary. 

Gallstones 
Gallstone formation following gastric operation is 
generally thought to result from vagal denervation 
of the gallbladder with attendant gallbladder dys
motility. Stasis of gallbladder bile leads to sludge and 
stone formation. Other possible but incompletely in
vestigated possibilities include postoperative am
pullary dysfunction and changes in bile composition. 
It is unclear whether simply dividing the hepatic 
branches of the anterior vagal trunk (as is frequently 
done during antireflux and bariatric operations as 
well as subtotal gastric resection) increases gallstone 
formation. Although prophylactic cholecystectomy 
is not justified with most gastric surgery, it should 
be considered if the gallbladder appears abnormal, 
especially if subsequent cholecystectomy is likely to 
be difficult. Similarly, if preoperative evaluation re
veals sludge or gallstones or if intraoperative evalu
ation reveals stones, cholecystectomy should be 
done if it appears straightforward and the gastric op
eration has gone well. 

Metabolic Problems 
Weight loss. Weight loss is common in patients who 
have undergone vagotomy or gastric resection (or 
both). The degree of weight loss tends to parallel 
the magnitude of the operation. It may be insignifi
cant in the large person or devastating in the as
thenic female patient. The surgeon should always re
consider before performing a gastric resection for 
benign disease in a thin girl or woman. The causes 

of weight loss after gastric surgery generally fall into 
one of two categories: altered dietary intake or mal
absorption. If a stain for fecal fat is negative, it is 
likely that decreased caloric intake is the problem. 
This is the most common cause of weight loss after 
gastric surgery and may be due to small stomach syn
drome, postoperative gastroparesis, or self-imposed 
dietary modification because of dumping or diar
rhea. Specific problems may be treated as outlined 
above. Consultation with an experienced dietitian 
may prove invaluable. 

Anemia. Iron absorption takes place primarily in 
the proximal gastrointestinal tract and is facilitated 
by an acidic environment. Intrinsic factor, essential 
for the enteric absorption of vitamin Bl2, is produced 
by the parietal cells of the stomach. Vitamin Bl2 
bioavailability is also facilitated by an acidic envi
ronment. 

With this as background, it is easy to understand 
why patients who have had a gastric operation are 
at risk for anemia. Anemia is the most common meta
bolic side effect in patients who have undergone gas
tric bypass for morbid obeSity. It also occurs in up 
to one-third of patients who have had a vagotomy 
or gastric resection (or both). Iron deficiency is the 
most common cause, but vitamin Bl2 or folate defi
ciency also occurs, even in patients who have not 
had total gastrectomy. Of course, patients who have 
had a total gastrectomy all develop vitamin Bl2 de
ficiency without parenteral vitamin BI2 . Gastric by
pass patients should be given oral iron supplements 
and be monitored for iron, vitamin Bl2, and folate 
deficiency. Patients who have undergone vagotomy 
or gastrectomy should be similarly monitored with 
periodic determination of hematocrit, red blood cell 
indices, iron and transferrin levels, and vitamin Bl2 
and folate levels. Marginal nutritional status should 
be corrected with oral or parenteral supplementa
tion (or both). 

Bone disease. Gastric surgery frequently disturbs 
calcium and vitamin D metabolism. Calcium ab
sorption occurs primarily in the duodenum, which 
is bypassed with a gastrojejunostomy. Fat malab
sorption may occur because of blind loop syndrome 
and bacterial overgrowth or because of inefficient 
mixing of food and digestive enzymes. This can sig
nificantly affect absorption of vitamin D, a fat-solu
ble vitamin. Abnormalities of calcium and vitamin D 
metabolism can contribute to metabolic bone dis
ease in patients following gastric surgery. The prob
lems usually manifest as pain or fractures years after 
the gastric operation. Musculoskeletal symptoms 
should prompt a study of bone density. Dietary sup
plementation of calcium and vitamin D may be use
ful for preventing these complications. Routine 



skeletal monitoring of patients at high risk (e.g., el
derly men and women; postmenopausal women) 
may prove useful for identifying skeletal deteriora
tion that with appropriate treatment can be arrested. 
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2 5 Truncal Vagotomy 
SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Truncal vagotomy is rarely indicated as an adjunct 
to management of refractory duodenal ulcer disease 
or during performance of other procedures (see 
Chapter 24). 

PREOPERATIVE PREPARATION 

See Chapter 24. 

PITFAllS AND DANGER POINTS 

Esophageal trauma 

Splenic trauma 

Inadequate vagotomy 

Disruption of esophageal hiatus with postoperative 
hiatal hernia; gastroesophageal reflux 

OPERATIVE STRATEGY 

Avoiding Esophageal Trauma 
The best way to avoid trauma to the esophagus is 
by performing most of the esophageal dissection un
der direct vision. Forceful, blind fmger dissection 
can be dangerous. After the peritoneum overlying 
the abdominal esophagus is incised (Figs. 25-1, 
25-2, 25-3), the crural musculature should be 
clearly exposed. The next vital step in this sequence 
is to develop a groove between the esophagus and 
the adjoining crux on each side. This should be done 
under direct vision using a peanut dissector (Fig. 
25-4), Only after the anterior two-thirds of the 
esophagus has been exposed is it permissible to in
sert an index fmger and encircle the esophagus. 

Avoiding Splenic Trauma 
Splenic trauma can be prevented by avoiding any trac
tion that draws the stomach toward the patient's right. 
Such traction may avulse the splenic capsule because 

of the spleen. Consequently, all traction on the stom
ach should be applied on the lesser curvature side and 
directed toward the patient's feet. Avulsion of a por
tion of the splenic capsule, in the absence of gross dis
ruption of the splenic pulp, does not require splenec
tomy. Application of topical hemostatic agents and 
pressure may control bleeding satisfactorily. 

Preventing Incomplete Vagotomy 

In most cases of recurrent marginal ulcer, it turns 
out that the posterior vagal trunk has not been di
vided. This trunk is generally the largest trunk en
countered. The surgeon's failure to locate the pos-

of attachments between the omentum and the surface Fig. 25-1 

234 



Fig. 25-2 

Fig. 25-3 

terior vagus suggests inadequate knowledge of the 
anatomy of the posterior vagus. The right (posterior) 
vagal trunk is frequently 2 cm or more distant from 
the right lateral wall of the esophagus. It is often not 
delivered into the field by the usual maneuver of en
circling the esophagus with the index finger. If the 
technique described below is carefully followed, this 
trunk is rarely overlooked. 

Fig. 25-4 

Operative Technique 235 

To improve tissue recognition skills the surgeon 
should place each nerve specimen removed from the 
vicinity of the esophagus into a separate bottle for his
tologic examination. Each bottle should have a label 
indicating the anatomic area from which the nerve 
was removed. The pathology report that arrives sev
eral days after the operation can serve as a test of the 
surgeon's ability to identify nerves visually. The sur
geon may be surprised to find that four or five speci
mens of nerve have been removed during a complete 
truncal vagotomy. Frozen section examination is help
ful but not conclusive because it cannot prove that all 
the vagal nerve branches have been removed. The sur
geon must gain sufficient skill at identifying nerve 
trunks to be certain no significant nerve fiber remains. 

Hiatus Hernia 

Significant hiatal hernia following vagotomy occurs 
in no more than 1-2% of cases. This percentage can 
probably be reduced if the surgeon repairs any large 
defects seen in the hiatus after the dissection has 
been completed. 

OPERATIVE TECHNIQUE 

Incision and Exposure 

Make a midline incision from the xiphOid to a point 
about 5 cm below the umbilicus. The incision can 
be extended into the xiphocostal junction if neces
sary. Elevate the sternum 8-10 cm by means of an 
Upper Hand or Thompson retractor. Elevate the up
per half of the operating table about 10°. Retract the 
left lobe of the liver in a cephalad direction utilizing 
Harrington or Weinberg retractors. In rare instances 
the triangular ligament must be incised and the left 
lobe of the liver retracted to the patient's right for 
exposure (see Chapter 15). 

Using long DeBakey forceps and long Metzen
baum scissors incise the peritoneum overlying the 
abdominal esophagus (Figs. 25-1, 25-2, 25-3). Next 
identify the muscles of the right and left branches 
of the crux. Use a peanut dissector to develop a 
groove between the esophagus and the adjacent 
crux, exposing the anterior two-thirds of the esoph
agus (Fig. 25-4). At this point insert the right index 
fmger gently behind the esophagus and encircle it. 

Left (Anterior) Vagal Trunks 

In our experience, whereas the posterior trunk of
ten exists as a single structure in the abdomen, the 
anterior vagus divides into two or more trunks in 
more than 50% of cases. The main left trunk gener
ally runs along the anterior wall of the lower esoph-
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agus, and the other branches may be closely applied 
to the longitudinal muscle of the anterior esopha
gus. The major nerve branches may be accentuated 
by caudal traction on the stomach, which makes the 
anterior nerves prominent against the esophagus. Af
ter applying hemostatic clips, remove segments from 
each of the anterior branches (Fig. 25-5). Any sus
picious fibers should be removed with forceps and 
sent to the pathology laboratory for analysis. 

Identification of the Right 
(Posterior) Vagus 

The posterior vagal trunk often is situated 2-3 cm 
lateral and posterior to the right wall of the esoph-

Fig. 25-5 

agus. Consequently, its identification requires that 
when the surgeon's right index finger encircles the 
lowermost esophagus, proceeding from the pa
tient's left to right, the fingernail should pass over 
the anterior aorta. The finger should then go a con
siderable distance toward the patient's right before 
the finger is flexed. The fingernail then rolls against 
the deep aspect of the right branch of the crural 
muscle. When this maneuver is completed, the 
right trunk, a structure measuring 2-3 mm in di
ameter, is contained in the encircled finger to the 
right of the esophagus (Fig. 25-6), Its identifica
tion may be confirmed in two ways. First, look for 
a major branch going toward the celiac ganglion. 
Second, insert a finger above the left gastric artery 

, 

Fig. 25-6 



near the lesser curvature of the stomach and draw 
the left gastric vessel in a caudal direction. This ap
plied traction to the posterior vagus, which then 
stands out as a stout cord. The right trunk rarely 
divides in the abdomen above the level of the 
esophagogastric junction. 

Apply a long Mixter clamp to the nerve; place he
mostatic clips above and below the clamp; and re
move a 2- to 3-cm segment of nerve and submit it 
for histologic study. Rotate the esophagus and in
spect the posterior wall. All the conclusion of this 
step the lower 5 cm of esophagus should be cleared 
of all nerve fibers. One should see only longitudinal 
muscle throughout its circumference (Fig. 25-7). 

Suture of Crural Musculature 
If the hiatus admits two or more fmgers alongside 
the esophagus, one or two sutures of 0 Tevdek 
should be placed to approximate the muscle bun
dles behind the esophagus, taking care to leave a 
gap of one fmgerbreadth between the esophagus 
and the newly constructed hiatus. No attempt at fun
doplication or any other antireflux procedure need 
be undertaken unless the patient had symptoms or 
other evidence of gastroesophageal reflux and 
esophagitis before the operation. Check hemostasis 
before going on to the gastric resection or drainage 
procedure. 

POSTOPERATIVE CARE 

See Chapter 27. 

COMPLICATIONS 

Operative perforation of the esophagus. This injury 
must be carefully repaired with two layers of inter
rupted sutures. If additional exposure is needed, do 
not hesitate to extend the abdominal incision into 
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Fig. 25-7 

the left sixth or seventh intercostal space. For addi
tional security when repairing a low esophageal tear, 
cover the suture line with gastric wall by perform
ing a Nissen fundoplication. 

Postoperative gastric stasis. Because this compli
cation is unpredictable and difficult to manage, a 
drainage procedure such as pyloroplasty or gastroje
junostomy is generally done with truncal vagotomy. 
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26 Proximal Gastric 
Vagotomy 

SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Peptic ulcer disease refractory to medical manage
ment 

See Chapter 24 

PREOPERATIVE PREPARATION 

Esophagogastroduodenoscopy to conflrm the diag
nosis 

PITFAllS AND DANGER POINTS 

Hematoma of gastrohepatic ligament 

Incomplete vagotomy 

Damage to innervation of pyloric antrum 

Injury to spleen 

Necrosis or perforation of lesser curvature of stomach 

OPERATIVE STRATEGY 

Exposure 
The visibility of the area around the lower esopha
gus is greatly enhanced if the Thompson or the Up
per Hand retractor is attached so the blade under
lying the lower border of the sternum elevates the 
sternum and draws it in a cephalad direction. 

Prevention of Hematoma 
and Injury to Gastric 
Lesser Curve 
Hematomas in the region of the gastrohepatic liga
ment along the lesser curve of the stomach increase 
the difficulty of identifying the terminal branches of 
the nerve of Latarjet. Furthermore, rough dissection 
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and hematomas in this area may damage the de
serosalized muscle along the lesser curve to such an 
extent that necrosis may occur. This rare complica
tion is preventable if dissection is performed gently. 
Resuturing the peritoneum produces inversion of 
the deserosalized portion of the lesser curve and 
helps prevent perforation. 

Preserving Innervation of the Antrum 
The anterior and posterior nerves of Latarjet termi
nate in a conflguration resembling the foot of a crow. 
This crow's-foot portion maintains innervation ofthe 
antrum and pylorus and ensures adequate emptying 
of the stomach. 

Adequacy of Proximal Vagotomy 

Hallenbeck et al. demonstrated that the incidence of 
recurrent postoperative ulcer dropped markedly 
when they extended the dissection so the lower 
esophagus was completely freed of any vagal inner
vation. This required meticulous removal of all nerve 
branches reaching the lower 5-7 cm of the esopha
gus and the proximal stomach. Grassi noted that one 
reason the proximal vagotomy technique fails is that 
surgeons sometimes overlook a branch leading from 
the posterior vagus nerve to the posterior wall of 
the upper stomach. He named it the "criminal 
nerve." If all the vagal nerve branches that enter the 
distal esophagus or proximal stomach are divided, 
interruption of the criminal nerve is included in the 
dissection. 

Postoperative Gastroesophageal 
Reflux 

Extensive dissection in the region of the esopha
gogastric junction may produce or exacerbate gas
troesophageal reflux. Patients with preoperative gas
troesophageal reflux should undergo an antireflux 



procedure at completion of the proximal gastric 
vagotomy. A posterior gastropexy (see Chapter 17) 
or a Nissen fundopIication (see Chapter 15) may be 
done. The choice of procedure depends on the ex
perience of the surgeon and the operative findings. 

OPERATIVE TECHNIQUE 

Incision and Exposure 

With the patient supine, elevate the head of the op
erating table 10°_15°. Make a midline incision from 
the xiphoid to a point 5 cm below the umbilicus. 
Insert an Upper Hand or Thompson retractor to el
evate the lower sternum about 8-10 cm. Insert a self
retaining retractor of the Balfour type without ex
cessive tension to separate the margins of the 
incision. Depending on the patient's body habitus, 
use a Weinberg or a Harrington retractor to elevate 
the left lobe of the liver above the esophageal hia
tus. On rare occasions this exposure is not adequate, 
and the triangular ligament of the left lobe of the 
liver may have to be divided, with the left lobe re
tracted to the patient's right. 

Identification of Right and 
Left Vagal Trunks 

Expose the peritoneum overlying the abdominal 
esophagus and transect it transversely using long 
Metzenbaum scissors and DeBakey forceps. Extend 
the peritoneal incision to uncover the muscular 
fibers of the crura surrounding the esophageal hia
tus (see Figs. 25-1 to 25-3). Separate the anterior 
two-thirds of the circumference of the esophagus 
from the adjacent right and left crux of the di
aphragm using scissors and peanut-sponge dissec
tion under direct vision (see Fig. 25-4). Then en
circle the esophagus with the right index fmger. 
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The right (posterior) vagus nerve is frequently 2 
cm or more away from the esophagus. To avoid leav
ing the posterior vagus behind, pass the finger into 
the hiatus at the groove between the left branch of 
the crux and the left margin of the esophagus. Pass 
the fingernail along the anterior wall of the aorta and 
curve it anteriorly along the posterior aspect of the 
right side of the diaphragmatic crux, entering the 
operative field adjacent to the right crux. As a result 
of this maneuver, the index fmger almost invariably 
contains both vagal trunks in addition to the esoph
agus. The right vagus generally is considerably larger 
than the left and is almost always a single trunk. The 
left (anterior) vagus can be identified generally at the 
right anterior surface of the lower esophagus. Sepa
rate each vagal trunk gently from the esophageal 
wall, pulling the vagal trunk toward the right and 
the esophagus to the left. Encircle each vagal trunk 
with a Silastic loop, brought out to the right of the 
esophagus. 

Identification of Crow's Foot 

Pass the left index and middle fingers through an 
avascular area of the gastrohepatic omentum and en
ter the lesser sac. This enables the nerves and blood 
vessels along the lesser curvature of the stomach to 
be elevated and put on stretch. The anterior nerve 
of Latarjet, which is the termination of the left va
gus trunk as it innervates the anterior gastric wall, 
can be seen through the transparent peritoneum ad
jacent to the lesser curvature of the stomach. It in
termingles with terminal branches of the left gastric 
artery, which also go to the lesser curvature. As the 
nerve of Latarjet reaches its termination, it divides 
into four or five branches in a configuration that re
sembles a crow's foot. These terminal branches in
nervate the distal 6-7 cm of the antrum and pylorus 
and should be preserved (Figs. 26-1, 26-2a). 
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Fig. 26-1 

Dissection of the Anterior 
Nerve of Latarjet 

After identifying the crow's foot, insert a Mixter 
right-angle clamp underneath the next cephalad 
branch of the nerve and the accompanying blood 
vessels (Fig. 26-2b). This branch is 6-7 cm cepha
lad to the pyloric muscle. After the clamp has bro
ken through the peritoneum on both sides of these 
structures, divide them between Adson hemostats 
and carefully ligate with 4-0 silk (Fig. 26-2c). Al
ternatively, each branch may be double-ligated be
fore being divided. Repeat the same maneuver many 
times, ascending the lesser curvature of the stomach 
and taking care not to include more than one branch 
in each hemostat. To preserve the innervation ofthe 
antrum, the hemostats must be applied close to the 

gastric wall so as not to injure the main trunk of the 
nerve of Latarjet. Take great care not to tear any of 
these small blood vessels, as they tend to retract and 
form hematomas in the gastrohepatic ligament ob
scuring the field of dissection. This is a particular 
hazard in obese patients. Avoid trauma to the mus
culature of the gastric wall, as this area of the lesser 
curvature is not protected by a layer of serosa. 

Continue dissection of the anterior layer of the gas
trohepatic ligament until the main trunk of the left 
vagus nerve is reached. Retract this trunk toward the 
patient's right by means of the umbilical tape. At the 
conclusion of the dissection, the left vagus nerve 
should be completely separated from the wall of the 
esophagus for a distance of 6-7 cm above the esoph
agogastric junction. Any small nerve branching from 
the vagus nerve to this portion of the esophagus 



Fig. 26-2a 

should be divided. In this fashion all the branches 
from the left vagus to the stomach are interrupted, 
with the exception of those innervating the distal 
antrum and pylorus. Preserve the hepatic branch of 
the vagus trunk also because it leaves the left vagus 
and goes to the patient's right on its way to the liver. Fig. 26-2b 

Dissection of Posterior 
Nerve of Latarjet 

Delineate the posterior leaflet of the gastrohepatic 
omentum as it attaches to the posterior aspect of the 
lesser curvature of the stomach. Again, the crow's 
foot should be identified and preserved. Each branch 
of the left gastric artery and vein, together with each 
terminal branch of the posterior nerve of Latarjet, 
should be individually isolated, double-damped, 

Fig. 26-2c 
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Fig. 26-3 

/ 

Fig. 26-4 

divided, and ligated (Fig. 26-3), Take care to make 
this division close to the gastric wall to preserve the 
main nerve of Latarjet. Continue this dissection in a 
cephalad direction until the previously identified 
right vagal trunk can be seen alongside the distal 
esophagus. When this dissection has been properly 
completed, it becomes evident that the right vagus 
nerve and the gastrohepatic ligament are situated far 
to the right of the completely bare lesser curvature. 
Now dissect away the posterior aspect of the esoph
agus from the posterior vagus nerve for a distance 
of 7 cm above the esophagogastric junction so no 
branches from this trunk can reach the stomach by 
way of the distal esophagus. 

Pay special attention to the criminal nerve of 
Grassi, which is a branch of the posterior vagal trunk 
passing behind the esophagus to the posterior wall 
of the gastric cardia. If the surgeon's left hand can be 
passed between the freed vagal trunks and the distal 
esophagus as well as the gastric fundus, it helps en
sure that the extent of the dissection has been ade
quate. In addition, carefully inspect the longitudinal 
muscle fibers of the distal esophagus. Any tiny fibers 
resembling nerve tissue should be divided or avulsed 
from the musculature throughout the circumference 
of the lower 7 cm of esophagus (Fig. 26-4). 

Repair of the Lesser Curvature 

Use interrupted 4-0 silk Lembert sutures to approx
imate the peritoneum over the gastric musculature, 
thereby reperitonealizing the lesser curvature (Fig. 
26-5). Close the abdominal incision in the usual 
fashion, without drainage. 

POSTOPERATIVE CARE 

Continue nasogastric suction and intravenous fluids 
for 48 hours. At the end of this time the patient gen
erally is able to be advanced to a normal diet. Usu
ally the postoperative course is uneventful, and un
desirable postoperative gastric sequelae, such as 
dumping, are distinctly uncommon. 

COMPliCATIONS 

Recurrent ulceration. Inadequate vagotomy results 
in recurrent ulceration. 

Necrosis. Unique to proximal gastric vagotomy is 
necrosis ofthe lesser curvature. Although rare (0.3% 
of all proximal gastric vagotomy operations), it is 
often fatal. It probably results from trauma or 
hematoma of the gastric wall in an area that lacks 
serosa. Prevention requires accurate dissection as-



Fig. 26-5 

sisted by reperitonealization of the lesser curvature 
by suturing (Fig. 26-5). Treatment requires early di
agnosis and resection. 
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27 Pyloroplasty 
(Heineke-Mikulicz and 
Finney) Operation for 
Bleeding Duodenal Ulcer 
SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Pyloroplasty is now primarily used in poor-risk pa
tients undergoing emergency surgery for massive he
morrhage from duodenal ulcer. A vagotomy is gen
erally added (see Chapters 25 and 26). 

PREOPERATIVE PREPARATION 

Nasogastric suction 

Esophagogastroduodenoscopy (endoscopic control 
of hemorrhage is frequently pOSSible, obviating the 
need for operation) 

Peri operative antibiotics 

PITFALLS AND DANGER POINTS 

Suture line leak 

Inadequate lumen 

OPERATIVE STRATEGY 

Control of Bleeding 
The ulcer is exposed through a generous gastro
duodenotomy. The incision begins on the distal 
antrum, crosses the pylorus, and continues several 
centimeters down onto the duodenum. The bleed
ing site must be positively identified. Do not hesi
tate to extend the incision proximally, or distally if 
necessary. The arterial anatomy of the stomach is 
shown in Figure 27-1. The most common situation 

244 

is a posterior duodenal ulcer eroding into the gas
troduodenal artery. Occasionally, a gastric ulcer 
erodes into the left or right gastric artery, the gas
troepiploic arcade, or (rarely) posteriorly into the 
splenic artery. 

Choice of Pyloroplasty 

Even if fibrosis and inflammation of the duodenum 
are present, as they may be with severe ulcer dis
ease, in most cases a Heineke-Mikulicz pyloroplasty 
is feasible. When the duodenum appears too inflex
ible to allow performance of this procedure, the 
Finney pyloroplasty or gastrojejunostomy should be 
elected. The latter two operations, although slightly 
more complicated than the Heineke-Mikulicz, en
sure production of an adequate lumen for gastric 
drainage. Because the gastroduodenal incision is op
timally positioned slightly differently for the two 
types of pyloroplasty, it is well to decide which type 
is to be performed before the incision is made. 

OPERATIVE TECHNIQUE 

Kocher Maneuver 
In most cases pyloroplasty requires a Kocher ma
neuver (see Figs. 11-14 to 11-16) to provide ma
neuverability of the tissues: Grasp the peritoneum lat
eral to the duodenum with forceps and make an 
incision in this peritoneal layer. Alternatively, in many 
patients the surgeon's index fmger may be insinuated 
behind the common bile duct and portal vein, point
ing toward the ampulla of Vater. The finger then slides 
toward the patient's right. Overlying the fmgertip is 



a. 

R. 

a. 

Fig. 27-1 

not only a thin layer of peritoneum but also an avas
cular lateral duodenal ligament that attaches the duo
denum to the underlying retroperitoneal structures. 
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Incise the peritoneal layer with scissors or electro
cautery and then stretch the lateral duodenal ligament 
with the fingertip and divide it similarly. 
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Fig. 27-2 

Pyloroduodenal Incision for 
Heineke-Mikulicz Pyloroplasty 
Make a 5 cm incision across the lower antrum, py
loric sphincter, and proximal duodenum, with the in
cision centered on the pyloric muscle (Fig. 27-2). 
Apply Babcock clamps to the cephalad and caudad 
cut ends of the pyloric sphincter and draw them apart 
to open the incision. Transfix any bleeding points 
with 4-0 PG or PDS suture-ligatures or with careful 
electrocoagulation. Close the incision transversely, 
providing a patulous lumen for gastric drainage. 

Emergency Procedure 
for Bleeding Ulcer 
The longitudinal incision across the pylorus and into 
the proximal 3 cm of the duodenum described above 
generally provides good visualization of a posterior 
ulcer that is penetrating the gastroduodenal artery 
(Fig. 27-2). Do not hesitate to extend this incision 
proximally or distally as far as necessary to identify 
the bleeder. 

The most common source of duodenal ulcer 
bleeding is posterior erosion into the gastroduode
nal artery (Fig. 27-1). Transfix this artery with 2-0 
silk sutures proximal and distal to the bleeding point. 
Place a third suture on the pancreatic side and deep 
to the bleeding point (Figs. 27-3, 27-4) to occlude 
a hidden posterior branch of the gastroduodenal 

Fig. 27-3 

Fig. 27-4 

artery. This branch, generally the transverse pan
creatic artery, may produce retrograde bleeding fol
lowing apparently successful proximal and distal li
gation of the gastroduodenal artery. Pluck the 
thrombus from the lumen of the ulcerated artery to 
determine if hemorrhage control is complete. 

The incision in the stomach and duodenum is 
then closed as a pyloroplasty. If the incision is rela
tively short, as shown in Figure 27-2, a Heineke
Mikulicz closure is appropriate. A longer incision, or 
a fibrotic duodenum, may require closure by a 
Finney pyloroplasty. Both are described in the sec
tions that follow. A Kocher maneuver (see Figs. 
11-14 to 11-16) greatly facilitates closure. 

Heineke-Mikulicz Pyloroplasty: 
Sutures 

Use one layer of sutures to prevent excessive tissue 
inversion. Most techniques call for a through-and
through suture. As the gastric wall is much thicker 
than the duodenal wall, it is difficult with this tech
nique to prevent eversion of mucosa between the 
sutures. Consequently, we prefer deep "seromu
cosal" sutures (see Fig. 4-13) or interrupted Lem
bert sutures of 4-0 silk. Insert the first suture at the 
midpoint of the suture line (Fig. 27-5). Proceed 
with the closure from one comer to the midpoint 
and then from the other comer to the midpOint, in
verting just enough of the seromuscular coat to pre-
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Fig. 27-5 
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Fig. 27-6 

vent outpouching of mucosa between the sutures 
(Figs. 27--6, 27-7). 

Then suture omentum loosely over the pyloro
plasty. This prevents leakage from the one-layer su
ture line and adhesions between the suture line and 
the undersurface of the liver, which may cause an
gulation and partial obstruction. 

Stapling 

Instead of suturing the pyloroplasty incision as de
scribed above, apply Allis clamps to the incision, ap-

Fig. 27-7 

proximating the tissues in eversion, mucosa to mu
cosa. Then apply a 55/4.8 mm linear stapling device 
to the everted tissues just deep to the line of Allis 
clamps (Fig. 27-8) and fire it. Excise redundant tis
sue with a scalpel, lightly electrocoagulate the 
everted mucosa, and remove the stapler. Carefully 
inspect the staple line to be sure satisfactory B for
mation has been carried out (Fig. 27-9). Control 
bleeding points by conservative electrocoagulation 
or 4-0 PG sutures. Place omentum over this stapled 
closure. 
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Fig. 27-8 

Fig. 27-9 
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Fig. 27-10 

Finney Pyloroplasty 

Unlike the anterior midline gastroduodenotomy in
cision previously described, for the Finney pyloro
plasty the gastroduodenal incision is kept close to 
the greater curvature side of the stomach and the 
pancreatic side of the proximal duodenum (Fig. 
27-10) to avoid excessive tension on the anterior 
suture line. Ideally, the first row of sutures is placed 
before the incision is made. 

Fig. 27-11 

Fig. 27-12 

Insert a layer of interrupted 4-0 silk Lembert su
tures to approximate the greater curvature of the 
stomach to the superior portion of the proximal duo
denum. Place these sutures fairly close to the greater 
curvature of the stomach and to the junction of the 
duodenum and pancreas. Continue this suture line for 
a distance of 5-6 em from the pylorus (Fig. 27-10). 

When the sutures have been tied, make an inverted 
U-shaped incision along a line 5-6 mm superficial to 
the suture line (Fig. 27-10). Carry this incision through 

Fig. 27-13 



the full thickness of the pyloric sphincter. After the 
incision has been made, the mucosal surface of both 
the gastric antrum and duodenum can easily be seen. 

Begin the mucosal suture at the inferior surface 
of the divided pyloric sphincter. Pass a needle armed 
with 3-0 atraumatic PG through the full thickness of 
stomach and duodenum at the pyloric sphincter and 
tie it (Fig. 27-11). Continue the suture in a caudal 
direction as a continuous locked stitch until the low
ermost portion of the incision is reached. Then pass 
the needle from inside out on the stomach side. Ap
proximate the anterior mucosal layer by means of a 
continuous Connell or Cushing suture (Fig. 27-12), 
which should be terminated when the cephalad end 
of the incision is reached. Close the anterior sero
muscular layer by means of interrupted 4-0 silk Lem
bert sutures (Fig. 27-13). At the conclusion the lu
men should admit two fingers. 

POSTOPERATIVE CARE 

Administer nasogastric suction for 1-3 days. 

COMPliCATIONS 

Complications following this operation are rare, al
though delayed gastric emptying occurs occasion
ally, as does suture-line leakage. Dumping symptoms 
may occur. 

Reversal of Pyloroplasty or 
Gastrojejunostomy 

About 1-2% of patients who have undergone trun
cal vagotomy and pyloroplasty or gastrojejunostomy 
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develop severe symptoms of dumping, diarrhea, or 
bilious vomiting of such severity that surgical cor
rection may be indicated. Reconstruction of the py
lorus is required in rare circumstances. Martin and 
Kennedy described reconstruction of the pylorus in 
nine patients who underwent a Heineke-Mikulicz py
loroplasty and three with a Finney pyloroplasty. 
There was marked improvement in three-fourths of 
the patients whose complaints were dumping and 
diarrhea. 

One can surgically reverse a pyloroplasty by re
opening the transverse incision, identifying both cut 
ends of the pyloric sphincter, reapproximating the 
sphincter by interrupted sutures, and closing the in
cision in a longitudinal direction, thereby restoring 
normal anatomy. 
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28 Gastrojejunostomy 

INDICATIONS 

Gastrojejunostomy is performed for duodenal or gas
tric outlet obstruction when other procedures are 
not possible. 

PREOPERATIVE PREPARATION 

See Chapter 24. 

PITFAllS AND DANGER POINTS 

Postoperative gastric bleeding 

Anastomotic obstruction 

OPERATIVE STRATEGY 

Traditionally, gastrojejunal anastomoses have been 
placed on the posterior wall of the antrum to im
prove drainage. However, posterior drainage is de
pendent drainage only when the patient is lying in 
bed flat on his or her back, and it is questionable 
whether the average patient spends enough hours 
in this position to warrant the additional difficulty 
of placing the gastrojejunostomy in a posterior lo
cation. We prefer to perform an anterior gastroje
junostomy along the greater curvature of the antrum, 
situated no more than 5-7 cm from the pylorus. 

OPERATIVE TECHNIQUE 

Incision 
Make a midline incision from the xiphOid to the um
bilicus. 

Freeing the Greater Curvature 
Beginning at a point about 5 cm proximal to the py
lorus, double-clamp, divide, and individually ligate 
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the branches of the gastroepiploic vessels on the 
greater curvature of the stomach, separating the 
greater omentum from the greater curvature of the 
stomach for a distance of 6-8 cm. 

Gastrojejunal Anastomosis: 
Suture Technique 

Identify the ligament of Treitz and pass the jejunum 
in an antecolic fashion, so that the bowel runs from 
the patient's left to right. Make a 5 cm longitudinal 
scratch mark with the back of a scalpel blade on the 
antimesenteric border of the jejunum, beginning at 
a point no more than 12-15 cm from the ligament 
of Treitz. This point marks the eventual incision into 
the jejunum for the anastomosis. 

Because of the large size of the anastomosis, a 
continuous suture technique is satisfactory. After 
freeing a 6 cm segment of the greater curvature from 
the omentum, initiate (close to the greater curve) a 
continuous Lembert suture of atraumatic 3-0 PG on 
the left side of the anastomosis and approximate the 
seromuscular coats of the stomach and jejunum for 
a distance of about 5 cm (Fig. 28-1). Lock the last 
posterior Lembert suture. Then make incisions, 5 cm 
long, on the antimesenteric border of the jejunum 
and along the greater curvature of the stomach. Be
gin approximating the posterior mucosal layer at the 
midpoint of the incision using a double-armed su
ture of 3-0 PG. Insert and tie the first suture. Con
tinue the suture toward the patient's left as a con
tinuous locked suture, penetrating both mucosal and 
seromuscular coats. Terminate it at the left lateral 
margin of the incision. At this time, with the second 
needle initiate a similar type stitch from the mid
point to the right lateral margin of the incision (Fig. 
28-2a). Approximate the anterior mucosal layer by 
means of a continuous Connell or continuous Cushing
type stitch. The two sutures should meet anteriorly 
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Fig. 28-2b 
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Fig. 28-4 

near the midline and be tied to each other (Fig. 
28-2b), 

Close the anterior seromuscular layer with the 
same curved needle utilized for the posterior layer. 
It should progress as a continuous Lembert suture 
(Fig. 28-3) from the right lateral margin of the anas
tomosis toward the left lateral margin. Terminate the 
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suture by tying it to itself (Fig. 28-4), The anasto
mosis should admit two fingers. 

Stapling Technique 

Identify the proximal jejunum and bring it to an 
antecolonic position as described above. With 
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/ 

Fig. 28-5 

Fig. 28-6 

electrocautery make a stab wound on the antime
senteric side of jejunum at a point 12-15 cm from 
the ligament of Treitz. Make a second stab wound 
along the greater curvature of the stomach at a point 
about 10 cm from the pylorus. Insert one fork of the 

cutting linear stapling device into the jejunum and 
one fork into the stomach (Fig. 28-5). Align the je
junum so its antimesenteric border is parallel to the 
fork of the stapler and lock the device. Check the 
proposed gastrojejunal staple line to ensure that the 



forks of the stapler include no tissue other than stom
ach and jejunum. Fire the stapler and remove it. 

Apply Allis clamps to the anterior and posterior 
terminations of the staple line. Inspect the staple line 
carefully for bleeding and control any bleeding point 
by cautious electrocoagulation or insertion of 4-0 PG 
atraumatic suture-ligatures. 

Closure of Stab Wound 

Approximate the remaining defect in the anasto
mosis in an everting fashion by applying several Al
lis clamps. Apply a 55 mm linear stapler deep to the 
Allis clamps. If the gastric wall is of average thick
ness use 3.5 mm staples; otherwise a larger size is 
necessary. Fire the stapler and excise the redundant 
tissue with Mayo scissors. Lightly electrocoagulate 
the everted mucosa and remove the stapling device. 
The lumen should admit two fingers without diffi
culty. Place a 4-0 seromuscular Lembert suture to 
fix the stomach to the jejunum on the right lateral 
margin of the newly stapled anastomosis (Fig. 
28-6). 
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POSTOPERATIVE CARE 

Administer nasogastric suction for 1-3 days. 

COMPI1CATIONS 

Gastric bleeding is a rare complication, occurring in 
1-2% of cases. Anastomotic leakage and obstruc
tion are even less common than gastric bleeding. At 
times an apparently satisfactory gastrojejunostomy is 
anatomically patent but fails to empty well. 
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29 Gastrectomy 
(Antrectomy) 
for Peptic Ulcer 

SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

See Chapter 24. 

PREOPERATIVE PREPARATION 

See Chapter 24. 

PITFAllS AND DANGER POINTS 

Inadequate duodenal stump closure 

Trauma to pancreas resulting in postoperative acute 
pancreatitis 

Incomplete removal of distal antrum 

Splenic trauma 

Injury to common bile duct or ampulla of Vater dur
ing ulcer dissection 

Inadequate lumen in gastroduodenal anastomosis 
(Billroth I) with postoperative obstruction 

Inadvertent gastroileostomy (Billroth II) 

Excessive length of afferent limb (Billroth II) 

OPERATIVE STRATEGY 

Choice of Billroth I or 
Billroth D Reconstruction 
Although each reconstruction has its proponents, it 
has been difficult to demonstrate convincing evi
dence of the superiority of one method over the 
other. Successful completion of a Billroth I recon-
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struction requires pliable duodenum that can be 
brought to the gastric remnant without tension. The 
Billroth II reconstruction avoids tension by creating 
a duodenal stump and an end-ta-side gastrojejunos
tomy. 

Billroth D: Duodenal Stump 
Most of the serious postoperative complications of 
gastric surgery involve failure of the duodenal 
stump closure. This leads to disruption and duo
denal fistula or trauma to the pancreas, which re
sults in acute pancreatitis. Because these compli
cations result from persistent efforts to dissect the 
duodenum away from the pancreas when there is 
advanced fibrosis surrounding a penetrating duo
denal ulcer, the simplest means to prevent trouble 
is for the surgeon to become aware early in the op
eration that the duodenal dissection is fraught with 
danger. It is not necessary to excise the ulcer if 
there is pliable duodenum proximal to the ulcer
ated area. 

When a difficult duodenum is identified early 
during the operation, perform either vagotomy 
with a drainage procedure or proximal gastric 
vagotomy instead of attempting resection. If as a 
result of poor judgment the surgeon gets into dif
ficulty after having broken into a posterior pene
trating duodenal ulcer, the Nissen technique, the 
Cooper modification of it, or catheter duodenos
tomy may prove lifesaving. A successful Nissen ma
neuver requires that the anterolateral wall of the 
duodenum be pliable and of fairly normal thick
ness. If this wall is shrunken and contracted with 
fibrosis or is acutely inflamed, it may not be suit-



able for inversion into the pancreas by the Nissen
Cooper method. 

Catheter Duodenostomy 

If there is any doubt about the security of the duo
denal stump suture line, insert a catheter into the 
duodenum for postoperative decompression. It pro
vides a valuable safety valve and prevents disruption 
of the duodenal suture line in most instances. 

Marginal Ulcer FoUowing BiUroth II 

Among the causes of postoperative marginal ulcer is 
erroneous transection of the antrum proximal to the 
pylorus, leaving antral mucosa in contact with the 
alkaline bilious secretions. Although an error of this 
type is not committed in the presence of normal 
anatomy, this mistake is indeed possible when the 
area is obscured by inflammation and fibrosis. When 
the landmarks of the pyloric sphincter are obscured, 
use frozen section biopsy to confum the absence of 
antral mucosa and the presence of Brunner's glands 
at the cut end of the duodenal stump. 

Splenic Trauma 

Traction on the greater curvature of the stomach is 
the most common cause of splenic injury, which re
sults in avulsion of a portion of the splenic capsule 
adherent to the greater omentum. If downward trac
tion on the stomach is needed, apply it to the lesser 
curvature. These minor capsular avulsion injuries 
can generally be managed by direct pressure over a 
sheet of topical hemostatic agent. 

Ligating the Bleeding 
Point in Duodenal Ulcers 

The most common source of bleeding in patients who 
undergo emergency surgery for massive hemorrhage 
is a posterior duodenal ulcer eroding into the gastro
duodenal artery (see Fig. 27-1). See Chapter 27 for 
details on proper management of this problem. 

Avoiding Postoperative 
Wound Infection 

Patients who undergo gastric resection for an ulcer 
in the presence of chronic obstruction or massive 
hemorrhage are more prone to develop postopera-
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tive wound infection than are patients who undergo 
elective surgery for a duodenal ulcer. Perioperative 
antibiotics help decrease the incidence of this com
plication. 

OPERATIVE TECHNIQUES: 
BILLROm I AND n 

Incision 

The incision should be midline, from the xiphoid to 
a point 5 cm below the umbilicus. Use an Upper 
Hand or Thompson retractor to elevate the lower 
margin of the sternum and a Harrington retractor to 
elevate the lower surface of the liver. Perform a vagot
omy when indicated (see Chapter 25). 

Evaluation of Duodenal Pathology 

It is not easy to evaluate the potential difficulty of 
dissecting the posterior wall of the duodenum off 
the pancreas by simple inspection. Just how difficult 
the procedure may be is not known until the pos
terior dissection is initiated. Pay attention to the qual
ity and flexibility of the anterior wall of the duode
num. If the wall is soft and maneuverable, it can be 
useful should a Nissen-type stump closure become 
necessary. A markedly fibrotic, rigid, or edematous 
anterior wall indicates that closing the stump will be 
difficult. Marked edema or scarring in the region of 
the pylorus, pancreas, and hepatoduodenal liga
ments is a relative contraindication to gastrectomy. 

When the surgeon is uncertain of the nature of 
the pathology, a short incision may be made in the 
proximal duodenum to visualize ulcer pathology. 
This enables the surgeon to make a more accurate 
estimate of the technical expertise required to per
form the resection. When in doubt, it is better to 
perform a vagotomy and drainage procedure or a 
proximal gastric vagotomy than a heroic duodenal 
dissection, as fatal duodenal leakage or acute pan
creatitis may follow the dissection. 

Dissection of Greater Curvature 

Incise the avascular portion of the gastrohepatic lig
ament to the right of the lesser curvature and pass 
the left hand behind the lesser curvature and antrum 
of the stomach, emerging deep to the gastroepiploic 
arcade along the greater curvature of the stomach 
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Fig. 29-1 

(Fig. 29-1). This maneuver elevates the greater 
omentum from the underlying mesocolon, which 
contains the middle colic artery. Isolate the branches 
going from the gastroepiploic arcade to the greater 
curvature of the stomach, then double-clamp and di
vide each. Continue this process up along the greater 
curve of the stomach until the halfway point be-

Fig. 29-2 

tween the pylorus and the diaphragm is reached 
(Fig. 29-2). 

Next dissect the distal segment of the gastroepi
ploic arcade from the antrum. Perform the distal 4 
cm of this dissection with care, as a number of frag
ile veins in the vicinity of the origin of the right gas
troepiploic vessels are easily tom. As this dissection 
progresses, divide the congenital avascular attach
ments between the back wall of the antrum and the 
pancreas. Completion of this dissection frees the en
tire distal half of the gastric greater curvature. 

Division of Left Gastric Vessels 

Select a point on the lesser curvature about halfway 
between the esophagogastric junction and the py
lorus. This point serves as a reasonably good ap
prOximation of the upper margin of the antral mu
cosa. Insert a large hemostat between the lesser 
curvature and the adjacent vascular bundle, which 
are divided between additional hemostats. Place two 
ligatures, consisting of 0 silk or a double strand of 
2-0 silk, on the proximal side and another on the 
specimen side (Fig. 29-3a, 29-3b). Preferably there 
is at least a 1 cm stump of left gastric artery beyond 
these ties. Inspect the pedicle carefully for hemo
stasis, as occasionally the bulky ligature permits a 



Fig. 29-3a 

trickle of blood to continue through the lumen of 
the artery. Several additional small venous branches 
to the lesser curvature may require individual ties, 
as they are easily torn during insertion of these mass 
ligatures. 

Division of Stomach 

If vagotomy is adequate, no more than 50% of the 
stomach need be removed (Fig. 29-4), This is ac
complished by applying Allen clamps for a distance 
of 3-4 cm at an angle of 90° to the greater curva
ture of the stomach. The amount of stomach in the 
Allen clamp should equal the width of the gastroje
junal or gastroduodenal anastomosis to be per
formed in a subsequent step. 

After the gastric wall has been incised midway be
tween these two clamps, apply a 90/4.8 mm linear 
stapler at a somewhat cephalad angle to close the 
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Fig. 29-3b 

lesser curvature portion of the residual gastric pouch Fig. 29-4 
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Fig. 29-5 

Fig. 29-6a Fig. 29-6b 



(Fig. 29-5), Fire the stapler. Place another Allen 
clamp opposite the stapler and divide the gastric tis
sue flush with the stapler. Lightly electrocauterize 
the gastric mucosa before removing the stapling de
vice (Fig. 29-6a). Invert the stapled portion of the 
gastric pouch using a layer of interrupted 4-0 silk 
Lembert sutures (Fig. 29-6b). Apply a gauze pad 
over the exposed mucosa on the specimen side and 

Fig. 29-7 
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ftx it in place with umbilical-tape ligatures, leaving 
the Allen clamps in position. 

When a stapling device is not used, the lesser cur
vature should be divided between Allen clamps (Fig. 
29-7) and then closed in several layers. For the ftrst 
layer use 3-0 PG on a straight intestinal needle. Initi
ate this suture on the lesser curvature of the gastric 
pouch just underneath the Allen clamp. Then pass the 
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Fig. 29-8 

Fig. 29-9 

Fig. 29-10 



straight needle back and forth underneath the Allen 
clamp to make a basting stitch, tenninating it at the 
base of the Allen clamp (Fig. 29-8). After trimming 
excess gastric tissue (Fig. 29-9) remove the Allen 
clamp, return the same suture to its point of origin as 
a continuous locked suture (Fig. 29-10), and tie it to 
its point of origin. This completes hemostasis of tWs 
suture line. Then invert the mucosa using one layer of 
interrupted 4-0 silk Lembert sutures (Fig. 29-11). 

Duodenal Dissection in the 
Absence of Advanced Pathology 
Identify, ligate, and divide the right gastric artery (Fig. 
29-12). Apply traction to the specimen in an ante-
rior direction to expose the posterior wall of the duo-
denum and the anterior surface of the pancreas. Five 
or six small blood vessels can usually be identified 
proceeding from the pancreas to the back wall of the 
duodenum. Divide each between erile hemostats and 
ligate each with 3-0 or 4-0 silk. If there has been some 
scarring in tWs area, the stump of a small artery may 
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retract into the substance of the pancreas. In tWs case, Fig. 29-11 

Fig. 29-12 
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control the bleeding with a mattress suture of 4-0 silk. 
No more than 1.5 cm of the posterior duodenal wall 
should be freed from the underlying pancreas, as this 
amount is adequate for turning in the duodenal stump 
or for gastroduodenal end-to-end anastomosis. Keep 
the dissection in a plane close to the posterior wall 
of the duodenum. 

Division of Duodenum 

Apply an Allen clamp immediately distal to the py
lorus and transect the duodenum flush with the 
clamp, which should be left on the specimen (Fig. 
29-13). Before discarding the specimen, remove the 
clamp and inspect the distal end of the specimen to 
ascertain that a rim of duodenal mucosa has been 
removed. This ensures that there is no remaining 

Fig. 29-13 

antral mucosa left behind in the duodenal stump. If 
there is still a question, the presence or absence of 
the antrum should be confirmed by frozen section 
examination of the distal end of the specimen. 

Insert an index fmger into the duodenal stump to 
check the location of the ampulla of Vater. The am
pulla is situated on the posteromedial aspect of the 
descending duodenum at a point approximately 7 
cm behind the pylorus. Occasionally the orifice of 
the duct of Santorini can be palpated along the back 
wall of the duodenum. If the duodenal dissection 
has not continued beyond the gastroduodenal artery, 
there need be no concern about damage to the duct 
of Santorini or the main pancreatic duct. When the 
dissection continues beyond this point, special at
tention must be paid to these structures. If the duct 
of Santorini is divided, close the open duct with a 



Fig. 29-14 

fme nonabsorbable suture-ligature. If the ampulla 
has been divided inadvertently and is separated from 
the duodenum, replant it into the duodenal stump 
or into a Roux-en-Y segment of the jejunum. 

Billroth I Gastroduodenal 
Anastomosis 
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When at least 1 cm of healthy posterior duodenal 
wall is available, a routine gastroduodenal anasto
mosis is constructed. The Allen clamp previously ap
plied to the unsutured portion of the gastric pouch 
should contain a width of stomach approximately 
equal to the diameter of the duodenal stump. Insert 
the comer sutures by the Cushing technique. Com- / 
plete the remainder of the posterior layer with in
terrupted 4-0 silk seromuscular Lembert sutures 
(Fig. 29-14). To prevent postoperative obstruction, 
take care not to invert an excessive amount of tis
sue. 

Remove the Allen clamp and approximate the mu
cosal layer using a double-armed 4-0 PG suture, ini
tiating it at the midpoint of the posterior layer where 
the knot is tied (Fig. 29-15). Take small bites as a Fig. 29-15 
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Fig. 29-16 Fig. 29-17 Fig. 29-18 
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Fig. 29-19 



continuous locked suture is inserted (Fig. 29-16). 
Control any bleeding points by absorbable suture
ligature or electrocautery. Approximate the anterior 
mucosal layer with a continuous Connell or Cush
ing suture, which should be terminated at the mid
point of the anterior layer (Fig. 29-17). Reinforce 
this suture line by a seromuscular layer of inter
rupted 4-0 silk Lembert sutures (Fig. 29-18). At the 
"angle of sorrow," where the Hofmeister shelf of the 
gastric pouch meets the duodenal suture line at its 
lateral margin, insert a crown stitch by taking sero
muscular bites of the anterior wall of the gastric 
pouch and then of the posterior wall of the gastric 
pouch, returning to catch the wall on the duodenal 
side (Fig. 29-19). If the sutures have been properly 
inserted, the lumen should admit the tip of the sur
geon's thumb. Loosely suture omentum over the 
anastomosis. 

Billroth II: Closure 
of Duodenal Stump 

Close the healthy duodenal stump with an invert
ing Connell suture of 4-0 PG supplemented by a 
layer of interrupted 4-0 silk Lembert sutures. Initi
ate the Connell suture by placing a half purse-string 
stitch at the right lateral margin of the duodenum. 
Continue this strand to the middle and initiate a 
second strand of 4-0 PG at the left margin of the 
duodenal stump. Continue this also to the middle 
of the stump and terminate it by tying it to the first 
strand (Fig. 29-20). 

Though it is simple to insert a layer of inter
rupted Lembert seromuscular sutures as a second 
layer when the tissues are not thickened (Figs. 

Fig. 29-20 
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Fig. 29-21 

29-21, 29-22), suturing the fibrotic duodenum re
quires judgment and skill. If the stitch is placed 
deep through the mucosa and then tied with stran
gulating force, a fistula may result. Once a small 
leak occurs, the powerful duodenal digestive juices 
may erode the adjacent tissue with disastrous re
sults. 

After the Connell suture has been completed, use 
forceps to test the flexibility of the tissue by push
ing down tentatively on the suture line. Manipulat
ing the tissue in this manner increases the accuracy 
of one's judgment about the best place for the Lem
bert sutures. A common error is to insert the sero
muscular Lembert stitch too close to the Connell su
ture line. If this is done with a pliable duodenum of 
normal thickness, no harm results. However, sewing 
thick, fibrotic tissue into apposition without first suf
ficiently inverting the Connell suture line creates a 

Fig. 29-22 
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Fig. 29-23a 

lateral shearing force that causes a small tear when 
the suture is tied (Fig. 29-23a). If the suture also 
penetrates the mucosa of the duodenum, this 
mishap, combined with excessive shearing force, 
may produce a duodenal fistula. The fistula can be 
prevented if the surgeon inverts the Connell suture 
line for a distance of 2-3 mm before placing the Lem
bert suture (Fig. 29-23b). If the duodenal serosa 
has a small tear after the Lembert suture is tied, the 
above error (Fig. 29-23a) was committed or the su
ture was tied too tightly. 

Fig. 29-24 

Fig. 29-23b 

Billroth D: Dissection 
ofDHfiadtDuodenum 

If the posterior duodenal wall and adjacent pancreas 
are replaced by fibrosis, a scalpel dissection, rather 
than scissors dissection, should be used (Fig. 
29-24). It is not necessary to apply hemostats when 
incising dense scar tissue, but it is important to keep 
the plane of dissection close to the posterior wall of 
the duodenum, thereby avoiding trauma to the pan
creas. When the dissection enters the posterior duo-



denum at the site of the penetrating ulcer, this "win
dow" in the duodenum should be enlarged by an in
cision extending proximally from the ulcer toward 
the pylorus. The incision permits the surgeon's in
dex fmger to be inserted into the duodenal lumen. 
With the fmger as a guide, dissection around the bor
ders of the ulcer may be resumed. 

It is obviously not necessary to remove the base 
of the ulcer during this dissection. The base of the ul
cer is really the anterior surface of the pancreas, 
which should not be disturbed. When the duodenum 
is dissected from the pancreas beyond the dense scar 
tissue, small hemostats may again be applied to the 
vessels on the pancreatic side. The vessels are then 
divided; and any bleeding from the duodenum, which 
is generally minimal in the presence of fibrosis, can 
be ignored. If the dissection is successful, the caudal 
lip of the ulcer is dissected away from the duodenum; 
and after a few more millimeters of dissection the pos
terior duodenal wall may assume a fairly normal ap
pearance. Liberate 1.5 cm of posterior duodenal wall. 
If at any point it appears that liberating the caudal lip 
of the ulcer is becoming dangerous, terminate the dis
section and close the stump using the Nissen-Cooper 
technique (see below). 

Another contraindication to further dissection of 
the caudal lip of the ulcer is proximity to the ampulla 
of Vater. Check this possibility by frequently palpat
ing with the index finger in the duodenal lumen. M
ter an adequate segment of posterior duodenum has 
been liberated, closure may be petformed as de
scribed above (Figs. 29-20 through 29-22). 

When a posterior duodenal or pyloroduodenal pen
etrating ulcer involves the hepatoduodenal ligament, 
it may be necessary to identify the course of the com
mon bile duct. Make an incision in the proximal com
mon bile duct and pass a 16F catheter or no. 4 Bakes 
dilator through the ampulla. Palpate this guide to con
firm the position of the duct and avoid damaging it. 

Fig. 29-25 
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Fig. 29-26 

Closure of Difficult Stump 
by Nissen-Cooper Technique 

When it is deemed hazardous to free the posterior 
duodenum beyond a callous ulcer, petform a Kocher 
maneuver to gain additional mobility of the duode
num. Then accomplish closure by inserting inter
rupted 4-0 silk Lembert sutures to attach the free an
terior and anterolateral walls of the duodenum to 
the distal lip of the ulcer (Fig. 29-25). Use a sec
ond layer of Lembert sutures to invert the first su
ture line by suturing the pliable anterior wall to the 
proximal lip of the ulcer and to the adjacent pan
creatic capsule (Fig. 29-26). Devised by Nissen and 
Cooper, this technique was used extensively by Har
rower. A variation of it (Fig. 29-27) involves 
inserting the first layer of sutures to attach the free 

Fig. 29-27 
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anterior wall of the duodenum to the proximal lip 
of a large ulcer crater. This may be reinforced by a 
layer of Lembert sutures between the duodenum and 
adjacent pancreatic capsule. It is essential that the 
anterior wall of the duodenum be soft, pliable, and 
long enough for use in the Nissen-Cooper maneuver 
without causing tension on the suture line. A Kocher 
maneuver must be performed to liberate the duo
denum for this type of closure. 

Closure of Difficult Duodenal Stump 
Duodenal Stenosis 

Occasionally, chronic duodenal ulcer disease pro
duces an annular stenosis at some point in the prox
imal 3-4 cm of the duodenum. If there is no active 
bleeding, it is safe to close a healthy duodenum prox
imal to an ulcer. On the other hand, it is unwise to 
attempt inversion of the duodenal stump proximal 
to an area of marked stenosis. There simply is not 
enough room to invert the normal diameter of prox
imal duodenum into a stenotic segment. In such 

/ 

/ 

Fig. 29-28 

Fig. 29-29 

cases the duodenum should be dissected down to 
the point of stenosis and perhaps 1 cm beyond (Fig. 
29-28). It is then a simple matter to turn in the 
stenosed area. Usually only three or four interrupted 
Lembert sutures of 4-0 silk are required for each of 
the two layers because of their narrow diameter 
(Fig. 29-29). 

Catheter Duodenostomy 

Catheter duodenostomy is designed to protect the 
integrity of a difficult duodenal stump closure. Prop
erly performed this technique, which prevents 
buildup of intraluminal pressure against the newly 
sutured stump, has been surprisingly safe. If there is 
doubt about the integrity of the duodenal stump su
ture line, place a 14F whistle-tip or Foley catheter 
through a tiny incision in the lateral wall of the de
scending duodenum. This maneuver is easier to per-

Fig. 29-30 



form before the duodenal stump is closed. Pass a 
right-angled (Mixter) clamp into the open duode
num, press the tip of the clamp laterally against the 
duodenal wall, and make a 3 mm stab wound to al
low the tip of the clamp to pass through the duo
denal wall. Use the Mixter clamp to grasp the tip of 
the catheter and draw it into the duodenal lumen 
(Fig. 29-30). Close the incision around the catheter 
with a 4-0 silk purse-string suture. Wrap the catheter 
with omentum and bring it out through a stab 
wound in the abdominal wall, leaving some slack 
to allow for postoperative abdominal distension. Su
ture the catheter to the skin with heavy silk. In ad
dition, bring a latex Penrose drain from the area of 
the duodenotomy out through a separate stab 
wound in the lateral abdominal wall (Fig. 29-31). 

There may be some occasions when the surgeon 
fmds it impossible to invert the duodenal stump, 
even with the techniques described earlier. This hap
pens rarely, but if it does occur the catheter may be 
placed directly in the stump of duodenum, which 
should be closed as well as possible around the 
catheter. The lateral duodenostomy is much pre
ferred, however. 

Following the operation, place the catheter on 
low suction until the patient passes flatus; then con
nect the catheter to a plastic bag for gravity drainage. 
Irrigate the catheter twice each day with 5 ml ster
ile saline. If the patient does well, remove the drain 
by the eighth postoperative day. Three days later 
partly withdraw the duodenostomy catheter so its 
tip lies just outside the duodenum. Apply low suc
tion. If the volume of drainage does not exceed 100 
ml per day, gradually withdraw the catheter over the 
next day or two. 

Fig. 29-31 
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Duodenal Closure 
with Surgical Staples 

If the duodenal wall is not thickened markedly with 
fibrosis or edema, and if an 8- to lO-mm width of 
duodenum is available, the stump may be closed 
safely using a 55 mm linear stapling device. Apply 
the stapler to the duodenal stump before dividing 
the specimen. After the stapler has been fired, ap
ply an Allen clamp on the specimen side and, with 
a scalpel, transect the stump flush with the stapling 
device (Fig. 29-32). Lightly electrocauterize the 
everted mucosa of the duodenal stump before re
moving the stapling device. There is no need to in
vert this closure with a layer of sutures. Experi
mental and clinical evidence shows that despite the 
eversion of duodenal mucosa seem with this closure, 
healing is essentially equal to that seen with the 
sutured duodenal stump. Generally, we cover the 
stapled stump with omentum or the pancreatic cap
sule with a few sutures, but we do not invert the 
mucosa. 

When the duodenal wall is at all thickened, use 
large (4.8 mm) staples to reduce the degree of com
pression applied to the tissues by the stapling de
vice. There should be blood circulation to the nar
row rim of tissue that lies distal to the staple line, 
which generally manifests as slight oozing from the 
tissues despite the staples. It must again be em
phasized that if the duodenal wall is so diseased it 

Fig. 29-32 
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probably would not heal if closed by sutures, stapling 
will fail as well. 

Closure of Difficult Duodenal Stump 
by Billroth I Gastroduodenostomy 
In the hands of an expert such as Nyhus, "If one can 
close the duodenum, one can anastomose to it." Al
though it is not always necessary to liberate the dis
tal tip of the ulcer crater, the duodenum should be 
dissected away from the pancreas at least to this 
point. The usual technique of gastroduodenal anas
tomosis, as described in Figures 29-14 through 
29-19, must be modified. In the region of the ulcer 
crater only one posterior layer of interrupted 4-0 silk 
sutures should be inserted, taking a bite of stomach, 
underlying fibrosed pancreas, and the distal lip of 
the ulcer crater and duodenum, with the knot tied 
inside the lumen (Fig. 29-33), If the ulcer crater is 
so deep the posterior anastomotic suture line can
not be buttressed by the underlying pancreatic bed 
of the ulcer, use of this technique may be hazardous. 
Because surgery for duodenal ulcer declined during 
the 1990s, fewer surgeons have had the opportunity 
to develop experience and judgment in managing 
the difficult duodenum. It is not wise for the inex
perienced surgeon to perform a Billroth I anasto
mosis unless the above precautions are followed. 

Fig. 29-33 

Billroth n Gastro;e;unal Anastomosis 

Although there are many variations of the technique 
for constructing Billroth II anastomoses, we have 
preferred a short-loop antecolic anastomosis of the 
Schoemaker-Hofmeister type. It does not seem to 
matter whether the afferent segment of the jejunum 
is attached to the greater curvature of the gastric 
pouch or to the lesser curvature. The distance from 
the ligament of Treitz to the gastric pouch should 
be no more than 12-15 cm. The major portions of 
the transverse colon and omentum should be 
brought to the patient's right for the antecolic anas
tomosis. 

Score the antimesenteric aspect of the jejunum 
with the back of a scalpel blade. Place the first pos
terior suture line posterior to but parallel with this 
scratch line. This maneuver ensures that the stoma 
is placed accurately and may help prevent postop
erative obstruction of the gastric outlet. Attach the 
jejunum to the gastric pouch with interrupted 4-0 
silk seromuscular Lembert sutures placed about 5 
mm apart (Fig. 29-34). Leave the first and last 
stitches long and tag them with a hemostat. Cut all 
the remaining silk tails. 

If any gastric wall protrudes from the Allen clamp, 
remove the excess with a scalpel incision flush with 
the clamp (Fig. 29-35), Then use electrocautery to 
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Fig. 29-34 

Fig. 29-35 
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make an incision along the antimesenteric scratch 
line in the jejunum. Open the mucosa of the jejunum 
(Fig. 29-36). Control bleeding points with electro
cautery. The incision in the jejunum should be a few 
millimeters shorter than the diameter of the open
ing in the gastric pouch. 

Remove the Allen clamp and open the gastric 
pouch. Carefully control any bleeding points on the 
anterior aspect of the gastric pouch by means of 
4-0 PG suture-ligatures. The posterior wall is con
trolled by the mucosal locked suture. Initiate this su
ture at the midpoint of the posterior layer with a 
double-armed 3-0 PG suture, which should be in
serted through the full thickness of the gastric and 
jejunal walls and tied (Figs. 29-37a, 29-37b, 
29-37c). Start a continuous locked suture from the 
midpoint and go first to the right and then to the 
left. Complete the anterior mucosal layer with a con
tinuous Connell or Cushing suture. Initiate the su
ture line first at the right-hand margin of the anas
tomosis (Fig. 29-38a) and then on the left (Fig. 
29-38b), working both needles toward the mid
point, where the two strands should be tied to each 
other (Fig. 29-38c). Complete the anterior layer 
with a row of interrupted 4-0 silk seromuscular Lem- Fig. 29-36 

Fig. 29-37a 
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Fig. 29-37b Fig. 29-37c 

Fig. 29-38a 

Fig. 29-38b Fig. 29-38c 
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Fig. 29-38d 

bert sutures (Fig. 29-38d, 29-39) on curved nee
dles. At the medial margin of the anastomosis (the 
"angle of sorrow") insert a crown stitch (Fig. 
29-40). Occasionally, two crown sutures are in
serted for added security. 

For the poor-risk patient, minimize anesthesia 
time by inserting the seromuscular suture layer in 
over-and-over continuous Lembert fashion using 3-0 
PG instead of interrupted silk. The mucosal layer 
may be closed using the same technique as described 
above. When this anastomosis is performed with 
care, there seems to be no disadvantage to using con
tinuous PG seromuscular suture. 

Fig. 29-39 

Billroth IT Gastro;e;unal Anastomosis 
by Stapling Technique 
Isolate the vasa brevia along the greater curvature 
individually by passing a Kelly hemostat behind the 
vessels. Tie them or secure them with a clipping and 
dividing instrument that divides the vessels and ap
plies stainless steel clips to both cut ends simulta
neously (Fig. 29-41). When stapling is used, it is 
not necessary to close the lesser curvature as a sep
arate step. Instead, apply a 90/4.8 mm linear stapler 
across the entire stomach, tighten it, and ftre (Fig. 
29-42). Apply a large Payr clamp to the specimen 
side of the stomach and divide the stomach flush 
with the stapling device by a scalpel. Lightly elec
trocauterize the everted mucosa and remove the sta
pler. Close the duodenal stump with the 55 mm lin
ear stapler as previously described and remove the 
specimen (Fig. 29-43). 

It is imperative that the nasogastric tube not be 
permitted to lie anywhere in the vicinity of the sta
ple line during this step. If the nasogastric tube be
comes trapped in the gastric staple line, it cannot 
be removed without another laparotomy. 

Fig. 29-40 



Operative Techniques: BiUroth I and II 279 

Fig. 29-41 

Fig. 29-42 

/ 

Fig. 29-43 
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Next identify the ligament of Treitz and bring a 
segment of proximal jejunum in antecolic fashion to 
the greater curvature side of the gastric pouch. Ap
proximate the antimesenteric border of the jejunum 
with a 4-0 silk suture to a point on the greater cur
vature of the stomach about 2 cm proximal to the 
staple line. Make small stab wounds in the gastric 
pouch and jejunum adjacent to this suture and just 
deep to it. Then insert the cutting linear stapling de
vice so one fork enters the gastric pouch parallel to 
the staple line and the other fork enters the jejunum 
and is placed exactly along the antimesenteric bor
der (Fig. 29-44). Take care not to allow any other 
organ or tissue to intrude between the stomach and 
jejunum being grasped by the stapling device. When 
this stapler has been inserted to the 4- or 5-cm mark, 
close and lock it (Fig. 29-44). Then reinspect the 
area. There should be a 2 cm width of posterior gas
tric wall between the staple line and the proposed 
anastomotic staple line. Also, the gastric and jejunal 
tissues should be exactly apposed to each other in 
the hub of the stapling device. At this point fIre and 
remove the stapler. 

Apply Allis clamps to the anterior and posterior 
terminations of the staple line and carefully inspect 
the mucosal surface of the stapled anastomosis for 
bleeding. Arterial spurting from the gastric wall oc-

Fig. 29-44 

Fig. 29-45 

curs occasionally. When it does, transfIx the vessel 
with a fIne PG suture-ligature. 

Control lesser bleeding by cautious electrocoag
ulation. Multiple bleeding points are seen on rare oc
casions. The entire mucosal suture line should then 
be oversewn with a locked continuous suture of 
4-0 PG. The needle must be inserted deep to the sta
ples when performing this maneuver. It should be 
necessary in no more than 1-2% of all cases. 

After hemostasis is ensured, approximate the gas
tric and jejunal layers of the open stab wounds in 
an everting fashion with several Allis or Babcock 
clamps. Close the defect with one application of a 
55 rom linear stapler deep to the line of Allis clamps 
(Fig. 29-45). This staple line must include the an
terior and posterior terminations of the anasto
motic staple line, guaranteeing that there is no de
fect between the two lines of staples. Excise the 
redundant tissue, lightly electrocoagulate the everted 
mucosa, and remove the stapler. Alternatively, close 
the stab wound defect in an inverting fashion by var
ious suturing techniques. Then place a single 4-0 silk 
seromuscular suture at the right termination of the 
stapled anastomosis (Fig. 29-46). The gastrojejunal 
stoma should admit two fIngers. A three-dimensional 
representation of the anastomosis is shown in Fig
ure 29-47. 

Drainage and Closure 
Whenever the surgeon thinks the duodenal closure 
is less than perfect after a Billroth II operation, a 



Fig. 29-46 

closed-suction drain should be brought out from the 
vicinity of the duodenal stump through a stab wound 
in the right upper quadrant. The drain should be sep
arated from the duodenal suture line by a layer of 
omentum. Accomplished this way, drainage does no 
harm to the patient. Close the abdominal wall in the 
usual fashion after taking pains to ensure that the ef
ferent limb of the jejunum descends freely and with
out kinks. 

POSTOPERATIVE CARE 

Nasogastric suction should be continued for several 
days. Oral intake can be resumed when there is ev
idence of bowel function. For the flfSt 4-6 weeks 
following gastric resection the diet should be low in 
carbohydrates and fluids and high in protein and fat 
to reduce the osmolarity ofthe meals. Liquids should 
largely be eliminated from meals and be consumed 

Fig. 29-47 
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beginning 1 hour after meals. Sweet drinks should 
be avoided. If this course is followed, the transitory 
dumping symptoms, which many patients experi
ence during the early postgastrectomy period, are 
avoided. Generally, after 4-6 weeks patients can en
joy an unlimited diet. 

COMPLICATIONS 

Duodenal fistula. In the presence of an adequate 
drain, the appearance of duodenal content in the 
drainage fluid with no other symptoms may not re
quire vigorous therapy. On the other hand, if there 
are signs of spreading peritoneal irritation, prompt 
relaparotomy is indicated. If no drain was placed dur
ing the initial operation, immediate relaparotomy is 
undertaken whenever there is reason to suspect duo
denalleakage. On rare occasions relaparotomy can 
be performed before there is intense inflammatory 
reaction of the duodenal tissues, and the defect may 
be closed by suture. This is seldom possib.e, how
ever. If suturing the virgin duodenum at the first op
eration was not successful, an attempt at secondary 
suturing fails unless considerable additional duode
num can be freed from the pancreas for a more ad
equate closure. In most cases the operation is done 
to provide excellent drainage. A small sump-suction 
drain should be inserted into the fistula and additional 
latex and sumps placed in the area. If a controlled 
duodenocutaneous fistula can be achieved, it gener
ally closes after a few weeks of total parenteral nu
trition. Prescribing a somatostatin analog to reduce 
duodenal and pancreatic secretion is also helpful. 

Leaks from Billroth I gastroduodenal anastomoses, 
though rare, are even more serious than from duo
denal stump (Billroth II) procedures. Generally they 
are treated by the Graham technique of closing a 
perforated duodenal ulcer with a segment of viable 
omentum (see Figs. 27-3, 27-4). Multiple sump 
drains should also be inserted. 

Acute pancreatitis. Acute pancreatitis is a serious 
complication that is best avoided by preventing 
trauma to the pancreas during the initial operation. 
Therapy is identical to that for acute pancreatitis in 
the patient who has not undergone an operation. 

Gastric outlet obstruction. Obstruction in the 
gastroduodenal anastomosis is generally due to in
version of too much tissue, which produces a me
chanical block. If this condition does not respond 
after a period of conservative treatment, reoperation 
to convert to a Billroth II anastomosis is probably 
necessary. 

Be aware that the Billroth II gastrojejunal anasto
mosis occasionally develops an outlet obstruction 
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Fig. 29-48 

that appears due to malfunction of the efferent loop 
of the jejunum. This diagnosis can be confirmed by 
inserting a gastroscope well into the efferent and af
ferent limbs of the jejunum, which demonstrates the 
absence of any mechanical stomal obstruction. Re
laparotomy in these cases is of no value. Generally, 
several weeks of conservative treatment with nutri
tional support is successful. Passage of a small feed
ing tube into the efferent limb allows direct enteral 
support until function recovers. 

Alkaline reflux gastritis. Alkaline reflux gastritis 
may require conversion of the Billroth II to a Roux
en-Y reconstruction (Fig. 29-48, 29-49). Transect 
the afferent limb of jejunum at its point of entry into 
the gastric pouch. Use a TA-55 stapler to close the 
gastric side of the jejunum; then anastomose the 
open end of the afferent segment to the side of the 
efferent segment of the jejunum. This anastomosis 
should take place at a point 60 cm distal to the gas
trojejunostomy. It converts the efferent limb of the 
jejunum to a Roux-en-Y configuration. Vagotomy is 
necessary to prevent marginal ulceration following 
this type of Roux-en-Y anastomosis. Although some 

Fig. 29-49 
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surgeons routinely use a Roux-en-Y reconstruction 
for all gastric surgery, severe hypomotility (Roux sta
sis syndrome) occasionally follows this procedure 
and can be difficult to manage. Miedema and Kelly 
described an alternative reconstruction using an un
cut Roux limb as a prophylactic measure. 

Afferent loop obstruction, afferent loop syndrome. 
Acute mechanical blockage of the afferent stoma, of
ten accompanied by jejunogastric intussusception or 
internal hernia, causes an acute closed-loop obstruc
tion that manifests as excruciating upper abdominal 
pain and retching. Gastrointestinal radiography reveals 
complete block at the afferent stoma, which can be 
confirmed by endoscopy. This situation is a surgical 
emergency because if the distended afferent loop 
bursts lethal peritonitis results. Obviously, emergency 
surgery for correction of the obstruction is essential. 

Intermittent afferent limb obstruction causes 
postprandial pain that is relieved by bilious vomit
ing. Because the efferent limb is patent, the vomitus 
may not contain food. Exploration and jejunoje-



junostomy allow drainage of the afferent limb into 
the efferent limb. 

Most afferent loop symptomatology can be pre
vented by ensuring that the distance between the 
ligament of Treitz and the gastric pouch is never 
more than 12-15 cm. These problems do not occur 
after a Billroth I reconstruction. 

Dumping syndrome. The "dumping syndrome" 
may occur in any patient whose pylorus has been 
rendered nonfunctional. It is more common in pa
tients of asthenic habitus who have never achieved 
normal body weight, even before surgery. Dietary al
teration generally controls dumping. Slow introduc
tion of concentrated carbohydrate loads, particularly 
in liquid form (e.g., apple juice), may help avoid the 
problem. 

Marginal ulcer. One cause of recurrent ulcer is 
the surgeon's having left behind gastrin-secreting 
antral mucosa on the duodenal stump following a 
Billroth II gastrectomy. Unrecognized Zollinger
Ellison syndrome also can cause recurrent ulcer af
ter what would otherwise be an adequate ulcer op
eration. 

Malabsorption. Anemia may be due to inade
quate iron absorption. Folic acid and vitamin B12 de
ficiencies develop on rare occasions following gas
trectomy. Another late complication is osteomalacia 
or osteoporosis caused by poor calcium or vitamin 
D absorption. Steatorrhea and diarrhea develop in 
some cases and may contribute to malnutrition. 
These patients should be studied for the presence 
of gluten enteropathy, which may be unmasked by 
the gastrectomy. Although almost all the early com
plications are manageable, malabsorption and mal
nutrition many years after a gastrectomy are difficult 
to treat. These complications seem rare, however, 
following a 40-50% gastrectomy. 
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30 Perforated 
Peptic Ulcer 

INDICATIONS 

Perforated gastric ulcer. Not all free perforations of 
gastric ulcers are susceptible to simple plication 
techniques. Often the ulcer is large and surrounded 
by edema. When the perforation occurs on the pos
terior surface of the antrum, adequate repair by pli
cation techniques is generally not possible. Gastric 
ulcers have a high rate of recurrence. For these rea
sons, in a good-risk patient in whom the diagnosis 
of perforation has been made reasonably early, gas
tric resection is preferred to simple plication. If for 
technical reasons a sound plication cannot be con
structed, gastric resection is mandatory, regardless 
of the risk, as a recurrent gastric leak into the peri
toneal cavity is almost always fatal. 

Perforated duodenal ulcer. If a perforated duodenal 
ulcer is treated with a simple closure, about one
third of patients remain nonsymptomatic without 
further treatment. Effective medical therapy has di
minished the role for vagotomy in this setting. Lap
aroscopic plication (see Chapter 31) is an option in 
properly selected patients. 

PREOPERATIVE PREPARATION 

Fluid and electrolyte resuscitation, primarily with a 
balanced salt solution 

Nasogastric suction 

Systemic antibiotics 

Monitoring of hourly urine output, central venous 
pressure, or pulmonary artery wedge pressure, as in
dicated 

PITFALLS AND DANGER POINTS 

Inadequate fluid and electrolyte resuscitation 

Inadequate closure of perforation 

OPERATIVE STRATEGY 

The most important initial step of the operative strat
egy is to determine, on the basis of the principles dis
cussed above, whether the patient should be treated 
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by plication or resection. On technical grounds 
alone, large defects in the stomach or duodenum are 
better handled by resection than by attempted pli
cation. If it appears that plication of a duodenal ul
cer would produce obstruction, resection is safer. An 
alternative is eXCising the perforation as part of a py
loroplasty incision (see Chapter 27). 

For most perforated duodenal ulcers an attempt 
to close the defect by sutures alone often results in 
the stitch tearing through the edematous tissue. It is 
preferable to place a plug of viable omentum over 
the defect and use through-and-through sutures to 
hold the omentum in contact with the wall of the 
duodenum. This practice avoids tension on the su
tures. It is important to irrigate the abdominal cav
ity thoroughly with large quantities of saline to re
move the contamination. 

OPERATIVE TECHNIQUE 
OF PliCATION 

Incision 
A midline incision from the xiphoid to the umbili
cus provides good exposure and can be made 
rapidly. 

Identification of Perforation 
By following the lesser curvature aspect of the stom
ach down to the pylorus, the perforation along the 
anterior wall of the duodenum generally becomes 
quickly evident (Fig. 30-1). In some cases it is 
sealed off by omentum or the undersurface of the 
liver. If this area is not the site of the perforation, 
search the entire stomach carefully, up to the esoph
agus and including the entire posterior surface of 
the stomach in the lesser sac. Rarely, a perforation 
is found somewhere in the small intestine or colon 
(e.g., secondary to a sharp fishbone). 

Plication of Perforation 
Generally, insert 3-0 silk (or PG) on an atraumatic 
intestinal needle beginning at a point about 5 mm 
above the perforation. Bring the stitch out at a point 
5 mm distal to the perforation and leave it untied. 



Fig. 30-1 

Two additional sutures of the same types are needed 
for the average perforation. Next, isolate a viable seg
ment of omentum and place it over the perforation. 
Tie the three sutures over the plug of omentum to 
fasten it in place (Figs. 30-2, 30-3). It is not nec
essary to approximate the margins of the hole in the 
duodenum but only to cap it with viable omental 
tissue. 

Peritoneal Lavage 
Using large volumes of warm saline, thoroughly 
lavage the peritoneal cavity with multiple aliquots 
until the gastric contents and fibrin are removed 
from the surfaces of the bowel and peritoneum. 

Abdominal Closure 
Consider needle catheter jejunostomy if the patient 
is malnourished. Close the midline incision without 
drainage using the modified Smead-Jones technique 
as described in Chapter 3. Unless the patient has ad-
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Fig. 30-2 

Fig. 30-3 

vanced peritonitis, the skin may be closed in routine 
fashion. 

POSTOPERATIVE CARE 

Nasogastric suction 

Acid-reducing therapy 

Test for Helicobacter pylOri and treat if positive 

Intravenous fluids 

Systemic antibiotics, guided to aerobic and anaero
bic cultures obtained at surgery 

Enteral feeding by needle catheter jejunostomy for 
malnourished patients 

COMPLICATIONS 

Subphrenic and subhepatic abscesses occur mainly 
in patients whose operations have been delayed 
more than 8-12 hours after the perforation. 
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Duodenal obstruction, caused by the plication, 
should be suspected if gastric emptying has not re
turned to normal by the eighth or ninth postopera
tive day. It may be confirmed by a gastrointestinal 
contrast study. 

Reperjoration of the duodenal ulcer occurs in rare 
cases, and the surgeon must be alert to detect this 
complication. When it does occur, gastric resection 
is mandatory if there is to be any hope of stopping 
the duodenal leak. 
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31 Laparoscopic Plication 
of Perforated Ulcer 

INDICATIONS 

Simple anterior perforated duodenal ulcer 

PREOPERATIVE PREPARATION 

Nasogastric suction 

Intravenous hydration 

Antibiotics 

PITFAllS AND DANGER POINTS 

Incomplete closure 

Duodenal obstruction 

Incorrect diagnosis 

OPERATIVE STRATEGY 

Laparoscopic plication is appropriate when a simple 
anterior perforated duodenal ulcer is diagnosed. The 
operation may be conceptualized in four steps: con
firming the diagnosis and peritoneal toilet, exposing 
the perforation, selecting the omental patch, and se
curing the patch in place. 

costal ports and use it to tease the liver gently away 
from the duodenum by blunt dissection. If the per
foration is relatively fresh, the gelatinous fibrin ad
hesions are easy to sweep away (Fig. 31-1). 

Pass the grasper laterally to open the subhepatic 
space and elevate the liver. Pass a suction irrigator 
through the epigastric port and irrigate (Fig. 31-2). 

This procedure is not suitable for large perfora- Fig. 31-1 

tions or perforations for which the extent cannot be 
easily determined (e.g., large duodenal ulcers that 
appear to wrap around toward the posterior duo-
denal wall). Gastric perforations may be better han-
dled by resection. 

OPERATIVE TECHNIQUE 

Position the patient supine. The room setup and tro
car placement are similar to those for laparoscopic 
cholecystectomy (see Figs. 8-1, 67-4). An angled lap
aroscope may facilitate looking down onto the duo
denal surface. 

Thoroughly examine the peritoneal cavity, suc
tioning away any fluid or debris. Generally, the liver 
is adherent to the duodenum, partially or completely 
closing the perforation. Irrigate and aspirate the sub
phrenic spaces and all four quadrants of the abdomen. 

Pass a closed grasper through one ofthe right sub- Fig. 31-2 
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a 

Fig. 31-4 

Fig. 31-5 



With sufficient irrigation and possibly some gentle 
rubbing with the tip of the suction-irrigator, the fi
brin peels away revealing the perforation (Fig. 
31-3). Confirm that the perforation is amenable to 
omental plication (a small, anterior duodenal perfo
ration that is easily visualized). 

Choose a soft, supple piece of omentum for the 
patch. This may require pulling a piece up from the 
lower abdomen, as the omentum near the perfora
tion may be thickened and edematous (Fig. 31-4a). 
Confirm that the section of omentum chosen 
reaches the site of perforation easily and without 
tension (Fig. 31-4b). 

There are two methods for securing the patch: 
stapling and suturing. Both are described here. 

Securing the Patch with 
a Hernia Stapler 

When the stapler is used to secure the patch, a se
ries of staples are placed on both sides of the patch 
in such a fashion that one limb of each staple goes 
through the omentum and the other goes directly 
into the duodenum. There is danger that the staple 
does not adequately secure a purchase in the duo
denum if both limbs go through the omentum first. 
Close the stapler slowly. As it begins to engage the 
tissue, pull back slightly to prevent inadvertent in
jury to the back wall of the duodenum (Fig. 31-5). 
Place a series of staples on each side of the patch. 

Suturing the Patch 
Suturing the patch is relatively straightforward. 
Three or four sutures are placed across the perfora
tion and tied over the omentum (Fig. 31-6). It is 
generally easier to take a seromuscular bite of each 
side of the duodenum than to attempt to place a 
through-and-through suture (as shown for the open 
procedure). It is usually easier to tie these sutures 
as they are placed (rather than at the end of the pro
cedure). Begin at the apex and proceed toward the 
laparoscope. 

Testing the Patch 
Confrrm the security of the patch closure by inject
ing air into the nasogastric tube and watching for air 
bubbles under saline. Place a drain in the subphrenic 
space if desired (Fig. 31-7). 

Esophagogastroduodenoscopy 
An esophagogastroduodenoscopy (EGD) scope is 
used by some as an adjunct. The endoscope is passed 
into the duodenum and the perforation visualized. 
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Fig. 31-6 

and used to stabilize the omentum during suturing. 
Visualizing the duodenum with the scope at the end 
ensures that staples or sutures have not been placed 
too deeply. Insufflation with the scope replaces in
jection of the air through the nasogastric tube when 
the patch is tested. We have not found it necessary 
to use an EGD scope in these cases. 

POSTOPERATIVE CARE 

Postoperative care is the same as that required for 
the open procedure. Generally a day or two of na
sogastric suction is required until the gastric ileus 
subsides, and it allows additional time for the patch 
closure to become secure. Antibiotic treatment is the 
same as that used for an open procedure. The first 
postoperative week is dominated by the physiologic 

A grasping forceps is passed through the perforation Fig. 31-7 
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response to the perforation and associated peritoni
tis. The advantages of the laparoscopic approach 
generally do not become obvious until the second 
or third week after surgery. 

COMPLICATIONS 

Failure to recognize a malignant perforation 

Inadequate patch closure reSUlting in continuing 
sepsis 

Subphrenic or subhepatic abscess 
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3 2 Gastrostomy 

INDICATIONS 

Gastric decompression without the need for a tube 
traversing the esophagogastric junction or the na
sopharynx. A tube across the esophagogastric junc
tion renders the distal esophageal sphincter ineffec
tive. Gastroesophageal reflux with pneumonia or 
esophageal stricture may result. 

Gastric tube feeding. 

PITFALlS AND DANGER POINTS 

Gastric leak into the peritoneal cavity 

OPERATIVE STRATEGY 

The Stamm gastrostomy is fast and relatively safe. 
When the gastrostomy is no longer needed, removal 
of the tube usually results in prompt closure of the 
tract. 

For patients who require long-term gastric tube 
feeding, the Janeway gastrostomy is more conve
nient than the usual Stamm gastrostomy, as the 
Janeway construction does not require an indwelling 
tube. Percutaneous endoscopic gastrostomy is an al
ternative for many patients. The Stamm and Janeway 
gastrostomies can also be performed laparoscopi
cally. 

When constructing a tube gastrostomy, the gas
trostomy opening must be carefully sutured to the 
anterior abdominal wall around the stab wound 
made for the exit of the tube. Otherwise, gastric con
tents may leak out around the tube and escape into 
the abdominal cavity. 

OPERATIVE TECHNIQUE 

Stamm Gastrostomy 

When performed as part of another abdominal pro-
cedure, the abdominal incision has already been 
made. If necessary, it can be extended upward into 
the epigastrium to expose the stomach. When gas-
trostomy is performed as a single procedure, a short 

Chose a location in the midportion of the stom
ach, closer to the greater curvature than to the lesser 
curvature (Fig. 32-1). Using 2-0 atraumatic PG or 
silk, insert a circular purse-string suture with a 1.5 
cm diameter. 

Grasp the left side of the incised linea alba with 
a Kocher clamp and elevate it. Then make a stab 
wound through the middle third of the left rectus 
muscle at the level of the purse-string suture. Pass a 
Kelly hemostat through the stab wound from the 
peritoneum outward and use it to grasp the tip of 

upper midline incision generally suffices. Fig. 32-1 
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Fig. 32-2 Fig. 32-3 

Fig. 32-4 Fig. 32-5 



an 18F Foley, Malecot, or mushroom catheter. Draw 
the catheter into the abdominal cavity with the he
mostat. With electrocautery make a stab wound in 
the anterior gastric wall in the middle of the previ
ously placed purse-string suture (Fig. 32-1). Insert 
the catheter into the stomach, tighten the purse
string suture, and tie it to invert the gastric serosa 
(Fig. 32-2). Invert this purse-string suture, in tum, 
with a second concentric 2-0 PG or silk purse-string 
suture (Fig. 32-3). If a Foley catheter was used, in
flate the balloon, and draw the stomach toward the 
anterior abdominal wall. Insert Lembert sutures of 
PG or silk in four quadrants around the catheter to 
sew the stomach to the anterior abdominal wall 
around the stab wound (Fig. 32-4). When these 
four Lembert sutures are tied, the anterior gastric 
wall is firmly anchored to the abdominal wall (Fig. 
32-5). 

Janeway Gastrostomy, Stapled 

Make a 10- to 12-cm midline incision in the mid
epigastrium. Local anesthesia may be used in the 
poor-risk patient. Apply Babcock clamps to the an
terior gastric wall near the lesser curvature; then ap
ply a cutting linear stapling device (Fig. 32-6). Fire 
the device, laying down four rows of staples, and in
cise for a distance of about 4 cm between the sta
ples (Fig. 32-7). This maneuver provides a tunnel 
of gastric mucosa about 4 cm in length, which is suf
ficient to pass through the abdominal wall. Reinforce 
the line of staples with a layer of continuous or in
terrupted 3-0 atraumatic PG seromuscular Lembert 
sutures to invert the staples (Fig. 32-8). 

Make a vertical incision about 1.5 cm long in the 
skin overlying the middle third of the left rectus mus
cle. Deepen the incision through the rectus muscle 
with the aid of electrocautery and then dilate it by 
inserting the index fmger. 

Grasp the gastric nipple and draw it to the out
side by passing a Babcock clamp into the incision in 
the rectus muscle. This brings the gastric wall into 
contact with the anterior abdominal wall, to which 
it should be fixed with two Lembert sutures of 3-0 
PG. Then transect the tip of the gastric nipple with 
Mayo scissors, leaving enough gastric tissue to reach 
the skin level. Insert an 18F catheter into the stom
ach to test the channel. Mature the gastrostomy with 
interrupted 3-0 PG sutures, which should pass 
through the entire thickness of the gastric nipple 
and catch the subcuticular layer of the skin. 
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-

Fig. 32-9 

Close the abdominal incision in the usual fashion 
and apply a sterile dressing (Fig. 32-9). Leave the 
catheter in place until the wound heals. 

After healing has taken place, gastric feeding can 
be started by inserting a catheter into the stomach 
while the nutrients are being administered. The 
catheter is removed between meals. 
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33 Radical Subtotal 
Gastrectomy 

INDICATIONS 

Adenocarcinoma of the distal stomach 

PREOPERATIVE PREPARATION 

Endoscopic biopsy and ultrasonography. 

Computed tomography and other imaging studies as 
appropriate to stage. 

Nutritional rehabilitation by tube feeding when fea
sible or by total parenteral nutrition when indicated. 

Mechanical and antibiotic bowel preparation. TI1is is 
important for two reasons: (1) the stomach and 
necrotic tumor may be colonized by virulent bacteria; 
and (2) concomitant colon resection may be needed 
if the middle colic artery is involved with tumor. 

Perioperative systemic antibiotics. 

PITFALLS AND DANGER POINTS 

Inadequate resection 

Injury to pancreas, spleen 
Ischemia of gastric pouch if splenectomy is per
formed 

See Chapter 29 

OPERATIVE STRATEGY 

Extent of Resection 
Radical subtotal gastrectomy is an en bloc resection 
designed to accomplish three things: (1) remove the 
distal stomach with adequate clean proximal and dis
tal margins; (2) remove regional lymph nodes in con
tinuity for staging and tumor control; and (3) in ap
propriate cases remove segments of adjacent organs 
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Fig. 33-1 

involved by direct extension. Figure 33--1 shows the 
stomach lifted up to display the vascular anatomy, and 
Figure 33--2 shows the regional anatomy to demon
strate the close proximity of the stomach to the pan
creas, liver, and transverse mesocolon. 

Frozen sections are helpful for evaluating proxi
mal and distal margins. As with many gastroin
testinal malignancies, gastric cancer may extend sub
mucosally for several centimeters beyond the 
obvious tumor mass. 

A common classification system for gastric lymph
adenectomy uses the term Rllymph node dissection 
for resection of lymph nodes in the immediate vicin
ity of the stomach (perigastric nodes). For distal can
cers it would include nodes along vascular arcades 
that parallel the lesser curvature, greater curvature, 
and suprapyloric and infrapyloric areas. The more ex
tensive R2 lymphadenectomy includes all of those 
nodes as well as the right cardiac, left gastric artery, 
celiac, and hepatic artery nodes. En bloc resection of 
the superior leaf of the transverse mesocolon and the 
pancreatic capsule is generally included. 

pancrea ticoduodenal a. 

For carcinomas located more proximally but still 
able to be encompassed by a subtotal gastrectomy, 
the Rl lymphadenectomy consists of right cardiac 
nodes as well as the previously mentioned lesser cur
vature, greater curvature, suprapyloric, and infrapy
loric nodes removed during Rl dissection for more 
distal lesions. The R2 lymph node dissection for 
more proximal lesions adds the left cardiac, left gas
tric artery, hepatic artery, celiac, splenic hilar (op
tional), and splenic artery nodes to those previously 
listed CRI for proximal lesions). 

The technique described in this chapter removes 
the Rl and some of the R2 nodes, a common strat
egy employed in the United States. References at the 
end of the chapter give information about even more 
radical lymphadenectomies utilized by surgeons in 
other parts of the world where gastric cancer is more 
common. 

Gastric cancer can involve any contiguous organ 
by direct extension. Generally such extension is ob
vious on the preoperative imaging studies, but the 
surgeon must be prepared to excise in continuity. 



Posteriorly, the tumor can invade the body or tail of 
the pancreas, the middle colic artery, or the trans
verse colon, all of which can be included in the spec
imen. Invasion of the aorta contraindicates resec
tion. Extension into the left lobe of the liver is 
amenable to resection, as is extension into the crura 
of the diaphragm. Generally survival is poor when 
extensive tumor dictates excision of adjacent organs. 

For large carcinomas of the distal stomach, the left 
gastric artery may be ligated at its origin and included 
in the specimen, together with the nodes along the 
lesser curvature of the stomach and the lesser omen
tum. Hepatic artery node dissection down to the py
lorus is included, together with any visible subpyloric 
and right gastric nodes and the lymph glands around 
the origin of the right gastroepiploic artery and the 
upper border of the pancreas. The spleen is not re
moved because the short gastric vessels provide the 
blood supply to the gastric pouch. Adjacent organs 
are included when there is evidence of direct inva
sion. Total gastrectomy is done if most of the lesser 
curve of the stomach is invaded. 

Splenectomy or No Splenectomy 
Splenectomy allows the most complete removal of 
splenic hilar lymph nodes and has been advocated to 
allow radical lymphadenectomy. It is distinctly un
usual, however, for a resectable antral lesion to involve 
splenic and pancreatic lymph nodes. Consequently, it 
appears unnecessary to perform routine splenectomy 
for lesions of the distal stomach. A major drawback of 
including the spleen in a resection that also involves 
ligation of the left gastric artery at its origin is that is
chemia or gangrene of the residual gastric pouch may 
develop. After left gastric ligation and division of the 
left gastroepiploic artery, the blood supply of the resid
ual gastric pouch is limited. There is often a posterior 
gastric branch that arises from the splenic artery prox
imal to the origin of the left gastroepiploic artery. It is 
possible to preserve this artery if care is taken during 
the operation, but it is a small vessel and is easily trau
matized. In addition, there are collateral branches from 
the inferior phrenic vessels and intramural circulation 
from the esophagus. Finally, concomitant splenec
tomy is associated with an increased risk of subphrenic 
abscess and other septic complications. Studies in the 
United States have shown no benefit and considerable 
associated morbidity from concomitant splenectomy. 

Blood Supply to Residual 
Gastric Pouch 
As mentioned above, whenever the left gastric artery 
is divided at its origin and splenectomy is performed, 
the blood supply to the gastric pouch may be inad-
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Fig. 33-2 

equate. Thus one should avoid splenectomy in these 
cases unless so little gastric pouch is left behind that 
it may receive adequate nourishment through the in
tramural channels from the esophagus if the poste
rior gastric and inferior phrenic collaterals prove in
adequate. If there is any doubt about the adequacy 
of the blood supply, perform a total gastrectomy. 

Duct of Santorini 
When carcinoma approaches the pyloric region, mi
croscopic spread into the proximal 4-5 cm of the 
duodenum is possible. When as much as 5 cm of the 
duodenum is mobilized, the dissection has progressed 
beyond the gastroduodenal artery. In this area there 
is a risk that the duct of Santorini will be transected. 
Because the duodenal wall is free of inflammation in 
cases of this type, this structure may well be identi
fiable, in which case it should be divided and ligated. 
If the duct of Santorini communicates with the duct 
of Wirsung, the pancreatic juice then drains freely 
into the larger duct, and there should be no postop
erative difficulty. In some cases the duct of Santorini 
does not communicate with the main duct, in which 
event, despite the ligature, a pancreatic fistula may 
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Fig. 33-3 

Fig. 33-4 



well develop. This situation probably requires a sec
ondary operation to anastomose a Roux-en-Y segment 
of the jejunum to the transected duct for internal 
drainage. Fortunately, in most cases the two ducts do 
communicate. 

OPERATIVE TECHNIQUE 

Incision and Exposure 

An upper midline incision extending from the xiphOid 
to several centimeters below the umbilicus gives good 
exposure for this procedure. Place an Upper Hand or 
Thompson retractor to elevate the lower sternum. 

Resection 

Radical subtotal gastrectomy differs from gastrectomy 
for peptic ulcer disease in terms of the dissection and 
the extent of resection. The reconstruction is essen
tially the same and is not repeated here. 

Begin with a thorough exploration of the ab
domen. Metastatic disease not detected on preop
erative imaging studies does not preclude resection 

Fig. 33-5 
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for palliation in selected patients. Evaluate the loca
tion and mobility of the tumor; determine whether 
adjacent structures must be resected or if a total gas
trectomy (see Chapter 34) is more appropriate. 

Omentectomy 

Separate the entire gastrocolic omentum from the 
transverse colon by scalpel and scissors dissection 
through the avascular embryonic fusion plane, as 
seen in the coronal section of the abdomen in Fig
ure 33-2. Be alert to the difference in texture and 
color of the fat in the epiploic appendices of the 
colon and that of the omentum. Considerable bleed
ing can be avoided by keeping the plane of dissec
tion between the appendices and the omentum (Fig. 
33-3). Next elevate the omentum from the trans
verse mesocolon (Fig. 33-4), Take care to avoid 
damage to the mesocolon and middle colic artery. 
Expose the anterior surfaces of the pancreas and 
duodenum, along with the origin of the right gas
troepiploic vessels. ligate the latter at their origin 
with 2-0 silk and divide them, sweeping all adjacent 
lymph nodes toward the specimen (Fig. 33-5). 
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Celiac Axis Dissection and 
Division of Left Gastric Vessels 

With the greater curvature of the stomach elevated 
and retracted toward the patient's right, it is a simple 
matter to palpate the left gastric artery as it travels 
from the region of the aorta, anteriorly, to meet the 
lesser curvature of the stomach. When there is tumor 
in this area, the splenic or hepatic artery may be fol
lowed in a proximal direction. It leads to the celiac 
axis and to the origin of the left gastric artery. By dis
secting the areolar and lymphatic tissue away, the 
artery may be skeletonized (Fig. 33-6), A blunt
tipped Mixter right-angle clamp is helpful for delin
eating the circumference of the artery. Use the clamp 
to pass 2-0 silk ligatures around the vessel. After it has 

Fig. 33-6 

been double-ligated, divide it. The coronary vein, 
which is situated just caudal to the artery, often is 
identified frrst during the course of the dissection. It 
too should be divided and ligated and the lymphatic 
tissue swept toward the specimen. At the conclusion 
of this step, the superior border of the adjacent pan
creas and the anterior surface of the celiac axis and 
the aorta should be free of lymphatic tissue. 

Hepatic Artery Node Dissection 

Make an incision in the peritoneum overlying the 
common hepatic artery as it leaves the celiac axis. 
Carry this incision down to the origin of the gastro
duodenal artery. Lymph nodes overlie the hepatic 
artery; dissect them toward the lesser curve of the 
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gastric specimen, leaving the artery skeletonized (Fig. 
3~ 7). If desirable, the lymph node dissection may 
be pursued to the hilus of the liver by skeletonizing 
the hepatic artery, portal vein, and common bile duct. 
Adequate data are not yet available to indicate how 
extensive the lymph node dissection should be. 

Suspicious nodes in the subpyloric region and the 
superior margin of the pancreas are excised and the 
splenic artery skeletonized up to the distal end of 
the pancreas. 

Division of Duodenum 
Divide and ligate the right gastric artery. Perform a 
Kocher maneuver and dissect the duodenum from the 
anterior surface of the pancreas for a distance of 5 
cm. If a stapled closure of the duodenum is elected, 
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apply the 55/4.8 mm linear stapler to the duodenal 
stump. Fire the stapler and apply an Allen clamp to 
the specimen side of the duodenum. Divide the duo
denum flush with the stapling device, as in Figure 
29-43. ligate the distal end ofthe specimen with um
bilical tape behind the Allen clamp and remove the 
clamp. Cover the distal end of the specimen with a 
sterile rubber glove, which is fixed in place with an 
additional umbilical tape ligature. When it is elected 
to suture the duodenal stump, follow the technique 
illustrated in Figures 29-20 through 29-22. 

With the additional mobility thus attained, reassess 
the extent of the tumor and plan a line of resection 
along the greater and lesser curvatures. The usual rad
ical subtotal gastrectomy encompasses approximately 
80% of the stomach, leaving a small gastric remnant. 
An 8- to lO-cm margin beyond the tumor is advisable. 
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In some cases it requires hand-tailoring the Hofmeis
ter shelf rather than using the standard stapling tech
nique described in Chapter 30. If it does not appear 
possible to preserve a small gastric remnant and still 
obtain a good proximal margin, proceed with total 
gastrectomy (see Chapter 34). 

Reconstruction is generally by antecolic Billroth 
II anastomosis, as shown in Figures 29-34 through 
29-36. No drains are placed. 

POSTOPERATIVE CARE 

Postoperative care is identical to that following gas
trectomy for peptic ulcer (see Chapter 29). Enteral 
or total parenteral nutrition is added to the regimen 
when indicated. 

COMPUCATIONS 

Complications are similar to those following gas
trectomy for peptic ulcer (see Chapter 29), but sub
phrenic and subhepatic sepsis is more common be
cause of the increased bacterial contamination 
associated with carcinoma. 
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INDICATIONS 

Zollinger-Ellison syndrome 

Adenocarcinoma of the stomach 

Gastric leiomyosarcoma or other malignancy 

Life-threatening hemorrhage from extensive erosive 
gastritis (rarely) 

PREOPERATIVE PREPARATION 

See Chapter 33. 

PITFALLS AND DANGER POINTS 

Improper reconstruction of alimentary tract, which 
can lead to postoperative reflux alkaline esophagi
tis. 

Erroneous diagnosis of malignancy. Patients have un
dergone total gastrectomy when surgeons have mis
diagnosed a large posterior penetrating ulcer as a 
malignant tumor. Because benign gastric ulcer can 
be cured by relatively simple surgery, this error may 
have serious consequences for the patient. If pre
operative gastroscopic biopsy has been negative, 
perform a gastrotomy and with a scalpel or a biopsy 
punch obtain a direct biopsy of the edge of ulcer in 
four quadrants. 

Inadequate anastomotic technique, resulting in leak 
or stricture. 

Sepsis in wound or subhepatic and subphrenic 
spaces due to contamination by gastric contents. 

Failure to identify submucosal inflltration of carci
noma in the esophagus or duodenum beyond the 
line of resection. 

OPERATIVE STRATEGY 

Exposure 

If the primary lesion is a malignancy of the body of 
the stomach that does not invade the lower esoph
agus, a midline incision from the xiphocostal junc
tion to a point 6-8 cm below the umbilicus may 
prove adequate for total gastrectomy if the Upper 
Hand or Thompson retractor is used to elevate the 
lower sternum. If the tumor is approaching the 
esophagogastric junction, it may be necessary to in
clude 6-10 cm of lower esophagus in the specimen 
to circumvent submucosal inflltration by the tumor. 
In this case a left thoracoabdominal incision is indi
cated, as described in Chapter 12. Never attempt to 
construct an esophageal anastomosis without ex
cellent exposure. 

Esophageal Anastomosis 

We prefer an end-to-side esophagojejunal anasto
mosis because it permits invagination of the esoph
agus into the jejunum, which in turn results in a 
lower incidence of leakage. With end-to-end 
esophagojejunostomy, invagination would result in 
constriction of the lumen. 

The lumen of the anastomosis can be further in
creased if the anterior wall of the esophagus is left 
1 cm longer than the posterior wall. This converts 
the anastomosis from a circular shape to an ellipti
cal one, adding to its circumference. 

Prevention of Reflux 
Alkaline Esophagitis 
An anastomosis between the end of the esophagus and 
the side of the jejunum combined with a side-to-side 
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Fig. 34-1 

jejunojejunostomy (Fig. 34-1) results in a high in
cidence of disabling postoperative alkaline esophagi
tis. This must be prevented by utilizing the Roux
en-Y principle in all cases. The distance between 
the esophagojejunal anastomosis and the jejunojeju
nal anastomosis must be 60 cm or more to prevent 
reflux of the duodenal contents into the esophagus. 
This is a far more important consideration than 
is construction of a jejunal pouch for a reservoir, 
and we no longer create such a pouch in these 
cases. 

Extent of the Operation 
See Chapter 33. 

Microscopic submucosal infiltration may occur in 
the esophagus as far as 10 cm proximal to a grossly 
visible tumor and occasionally well down into the 
duodenum. Frozen section microscopic examination 
of both the esophageal and duodenal ends of the 
specimen should be obtained to avoid leaving be
hind residual submucosal carcinoma. 

The lymph nodes along the celiac axis should be 
swept up with the specimen when the left gastric 
artery is divided at its origin. The lymphatics along 
the hepatic artery also should be removed, along 
with those at the origin of the right gastroepiploic 
artery. Whether it is beneficial to skeletoniz~ the he-

patic artery and portal vein all the way to the hilus 
of the liver is not clear. 

Routine resection of the body and tail of the pan
creas may increase the mortality rate from this op
eration because pancreatic complications can occur; 
at the same time it has not been proved that this ad
ditional step improves a patient's long-term survival. 
However, if the tail ofthe pancreas shows evidence 
of tumor invasion, this portion of the pancreas 
should certainly be included in resection. The 
anatomy of the structures involved in this operation 
can be seen in Figure 33-1. 

OPERATIVE TECHNIQUE 

Incision and Exposure 

In many cases adequate exposure is obtained by a 
midline incision from the xiphocostal junction to a 
point 6 cm below the umbilicus, along with the use 
of an Upper Hand or Thompson retractor. When the 
carcinoma involves the lower esophagus, a left tho
racoabdominal approach should be used. 

Exploration and Detennination 
of Operability 

Tumors are considered nonresectable when there is 
posterior invasion of the aorta, vena cava, or celiac 
axis. Invasion of the body or tail of the pancreas is 
not a contraindication to operation; nor is invasion 
of the left lobe of the liver, as these structures can 
be included in the specimen if necessary. 

When there is only a moderate degree of distant 
metastasis in the presence of an extensive tumor, a 
palliative resection is indicated if it can be done safely. 

Invasion of the root of the mesocolon, including 
the middle colic artery, does not contraindicate re
section if leaving these structures attached to the 
specimen removes the tumor. This often requires 
concomitant resection of a segment of the transverse 
colon. It is surprising that in some patients remov
ing a short segment of the main middle colic artery 
does not impair the viability of the transverse colon 
so long as there is good collateral circulation. 

Omentectomy, Lymph Node 
Dissection, and Division 
of Duodenum 

The initial steps are performed as described in Chap
ter 33. The dissection begins with a complete omen
tectomy, ligation of the right gastroepiploic vessels 
at their origin, and division of the duodenum. The 
lesser omentum is followed up to the left gastric 
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artery, which is ligated at its origin. Nodal tissue is 
removed with the lesser omentum. If splenectomy 
is planned, it is frequently done as the first step. 

Splenectomy 
Splenectomy is performed only when tumor en
croaches on the spleen or splenic hilum. With a 
scalpel or Metzenbaum scissors incise the avascular 
lienophrenic ligament that attaches the lateral aspect 
of the spleen to the undersurface of the diaphragm 
(Fig. 34-2). As this incision reaches the inferior pole 
of the spleen, divide the lienocolic ligament; the pos
terior surface of the pancreatic tail can then be seen. 
The tail can be elevated gently from the retroperi
toneal space. Palpate the splenic artery near the dis
tal end of the pancreas, encircle it with 2-0 silk, and 
ligate it and the splenic vein. Divide these vessels 
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Licnophrenic Jig. 

between ligatures, releasing the tip of the pancreas 
from the hilus of the spleen. Incise a fold of poste
rior parietal peritoneum along the upper border of 
the body of the pancreas to separate the pancreas 
from the specimen. The spleen may be left attached 
to the greater curvature of the stomach, or it may 
be more convenient to divide and ligate the short 
gastric vessels and remove the spleen as a separate 
specimen. For the retroperitoneal dissection, expose 
the fascia of Gerota and the left adrenal gland. If 
there is evidence of tumor invasion, include these 
structures in the specimen. 

Dissection of the Esophagocardiac 
Junction: Vagotomy 

After the triangular ligament has been divided, re
tract the left lobe of the liver to the patient's right 
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and incise the peritoneum overlying the abdominal 
esophagus. Using a peanut dissector, dissect the 
esophagus away from the right and left branches of 
the diaphragmatic crux. Then encircle the esopha
gus with the index fmger and perform a bilateral 
truncal vagotomy, as described in Chapter 25. Incise 
the peritoneum overlying the right crux (see Fig. 
33-7). Identify the cephalad edge of the gastrohe
patic ligament, which contains an accessory left he
patic branch of the left gastric artery. Divide this 
structure between clamps at a point close to the 
liver, completing division of the gastrohepatic liga
ment. 

Pass the left hand behind the esophagocardiac 
junction, a maneuver that delineates the avascular 
gastrophrenic and any remaining esophagophrenic 

/ 

Fig. 34-3 

ligaments, all of which should be divided (Fig. 
34-3), freeing the posterior wall of the stomach. To 
minimize further spill of neoplastic cells into the 
esophageal lumen, occlude the esophagogastric 
junction with umbilical tape or staples applied with 
the 55 mm linear stapler. 

Preparation of Roux-en-Y 
Jejunal Segment 
After identifying the ligament of Treitz, elevate the 
proximal jejunum from the abdominal cavity and in
spect the mesentery to determine how it can reach 
the apex of the abdominal cavity for the esophago
jejunal anastomosis. In some patients who have lost 
considerable weight before the operation, the je-
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junum reaches the esophagus without the need to 
divide anything but the marginal artery. In patients 
whose jejunal mesentery is short, it may be neces
sary to divide several arcade vessels. Transillumina
tion is a valuable aid for dissecting the mesentery 
without undue trauma. 

Generally, the point of division of the jejunum is 
about 15 cm distal to the ligament of Treitz, between 
the second and third arcade vessels. Make an inci
sion in the mesentery across the marginal vessels and 
divide and ligate them with 3-0 silk. Divide and li
gate one to three additional arcade vessels to pro
vide an adequate length of the jejunum to reach the 
esophagus without tension (Fig. 34-4). 

Apply a 55/3.5 mm linear stapler to the point on 
the jejunum previously selected for division. Fire the 
stapler. Apply an Allen clamp just proximal to the 
stapler and divide the jejunum flush with the stapler. 
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lightly electrocauterize the everted edge and re
move the stapler. 

Next make a 3- to 4-cm incision in the avascular 
portion of the transverse mesocolon to the left of 
the middle colic artery. Deliver the stapled end of 
the jejunum through the incision in the mesocolon 
to the region of the esophagus. After the jejunal seg
ment is properly positioned, suture the defect in the 
mesocolon to the wall of the jejunum to prevent her
niation later. 

End-to-Side Sutured 
Esophagojejunostomy 
The anticipated site of the esophageal transection is 
6-10 cm above the proximal margin of the visible 
tumor. If the diaphragmatic hiatus is excessively 
large, narrow it with one or two 2-0 silk sutures (Fig. 
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Fig. 34-5 



34-5). Then insert several interrupted 3-0 silk sutures 
between the undersurface of the diaphragm and the 
posterior wall of the jejunum to prevent tension on 
the anastomosis caused by gravity. The sutures should 
be placed in the jejunum sufficiently posterior to pre
serve the antimesenteric border for anastomosis. 

Before beginning to construct the anastomosis, 
mark the exact site of the anticipated jejunal incision 
by making a scratch with a scalpel along the antime
senteric border of the jejunum. This serves as a guide 
for inserting the first layer of esophagojejunal sutures. 
Then place the specimen on the patient's chest, 
which exposes the posterior wall of the esophagus 
for the flfSt layer of anastomotic sutures. Place a 4-0 
atraumatic silk Cushing suture beginning at the right 
lateral portion of the esophagus. With the same nee
dle take a bite at the right lateral margin of the jeju
nal scratch mark. Place a similar suture at the left lat
eral margins of the esophagus and jejunum. Apply 

Fig. 34-6 
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Fig. 34-7 

hemostats to each suture, as none is tied until the su
ture line has been completed (Fig. 34-6). Note that 
the anticipated incision in the jejunum is slightly 
longer than the diameter of the esophagus. 

With three or four additional Cushing sutures of 4-
o silk, complete the posterior seromuscular layer of 
the anastomosis by successive bisection (see Figs. 
4-19,4-20). After inserting the sutures but before ty
ing them, it is helpful to divide the posterior wall of 
the esophagus. Do this in a transverse manner, using 
a scalpel, until the mucosa has been transacted. Com
plete the incision with Metzenbaum scissors, leaving 
the anterior wall of the esophagus intact. Now tie and 
cut the sutures but leave the right and left lateralmost 
sutures long, with the identifying hemostats attached. 

Make an incision in the antimesenteric border of 
the jejunum, as previously marked. Excise redundant 
mucosa if necessary. Control excessive bleeding with 
4-0 PG suture-ligatures or careful electrocoagulation. 
Now approximate the posterior mucosal layers by in
terrupted sutures of atraumatic 5-0 Vicryl, with the 
knots tied inside the lumen (Fig. 34-7). Instruct the 
anesthesiologist to pass the nasogastric tube farther 
down the esophagus. When the tube appears in the 
esophageal orifice, guide it down the jejunum. 
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Fig. 34-12 

Divide the remaining esophagus so the anterior 
wall is 1 cm longer than the already anastomosed 
posterior wall (Figs. 3~, 34-9, 34-10, 34-11). 
Remove the specimen and ask the pathologist to per
form a frozen section examination of both the prox
imal and distal margins. If the frozen section exam
ination is positive for malignancy, further excision 
is indicated. 

Approximate and invert the anterior mucosal 
layer by 5-0 Vicryl sutures, interrupted, with the 
knots tied inside the lumen (Fig. 34-12). If it is dif
ficult to invert the mucosa by this technique, the 
procedure may be accomplished with interrupted 
"seromucosal" sutures of 5-0 Vicryl, 4-5 mm wide, 
inserted to include the cut end of the esophageal 
muscularis and mucosa (Fig. 4-13). 

Complete the fmal anastomotic layer by inserting 
interrupted 4-0 silk Cushing sutures to approximate 
the outer layers of the esophagus and jejunum (Fig. 
34-13). Each suture should encompass a bite of about 
5 mm of esophagus and jejunum. The peritoneum 
overlying the diaphragmatic hiatus can now be 
brought down over the anastomosis. Attach it to the Fig. 34-13 
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Fig. 34-14 

anterior wall of the jejunum by several interrupted 4-
o silk stitches (Fig. 34-14). A sagittal section of the 
completed anastomosis is seen in Figure 34-15. 

On occasion the esophagus appears to be unusu
ally narrow secondary to spasm or atrophy. In this 
case gentle digital dilatation by the surgeon before 
constructing the anastomosis may accomplish a some
what larger anastomotic lumen than would otherwise 
be the case. If desired, it is possible to perform the 
anastomosis over a 40F Hurst or Maloney esophageal 
bougie instead of the nasogastric tube. 

End-to-Side Stapled 
Esophagojejunostomy 
An end-to-side esophagojejunostomy performed 
with a circular stapler requires easy access to 4-5 
cm of relaxed esophagus with good exposure to en-

Fig. 34-15 

able the surgeon to inspect the anastomosis carefully 
at its conclusion. After the esophagus has been tran
sected and the specimen removed, insert a guy su
ture of 3-0 silk in each of the four quadrants of the 
esophagus, going through all layers. Attach a hemo
stat to each suture. Then insert a purse-string suture 
of 2-0 Prolene no more than 3-4 mm proximal to 
the cut edge of the esophagus. Attach a hemostat to 
the completed purse-string suture. Now check the 
diameter of the esophagus by ftrst gently dilating it 
with the middle ftnger or thumb. Then gently insert 
the smallest lubricated sizer. Vigorous attempts to 
dilate the esophagus would result in a tear along the 
mucosa. It may require resecting considerably more 
esophagus than is convenient. It is not wise to try 
to repair a tear of this type and use the damaged tis
sue for an anastomosis. For this reason, be gentle 
during dilatation. If the sizer does not enter the 
esophagus readily, convert to a sutured anastomosis 
as described above. We prefer to use a 28- or 31-mm 
cartridge when possible. In a patient who has suf
fered from chronic esophagogastric obstruction, the 
esophagus may well admit the larger cartridge. 

Bring the previously prepared Roux-en-Y segment 
of jejunum and pass it through an incision in the avas
cular part of the transverse mesocolon. The jejunum 
should easily reach the esophagus with 6-7 cm to 
spare. Gently dilate the lumen of the jejunum and in-

Fig. 34-16 



sert the lubricated cartridge of the circular stapler into 
the open end of the jejunum, as in Figure 34-16. Re
move the anvil from the cartridge before inserting it 
into the jejunum. Make a small incision over the rod 
of the stapler through the elbow of the jejunum so 
the rod can penetrate the antimesenteric border of 
the jejunum. Then insert a 2-0 Prolene purse-string 
suture around this rod and tie the suture. 

Have the assistants grasp the four guy sutures and 
gently stretch the opening of the esophagus by ap
plying mild traction. This loosens the purse-string su
ture. Gently insert the well lubricated anvil into the 
lumen of the esophagus and tie the purse-string su
ture as illustrated in Figure 34-17. With most sta
pling devices this is most easily done before reat
taching the anvil to the stapler. Reattach the anvil 
to the device and be certain the screw is tight. Now 
tum the screw at the base of the stapler so the anvil 
is approximated to the cartridge. When this has been 
completed, fire the device by pulling the trigger. 
Then tum the wing nut the appropriate number of 
turns counterclockwise, rotate the device, and ma-

Fig. 34-17 
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Fig. 34-18 

nipulate the anvil in such fashion as to withdraw the 
stapler from the anastomosis. At this point it is im
portant to insert the index finger into the open end 
of the jejunum (Fig. 34-18). The index finger 
should go easily through the anastomosis into the 
esophagus and in a caudal direction into the distal 
jejunum. If this finger exploration is satisfactory, ap
ply a 55/3.5 mm linear stapler to the jejunum, as 
seen in Figure 34-19. Apply the stapler at a point 

Fig. 34-19 
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Fig. 34-20 Fig. 34-21 

about 1-2 cm away from the anastomosis. Close the 
jaws of the linear stapler and fIre it. Then amputate 
the redundant jejunum and lightly electrocauterize 
the exposed mucosa. It is important to amputate the 
jejunum close to the anastomosis so no blind loop 
develops. 

If the fmger exploration was not satisfactory, and 
the index fmger goes from the open end of the je
junum directly into the esophagus but cannot enter 
the distal jejunum, as shown in Figure 34-20, the 
surgeon has committed the error of permitting the 
shoulder of the cartridge to carry the left wall of the 

Fig. 34-22 

jejunum (Fig. 34-21) along with it so it is enclosed 
. within the anastomosis, thus totally occluding the 
entrance into the efferent limb of the jejunum. This 
serious error can be prevented if the surgeon closely 
observes the passage of the cartridge, as shown in 
Figure 34-16, to be certain it slides past the side wall 
of the jejunum to abut the antimesenteric border 
completely. If such an error was made, the anasto
mosis must be repeated. 

Roux-en-V Jejunojejunostomy 
Sutured Version 

Attention should now be directed to restoring the 
continuity of the small intestine by doing an end-to
side anastomosis between the cut end of the proxi
mal jejunum and the side of the Roux-en-Y limb. This 
anastomosis should be made 60 cm from the 
esophagojejunal anastomosis to prevent bile reflux. 
After the proper site on the antimesenteric border 
of jejunum has been selected, make a longitudinal 
scratch mark with a scalpel. Use interrupted 4-0 silk 
Lembert sutures for the posterior seromuscular layer 
of the end-to-side anastomosis (Fig. 34-22). When 
all these sutures have been placed, make an incision 
along the previously marked area of the jejunum and 
remove the Allen clamp from the proximal segment 
of the jejunum. Approximate the mucosal layers us
ing 4-0 chromic catgut or PG double-armed with 
straight needles (Fig. 34-23), Take the fIrst stitch 
in the middle of the posterior layer and tie it. Close 
the remainder of the posterior mucosal layer with a 
continuous locked suture (Fig. 34-24). Approxi-

Fig. 34-23 
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mate the anterior mucosal layer with a continuous 
suture of either the Connell or Cushing type. Then 
close the fmal anterior seromuscular layer with in
terrupted 4-0 silk Lembert sutures (Fig. 34-25). Test 
the lumen by invaginating the jejunum with the in
dex fmger. 

Stapled Version 

In most cases, we prefer to perform the Roux-en-Y 
jejunojejunostomy with a stapling technique. To ac-

Fig. 34-25 

Operative Technique 315 

60vn 

Fig. 34-26 

complish this, the proximal segment of the jejunum 
is approximated to the Roux-en-Y limb. With elec
trocautery make a 1.5 em longitudinal incision on 
the antimesenteric border. Insert a linear cutting sta
pling device: one fork in the descending segment of 
the jejunum and the other fork in the open end of 
the proximal segment of the jejunum (Fig. 34-26). 
Be certain the open end of tbe proximal segment 
of jejunum is placed so tbe opening faces in a 
cepbalad direction. If the limbs of the jejunum are 
not joined in this manner, there is increased risk of 
narrowing the lumen of the jejunum. When the sta-
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Fig. 34-27 

pIer is in place, lock it and fIre; it can be seen that 
the fIrst layer of the anastomosis has been completed 
in a side-to-side fashion between the antimesenteric 
borders of the two segments of the jejunum (Fig. 
34-27). 

To close the remaining defect in the anastomosis, 
apply Allis clamps to the right- and left-hand termi
nations of the staple line. Insert a guy suture into 
the midpOint of the remaining defect on the proxi
mal segment of the jejunum and pass it through the 
midpoint of the defect on the distal segment of the 
jejunum (Fig. 34-28). When the guy suture ap
proximates these two points, apply Allis clamps to 

Fig. 34-28 

Fig. 34-29 

the right side of the defect to approximate the two 
segments of the jejunum in an everting fashion. Com
plete this part of the anastomosis by applying and 
fIring the TA-55 stapling device deep to the Allis 
clamps and the guy suture (Fig. 34-29), Excise the 
redundant mucosa flush with the stapling device but 
preserve the guy suture. Lightlyelectrocoagulate the 
everted mucosa. 

Use Allis clamps again to close the remaining de
fect and apply the 55/3.5 mm linear stapler once 
more deep to the Allis clamps and the guy suture. 
When the stapler is fired and the redundant mu
cosa excised, the anastomosis is complete. It can 
be seen that the lumen is quite large (Fig. 34-30). 
Close the remaining potential defects between the 
mesentery of the proximal and distal jejunum with 
interrupted sutures of 4-0 silk to prevent hernia
tion. 

Modifications of Operative Technique 
for Patients with Zollinger-Ellison 
Syndrome or Benign Disease 

When total gastrectomy is being performed for the 
Zollinger-Ellison syndrome or benign disease, sev
eral modifications are indicated. First, it is not nec
essary to excise considerable lengths of the esoph
agus or duodenum. These structures are divided 
close to the margins of the stomach. Second, it is 



Fig. 34-30 

not necessary to remove the spleen or omentum, 
and the greater curvature dissection can be carried 
out by dividing each of the vasa brevia between the 
greater curvature of the stomach and the greater 
omentum, leaving the omentum behind. Third, dis
section of the lymph nodes in the region of the 
celiac axis, hepatic artery, and pancreas is not in
dicated. Except for the foregoing modifications, the 
technique is essentially the same as for cancer op
erations; however, the incidence of postoperative 
complications is far lower in patients with Zollinger
Ellison syndrome. 

Wound Closure 

Irrigate the abdominal cavity with saline. Consider 
placing a needle-catheter jejunostomy in malnour
ished patients. If hemostasis is excellent and the 
anastomoses have been performed with accuracy, 
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we do not insert drains in the abdominal cavity. Oth
erwise, a 6 mm Silastic Jackson-Pratt catheter may 
be brought out from the vicinity of the anastomosis 
through a puncture wound in the abdominal wall 
and attached to closed-suction drainage. 

POSTOPERATIVE CARE 

Administer nasogastric suction for 3-4 days. 

Administer peri operative antibiotics. 

Administer enteral feedings by way of the needle 
catheter jejunostomy (if placed) after the patient re
covers from anesthesia. 

As with other esophageal anastomoses, nothing 
should be permitted by mouth until the seventh 
postoperative day, at which time an esophagram 
should be obtained in the radiography department. 
If no leakage is identified, a liqUid diet is initiated 
that may be increased rapidly according to the pa
tient's tolerance. 

Long-term postoperative management requires all 
patients to be on a dietary regimen that counteracts 
dumping. The diet should be high in protein and fat 
but low in carbohydrate and liquids. Frequent small 
feedings are indicated. Liquids should not be con
sumed during or 1-2 hours after meals to prevent 
hyperosmolarity in the lumen of the proximal je
junum. Some patients require several months of re
peated encouragement to establish adequate caloric 
intake following total gastrectomy. Others seem to 
do well with no dietary restrictions. 

Dietary supplements of vitamins, iron, and calcium 
as well as continued parenteral injections of vitamin 
B12 are necessary for long-term management of pa
tients following total gastrectomy. 

COMPUCATIONS 

Sepsis of the abdominal wound or the subphrenic 
space is one complication that follows surgery for 
an ulcerated gastric malignancy. Early diagnosis and 
management are necessary. 

Leakage from the esophagojejunal anastomosis 
is the most serious postoperative complication but 
occurs rarely if proper technique has been used. A 
minor degree of leakage may be managed by 
prompt institution of adequate drainage in the re
gion, supplemented every 8 hours by injecting 15 
ml of saline with suitable antibiotics through the 
drainage catheter. A nasogastric tube of the sump 
type should be passed to a point just proximal to 
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the esophagojejunal anastomosis for continuous 
suction. Nutritional support is essential, as are 
systemic antibiotics. In more serious cases, a di
verting cervical esophagostomy may be required. 
Fortunately, a properly performed Roux-en-Y anas
tomosis diverts duodenal and pancreatic enzymes 
from the leak. If the Roux-en-Y technique has not 
been used, exteriorization of the jejunal segment, 
temporary occlusion of the distal esophagus, and 
cervical esophagostomy become necessary to con
trol the septic process. 
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35 Exposure of the Third 
and Fourth Portions 
of the Duodenum 

INDICATIONS 

Tumor 

Bleeding 

Trauma 

PREOPERATIVE PREPARATION 

Nasogastric tube 

Endoscopy and biopsy possibly for tumors of the 
third and fourth portions of the duodenum 

Computed tomography (Cn of the abdomen 

PITFALLS AND DANGER POINTS 

Trauma to superior mesenteric artery or vein 

Trauma to pancreas 

OPERATIVE STRATEGY 

Because the third portion of the duodenum is lo
cated behind the superior mesenteric vessels and 
transverse mesocolon, approaching it directly 
would be hazardous. Liberating the right colon and 
small bowel mesentery from their attachments to 
the posterior abdominal wall permits the surgeon 
to elevate the right colon and entire small bowel to 
a position over the patient's thorax. This changes 
the course of the superior mesenteric and middle 
colic vessels so they travel directly cephalad, leav
ing the transverse portion of the duodenum com
pletely exposed. 

Mer liberating the right colon by incising the 
peritoneum of the right paracolic gutter, the reno
colic attachments are divided. Continuing in this 
plane, the surgeon can then free the entire mesen
tery of the small intestine in an entirely avascular dis
section. It is important to devote special attention 

to the superior mesenteric vein as it emerges from 
the pancreas; rough traction in the area may avulse 
one of its branches, producing troublesome bleed
ing. 

When planning a resection of the third and fourth 
portions of the duodenum, it must be noted that to 
the right of the superior mesenteric vessels the 
blood supply of the third portion of the duodenum 
arises from many small branches of the inferior pan
creaticoduodenal arcade. These vessels must be dis
sected, divided, and ligated delicately, one by one, 
to avoid pancreatic trauma and postoperative acute 
pancreatitis. The distal duodenum is not attached to 
the body of the pancreas to the left of the superior 
mesenteric vessels: Its blood supply arises from 
branches of the superior mesenteric artery, as does 
that of the proximal jejunum. These branches are 
easily identified and controlled. 

If the pancreas has not been invaded, it is possi
ble to resect the third and fourth portions of the duo
denum for tumor and then construct an anastomo
sis between the descending duodenum and the 
jejunum, so long as the ampulla is not involved. 
When working in this area, it is essential that the 
ampulla of Vater be identified early during the dis
section. 

OPERATIVE TECHNIQUE 

Incision 
A long midline incision from the mid-epigastrium to 
the pubis gives excellent exposure for this opera
tion. 

Liberation of Right Colon 
Open the peritoneum of the right paracolic gutter 
with Metzenbaum scissors. Insert an index fmger to 
separate the peritoneum from underlying fat and are
olar tissue, which provides an avascular plane. When 
the hepatic flexure is encountered, electrocautery 
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can help control bleeding as the peritoneum is cut. 
It is not necessary to dissect the greater omentum 
off the transverse colon during this operation. It is 
important, however, to continue the division of the 
paracolic peritoneum around the inferior portion of 
the cecum and to move on medially to liberate the 
terminal ileum, all in the same plane (Fig. 35-1). 
Identify the renocolic ligament at the medial margin 
of Gerota's fascia. Division of this thin, ligamentous 
structure completely frees the right mesocolon. 

Liberation of Small Bowel Mesentery 
Insert the left index finger underneath the remain
ing avascular attachments between the mesentery of 
the small bowel and the posterior wall of the ab
domen; incise these attachments until the entire 
small intestine up to the ligament of Treitz is free 
and can be positioned over the patient's thorax. This 
configuration resembles the anatomy of patients 
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who have a congenital failure of rotation or malro
tation of the bowel (Fig. 35-2). 

Resection of Duodenum 

There is no structure lying over the third and fourth 
portions of the duodenum or proximal jejunum at 
this time. If a tumor of the duodenum is to be re
sected, it is important to determine now if it is safe 
to do so. If some portion of the pancreas has been 
invaded, a decision must be made whether a partial 
or total pancreatectomy is indicated for the patient's 
pathology. If the duodenum is free, dissection is best 
begun by identifying the blood supply of the distal 
duodenum, dividing each vessel between clamps, 
and ligating. As the pancreatic head is approached, 
perform this dissection with delicacy. It is possible 
to identify and divide each of the small vessels aris
ing from the pancreas. This frees the duodenum and 
permits resection and anastomosis. 

of mesen tery to be elevated 
from posterior attachments 

Fig. 35-1 
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About 1 cm of the duodenum should be freed 
from the pancreas proximal to the point of tran
section. This permits an end-to-end anastomosis 
between the proximal duodenum and a segment 
of the jejunum that is brought over for this pur
pose . Mere closure of the distal duodenum plus a 
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gastrojejunostomy is not a satisfactory operation, 
as the proximal duodenum would eventually dilate 
to huge proportions and form a blind loop. If for 
some reason the end of the duodenum is suitable 
for closure but not for anastomosis, a side-to-side 
anastomosis between the second portion of the 
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duodenum and proximal jejunum is a good alter- COMPliCATIONS 
native. 

Closure 

After the anastomosis has been performed, return the 
right colon and small bowel to the abdomen. Make no 
attempt to reestablish the posterior attachments of the 
mesentery. Close the abdomen in routine fashion. 

POSTOPERATIVE CARE 

Aside from applying nasogastric suction until bowel 
function has resumed with the passage of flatus, 
postoperative care is routine. Acute pancreatitis is a 
possible complication of any dissection in the region 
of the pancreas. So long as the serum amylase level 
remains elevated and the patient shows any signs of 
acute pancreatitis, nasogastric suction should be 
continued until no danger exists. 

Pancreatitis 

Anastomotic leaks 
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In general surgery multiple surgical diseases involve 
the small intestine or appendix and require knowl
edge relating to operations on the small bowel. This 
chapter introduces the concepts necessary to oper
ate on the small bowel and appendix safely. 

The small bowel begins with the jejunum at the lig
ament of Treitz and ends with the terminal ileum as 
it joins the cecum. Procedures commonly performed 
on the small bowel include small bowel resection and 
anastomosis, enterolysis for small bowel obstruction, 
stricturoplasty for treatment of strictures secondary to 
inflammatory bowel disease, Meckel's diverticulec
tomy, and open and laparoscopic appendectomy. 

SMAll BOWEL RESECTION 
WITII ANASTOMOSIS 

Common indications for small bowel resection and 
anastomosis include resection of tumor, injury sec
ondary to blunt or penetrating trauma, and inflam
matory conditions such as Crohn's disease and isch
emic enteritis. Small bowel tumors are rare and can 
be difficult to diagnose because symptoms are usu
ally insidious in onset and vague in presentation. To 
diagnose a small intestinal neoplasm at an early stage, 
the surgeon must include that possibility in the dif
ferential diagnosis. Benign tumors include adeno
mas, leiomyomas, lipomas, and hemangiomas. Pa
tients may present with bright red blood per rectum 
or melena with resultant anemia. These tumors can 
also be a lead point for intussusception and cause 
obstructive symptoms [1]. 

Primary malignant tumors include adenocarci
noma, carcinoid, lymphoma, and sarcoma. Patients 
present with symptoms that include bleeding, ob-

struction, and perforation; and they may have car
cinomatosis at exploration. The poor prognosis as
sociated with malignant tumors of the small bowel 
is a result of the long delay between the onset of 
symptoms and diagnosis of the lesion. Less com
monly, malignant tumors present as acute obstruc
tion or perforation [1]. 

Traumatic injuries to the small bowel can occur as 
a result of penetrating or blunt trauma, with 85% of 
injuries secondary to penetrating trauma. Injuries to 
the small bowel secondary to blunt trauma are often 
difficult to diagnose and must be included in the dif
ferential diagnosis when the mechanism of blunt in
jury involves sudden deceleration and compression. 
Injuries range from simple perforation to areas of de
vitalized small bowel with compromised blood sup
ply. Initial management of these injuries follows the 
basic principles of trauma resuscitation. Once an in
jury is conflffiled, the patient is taken to the operat
ing room; after a thorough exploration, an intraoper
ative decision is made regarding primary repair versus 
segmental resection, as described below [2]. 

About 60% of patients with Crohn's disease have 
involvement in the small bowel (10% jejunum, 50% 
ileum). Patients may present with high-grade ob
struction and sepsis, but operation is more commonly 
indicated for failure of medical therapy. The opera
tive procedure of choice depends on whether the pa
tient has had prior small bowel resection and on the 
location of the diseased segment. For example, pa
tients who present with symptomatic Crohn's en
teritis affecting the terminal ileum that does not re
solve with medical management can be treated with 
small bowel resection. Patients who have had prior 
resections and are symptomatic due to chronic stric
tures may be treated with stricturoplasty (see below). 
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In the elective setting, once a mass in the small 
bowel is localized or a resection is planned for a seg
ment of bowel involved with Crohn's disease, the 
patient undergoes mechanical bowel preparation 
with magnesium sulfate. One dose of prophylactic 
preoperative intravenous antibiotic is administered 
that covers skin and intestinal flora [3]. A standard 
midline incision is made, and systematic exploration 
of the abdomen is undertaken. Examination begins 
with palpation of the liver, gallbladder, pancreas, 
and retroperitoneum, with biopsy of any suspicious 
lesions. The small bowel is then eviscerated with 
meticulous visual inspection and palpation of the 
mesenteric and antimesenteric borders of the small 
bowel and mesentery from the ligament of Treitz to 
the terminal ileum. All the peritoneal surfaces are 
then inspected followed by careful palpation of the 
large bowel down to the rectum. Following this step 
the segment of small bowel of interest is identified, 
and the remainder of the small bowel is carefully 
packed away out of the operative field. For tumors 
of the small bowel, a safe margin is then measured, 
typically about 5 cm on either side of the lesion; and 
that segment of bowel is resected with its associated 
mesentery. Malignant tumors are treated with a wide 
excision that includes local mesenteric lymph nodes. 
For patients with Crohn's disease, an isolated ob
structed segment of small bowel is treated by re
section. Bowel conservation is currently the goal, 
with resection proceeding to grossly negative mar
gins. 

For the emergency patient who presents with per
foration and spillage of intestinal contents due to a 
malignancy, intestinal ischemia, or iatrogenic or trau
matic injury, attention must be paid to rapid diag
nosis and resuscitation followed by immediate ex
ploration. The abdomen is explored systematically, 
and any area of hemorrhage from the blood supply 
to the small bowel is identified and controlled. Next, 
any area of perforation is identified, and spillage is 
controlled. The cause of the perforation or com
promise to the small bowel blood supply is identi
fied, and an intraoperative decision is made regard
ing primary repair versus resection of small bowel. 
For small perforations secondary to penetrating 
trauma, primary repair in the transverse direction 
can be performed if the perforation involves less 
than 50% of the diameter of the small bowel. For 
larger perforations and for areas of small bowel with 
a compromised blood supply, a resection with pri
mary anastomosis may be performed following the 
principles outlined below. The only major con
traindications to small bowel resection with anasto
mosis are a questionable blood supply or a patient 
whose condition on the operating room table is pre-

carious. In these situations, both ends of the divided 
bowel are exteriorized as enterostomies and the 
anastomosis is completed at a later time. 

Prior to dividing the segment of intestine, an ad
equate length of small bowel must be freed proxi
mal and distal to the area to be resected to ensure 
a tension-free anastomosis. A good blood supply is 
required for optimal healing. This criterion is deter
mined by noting pulsatile flow in the region where 
the bowel is transected. When dividing the mesen
tery, hematomas should be avoided, as they may im
pair circulation. Care must be taken to avoid exces
sive spillage of enteric contents after transecting the 
bowel and while performing the anastomosis. Con
trol may be accomplished using nontraumatic bowel 
clamps that are carefully applied to the small bowel 
while avoiding clamping the mesentery. Once the 
bowel is divided, accurate apposition of the sero
muscular coats is essential because optimal healing 
of an anastomosis requires serosa-to-serosa approxi
mation. Care must be taken when handling the 
bowel wall with forceps, as improper use may cause 
trauma to the bowel wall. Once the sutures are 
placed, excessive force should not be applied when 
tying; otherwise, strangulation of the bowel wall can 
occur. Finally, when the sutures are placed, care 
must be taken to ensure that the bowel walls are not 
collapsed lest the back wall is caught by the suture, 
causing an obstruction. A variety of techniques ex
ist for performing the anastomosis, ranging from 
hand-sewn to stapled anastomoses. Each technique 
is covered in detail in Chapter 37. 

ENTEROLYSIS FOR SMALL 
BOWEL OBSTRUCTION 

Acute small bowel obstruction is a significant surgi
cal problem that is often challenging diagnostically 
and therapeutically to the general surgeon. Intesti
nal obstruction is defmed as the failure of progres
sion of intestinal contents distally secondary to 
blockage of the intestinal lumen from an intrinsic or 
extrinsic lesion [4,5]. The small bowel may become 
obstructed for a variety of reasons, including adhe
sions from prior laparotomy (60%), benign and ma
lignant tumors (20%), strangulated hernia (10%), in
flammatory processes with narrowing of the lumen 
(5%), volvulus or intussusception (3%), and other mis
cellaneous conditions (2%) such as gallstone ileus [5]. 

Patients who present with an acute small bowel 
obstruction often complain of colicky pain followed 
by vomiting, constipation progressing to obstipa
tion, or loose diarrhea secondary to passage of stool 
distal to the obstruction. Physical examination re-



veals a distended, tympanitic abdomen with hyper
active (early) or absent (late) bowel sounds. Ab
dominal radiographs reveal dilated loops of bowel, 
air-fluid levels, and a paucity of colonic air. Selective 
use of radiologic techniques, including water
soluble contrast and computed tomography (CT) 
studies, are helpful for characterizing the nature of 
the obstruction. 

Despite the clinical and radiologic presentation, 
patients suffering from this condition are often dif
ficult to assess and require careful evaluation and 
management [6]. In one study, senior surgeons were 
not able to determine preoperatively whether stran
gulation had taken place more than 50% of the time 
[7]. For patients who present with a partial intesti
nal obstruction, as suggested by a significant amount 
of air in the colon and the intermittent passage of 
flatus with no signs of fever, leukocytosis, systemic 
symptoms, or signs of peritonitis, a trial of conserv
ative management with nasogastric suction, intra
venous hydration, and close observation with serial 
examinations is warranted. Patients suffering from 
an acute complete obstruction, confirmed by the 
clinical and radiographic picture, should be oper
ated on as soon as rehydration and correction of elec
trolytes has taken place, usually within 12-24 hours 
from the onset of symptoms [8]. When strangulation 
is suspected, rapid resuscitation is initiated and con
tinued in the operating room. 

The initial management of small bowel obstruction 
begins with replacement of fluid losses, correction of 
electrolyte abnormalities, and decompression of the 
bowel through nasogastric suctioning. Patients with 
suspected complete obstructions and those with par
tial obstructions that do not resolve are taken to the 
operating room. After administration of a dose of 
preoperative antibiotic that covers skin and intesti
nal flora, an attempt is made to enter the abdominal 
cavity through a scar-free area. Once the abdominal 
cavity is entered, the extent of adhesions in the vicin
ity of the incision can be determined. Through the 
use of gentle traction and countertraction, adhesions 
between loops of bowel and the abdominal wall are 
identified and transected with Metzenbaum SCissors, 
freeing the small bowel from the abdominal wall on 
both sides. Because of dilated loops of bowel prox
imal to the obstruction, it is often necessary to de
compress the bowel to improve exposure, preserve 
viability, and permit abdominal closure. 

Decompression is accomplished by milking the 
intestinal contents proximally to a nasogastric tube 
placed in the stomach. It is not advisable to create 
a gastrotomy or an enterotomy to place a long tube 
for the purpose of intraoperative decompression. 
Care must be taken when handling dilated loops of 
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bowel, as injury to the bowel or tearing of the mesen
tery can occur. It is important to have patience and 
proceed from easy, thin adhesions to denser adhe
sions. Once a segment of small bowel is freed, it is 
traced to the nearest loop of bowel with adhesions. 
This process is continued until the adhesions caus
ing the obstruction are relieved. 

Once adhesiolysis is complete, the small bowel 
must be reinspected along its entire length to deter
mine if there are any serosal tears or inadvertent en
terotomies and to determine viability. Small serosal 
tears with intact submucosa can be left unrepaired. 
If the mucosa is bulging, approximating the serosa on 
either side by interrupted Lembert stitches in a trans
verse direction repairs the area. Determining the via
bility of a segment of small bowel that has been freed 
can be difficult. Clues such as improved color and vis
ible, palpable mesenteric pulsations are not reliable. 
Any area in question should be wrapped in warm 
packs and reevaluated in 15 minutes. If the question 
of viability continues fluorescein staining and Doppler 
evaluation should be performed. If there are exten
sive areas of small bowel in question, a second-look 
operation should be planned in 24-hours to preserve 
as much bowel as possible. 

A vexing problem for the general surgeon is the 
patient who presents with recurrent bouts of ob
struction secondary to adhesions. Recurrent ob
structions occur in 10-15% of cases. Several tech
niques have been used in an attempt to prevent this 
complication. The strategy employed has been to fix 
the intestinal loops into a streamline configuration 
such that when adhesions do form obstruction does 
not occur. Historically, stitch plication of the small 
bowel consisted of suturing parallel loops of bowel 
together, incorporating both bowel wall and mesen
tery [9]. This procedure requires Significantly long 
operating times and is associated with substantial 
morbidity. It has not been shown to prevent recur
rent obstruction. Because of failure, long intralumi
nal (Baker) tube stents were introduced. These tubes 
are placed through the nose or through a gastrotomy 
and left in place for 2 weeks. Even though there are 
single-institution successful reports of these tech
niques, no prospective studies have been performed 
to demonstrate conclusively that long intestinal 
tubes prevent recurrent obstruction [10,11]. 

SMALL INTESTINAL 
STRICTIJROPLASlY 

Multiple intestinal strictures are common sequelae 
of chronic inflammation in patients with Crohn's dis
ease. Up to 30% of patients who have undergone 
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resection for Crohn's disease require another oper
ation. Because of this high recurrence rate, radial re
sections for repeated bouts of intestinal obstruction 
secondary to strictures are inadvisable. Stricturo
plasty has emerged as a useful technique for treat
ing these narrowed segments of small bowel and 
serves as a valuable adjunct in the treatment of 
Crohn's disease [12-14]. Stricturoplasty should be 
considered for patients with short, fibrotic strictures 
(15-35% of Crohn's patients), a previous resection 
of more than 100 cm of small bowel, rapid sympto
matic recurrence within 1 year of the previous re
section, or evidence of short-bowel syndrome. Stric
turoplasty is contraindicated in patients with 
peritonitis secondary to intestinal perforation, en
teroenteric fistulas at the site of stricture, multiple 
strictures in a short segment, malnutrition, or hem
orrhagic strictures [5,13,14]. 

There are two types of stricturoplasty: the Heineke
Mikulicz and Finney varieties (Figs. 36-1, 36-2). The 
Heineke-Mikulicz stricturoplasty is useful for short 
segments of narrowing (less than 8 cm in length), 
whereas the Finney stricturoplasty is useful for longer 
narrowed segments (more than 10 cm). The Heineke
Mikulicz stricturoplasty involves dividing the stricture 
longitudinally along its short course including 1-2 cm 
of normal bowel proximally and distally. The entero
tomy is then closed transversely, as shown. When a 
longer segment of narrowing is found, the Finney 
stricturoplasty can be performed, as in Figure 36-2. 
If intraluminal ulceration is seen, the bowel is biop
sied to exclude malignancy. Results of stricturoplasty 
are favorable and reveal that it is a safe, effective pro
cedure in selected patients with Crohn's disease. Stric-

Fig. 36-1. (Reproduced, with pennission, from Bell RH Jr., 
Rikkers LF, Mulholland MW (eds) Digestive Tract Surgery: 
A Text and Atlas. Philadelphia: Lippincott Williams Wilkins, 
1996.) 

Fig. 36-2. (Reproduced, with permission, from Bell RHJr., 
Rikkers LF, Mulholland MW (eds) Digestive Tract Surgery: 
A Text and Atlas. Philadelphia: Lippincott Williams Wilkins, 
1996.) 

turoplasty is associated with a 28% reoperation rate, 
comparable to resection while preserving the length 
and function of small bowel [5]. 

MECKEL'S DIVERTICULUM 

Meckel's diverticulum is the most common devel
opmental anomaly of the small bowel, occurring in 
2% of the population. The diverticulum is a remnant 
of the attachment of the small bowel to the embry
ologic yolk sac. Meckel's diverticula arise from the 
antimesenteric border of the distal 100 cm of the 
small bowel. Ectopic tissue is found in approxi
mately 50% of diverticula and consists of gastric tis
sue in 60-85% of cases and pancreatic tissue in 
5-16%. Bleeding may occur as a result of ulceration 
in the presence of acid-secreting mucosa. 

Diagnosing Meckel's diverticulum is often diffi
cult and should be considered in patients with un
explained abdominal pain, nausea and vomiting, or 
intestinal bleeding. The clinical picture can mimic 
acute appendicitis, intestinal obstruction, Crohn's 
disease, and peptic ulcer disease. The most useful 
diagnostic method is a technetium-99m pertechne
tate scan, which is dependent on uptake of the iso
tope in heterotopic gastric tissue. 

Meckel's diverticulum is encountered incidentally 
during elective abdominal surgery, during explo
ration for acute abdomen, during exploration for 
acute gastrointestinal bleeding, or after preoperative 
localization. Options for treatment include divertic
ulectomy, segmental small bowel resection, or sim
ple observation. For symptomatic diverticula that are 
bleeding or acutely inflamed, a segmental resection 



with primary anastomosis is recommended that in
cludes surrounding small bowel. For the incidental, 
asymptomatic diverticulum, a simple diverticulec
tomy with standard suture or stapled techniques can 
be performed. A diverticulectomy may also be done 
laparoscopically if the diverticulum is localized pre
operatively or found to be the cause of symptoms 
during exploratory laparoscopy. If the condition is 
noted incidentally in association with other intraab
dominal pathology, observation may be appropriate 
and safe. An appendectomy is often performed in 
the same setting to avoid future diagnostic confu
sion. 

APPENDECTOMY 

The evaluation and treatment of acute appendicitis 
has remained essentially unchanged for most indi
viduals who present with this disease. Although ad
vancements have been made in laboratory analysis 
and imaging via ultrasonography and helical CT, 
nothing can replace careful evaluation by an expe
rienced surgeon. Appendicitis remains a diagnosis 
based primarily on history and physical examination, 
with further studies being useful adjuncts in atypi
cal cases. Confusion is more likely to occur in the 
very young or the very old [15,16]. The treatment 
of acute appendicitis continues to be early surgical 
intervention. 

Patients typically present with periumbilical vis
ceral pain that over time migrates and localizes to 
the right lower quadrant. This pain can be associ
ated with nausea with or without vomiting, low 
grade fever, anorexia, and diarrhea. Laboratory eval
uation reveals leukocytosis with a left shift. With 
atypical presentations, for women of childbearing 
age, and for obese patients, ultrasonography in ex
perienced hands and helical CT offer the highest 
yield in terms of specificity, sensitivity, and predic
tive value when used as adjuncts to the physical ex
amination. Despite these tests, the diagnosis is often 
difficult. 

When the presentation is classic, the diagnosis is 
made on clinical grounds. The patient is taken to the 
operating room, and an appendectomy is performed. 
(Refer to Chapters 40 and 41 for details of the tech
nique.) 

Laparoscopic appendectomy has emerged as a 
possible alternative to the open technique. Although 
laparoscopic appendectomy offers advantages to 
women of childbearing age and obese individuals, 
its routine use is not indicated based on current re
ports in the literature. A meta-analysis of 16 ran
domized controlled trials in adults revealed that lap-
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aroscopic appendectomy had consistently longer op
erating times and minimally reduced hospital stay, 
but there was a decrease in postoperative pain and 
an earlier return to normal activity. Wound infec
tions were found more often in the open surgery 
groups, but a trend toward increased intraabdomi
nal abscesses occurred in the laparoscopy group. 
The overall comparison suggests that there is little 
advantage to laparoscopic appendectomy over the 
open technique [17-19]. 

Occasionally when operating for presumed acute 
appendicitis the general surgeon identifies other 
pathology as the etiology of the patient's right lower 
quadrant pain. Common findings include inflamma
tory bowel disease or an appendiceal mass such as 
a carcinoid or mucocele. For patients found to have 
Crohn's disease at operation, an appendectomy can 
be performed safely so long as the base is not in
volved. Carcinoid tumors of the appendix are typi
cally small, firm, circumscribed yellow tumors. 
When encountered, simple appendectomy with re
section of the mesoappendix is adequate treatment 
for carcinoids less than 1 cm. For carcinoids more 
than 2 cm or smaller tumors with involved nodes, 
right hemicolectomy should be performed. Muco
celes of the appendix can be benign or malignant. 
An appendectomy is adequate treatment for benign 
tumors, but care must be taken to avoid rupture, as 
pseudomyxoma peritonei has been reported. Right 
hemicolectomy should be performed for mucous 
papillary adenocarcinoma. 

In summary, multiple concepts must be adhered 
to for one to be successful when operating on the 
small bowel and appendix. Operating on the small 
bowel is usually safe unless the blood supply is im
paired or active acute inflammation, edematous or 
dilated bowel, or advanced peritoneal sepsis is pres
ent. In most situations small bowel resection with 
primary anastomosis for benign, malignant, or trau
matic disease, an enterolysis for small bowel ob
struction, a stricturoplasty for a stricture secondary 
to Crohn's disease, Meckel's diverticulectomy, and 
appendectomy can be safely performed when the 
above principles are followed. 
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37 Small Bowel Resection 
and Anastomosis 

INDICATIONS 

Tumor 

Trauma 

Strangulation 

Perforation 

Crohn's enteritis with complications 

Ischemic enteritis 

PREOPERATIVE PREPARATION 

Nasogastric intubation in selected cases (obstruc
tion, perforation) 

Perioperative antibiotics 

PITFAllS AND DANGER POINTS 

Small bowel anastomosis is generally safe unless the 
blood supply is impaired or advanced peritoneal sep
sis is present. When a small bowel anastomosis fails 
because of technical errors, the leak almost invari
ably occurs at the mesenteric border, where the 
serosa has not been adequately cleared of blood ves
sels and fat. 

OPERATIVE STRATEGY 

Successful Bowel Anastomosis 
Requirements 

1. Good blood supply. Determine this by noting pul
satile flow after dividing a terminal arterial branch 
in the region where the bowel is to be transected. 
There should be no hematoma near the anasto
mosis, as it could impair circulation. 

2. Accurate apposition of the seromuscular coats. 
There should be no fat or other tissue between 
the two bowel walls being sutured. The sero
muscular suture must catch the submucosa, 
where most of the tensile strength of the intes
tine is situated. Optimal healing of an anastomo
sis requires serosa-to-serosa approximation. De-

vote special attention to the mesenteric border 
of any anastomosis. This is the point at which sev
eral terminal blood vessels and accompanying fat 
are dissected from the bowel wall to provide vis
ibility for accurate seromuscular suture place
ment. Clear fat and blood vessels from a 1 cm 
wide area of serosa around the circumference of 
an anastomosis. This allows increased accuracy 
for suture placement without causing ischemia. 

3. Sufficient mobility of the two ends of bowel. A 
sufficient length of bowel must be freed proxi
mal and distal to each anastomosis to ensure there 
is no tension on the healing suture line. Remem
ber to allow for some degree of foreshortening if 
postoperative distension occurs. 

4. No excessive force. Force must not be excessive 
when tying the anastomotic sutures, as it would 
result in strangulation of tissue. If the suture 
should inadvertently have been placed through 
the full thickness of the bowel and into the lu
men, the strangulated tissue will cause a leak. Tie 
sutures with no more tension than is needed to 
approximate both intestinal walls. 

5. No excessive force applied to the forceps. When 
manipulating the ends of the bowel to be anas
tomosed there must be no excessive force. If the 
imprint of forceps teeth is visible on the serosa 
after the forceps have been removed, the surgeon 
obviously compressed the tissue with too much 
force. Pass the curved needle through the tissue 
with a rotatory motion to minimize trauma. As 
discussed in Chapter 4, it does not matter 
whether an intestinal anastomosis is sutured or 
stapled so long as proper technique is employed. 

6. Learn the pitfalls. One must learn the pitfalls 
(technical and conceptual) before constructing 
stapled intestinal anastomoses. Study the strategy 
of avoiding the complications of surgical stapling 
(see Chapter 5). 

7. Avoid common errors. One must avoid the com
mon errors seen among neophytes learning the 
art of anastomotic suturing: 

Do not insert the outer layer of seromuscular 
sutures with the collapsed bowel resting on a flat 
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surface. An even worse error consists in putting the 
left index finger underneath the back of the anasto
mosis while inserting the anterior seromuscular su
tures. Both errors make it possible to pass the sero
muscular suture through the bowel lumen and catch 
a portion of the posterior wall. When the sutures are 
tied, an obstruction is created. Although some of 
these sutures may later tear out of the back wall in 
response to peristalsis, others remain permanently 
in place and produce a stenosis. To prevent this com
plication, simply have the assistant grasp the tails 
of the anastomotic sutures that have already been 
tied. Skyward traction on these sutures keeps the lu
men of the anastomosis open while the surgeon in
serts additional sutures. 

Another error consists in inserting anastomotic 
sutures while the bowel is under linear tension. This 
practice stretches the bowel wall so it becomes rel
atively thin, making it difficult to enclose a substan
tial bite of tissue in the suture. A sufficient length 
of intestine, proximal and distal, should be loosely 
placed in the operative field. After the first sero
muscular bite has been taken, the needle is ready to 
be reinserted into the wall of the opposite segment 
of intestine. At this time it is often helpful to use for
ceps to elevate the distal bowel at a point 3-4 cm 
distal to the anastomosis. Elevation relaxes this seg
ment of the bowel and permits the suture to catch 
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a substantial bite of tissue, including the submucosa. 
Each bite should encompass about 4-5 mm of tis
sue. These stitches should be placed about 4-5 mm 
from each other. 

Contraindications to Anastomosis 

Because of the excellent blood supply and substan
tial submucosal strength of the small bowel, anasto
moses are often successful even in the presence of 
such adverse circumstances as intestinal obstruction 
and gross contamination of the abdominal cavity. 
Consequently, the only major contraindications to a 
primary small bowel anastomosis are peritoneal sep
sis, a questionable blood supply, or a patient whose 
condition on the operating table is precarious. In 
these cases both ends of the divided small bowel 
may be brought to the skin as temporary enteros
tomies or simply stapled closed and returned to the 
abdomen for a planned second look. 

OPERATIVE TECHNIQUE 

Small Bowel Anastomosis 
by Suturing 

Incision 

Use a midline vertical incision for the best exposure 
of the small bowel. 

Division of Mesentery 

Expose the segment of intestine to be resected by 
laying it flat on a moist gauze pad on the abdominal 
wall. With a scalpel make a V-type incision in the 
mesentery to be removed, carrying it through the 
superficial peritoneal layer only, to expose the un
derlying blood vessels (Fig. 37-1). Apply medium
size hemostats in pairs to the intervening tissue. Di
vide the tissue between hemostats and ligate each 
with 2-0 PG. After the wedge of mesentery has been 
completely freed, apply Allen clamps to the bowel 
on the specimen sides. Apply noncrushing intestinal 
clamps proximally and distally to prevent spillage of 
intestinal contents. Remove the diseased segment of 
intestine by scalpel division. 

Open TWO-Layer Anastomosis 

Considerable manipulative trauma to the bowel wall 
can be avoided if the anterior seromuscular layer of 
sutures is the first layer to be inserted. This should 
be done by successive bisection (see Chapter 4). 
First, use 4-0 silk on an atraumatic needle and insert 
a seromuscular suture on the antimesenteric border 
followed by a second suture on the mesenteric bor-
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der (Fig. 37-2). Tie both sutures. Next, bisect the 
distance between these two sutures and insert and 
tie the third Lembert suture at this point. Follow this 
sequence until the anterior seromuscular layer has 
been completed (Fig. 37-3a). Retain the two end 
sutures as guys, but cut the tails of ail the remaining 
sutures. Rotate the bowel by passing guy suture A 
behind the anastomosis (Fig. 37-3b) so the pos
terior layer is on top (Fig. 37-3c). 

Close the mucosal layer with a running 5-0 
double-armed PG suture. Insert the two needles at 
the midpoint of the deep layer (Fig. 37-4). Tie the 
suture and close the posterior layer, which should 

Fig. 37-3a 

Fig. 37-3b 

Fig. 37-3c 

Fig. 37-4 
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Fig. 37-5 

Fig. 37-6 

Fig. 37-7 

include mucosa and a bit of seromuscular tissue, 
with a continuous locked suture (Figs. 37-5, 37-6, 
37-7). Turning in the comers with this technique 
is simple. Bring the needle from inside out through 
the outer wall of the intestine (Fig. 37-8). Then 
complete the fmal mucosal layer using the Connell 
technique or a continuous Cushing suture (Fig. 
37-9). After this mucosal layer has been completed, 

insert the final seromuscular layer of interrupted 4-
o silk Lembert sutures (Fig. 37-10). The technique 
of successive bisection is not necessary in the fmal 
layer because the two segments of bowel are already 
in accurate apposition. 

Fig. 37-8 

Fig. 37-9 
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Fig. 37-10 



After all the suture tails have been cut, carefully 
inspect for imperfections in the suture line, espe
cially at the mesenteric margin. Test the patency of 
the lumen by invaginating one wall of the intestine 
througb the anastomosis with the tip of the index 
fmger. 

Open One-Layer Anastomosis 

The first step in constructing an end-to-end anasto
mosis in one layer is identical to the steps in Figures 
37-2 and 37-3a. Insert interrupted 4-0 silk Lembert 
sutures on the anterior seromuscular layer. Cut the 
tails of all the sutures except the two at the end and 
rotate the bowel to expose the opposite, unsutured 
bowel (Figs. 37-3b, 37-3c). Approximate this too 
with interrupted 4-0 silk seromuscular Lembert su
tures, paying special attention to the mesenteric bor
der, where fat and blood vessels may hide the sero
muscular tissue from view if the dissection has not 
been thorougb. 

After the anastomosis is completed, check it 
closely for defects. Test the size of the lumen by in
vaginating the wall with a fmgertip. 

Alternatively, instead of Lembert sutures "sero
mucosal" stitches may be inserted (Fig. 37-11). 
This suture enters the seromuscular layer and, like 
the Lembert sutures, penetrates the submucosa; 
but instead of emerging from the serosa, the nee
dle emerges just beyond the junction of the cut 
edge of the serosa and underlying mucosa. This 
stitch has the advantage of inverting a smaller cuff 
of tissue than does the Lembert or Cushing tech
nique and may therefore be useful when the small 
bowel lumen is exceedingly small. When inserted 
properly the seromucosal suture inverts the mu
cosa but not to the extent seen with the Lembert 
stitch. 

Closure of Mesentery 

Close the defect in the mesentery by a continuous 
suture of 2-0 PG on a large, intestinal-type needle. 
Take care not to pierce the blood vessels. 

Small Bowel Anastomosis 
Using Stapling Technique 

In our experience, the most efficient method for sta
pling the small bowel is a two-step functional end
to-end technique. It requires the two open-ended 
segments of the small bowel to be positioned so 
their antimesenteric borders are in apposition. In
sert a cutting linear stapling device, one fork in the 
proximal and the other fork in the distal segment of 
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the intestine (Fig. 37-12). Fire the stapling instru
ment, which forms one layer of the anastomosis in 
an inverting fashion (Fig. 37-13). Apply Allis clamps 
to the anterior and posterior terminations of the 

Fig. 37-12 

Fig. 37-13 
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Fig. 37-14 Fig. 37-15 

staple line. Then draw the two Allis clamps apart 
(Figs. 37-14, 37-15). Close the remaining defect in 
the anastomosis in an everting fashion after apply
ing four or five Allis clamps to maintain apposition 
of the walls of the proximal and distal segments of 
bowel (Fig. 37-16). 

Fig. 37-16 

After all the Allis clamps have been aligned, sta
ple the bowel in eversion by applying a 90/3.5 mm 
linear stapling device just deep to the Allis clamps 
(Fig. 37-16). If the bowel wall is thick, use 4.8 mm 
staples. It is essential that the line of staples cross 
both the anterior and posterior terminations of the 
anastomotic staple line to avoid gaps in the staple 
line. Fire the stapler and excise the redundant bowel 
flush with the stapling device using Mayo scissors. 
Lightly electrocoagulate the everted mucosa. 

Carefully inspect the staple line to be sure each 
staple has formed a proper B. Bleeding may be con
trolled by conservative electrocautery or by using in
terrupted 4-0 atraumatic PG sutures. 

Close the defect in the mesentery with a continu
ous 2-0 atraumatic PG suture. If feasible, cover the 
everted mucosa by the mesenteric suture line to min
imize the possibility of it becoming a nidus of adhe
sion formation. Cover the anastomosis with a layer of 
omentum, whenever possible, to prevent adhesions. 

POSTOPERATIVE CARE 

Administer nasogastric suction until bowel function 
resumes. 

COMPllCATIONS 

Although it is uncommon for the patient to develop 
complications following a small bowel anastomosis, 
postoperative obstruction does occasionally occur. 
Anastomotic leaks accompanied by intraperitoneal 
sepsis or enterocutaneous fistula are rare except af
ter resection in the face of sepsis or when mesen
teric circulation is impaired. 
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38 Enterolysis for 
Intestinal Obstruction 

INDICATIONS 

Enterolysis is indicated for acute cases of complete 
small bowel obstruction. It is frequently performed 
as an incidental procedure when the previously op
erated abdomen must be reentered. 

PREOPERATIVE PREPARATION 

Institute nasogastric suction promptly. 

Initiate fluid and electrolyte resuscitation. 

Administer perioperative antibiotics. 

PITFAllS AND DANGER POINTS 

Inadvertent laceration and spillage of the contents 
of the intestine is a hazard of this procedure. Failure 
to identify and relieve all points of obstruction can 
occur unless the entire small bowel is dissected free. 

OPERATIVE STRATEGY 

Dissect carefully and patiently to avoid spillage of 
intestinal contents. Bacterial overgrowth occurs 
rapidly when the contents stagnate. Massive disten
sion with thinning of the bowel make it much more 
likely to occur and more serious if it happens. 

Enter the abdomen through a scar-free area and 
carefully dissect the bowel from the underside of the 
abdominal wall. Adhesions are commonly dense in 
the region of the old scar. 

Separate loops of bowel, working from regions of 

easy dissection toward those where it is difficult. The 
additional exposure gained by doing the easy dis
section ftrst facilitates work in the more difficult 
parts. Work on the collapsed region (distal to the 
obstruction) ftrst, if possible, and keep the dilated 
proximal bowel in the abdomen as long as possible. 

After all adhesions have been freed, repair any in
jured segments and evaluate intestinal viability. De
termine whether operative decompression is needed 
prior to closure. 

OPERATIVE TECHNIQUE 

Incision and Bowel Mobilization 
A long midline incision is preferable. In the case of 
a previous midline incision, start the new incision 
3-5 cm cephalad to the upper margin of the scar so 
the abdomen can be entered through virgin terri
tory. If the old scar extends from xiphOid to pubis, 
enter through the cephalad part of the incision, 
where it is likely that only the stomach or the left 
lobe of the liver (rather than distended loops of 
bowel) will be encountered. 

Carry the skin incision through the old scar and 
down to the linea alba. After opening the upper por
tion of the incision, identify the peritoneal cavity and 
then carefully incise the remainder of the scar. If en
try into the peritoneum is difficult, lift up on the skin 
and subcutaneous tissues on both sides of the inci
sion to create locally negative intraabdominal pres
sure and gently continue to incise with a scalpel. As 
soon as the peritoneum is entered, air flows into the 
peritoneal cavity and creates a safe zone for continued 
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Fig. 38-1 

dissection. At the same time dissect away any ad
herent segments of underlying intestine (Fig. 38-1). 

Approach to Densely 
Adherent Abdomen 
Whereas the content of the normal small intestine 
is sterile, with intestinal obstruction the stagnation 
of bowel content results in overgrowth of virulent 
bacteria with production of toxins. When these sub
stances spill into the peritoneal cavity, the likelihood 
of postoperative mortality and infection increases 
significantly. To avoid this mishap, dissection should 
be done carefully and patiently. 

The basic dissection strategy consists in entering 
the abdominal cavity through a scar-free area. Even 
though an old midline scar is frequently used to reen
ter an abdomen to relieve an obstruction, it is ad
vantageous to make some part of the incision through 
an area of the abdomen above or below the old scar. 
Access to the peritoneal cavity through an unscarred 
area often gives the surgeon an opportunity to assess 
the location of adhesions in the vicinity of the antic
ipated incision. After the free abdominal cavity is en
tered and any adherent segments of intestine are 
freed, the remainder of the incision is carefully done. 

Attach Allis clamps to the peritoneum and linea 
alba on one side of the incision and have the assis-



tant lift up on the clamps. Metzenbaum scissors can 
generally then be insinuated behind the various lay
ers of avascular adhesions to incise them (Fig. 38-1). 
If the left index fmger can be passed underneath a 
loop of bowel adherent to the abdominal wall, it 
helps guide the dissection. The aim is to free all the 
intestine from the anterior and lateral abdominal 
wall, frrst on one side of the incision and then on 
the other, so the anterior and lateral layers of pari
etal peritoneum are completely free of intestinal at
tachments (Fig. 3S-2). 

Once the intestine has been freed, trace a normal
looking segment to the nearest adhesion. If possible 
insert an index fmger into the leaves of the mesen
tery, separating the two adherent limbs of the in
testine. By gently bringing the index fmger up be
tween the leaves of the mesentery the adherent layer 
can often be stretched into a fme, ftlmy membrane, 
which is then easily divided with scissors (Fig. 
3S-3). In general, the strategy is to insinuate either 
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the left index finger or closed blunt-tipped curved 
Metzenbaum scissors underneath an adhesion to de
lineate the plane and then withdraw the closed scis
sors and cut the fibrous layer. A guiding principle is 
to perform the easy dissection first. If this princi
ple is always followed, the difficult portion of a dis
section becomes easy. Avoid tackling a dense ad
herent mass directly; if the loops of intestine going 
to and coming from the adherent mass are dissected 
on their way in and on their way out of the mass of 
adhesions, a sometimes confusing collection of in
testine can be easily untangled. 

In the case of an acute small bowel obstruction, 
frequently there are only one or two adhesions and 
a markedly distended proximal bowel. When this oc
curs, be careful not to permit the distended bowel 
to leap out of a small portion of the incision, as it 
may be tom inadvertently in the process. If possi
ble, first deliver the collapsed bowel (distal to the 
point of obstruction) and then trace it retrograde up 
to the point of obstruction. The adhesion can then 
be divided under direct vision and the entire bowel 
freed. 

Free the remainder of the bowel of adhesions, 
from the ligament of Treitz to the ileocecal valve. 
Accomplish this task by delicate dissection with Met
zenbaum scissors, alternately sliding the scissors un
derneath a layer of fibrous tissue to visualize its ex
tent and then cutting the adhesion. This can be done 
more effiCiently if the left index fmger can be in
sinuated in such a way as to circumscribe the ad
herent area, or if the index fmger can be brought 
between the leaves of mesentery separating the ad
herent bowel, thereby placing the adhesion on 
stretch and making it visible (Fig. 38-3). In some 
cases there are adhesions of a cartilaginous nature, 
especially in patients whose obstruction is due to 
multiple malignant implants. Bold scalpel incisions 
should be made to divide adhesions of this type. 
Again, by doing the easy dissection first, the difficult 
parts become easier. 

Relaparotomy for Early 
Postoperative Obstruction 

We most often reenter the same incision, usually in 
the midline, to reexplore the postoperative abdo
men. Because most relaparotomy operations are 
done after the eighth to tenth postoperative day, 
some sharp dissection may be necessary to enter the 
abdomen. 

To divide adhesions in these cases, many of the 
loops of bowel can be separated by inserting the in
dex fmger between the leaves of adjoining mesen-

tery. By elevating the fmger, the adhesion can be 
stretched between the bowel segments. Often the 
adhesion can be disrupted by pinching it gently be
tween the thumb and index finger without damag
ing the serosa of the bowel. 

Operative Intestinal Decompression 
If the diameter of the small bowel appears to be so 
distended that closing the incision would be diffi
cult, operative decompression of the bowel makes 
the abdominal closure simpler and may improve the 
patient's postoperative course. Decompression may 
also lessen the risk of inadvertent laceration of the 
tensely distended intestine. 

We prefer to use the Baker intestinal tube, which 
is a 270 cm long tube with a 5 ml balloon at its tip, 
for this procedure. It may be passed through the pa
tient's nose by the anesthesiologist or introduced by 
the surgeon through a Stamm gastrostomy. It is then 
passed through the pylorus with the balloon de
flated. The balloon is partially inflated and the tube 
milked around the duodenum to the ligament of Tre
itz and then down the small intestine. Meanwhile, 
intermittent suction is applied to aspirate gas and in
testinal contents. Caution should be exercised when 
milking the tube through the intestine, as the dis
tended bowel has impaired tensile strength and can 
easily be tom. In patients who have relatively few 
adhesions, the Baker tube may be removed at the 
conclusion of the decompression and a nasogastric 
tube substituted for postoperative suction. In the 
rare case where the bowel has sustained extensive 
serosal damage, the Baker tube may be left in place 
for 2-3 weeks to perform a "stitchless plication" (see 
Chapter 39). 

Repair of Damage to Bowel Wall 
Small areas of intestine from which the serosa has 
been avulsed by dissection require no sutures for re
pair if the submucosa has remained intact. This is 
evident in areas where some muscle fiber remnants 
remain. Otherwise, when only thin mucosa bulges 
out and the mucosa is so transparent that bubbles 
of fluid can be seen through it, the damage is ex
tensive enough to require inversion of the area with 
interrupted or continuous seromuscular 4-0 PG Lem
bert sutures. Large areas of damage should be re
paired transversely by one or two layers of Lembert 
sutures in a transverse manner. Extensive damage re
quires bowel resection with anastomosis by sutures 
or stapling. 

If a segment of bowel is of questionable viability, 
replace it in the abdomen and cover the incision 



with warm, moist packs. Reevaluation in 10-15 min
utes often reveals that the bowel has regained some 
color, tone, and peristalsis indicative of recovering 
perfusion. 

Closure 

After decompressing the bowel, replace it in the ab
dominal cavity. If there has been any spillage, thor
oughly irrigate the abdominal cavity with large vol
umes of warm saline solution. Close the abdominal 
wall in the usual fashion with a modified Smead 
Jones technique (see Chapter 3). 

POSTOPERATIVE CARE 

Nasogastric or long intestinal tube suction (or both) 
are required postoperatively until evidence of 
bowel function returns. This is manifested by ac-
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tive bowel sounds or the passage of flatus or stool 
per rectum. 

When a Baker tube must remain in place post
operatively because of extensive serosal damage or 
some other indication for a "stitches plication" (see 
Chapter 39), it is generally necessary to insert a na
sogastric tube in the other nostril to decompress the 
upper gastrointestinal tract. Our policy is to avoid 
filling both nostrils with intestinal tubes. It is far 
preferable in these cases to insert the long Baker 
tube through a newly constructed Stamm gastros
tomy, thereby leaving one nostril free. 

Antibiotics are given perioperatively. 

COMPliCATIONS 

Recurrent intestinal obstruction 

Intestinal fistula or peritonitis 



39 Baker Tube 
Stitchless Plication 

SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Operations for intestinal obstruction due to exten
sive adhesions, when the patient has already under
gone numerous similar operations 

Extensive serosal damage following division of many 
adhesions 

PREOPERATIVE PREPARATION 

See Chapter 38. 

Nasogastric suction should be initiated before the 
operation. 

PITFAllS AND DANGER POINTS 

Trauma to the bowel while passing the Baker tube 

Reverse intusussception when the tube is removed 

OPERATIVE STRATEGY 

Adhesions tend to form again after enterolysis. Pli
cation attempts to prevent mUltiple recurrent adhe
sions by holding the bowel in a prearranged orderly 
fashion (Fig. 39-1) during the period of adhesion 
formation. In this manner, any adhesions that de
velop presumably form between loops of intestine 
that are held in gentle curves, minimizing the 
chances of recurrent adhesive obstruction. 

The Baker tube may be passed through a Stamm 
gastrostomy (preferred), a jejunostomy, or under 
rare circumstances retrograde through a cecos
tomy. It is not advisable to pass the tube via the 
nasogastric route, as the tube must remain in place 
for at least 10 days. A nasogastric tube may be re
quired to decompress the stomach postopera-

OPERATIVE TECHNIQUE 

Enterolysis of the entire small bowel should be per
formed as the first step of this operation. Create a 
Stamm gastrostomy (see Figs. 32-1 through 32-5). 
The Baker tube is an 18F 270 em long intestinal 
tube with a balloon at the end and a dual lumen. 
The primary lumen may be placed for suctioning 
the bowel to decompress it during tube passage 

tively. Fig. 39-1 
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and during the early postoperative period. The sec
ond lumen controls inflation and deflation of the 
balloon. 

Pass the sterile Baker tube into the gastrostomy 
and then through the pylorus; partially inflate the 
balloon. By milking the balloon along the intestinal 
tract the tube may be drawn through the entire 
length of the intestine. Supply intermittent suction 
to the tube to evacuate gas and intestinal contents. 
Pass the balloon through the ileocecal valve and in
flate it to 5 mI. 

Distribute the length of the intestine evenly over 
the length ofthe tube. Then arrange the intestine in 
the shape of multiple Ss. Irrigate the peritoneal cav
ity and close the abdomen in the usual fashion. If 
there has been any spillage of bowel contents dur
ing the dissection, if gangrenous bowel has been re
sected, or if an enterotomy has been performed for 
intestinal decompression, do not close the skin in
cision, as the incidence of wound infection is ex
tremely high. 

When local factors contraindicate a gastrostomy, 
pass the Baker tube through a stab wound near 
McBurney's point and construct a cecostomy by the 
Stamm technique. Insert a purse-string suture using 
3-0 PG in a portion of the cecum near the stab 
wound. Make a puncture wound in the center of the 
purse-string suture, insert the Baker tube, and hold 
the purse-string suture taut. To pass the Baker tube 
through the ileocecal valve, make a 3- to 4-mm punc
ture wound in the distal ileum. Then insert a Kelly 
hemostat into the wound and pass the hemostat into 
the cecum. Grasp the Baker tube with the hemostat 
and draw the tube into the ileum. Close the punc
ture wound with sutures. 

Inflate the balloon of the Baker tube and milk the 
balloon in a cephalad direction until the tip of the 
Baker tube has reached a location prOximal to the 
point of obstruction and to any area of bowel that 
has suffered serosal damage. Suction all the bowel 
contents through the Baker tube and deflate the 
balloon. 
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Insert a second 3-0 PG purse-string suture, in
verting the first purse-string suture. Then suture the 
cecostomy to the abdominal wall with one 3-0 PG 
suture in each quadrant surrounding the abdominal 
stab wound. 

POSTOPERATIVE CARE 

Connect the Baker tube to low wall suction. Deflate 
the balloon at the end of the Baker tube on the sec
ond postoperative day. We cut off the port after bal
loon deflation to ensure that the balloon is not in
advertently reinflated. The tube itself must stay in 
place for 14-21 days if a stitchless plication is to be 
achieved. An additional nasogastric tube may be re
quired for several days. Prolonged ileus due to pre
operative obstruction or the manipulation of bowel 
required to pass the tube is common. 

When bowel function returns, remove the Baker 
tube from the suction and allow the patient to eat. 
Simply clamp the tube and leave it in place as a stent. 
When it is time to remove the Baker tube, do so 
gradually, with the balloon deflated to avoid creat
ing (reverse) intusussception. 

Antibiotics are given postoperatively to patients 
who have had an intraoperative spill of intestinal 
contents. 

POSTOPERATIVE COMPllCATIONS 

Wound infection 
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40 Appendectomy 

INDICATIONS 

Acute appendicitis 

Interval appendectomy following conservative treat
ment of appendiceal abscess 

Mucocele of appendix 

Adenocarcinoma and carcinoid of appendix may re
quire right colon resection in addition to appen
dectomy, especially if there is suspicion of metas
tases in lymph nodes 

PREOPERATIVE PREPARATION 

Diagnostic studies: ultrasonography and computed 
tomography (Cn of the appendix (if necessary) 

Intravenous fluids 

Perioperative antibiotics 

Nasogastric tube if ileus is present 

PITFALLS AND DANGER POINTS 

Inadvertent laceration of inflamed cecum during 
blunt dissection 

Inadequate control of blood vessels in edematous 
mesoappendix 

OPERATIVE STRATEGY 

Incision 
When the diagnosis is clear, use a McBurney inci
sion, which splits the muscles along the lines of their 
fibers, each in a somewhat different direction. The 
healed scar with this incision is usually quite strong, 
and the cosmetic result is good. For most cases the 
incision proves to be centered over the base of the 
appendix. If the exposure is inadequate, the incision 
may be carried in a medial direction by dividing the 
rectus sheath. If necessary, the right rectus muscle 
itself may be transected to expose the pelvic organs. 
If it is obvious that the exposure is inadequate, even 
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with an extension (e.g., if a perforated ulcer is 
found), make a new vertical incision suitable to the 
pathology and close the McBurney incision. If the 
diagnosis is uncertain, the laparoscopic approach 
(see Chapter 41) or even a midline laparotomy in
cision may be preferable. 

Management of Appendiceal Stump 

In most cases acute appendicitis is the result of a 
closed-loop obstruction due to an appendiceal fe
calith. The base of the appendix, which is proximal 
to the obstructing fecalith, usually is fairly healthy 
even in the presence of advanced inflammation or 
even if the remainder of the organ is gangrenous. 
This makes ligature or inversion of the appendiceal 
stump a safe procedure. 

After the appendix has been removed, the stump 
may be managed by simple ligation or by inversion 
with a purse-string suture around its base. There 
does not appear to be proof of the superiority of ei
ther method, although a purse-string inversion may 
produce fewer adhesions than a simple ligation, 
which permits eversion of some of the mucosa. In
version is preferable in simple cases; but if the area 
is edematous, making inversion difficult, simple 
ligation is preferable. 

Indication for Drainage 
The presence of inflammation or even generalized 
peritonitis due to a perforated appendix is not an in
dication for external drainage. Close the abdominal 
wall without drainage after thoroughly irrigating the 
abdominal cavity and pelvis. If an abscess with rigid 
walls is encountered, drain the cavity with a closed
suction drain. Leave the skin wound open in cases 
of perforated appendix to avoid wound sepsis. 

OPERATIVE TECHNIQUE 

Incision 
Draw an imaginary line from the right anterior su
perior iliac spine to the umbilicus. At a point 3-4 



Fig. 40-1 

cm medial to the anterior spine, draw a line per
pendicular to this line (Fig. 40-1)' This is the gen
eral direction of the McBurney skin incision. About 
one-third of the incision should be above the imag
inary line between the iliac spine and umbilicus and 
two-thirds below this line. The average length of this 
incision is 6 cm. 

Deepen this incision through the external oblique 
aponeurosis, along the line of its fibers (Fig. 40-2). 
Start the incision with a scalpel and extend it with 
Metzenbaum scissors. Then elevate the medial and 
lateral leaves of the external oblique aponeurosis 
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Fig. 40-2 
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Fig. 40-3 

Fig. 40-4 

from the underlying muscle and separate them be
tween retractors (Fig. 40-3). 

Note that the internal oblique muscle, which is 
fairly thick, and the transversus muscle, which is 
deep to the internal oblique, run in a transverse di
rection. Make an incision just below the level of the 
anterosuperior iliac spine into the thin fascia of the 
internal oblique muscle. Then insert a Kelly hemo
stat to separate the muscle fibers of the internal 
oblique and underlying transversus muscle (Fig. 
40-3). Using either two Kelly hemostats or both in
dex fingers, enlarge this incision sufficiently to in
sert small Richardson retractors (Fig. 40-4). 

Obtain adequate hemostasis of one or two vessels 
in the internal oblique muscle with electrocautery; 
then note the layer of fat that adjoins the peri
toneum. Tease this fat off the peritoneum lateral to 
the rectus muscle to identify a clear area. Elevate it 
between two hemostats and make an incision into 
the peritoneal cavity (Fig. 40-5). Enlarge the inci-



sion sufficiently to insert Richardson retractors and 
explore the region. 

For additional exposure in a medial direction 
when, for example, it is necessary to identify a 
woman's pelvic organs, a medial extension of about 
2 cm can be made across the anterior rectus sheath, 
after which a similar division of the posterior sheath 
can be carried out and the rectus muscle retracted 
medially. The inferior epigastric vessels may be en
countered and generally can also be retracted me
dially. 

When the lateral extremity of the McBurney in
cision must be extended, the surgeon has two 
choices: (1) Close the McBurney incision and make 
a separate vertical incision of adequate length for ex
posure. (2) If additional exposure of only a few cen
timeters is needed, the oblique and transverse mus
cles may be deliberately divided with electrocautery 
in a cephalad direction along the lateral portion of 
the abdominal wall. Be aware that if this vertical ex
tension along the lateral abdominal wall is contin
ued for more than 4-5 cm, two or more intercostal 
nerves are likely to be divided, reSUlting in muscu
lar weakness of the lower abdomen. If a 4- to 5-cm 
extension of the incision is closed carefully, gener
ally no serious problems of weakness or herniation 
develop. 

Delivery of Appendix 
Insert small Richardson retractors into the peri
toneal cavity and grasp the anterior wall of the ce
cum with a moist gauze pad (Fig. 40-6). With the 
cecum partially exteriorized, identify the appendix. 
If the appendix cannot be seen, exploration with 
the index finger may reveal an inflammatory mass 
consisting of inflamed appendix and mesoappen
dix. It can usually be delivered into the incision by 
gentle digital manipulation around the borders of 
the mass. 

If this palpatory maneuver is not successful in lo
cating the appendix, follow the taenia on the ante
rior wall of the cecum in a caudal direction. This 
leads to the base of the appendix, which can then 
be grasped in a Babcock clamp. Apply a second Bab
cock clamp to the tip of the appendix and deliver it 
into the incision. 

Division of Mesoappendix 

If the base of the mesoappendix is not thick, it may 
be encompassed by a single ligature of 2-0 PG. Oth
erwise, divide the mesoappendix between serially 

Fig. 40-5 

applied hemostats and ligate each with 2-0 or 3-0 PG Fig. 40-6 
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Fig. 40-7 

Fig. 40-8 

until the base of the appendix has been dissected 
free (Fig. 40-7). 

ligation of Appendiceal Stump 
Hold the tip of the appendix in a Babcock clamp 
and double-ligate the base with 2-0 PG or chromic 
catgut at a point 4-6 mm from the cecum. Apply a 
straight hemostat to the appendix 1 cm distal to the 
ligature; then transect the appendix with a scalpel 
5-6 mm distal to the ligature (Fig. 40-8) and remove 
the specimen. The appendiceal stump may be lightly 
sterilized by applying electrocautery to the exposed 
mucosa, or it may simply be returned to the ab
dominal cavity (Fig. 40-9). 

Inversion of Appendiceal Stump 

To invert the stump, insert a purse-string suture 
around the base of the appendix using 3-0 PG or silk 
on an atraumatic needle. The radius of this suture 
should exceed the anticipated length of the appen
diceal stump (Fig. 40-10)' Apply a small straight he
mostat to the base of the appendix at a point 5-6 
mm from the cecum. Apply a second hemostat 1 cm 
distal to the first. Using a scalpel, transect the ap
pendix just distal to the first hemostat (Fig. 40-11), 
which should now be used to invert the stump into 
the previously placed purse-string suture (Fig. 
40-12). As the first knot is being tied, gradually 
withdraw the hemostat, completing the purse-string 
tie. The single suture should be sufficient; if there is 
some doubt of its adequacy, it may be reinforced 
with a figure-of-eight suture of the same material. 
Many surgeons ligate the base of the appendix be
fore inverting it. 

Fig. 40-9 
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Fig. 40-13 

Closure of Incision 

Irrigate the right lower quadrant and pelvis with a 
dilute antibiotic solution; then apply four hemostats 
to the cut ends of the peritoneum. Close the peri
toneum with continuous 3-0 atraumatic PG sutures 
(Fig. 40-13), Close the internal oblique and trans
versus muscles as a single layer with interrupted su
tures of 2-0 PG tied loosely (Fig. 40-14). Close the 
external oblique aponeurosis with continuous or in
terrupted sutures of 2-0 PG (Fig. 40-15). 

Fig. 40-14 

Fig. 40-15 

If intraperitoneal pus or a gangrenous appendix 
is present, do not close the skin incision. Rather, 
place a few vertical mattress sutures of 4-0 nylon but 
do not tie them. Insert just enough gauze into the 
incision to keep the skin edges separated. 

POSTOPERATIVE CARE 

In the absence of pus or perforation, postoperative 
antibiotics need not be administered beyond the op
erative period. Otherwise, appropriate systemic an
tibiotics are indicated. Most patients recover rapidly 
following an appendectomy and rarely require in
travenous fluid for more than 1 day. If the skin 
wound has been packed open, change the packing 
daily. If the area is clean, tie the previously placed 
skin sutures on the fourth postoperative day or per
form a delayed closure with skin tapes. 

COMPUCATIONS 

Postoperative sepsis, in the form of peritonitis or a 
pelvic abscess, is the most serious postoperative com
plication of an appendectomy. If the patient is febrile 
after the fourth or fifth postoperative day, perform a 
daily rectal or pelvic examination to try to detect a 
pelvic abscess. Often it can be discovered when the 
tip of the examining finger feels a fluctuant, tender 
mass pressing on the anterior wall of the rectum or 
cul-de-sac. If the abscess has progressed on antibiotic 



therapy, incision and drainage may be performed 
with general anesthesia. To do so, dilate the anus and 
then pass a needle into the palpable mass. Aspiration 
should reveal pus just deep to the rectal wall. If pus 
is found, insert a hemostat along the needle tract to 
make 1- to 2-cm opening for drainage. CT scans or 
sonography are useful for identifying abdominal and 
pelvic abscesses, which often can be drained percu
taneously by the interventional radiologist. 
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Wound injection following an appendectomy for 
a perforated appendicitis is another cause of fever. 
It can be prevented by delaying closure of the skin. 
When a wound abscess is detected, open the over
lying skin for drainage. 

Intestinal obstruction due to adhesions occasion
ally occurs during the postoperative period, especially 
when there is some degree of peritonitis. Early rela
parotomy is indicated for a complete obstruction. 



41 Laparoscopic 
Appendectomy 

INDICATIONS 

Acute appendicitis 

Right lower quadrant pain of unknown etiology, es
pecially in women of reproductive age 

Interval appendectomy 

PREOPERATIVE PREPARATION 

See Chapter 40. 

Place an indwelling bladder catheter for any laparo
scopic procedure that involves the pelvis or lower 
abdomen. 

PITFALLS AND DANGER POINTS 

Injury to bladder from trocars or instruments 

Injury to cecum from traction or dissection 

Incomplete appendectomy, resulting in a retained 
stump 

See Chapter 40 

OPERATIVE STRATEGY 

The laparoscopic approach allows the surgeon to 
make a thorough visual inspection of the abdominal 
cavity and hence is especially useful in cases in 
which the diagnosis is questionable. The procedure 
differs from open appendectomy in that the base of 
the appendix usually presents ftrst and is divided ftrst 
followed by the mesentery. A pretied ligature or sta
ples are used to secure the base. The stump is gen
erally not inverted. The choice of approach (open 
versus laparoscopic) should not influence the deci
sion to drain or not to drain (see Chapter 40) or the 
duration of antibiotic therapy. These decisions 
should be based on the extent of the purulent and 
inflammatory process found at laparoscopic explo
ration. Other causes of lower abdominal pain, such 
as an inflamed Meckel's diverticulum or torsion of 

The laparoscopic approach is not advisable if an ap
pendiceal mucocele is found, as spillage of muco
cele contents may seed the peritoneal cavity with 
malignant cells. 

OPERATIVE TECHNIQUE 

Position the patient supine on the operating table. 
Tuck both arms at the sides; if the arms remain on 
armboards, they limit the ability of the camera
holder and the ftrst assistant to move cephalad as 
needed. Position the monitors at the foot of the bed. 
If only one monitor is being used, place it along an 
imaginary line of sight from the umbilicus through 
McBurney's point. Decompress the bladder with a 
Foley catheter. A typical room layout is shown in 
Figure 41-1. 

Anesthesiologist 
and 

~g 
rS 
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an ovarian cyst, may also be treated laparoscopically. Fig. 41-1 
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Fig. 41-2 

It is important to have sufficient working distance 
from the right lower quadrant. Consider the location 
of the umbilicus relative to McBurney's point. For 
most patients a supraumbilical location is best for 
the ftrst trocar. Place secondary trocars in the right 
mid-clavicular or anterior axillary line and left lower 
quadrant (lateral to the rectus muscle to avoid the 
inferior epigastric vessels) (Fig. 41-2). 

Fig. 41-3 
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Thoroughly explore the abdomen and conftrm 
the diagnosis. Examination of the female adnexae is 
facilitated by gently sweeping up one tube and ovary 
to displace the uterus to one side and then the other. 
Use a closed grasper or Babcock clamp to push and 
elevate gently, rather than grasp, the adnexae (Fig. 
41-3), 

Exposure is enhanced by placing the patient in 
Trendelenburg position with the right side up. Gen
tly sweep the omentum and small intestine medially 
to expose the cecum, which may be recognized by 
its size and white color and the presence of taeniae 
(Fig. 41-4a). In the most common situation, the ap
pendix lies underneath the terminal ileum and is teth
ered posteriorly by its mesentery (Fig. 41-4b). 
Pulling the cecum cephalad causes at least part of 
the appendix, most commonly the base, to come into 
view (Fig. 41-4c). The maneuver commonly used 
during open surgery (pulling the cecum cephalad, to
ward the patient's left shoulder) may obscure the 
view by pulling the cecum closer to the umbilically 
placed laparoscope. A straight cephalad pull, toward 
the patient'S right shoulder, avoids this problem. 

Pass an endoscopic Babcock clamp through the 
left lower quadrant trocar and gently pull the cecum 
toward the patient's left shoulder in such a way as to 
roll the lateral aspect of the cecum toward you. The 
base of the appendix should come into view. Grasp 
the appendix near its base with a Babcock or an atrau
matic grasper. Pull straight up toward the anterior ab
dominal wall. Identify the base and confum its loca
tion by the convergence of taeniae on the cecum. 

There are two major ways to secure the base of 
the appendix: with an endoscopic stapler or a pretied 
suture ligature. Both methods are described here. 

Fig. 41-4a,b,c 
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Fig. 41-5 

Stapled Closure 

Withdraw the Babcock clamp and replace it with a 
Maryland dissector or right-angle clamp. Insert the 
point of this dissection instrument into the groove 
between the fatty mesentery of the appendix and 
the appendix, immediately adjacent to the base (Fig. 
41-5). Sometimes the appendiceal mesentery is thin 

Fig. 41-6 

or transparent at this point. Take care not to injure 
the cecum with the tip of the clamp. If necessary, 
begin creating the window just above the termina
tion of the appendix to ensure that the tips of the 
clamp do not inadvertently injure the cecum behind 
the mesentery, where it cannot be seen. Gently open 
and spread, withdraw, close, and reinsert the in
strument until the tip passes completely through the 
mesentery at this point. Enlarge this window until it 
is at least 1 cm in diameter. We prefer the endo
scopic right-angle clamp for the task of enlarging the 
window once it has been established. Reconftrm that 
the window is exactly at the base of the appendix. 

Withdraw the dissecting instrument and insert an 
endoscopic stapler through the 12 mm left lower quad
rant port. The hinge of the stapler must be completely 
outside the trocar for the stapler to open properly. It 
may be necessary to pass the stapler behind and be
yond the appendix, along the right gutter toward the 
right subphrenic space to have sufficient distance to 
open the stapler fully. Open the stapler. Withdraw the 
stapler (and trocar if necessary) and maneuver the nar
rower jaw (anvil) through the window in the mesen
tery. Visualize the tip of the anvil emerging on the far 
side of the appendix. Rotate the stapler as needed to 
optimize visualization of the appendix, mesentery, sta
pler, and cecum. Pull up on the appendix and push 
down on the stapler as you close the jaws of the sta-

Fig. 41-7 



pler (Fig. 41--6); this move maximizes the chances of 
positioning the stapler properly (across the base so no 
appendiceal remnant is left), Close, but do not fire, the 
stapler. Rotate the stapler back and forth to visualize 
the proposed site of transection fully. Fire the stapler. 

Open the stapler and release any adherent tissue. 
It may be necessary to divide a small amount of tis
sue with scissors. If this must be done, visually con
firm that the staple line extends to the full length of 
the appendiceal base (Fig. 41-7). Move the stapler 
to a safe location; close and remove it. 

If necessary, reposition the appendix, now teth
ered only by its mesentery, so the mesentery is 
clearly seen. Frequently the mesentery is widest at 
its attachment to the appendix and then narrows as 
the branches of the appendicular artery converge on 
the trunk vessel. By identifying a narrower portion 
of the mesentery, it may be possible to secure it with 
a single application of the stapler. Reload the stapler 
and pass and fire it as previously described. Alter
natively, use endoscopic clips to secure individual 
vessels (Fig. 41-8). Carefully inspect the staple lines 
for completeness and hemostasis. Control any bleed
ing by endoscopic clips or suture. 

Ultrasonic dissection forceps may be used instead 
of the stapler to divide and control the mesentery. Fig. 41-8 

Pretied Ligature 

Alternatively, the mesentery may be divided first by 
clips or an ultrasonic dissecting forceps. A pretied 
ligature is then used to secure the base. 

Identify individual branches of the appendicular 
artery and make windows in the mesentery between 
these vessels using a Maryland dissector or a right
angle clamp. Place clips on the vessels and divide 
them, as shown in Figure 41-8. Do not attempt to 
skeletonize the vessels, as they are likely to tear. Se
quentially divide the mesentery along a line from the 
free edge toward the appendiceal base. 

After completely dividing the mesentery, pass a 
pretied ligature into the field through the left lower 
quadrant trocar. Shorten the loop slightly. Avoid let
ting the ligature come in contact with viscera, as the 
loop is easier to manipulate while still dry and rela
tively stiff (rather than damp and limp). 

Drop the appendix. Pass a Babcock clamp or 
atraumatic grasper through the loop of the ligature 
and grasp the appendix at its midportion. Pull the 
appendix through the loop while maneuvering and 
shortening the loop. Use the knot-pusher as a finger 
to pOSition the knot at the base and slowly tighten 
the ligature (Fig. 41-9). 

We prefer to place two ligatures side by side on 
the base and a clip or a third ligature on the specimen Fig. 41-9 
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Fig. 41-lOa,b 

side. Divide the appendix (Fig. 41-10a). Inspect the 
strunp to verify the ligatures are in a good position 
(Fig. 41-10b). Cauterize the exposed mucosa lightly. 

Removal of the Appendix 

A small, minimally inflamed appendix may be drawn 
completely into the left lower quadrant trocar; the 

Fig. 41-12 

Fig. 41-11 

trocar (containing the specimen) can then be com
pletely removed and replaced. A specimen bag is 
used for larger, more inflamed, gangrenous or per
forated appendices. 

Management of the 
Retrocecal Appendix 

The appendix is occasionally completely retrocecal 
and cannot be visualized without mobilizing the ce
cum and right colon. Incise the line of Toldt from 
the cecum up to the vicinity of the hepatic flexure 
(Fig. 41-11) with hook cautery, scissors (with 
cautery attachment), or ultrasonic shears. Grasp the 
cut edge of peritoneum adherent to the right colon 
and pull the right colon medially while lysing any 
residual adhesions by sharp and blunt dissection 
(Fig. 41-12). 

The appendix is then found on the back wall of 
the cecum, generally adherent to the cecum with fi
brous bands. It may be so encased in fibrous tissue 
it is difficult to identify at first. Tactile perception 
from the Babcock clamp may help identify the ap
pendix, which feels like a small, firm cylinder com
pared with the softer cecum. 

Grasp the appendix near its base and sequentially 
lyse the fibrous adhesions that tether the appendix 
to the cecum (Fig. 41-13). Sharp dissection with 
scissors or ultrasonic shears is best. Remove the ap
pendix in the usual fashion. 

Closure of Trocar Sites 
and Postoperative Care 

If purulent material is encountered, close the fascia 
as usual but leave the skin open. Necrotizing fasci-



Fig. 41-13 

itis has been reported as a rare complication and is 
more likely in obese patients. 

The patient may have an ileus for several days, es
pecially if the appendix was gangrenous or perfo
rated. Because the events of the first postoperative 
week are determined by the extent of the pathol
ogy, the immediate advantage of the laparoscopic 
approach may not be obvious. 

Continue antibiotics as you would as if the oper-
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ation had been performed as an open procedure. In 
other words, if you would have given antibiotics for 
1 week following open appendectomy for perfo
rated appendicitis with local peritonitis, follow this 
regimen after laparoscopic appendectomy for the 
same pathology. 

COMPliCATIONS 

Abdominal wall infection (discussed above) 

Pelvic or abdominal abscess 

Retained appendiceal stump (causing recurrent ap
pendicitis) 

REFERENCES 

Apelgren KN. Laparoscopic appendectomy. In Scott
Conner CEH (ed) The SAGES Manual: Fundamentals of 
Laparoscopy and GI Endoscopy. New York, Springer
Verlag, 1999, pp 275-280. 

Apelgren KN, Cowan BD, Metcalf AM, Scott-Conner CEH. 
Laparoscopic appendectomy and the management of 
gynecologic pathologic conditions found at laparo
scopy for presumed appendicitis. Surg Clin North Am 
1996;76:469. 

Macarulla E, Vallet], Abad ]M, et al. Laparoscopic versus 
open appendectomy: a prospective randomized trial. 
Surg Laparosc Endosc 1997;7:335. 



Part V 
Large Intestine 



42 Concepts in Surgery 
of the Large Intestine 
Danny M. Takanishi 
Fabrizio Michelassi 

This chapter provides a comprehensive overview of 
essential concepts relating to the operative approach 
and strategy for colon and rectal surgery. Additional 
information is contained in the technical chapters 
that follow and the references at the end of the chap
ter. 

BENIGN CONDmONS 

Diverticular Disease 

Diverticulosis is defmed by the presence of diver
ticula. Bleeding and septic complications are the ma
jor surgical concerns. Surgical management depends 
on the site of colonic involvement, the frequency of 
"attacks," elective or emergent basis, and the pres
ence of synchronous lesions. Only 1 % of patients 
with diverticulosis require surgery. The sigmoid and 
descending colon are most commonly involved, al
though generalized colonic involvement (pandiver
ticulosis) may occur. 

Diverticulitis, the most common condition com
plicating diverticulosis, occurs in approximately 
10-25% of patients [1,2]. Symptoms include pain 
and tenderness in the left lower quadrant, altered 
bowel habits, nausea, fever, and if the involved seg
ment of colon is in contact with the bladder, urinary 
symptoms (frequency, dysuria, pneumaturia, fe
caluria). A palpable mass may be noted in the lower 
abdomen or pelvis. Leukocytosis with a left shift is 
common. Computed tomography (Cn is the best 
conftrmatory test. It provides additional information 
concerning transmural extension and abscess for
mation as well as the presence or absence of adja
cent organ involvement [3]. Image-guided percuta
neous drainage may obviate the need for emergent 
surgery if an abscess is detected. After resolution of 
the acute attack, endoscopic evaluation is valuable 
for assessing the extent of disease and ruling out syn
chronous pathology. 

Initial therapy depends on clinical fmdings. Pa
tients with mild tenderness and low grade fever may 

be cared for on an outpatient basis with oral antibi
otics and a clear liquid diet. Patients with symptoms 
and signs severe enough to require hospitalization 
require intravenous broad-spectrum antibiotics, hy
dration, and bowel rest (and possibly nasogastric de
compression). Most patients improve within 48-72 
hours. Surgery is generally not indicated for the ftrst 
such attack unless the course is complicated by per
foration and free peritonitis or abscess formation. 
About 30-45% of patients have recurrent attacks and 
require surgical intervention [1,4]. 

The optimal treatment is resection of the primary 
disease with primary anastomosis. This can certainly 
be carried out after successful antibiotic treatment 
and gentle mechanical bowel preparation. Patients 
who fail antibiotic therapy should undergo a two
stage operation with segmental resection of the dis
eased segment of bowel, primary anastomosis, and 
a proximal loop ileostomy or colostomy. If an ab
scess has been encountered in the pelvis, an omen
tal flap can be developed to fill the abscess cavity 
and separate it from the colorectal anastomosis. If 
the planned anastomosis seems to lie within the 
evacuated abscess cavity, it is wiser to perform a seg
mental resection with an end-colostomy and a Hart
mann's rectal closure or mucous ftstula. The gas
trointestinal continuity can be reestablished at a later 
time. This approach is also preferred for cases of free 
perforation with generalized peritonitis. 

There is little role for colonic diversion without 
resection. This temporizing approach is reserved pri
marily for the rare, high-risk individual with exten
sive co-morbidities, abscess formation, or localized 
peritonitiS, who would not tolerate a major opera
tive procedure. In this case a proximal diverting loop 
colostomy or loop ileostomy must be complemented 
by abscess drainage (operatively or percutaneously 
with radiographic guidance) to control sepsis. 
Staged resection and closure of the diverting stoma 
is performed at a later date. 

Diverticulitis may occasionally present with signs 
of complete obstruction. In otherwise asymptomatic 
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patients (absence of pain, tenderness, systemic signs 
of infection), resection of the affected segment with 
end-colostomy and Hartmann's closure of the rec
tosigmoid is generally performed. Another option is 
on-table colonic lavage with resection, primary anas
tomosiS, and possibly a proximal loop diverting 
stoma. In the poorest-risk patient a diverting trans
verse loop colostomy is still an option as an initial 
step to a staged resection. 

Patients with two or more documented episodes 
of diverticulitis or with a history of complications 
from diverticular disease (bleeding, high grade partial 
obstruction due to cicatricial narrowing, fistulas) are 
candidates for elective resection. Elective resection 
should be considered after the first episode of diver
ticulitis in young patients (less than 40 years old) 
and those who are immunosuppressed [1,2,4,5]. Al
though resection can be performed 1-3 weeks fol
lowing the attack of acute diverticulitis, if all the 
signs of local inflammation have receded rapidly 
many surgeons prefer to delay the operation for 2-3 
months, allowing complete patient recovery and res
olution of the inflammatory reaction. Delaying de
flllitive therapy beyond 3 months puts the patient at 
increased risk of recurrence with no additional tech
nical advantage. 

After standard mechanical and antibiotic bowel 
preparation resection is based on the gross extent 
of disease and should include all indurated and hy
pertrophied bowel. Generally the sigmoid colon is 
primarily involved, and resection can be limited to 
this region. The rectum does not need to be elevated 
from the presacral space. Unless the mesentery is so 
inflamed and edematous it becomes easier to divide 
it close to its base, it may be resected close to the 
bowel wall, a concept that holds true for all benign 
diseases with an inflammatory component. The anas
tomosis is done using bowel that is soft, pliable, and 
free of diverticula. The splenic flexure often requires 
mobilization to ensure a tension-free anastomosis. 

Diverticulosis is one of the most common causes 
of massive lower gastrointestinal bleeding, espe
cially in the elderly. In most patients the bleeding 
stops. If episodes recur or if there is any hemody
namic instability during the first episode, surgical in
tervention is mandatory. If the site can be localized, 
by endoscopic means or arteriography, segmental re
section can be done. In an emergency situation with 
an unstable patient, a two-stage procedure is best, 
with primary resection and colostomy as the first 
step. If the bleeding site cannot be localized, an ab
dominal colectomy may be necessary after preoper
ative proctosigmoidoscopy has ruled out the pres
ence of a bleeding site in the rectum and 
rectosigmoid. Whether a primary anastomosis is per-

formed in the emergency setting or delayed for an 
elective procedure depends in part on the patient's 
hemodynamic and overall condition. If bleeding 
stops and the bleeding site had been identified, elec
tive one-stage resection is carried out after bowel 
preparation. 

Colo vesical fistulas are the most common of all di
verticular fistulas. Most are suspected on clinical pre
sentation, with CT scanning probably the most sen
sitive test for confirming the clinical diagnosis. After 
appropriate bowel preparation, it is usually possible 
to perform one-stage, primary resection of the dis
eased sigmoid, with immediate anastomosis. The area 
of involvement in the bladder is generally small, and 
it may be excised and repaired by primary closure. If 
available, an omental interposition flap may be uti
lized. A Foley catheter is left in place for 7-10 days 
postoperatively to maintain bladder decompression. 

Colonoscopy is the examination of choice for pa
tients with chronic, occult blood loss and may also 
be useful for moderately severe lower gastrointesti
nal bleeding in the hemodynamically stable patient. 
If hemorrhage can be temporarily controlled, bowel 
preparation may be instituted and one-stage, seg
mental resection with primary anastomosis may be 
feasible. 

For patients who are exsanguinating rapidly, vol
ume resuscitation is paramount. Angiography is the 
test of choice and localizes the bleeding site in 75% 
of cases [6]. Selective infusion of vasopressin to stop 
or decrease the rate of hemorrhage followed by lim
ited, segmental resection of the colon may be feasi
ble. If brisk hemorrhage continues and angiography 
does not localize the source, subtotal colectomy 
should be performed after preoperative proctosig
moidoscopy has ruled out the rectum as the site of 
bleeding. Whether a primary anastomosis is per
formed in the emergency setting or delayed to an 
elective situation depends in part on the patient's 
hemodynamic and overall condition. 

Volvulus 
Volvulus of the colon results from twisting of the 
mesentery, most commonly in the cecum and sig
moid. It is believed that the underlying predisposing 
factors include an elongated mesentery or a narrow 
base [7]. The resulting clinical presentation is one 
of bowel obstruction, which may progress rapidly 
to strangulation, gangrene, and perforation. The sig
moid is the site most frequently involved. Plain ra
diographs of the abdomen may demonstrate the di
lated loop of colon in the right upper quadrant 
("omega loop"), and barium enema demonstrates a 
"bird's beak" appearance of the barium terminating 



at the level of the torsion. If no peritoneal signs are 
present, perfonn rigid proctosigmoidoscopy to re
duce and decompress the bowel. If the mucosa ap
pears viable, a large red rubber tube can then be in
serted through the rigid proctosigmoidoscope to 
stem the rectosigmoid junction and decompress the 
proximal colon. Subsequently, mechanical prepara
tion can be instituted and elective one-stage sigmoid 
resection done, given the high recurrence rate if this 
approach is not taken [7]. If the volvulus cannot be 
reduced or if any evidence of impending gangrene 
is detected, emergent laparotomy is indicated. After 
operative reduction, the involved segment is re
sected as part of a planned two-stage procedure with 
an end-colostomy and mucous fistula or Hartmann's 
pouch. Alternatively in low-risk patients, intraoper
ative intestinal lavage can be perfonned and a pri
mary colorectal anastomosis fashioned. 

Cecal volvulus is the next most common colonic 
volvulus. It presents as small bowel obstruction. 
Plain radiographs of the abdomen may demonstrate 
features of a small bowel obstruction in association 
with a dilated cecum in the left upper quadrant. 
Emergency laparotomy is required. First reduce the 
volvulus and assess the viability of the bowel. If the 
bowel is viable, cecopexy is perfonned. A tube ce
costomy can be added to increase the chances of a 
successful cecopexy. Simple reduction is inadequate 
and attended by a significant recurrence rate. Evi
dence of impending gangrene requires resection. 
Options include an end-ileostomy with mucous fis
tula. Primary anastomosis is safe in patients who are 
hemodynamically stable and in whom perforation or 
contamination has not occurred. 

Ischemic Colitis 
Ischemic colitis is heterogeneous in tenns of etiol
ogy, anatomic site of involvement, presentation, and 
degree of severity [8]. Although all areas of the colon 
can be involved, the splenic flexure and rectosig
moid (watershed areas) seem to be at particular risk 
[8,9]. Significant morbidity and mortality are in large 
part due to underlying conditions. A high index of 
suspicion is necessary for diagnosis. Many patients 
experience left flank and left lower quadrant pain, 
diarrhea, and blood per rectum. Colonoscopy is the 
diagnostic tool of choice. Plain radiographs of the 
abdomen and CT scans are useful primarily to ex
clude other causes of abdominal pain or the com
plications of perforation, pneumatosis, and portal 
vein air. Barium enema no longer has a role in the 
diagnosis and workup of this disease. 

Initial treatment is supportive and consists of fluid 
resuscitation, bowel rest (possibly with nasogastric 
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decompression), correction of anemia, and broad
spectrum antibiotics. Most attacks (80-90%) are self
limiting and heal with this approach. All require 
colonoscopy 6-8 weeks after the event. A small per
centage (2%) of patients develop strictures [8,9]. 
Surgical resection is required if obstructive symp
toms develop, or if cancer cannot be definitively ex
cluded. After appropriate bowel preparation, an 
elective one-stage procedure is done, resecting the 
diseased segment of colon and performing the anas
tomosis in noninvolved, nonnal, viable bowel. 

In a small group of cases ischemia progresses to 
necrosis and frank gangrene. These patients are 
quite toxic and ill, with evidence of sepsis, hemo
dynamic instability, and eventual shock. This man
dates emergent laparotomy. The goals of surgery are 
(I) to assess the extent of ischemia by evaluating 
mesenteric flow (palpation, Doppler, intravenous 
fluorescein dye combined with a Wood's lamp) and 
by endoscopic evaluation of mucosal viability; and 
(2) to resect all nonviable, compromised bowel. Nor
mal mucosa must be present at the margins of the 
resection. In general, an end-colostomy and a Hart
mann's pouch or mucous fistula should be created 
(the latter has the unique advantage of allowing di
rect evaluation of the mucosa for evidence of on
going ischemia); in the rare hemodynamically stable, 
low-risk patient, intraoperative cleansing of the 
prOximal large bowel can be followed by a primary 
anastomosis. Another option is extension of the re
section to include a subtotal colectomy with an ileo
rectal anastomosis. If the involvement is confmed to 
the right colon, a primary anastomosis is feasible, 
provided there has been no major contamination 
and the patient is hemodynamically stable. If a pri
mary anastomosis has been fashioned but there are 
doubts about intestinal viability, a planned second
look laparotomy is scheduled within 24 hours. 

Rectal Prolapse 
Complete rectal prolapse (procidentia) presents 
with intussusception of the rectum into the anal 
canal [10], with the descent of all layers of the rec
tum through the anus. All patients should therefore 
undergo endoscopic evaluation to rule out a tumor 
etiology serving as the lead point and to assess for 
ulceration or other complications. 

Surgical options all aim to correct the abnormal 
anatomy. Broadly categorized, techniques for repair 
are based on either an abdominal or a perineal ap
proach. Factors considered during selection of a par
ticular procedure include age, overall perfonnance 
status, and the advantages or disadvantages of each 
technique [10,11]. 
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Abdominal approaches include rectopexy alone, 
segmental resection alone, or a combination of the 
two. Rectopexy (e.g., the Ripstein procedure) (see 
Chapter 56) involves complete rectal mobilization 
to the pelvic floor with division of the lateral stalks. 
Suture rectopexy utilizes simple suturing of the rec
tum to the sacral fascia (posterior rectopexy) or the 
peritoneum, pelvic brim, or uterus (anterior rec
topexy). Variations of this procedure diverge with 
the manner in which the rectum is suspended; non
reabsorbable sutures, Ivalon sponge (Wells' proce
dure), or TeflonlMarlex mesh (Rip stein procedure) 
have been well described [10,11]. Recurrence rates 
range from 2% to 16%, and complications include 
obstruction secondary to mesh wraps or sepsis re
lated to the foreign body (e.g., full-thickness decu
bitus and pelvic abscesses). Segmental resection 
alone has also been successful, with recurrence rates 
comparable to those seen with the pexy procedures 
[11]. Associated complications are few, consisting 
primarily of anastomotic dehiscence. The lowest re
currence rates have been noted with the combina
tion suture rectopexy and sigmoid resection. 

Perineal approaches include simple encir
clement of the anus and rectosigmoidectomy. The 
Thiersch procedure (see Chapter 63) has evolved 
over time but is rarely used owing to the high rates 
of recurrence and septic complications. Perineal rec
tosigmoidectomy involves resecting the prolapsed 
bowel starting 1-2 cm proximal to the dentate line. 
A primary anastomosis and a levatorplasty are then 
performed concomitantly. Recurrence rates vary sig
nificantly, from approximately 3% up to 60% in some 
series [12]. Theoretically, the reduction in rectal 
reservoir function could potentially result in urgency 
or incontinence. 

It is generally accepted that transabdominal ap
proaches are associated with lower rates of recur
rence than the perineal approaches, which have 
higher recurrence rates but are safer options in high
risk or elderly patients [10,11]. What is still debat
able and controversial is which procedures result in 
better functional outcomes. Unfortunately, too few 
randomized trials have compared the functional out
comes of the various techniques. Hence this impor
tant issue has not been addressed adequately. 

Familial Polyposis and Hereditary 
Colon Cancer Syndromes 
Familial adenomatous polyposis (F AP) is the phe
notypic result of a germline mutation of the adeno
matous polyposis coli (APe) gene on chromosome 
5q21 [13]. The disease is characterized by multiple 
adenomatous polyps in the large bowel that can be 

complicated by bleeding, obstruction (uncommon), 
a protein-losing enteropathy, and of considerable sig
nificance the development of adenocarcinomas. Ex
traintestinal manifestations are also common. The 
penetrance of this gene is high; this fact and the as
sociated risk for carcinoma have provided the ratio
nale to pursue a surgical approach as early as the 
late teenage years. 

Current appropriate treatment requires total re
moval of the colorectal mucosa to avoid the later de
velopment of carcinoma, a complication that gen
erally afflicts these patients by the age of 40, if not 
sooner. Although proctocolectomy with ileostomy 
removes the risk of colorectal cancer, it is obviously 
attended by loss of transanal defecation. This option, 
nowadays, is usually reserved for patients with ad
vanced cancer of the rectum or anal incontinence. 
To avoid a permanent stoma, surgeons once per
formed subtotal colectomy with ileorectal anasto
mosis combined with electrocautery destruction of 
the remaining rectal polyps. Obviously, the remnant 
mucosa required close surveillance for the develop
ment of carcinoma. Review of the literature demon
strated a 30% incidence of rectal cancers after 20 
years, so this procedure was indicated in only a small 
number of selected patients. 

Today complete removal of colorectal cancer risk 
and maintenance of transanal defecation is achieved 
with a restorative proctocolectomy with ileal 
pouch/anal anastomosis [14]. The technique is de
scribed in Chapter 48. An alternative technique uti
lizing a stapled anastomosis (ileal pouch/distal rec
tal anastomosis) may yield slightly better functional 
results at the expense of risking recurrent polyposis 
in the retained mucosa, which presumably would 
render patients at higher risk for the development 
of dysplasia and adenocarcinoma. Currently, it is not 
possible to quantify the risk for the individual pa
tient. Mutational analysis to pinpoint the specific lo
cus of the gene mutation in the FAP gene in an in
dividual patient may prove to be a method of 
selecting who can safely undergo an ileorectal anas
tomosis and who requires an ileal pouch/anal pro
cedure or proctocolectomy because of a high risk 
for rectal cancer development in the retained rec
tum. 

Hereditary nonpolyposis colorectal cancer 
(HNPCC) syndrome is the most common inherited 
disease predisposing to the development of col
orectal cancer after FAP. This autosomal dominant 
syndrome is characterized by right-sided colon can
cer usually by age 40-45 years, and increased inci
dence of synchronous and metachronous colorectal 
cancer, and an excess of extracolonic cancers, such 
as endometrial, ovarian, and upper gastrointestinal 



lesions. The predisposition to cancer in patients with 
HNPCC syndrome arises from germline mutations in 
mismatch repair (MMR) genes. A total abdominal 
colectomy is recommended as an alternative to life
time endoscopic surveillance for selected MMR gene 
mutation carriers with colon adenomas. Prophylac
tic colectomy should be considered for patients 
whose colons are difficult to scope or for those in 
whom endoscopic polypectomy may be technically 
difficult. 

Inflammatory Bowel Disease 

Crohn's Colitis 

Surgery is indicated for intractability (including in
dividuals dependent on high doses of immunosup
pressive agents and steroids), septic complications, 
chronic bleeding and anemia, stricture formation, 
fulminant colitis or toxic megacolon, and the devel
opment of dysplasia or adenocarcinoma [15]. Surgi
cal treatment must be tailored to the anatomic ex
tent of the macroscopic disease. If the colitis is 
limited to the right colon, a right hemicolectomy can 
suffice; if it extends past the splenic flexure, and the 
rectosigmoid is devoid of disease, an abdominal colec
tomy with ileosigmoid anastomosis is necessary. In 
the presence of pancolitis, a proctocolectomy with 
terminal ileostomy is the procedure of choice. A 
restorative proctocolectomy with ileal pouch/anal 
anastomosis is contraindicated in Crohn's disease be
cause of the high risk of perineal and pelvic septic 
complications and the high Crohn's disease recur
rence rate in the ileal pouch. 

In case of fulminant colitis or toxic megacolon, 
many patients undergo total colectomy and end
ileostomy, with further surgery after a recovery pe
riod of 2-3 months. Completion proctectomy or an 
ileorectal anastomosis may be appropriate if the rec
tal stump is not diseased and there is good anal 
sphincter function without significant perineal dis
ease [16]. In this acute emergency setting the colon 
is exquisitely friable. Exercise great care during op
erative manipulation to prevent rupture and peri
toneal contamination. Do not attempt to separate 
the omentum from the transverse colon, as it may 
lead to inadvertent colonic perforation or may vio
late walled-off microabscesses. 

Patients with extensive perineal disease compli
cated by acute and chronic sepsis should be treated 
by a staged approach with total colectomy and a 
short rectal pouch about 5 cm or less in length. Con
comitant with this Hartmann coloproctectomy, fis
tulous tracts are opened and perirectal abscesses are 
drained. With subsequent resolution of perineal sep
sis, intersphincteric resection of the rectal stump by 
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a perineal approach can then be undertaken. This 
approach has significantly diminished the risk of per
ineal wound complications. 

Although segmental colon resection is associated 
with a higher recurrence rate than proctocolectomy 
with ileostomy, it may avoid or delay a permanent 
stoma and facilitates retaining as much colon mu
cosa as possible. This is especially desirable in pa
tients who have already suffered a sizable loss of 
small intestine. Thus sigmoid or left-sided colon dis
ease is usually treated with a sigmoid or left colec
tomy; isolated rectal disease can be treated with ab
dominoperineal proctectomy with end-colostomy 
[17,18]. 

Anorectal complications of Crohn's disease must 
be approached based on their severity and exten
sion and on the status of the rectal mucosa. If the 
rectum is not diseased, perianal abscesses can be 
drained, anorectal stenosis dilated, fistula in ano sur
gically treated, and rectovaginal fistula repaired with 
good expectation of complete healing. If the per
ineal disease is severe or the rectal mucosa is dis
eased (or both), a rectal ablative procedure is the 
only surgical procedure that can avoid the compli
cations and return the patient to a satisfactory qual
ity of life. 

A genetically engineered monoclonal antibody, 
Infliximab, has been found to be efficacious in a ran
domized trial for treating fistulas in Crohn's disease 
patients. Long-term follow-up is necessary; but if 
these data are validated, this agent may prove to of
fer another option to the challenging and often com
plex management of perineal Crohn's fistulas. 

Ulcerative Colitis 

Unlike Crohn's disease, which can affect any por
tion of the gastrointestinal tract, ulcerative colitis is 
limited to the colon and rectum. The surgical indi
cations are similar for both diseases, however, and 
include medical intractability, fulminant colitis and 
toxic megacolon, stricture formation, hemorrhage, 
and the presence of dysplasia and carcinoma 
[15,19]. In the pediatric population, delayed growth 
and maturation may also be an indication, though 
less so than for Crohn's disease. 

Proctocolectomy/end-ileostomy has the advan
tage of removing the entire target end-organ and cur
ing the patient, usually with one surgical procedure. 
Although a major disadvantage is that the procedure 
results in a permanent stoma, it represents the best 
option for individuals with poor anal sphincter func
tion, an advanced rectal carcinoma, and advanced 
age [15]. A variation on this theme is construction 
of a continent, or Kock, ileostomy. The benefit of 
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this approach is that it allows patients an opportu
nity to maintain control over evacuation, but the 
technique is not without complications. 

The ileal pouch/anal procedure is probably the 
most popular option in terms of patient preference. 
With experience in major centers accruing since the 
1980s along with concomitant long-term patient fol
low-up, this operation has an excellent success rate 
and good functional results [20-26]. In the absence 
of dysplastic or malignant degeneration a complete 
mucosectomy is not mandatory, and the ileoanal 
anastomosis can be performed with a circular sta
pler 0.5-2.0 cm proximal to the dentate line. This 
modification makes the procedure easier, increases 
the chance of avoiding a temporary ileostomy (one
step restorative proctocolectomy with ileoanal 
pouch anastomosis), allows the procedure to be per
formed in obese patients, and maintains the lower 
rectal mucosa with its proprioceptive sensation in
dispensable for distinguishing flatus from liquid and 
solid stool. 

Total abdominal colectomy and ileorectal anasto
mosis has been used in the past. Because of the re
tained rectum, ongoing surveillance for the early de
tection of dysplasia or carcinoma is mandatory 
[27-31]. This approach therefore is limited to patients 
with rectal sparing (which is unusual given that the 
disease has a tendency to manifest in the rectum ftrst), 
elderly patients, and patients whose ulcerative colitis 
is complicated by a stage IV colon cancer. 

Subtotal colectomy/end-ileostomy is the favored 
approach in patients with fulminant colitis in
tractable to medical therapy, toxic megacolon, or 
acute bleeding. In most cases, the subjects are se
verely ill individuals, many of whom are debilitated, 
on high-dose steroids, or highly catabolic with sys
temic manifestations of hemodynamic instability or 
sepsis. This procedure removes the diseased colon, 
allowing resolution of the systemic manifestations 
and quiescence of the associated rectal involvement. 
After a period of recovery, patients remain candi
dates for a completion proctectomy with the cre
ation of an ileal pouch/anal procedure. From an op
erative standpoint this staged approach has the 
added advantage of allowing associated pelvic in
flammation to subside. Pelvic dissection in the acute 
setting causes potentially more blood loss and 
greater risk of injury to the pelvic autonomic nerves 
or rectum during dissection, further compounding 
the risk of pelvic septic complications [32]. 

Indeterminate Colitis 

In approximately 5-10% of patients with inflamma
tory colitis the diagnosis of Crohn's or ulcerative col-

itis is still equivocal even after a thorough endo
scopic and histopathologic evaluation. In patients 
with medically intractable disease requiring surgery, 
in both the emergent setting and the elective set
ting, the preferred approach is generally subtotal 
colectomy with end-ileostomy and closure of the rec
tal stump [33]. This approach allows for the possi
bility of a completion restorative proctectomy and 
ileal pouch/anal procedure if the histologic evalua
tion of the specimen demonstrates ulcerative colitis, 
while avoiding the unfortunate situation of per
forming an ileal pouch/anal procedure in an individ
uallater diagnosed as having Crobn's disease [34]. 

Polyps 

The hyperplastic polyp is the most common type of 
polyp. It tends to be diminutive, is often multiple, 
harbors no malignant potential, and is easily re
moved endoscopically by simple biopsy in most 
cases. Adenomatous polyps and villous adenomas 
are premalignant lesions, based on observations of 
their natural history and an improved understanding 
of the molecular events in the adenoma-carcinoma 
sequence of colorectal cancer [35]. The risk of in
vasive cancer increases with polyp size, morphology 
(sessile), and histology (degree of villous compo
nent) [35-37]. Most polyps are initially excised en
do&copically. Lesions less than 2 cm are amenable 
to endoscopic polypectomy; larger lesions may re
quire partial snare excision or mUltiple piecemeal 
excisions. If histopathologic examination of the 
specimen excludes the presence of carcinoma, en
doscopic removal is all that is needed. If the polyp 
cannot be removed endoscopically or is extremely 
large (and malignancy cannot be excluded), the pa
tient must undergo operative polypectomy or seg
mental colon resection [35]. In these cases it is use
ful to inject the site with India ink at endoscopy to 
facilitate intraoperative identification. 

Subsequent management is guided by the pres
ence of invasive cancer and the likelihood of lymph 
node metastasis. Haggit et al. developed a prognos
tic schema that may be used to identify patients ad
equately treated by endoscopic excision alone 
[37,38]. Endoscopic removal of a polyp found to 
have malignant degeneration is considered sufficient 
if the following conditions have been met. 

1. Endoscopic removal has provided an adequate 
margin of resection. 

2. The lesion is well to moderately differentiated. 
3. There is no lymphovascular invasion. 
4. There is no evidence of invasion of the submu

cosa of the colonic wall. 



All patients treated in this fashion require follow-up 
colonoscopy in 3-6 months to assess for local re
currence. If the polyp shows malignant degenera
tion, the margins of excision are less than 2 mm, and 
there is invasion of the submucosa, a poor histologic 
grade, or lymphatic/vascular invasion, the patient 
stands at increased risk for lymph node involvement 
or local recurrence by the carcinoma. In these in
stances, segmental colectomy is generally selected. 

Cyclooxygenase-2 (COX-2) inhibitors may modify 
the management of colonic polyps in the future. Ac
cumulating data suggest that this class may diminish 
the risk of developing adenomas and carcinomas 
[39]. Investigations are currently underway to elu
cidate the role these compounds play in colorectal 
carcinogenesis. This holds the promise of a poten
tially effective strategy in the nonoperative manage
ment of premalignant tumors of the colon and rec
tum. 

MALIGNANT CONDITIONS 

Colorectal Cancer 

Extent of Resection 

The surgical management of colorectal carcinoma is 
based on two principles: rendering patients disease
free when feasible and palliating any symptoms at
tributable to the malignancy. The concept of the "ex
tent of resection" for curative intent has undergone 
considerable evolution as better understanding of 
the magnitude of lymphadenectomy and proximal, 
distal, and radial margins has accrued. In the case of 
colon cancers, resection is generally based on the 
vascular anatomy to ensure removal of the entire 
lymph node drainage basin [39]. This complete 
mesenteric excision frequently is associated with 
proximal and distal margins longer than 5-6 em, 
which are more than adequate to minimize anasto
motic and locoregional recurrences. The radial mar
gin, not a frequent issue in colon cancers, becomes 
a consideration when the tumor invades adjacent or
gans. In this case, en bloc resection of the involved 
adjacent organs or viscera is required, provided dis
tant disease is not present to preclude curative re
section. 

In the case of rectal cancer, including distal and 
radial margins is equally important to prevent 10-
coregional recurrences, but it is rendered more chal
lenging by the desire to save the anal sphincter com
plex and by the anatomic constraints of the pelviS. 
Optimal initial treatment is important, as local re
currences are often not salvageable for cure, and up 
to 25% of patients dying from rectal cancers have 
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disease limited strictly to the pelvis. In addition, 
pelvic recurrences are quite symptomatic, with 
bleeding, tenesmus, anal sphincter dysfunction and 
incontinence, pelvic sepsis, bowel and urinary ob
struction, and severe perineal pain secondary to 
bone and nerve plexus involvement [39]. Neoadju
vant or adjuvant radiation therapy (with or without 
chemotherapy) forms a major part of the multi
modality approach to treating rectal carcinomas to 
enhance locoregional control. 

Contemporary studies have not demonstrated any 
survival benefit of "high" lymphovascular ligation of 
a major vessel compared to a "low" ligation closer 
to the cancer [39]. Extended pelvic lymphadenec
tomy or high ligation of the inferior mesenteric 
artery for surgical management of rectal cancer has 
conferred no survival benefit, and current practice 
emphasizes ligation of the inferior mesenteric artery 
distal to the origin of the left colic artery [39]. The 
role of the sentinel node biopsy is being evaluated. 

The surgical approach to a rectal cancer also de
pends on its distance from the anal verge. For can
cers proximal to 5-7 cm from the anal verge, ade
quate oncologic clearance and gastrointestinal 
continuity restoration may be achieved with a low 
anterior resection using modem anastomotic tech
niques [40]. For coloanal anastomosis at the level of 
the dentate line, a colonic J-pouch reservoir may be 
added (see Intestinal Pouch Reservoirs, below). 

Colorectal Cancer with 
Synchronous Pathology 

Synchronous lesions are relatively common in col
orectal carcinoma; hence there is a need to study 
the entire colon preoperatively or intraoperatively, 
generally by total colonoscopy. In a series of 228 pa
tients with colorectal cancer evaluated at the Uni
versity of Chicago, 45.6% had synchronous lesions 
and 11.0% required a surgical resection more ex
tensive than what would have been dictated by the 
primary tumor [41]. Eleven patients (4.9%) had syn
chronous adenocarcinoma, in agreement with al
ready reported data. 

Synchronous Benign or 
Premalignant Conditions 

In the case of coexisting diverticular disease, on
cologic considerations and the location of signifi
cantly diseased bowel guide the extent of resection. 
The anastomosis must be constructed in a region of 
healthy tissue without diverticula or muscular hy
pertrophy. 

Synchronous polyps outside the planned resec
tion field should be addressed. If the colon cancer 
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and the synchronous polyp(s) are present within the 
same segment of colon, a standard resection is per
formed. If the involved areas are noncontiguous, at
tempt preoperative endoscopic resection. If the 
polyp is confirmed to be benign but too large for 
endoscopic resection, colostomy with operative 
polypectomy combined with segmental colon re
section may be a feasible option. If the polyp is lo
cated on the mesenteric side or is too large for sur
gical resection through a colostomy or if it harbors 
a malignancy, an extended colon resection is often 
necessary to remove both the polyp and the cancer 
and to avoid two anastomotic suture lines. 

In the setting of ulcerative colitis, the principles 
of resection are based on the need to remove the 
target organ and the primary tumor concomitantly. 
With ulcerative colitis this often requires a restora
tive proctocolectomy with construction of an end
ileostomy or ileal pouch/anal procedure. A procto
colectomy will ileostomy may be necessary for rectal 
cancers. A subtotal colectomy with ileorectal anas
tomosis may be an alternative in the presence of a 
metastatic colon cancer. 

The goals of management for familial polyposis 
are analogous to that for ulcerative colitis. Optimal 
management generally involves a restorative proc
tocolectomy to remove all involved diseased large 
bowel at risk for the development of metachronous 
carcinomas and avoid a permanent stoma. Procto
colectomy with ileostomy may be necessary in the 
presence of a rectal cancer. 

A total abdominal colectomy is recommended for 
MMR gene mutation carriers with a colon carci
noma. Postmenopausal women should be advised to 
consider a prophylactic hysterectomy and bilateral 
salpingo-oophorectomy. 

Synchronous Cancer 

The reported incidence of synchronous cancers 
varies between 1.5% and 10.7% [41]. The approach 
is to treat each cancer conceptually as a separate le
sion. If the two are within a contiguous portion of 
colon, a standard primary resection is done; if they 
involve two noncontiguous regions, an extended re
section is done so only one anastomosis must be cre
ated. It may necessitate subtotal colectomy. 

Preoperative Evaluation 

Total colonoscopy with appropriate biopsy is the 
"gold standard" for diagnosiS and confirmation of the 
presence of malignancies and synchronous pathol
ogy. Careful histologic evaluation is important for 
both cancer and benign conditions. Barium enema 
examination and the newer virtual reality imaging 

(still investigational) have limited roles because tis
sue sampling is not possible [39]. These studies are 
used primarily when total colonoscopy is not feasi
ble. 

Precise measurement of location for carcinoma 
of the rectum is generally done by digital rectal ex
amination and rigid proctosigmoidoscopy. Each as
sesses the distance between the anal verge and the 
lower border of the tumor. Digital examination also 
allows assessment of the distance between the 
anorectal ring and the distal edge of the tumor. It is 
this distance that determines, in part, the surgical 
options available to an individual patient, most im
portantly the feasibility of sphincter preservation. 
Digital evaluation also provides an initial determina
tion of tumor size, depth, location, and mobility. fi
nally, it assists in identifying those tumors potentially 
amenable to local excision techniques. 

Precise preoperative staging assists in proper sur
gical planning and has become increasingly impor
tant as multimodality (including neoadjuvant) treat
ment gains widespread popularity. Standard staging 
studies include chest radiography or thoracic CT and 
CT of the abdomen and pelvis to determine if mea
surable pulmonary, hepatiC, or peritoneal metastases 
are present and if adjacent organ involvement ex
ists. Ultrasonography, in experienced hands, is 
equivalent to the CT scan as an imaging modality to 
detect liver metastases. Both have supplanted the 
use of liver chemistries for this goal [39]. Magnetic 
resonance imaging is not thought to offer additional 
advantage. Other staging studies (CT scans of the 
head or bone scans) are used only in symptomatic 
patients [39]. 

Digital examination and endorectal ultrasonogra
phy are more accurate than CT scans for determin
ing the local extent of rectal cancer [39,42]. En
dorectal ultrasonography is particularly useful for 
measuring the precise depth of invasion and the sta
tus of the perirectal lymph nodes. 

Determination of the carcinoembryonic antigen 
(eBA) level has no value for preoperative staging of 
a colon or rectal carcinoma. It may be helpful as a 
baseline, however, for postoperative follow-up. 

Finally, patient age and overall performance 
status (including co-morbid medical illnesses, nutri
tional status) are important issues when determin
ing the timing and selection of the surgical pro
cedure(s). Assessment of the general status is im
portant when choosing the operative approach. 
High-risk, elderly patients with multiple co-morbidi
ties are better served by less extensive resections, 
with attendant decreased anesthesia time, more 
rapid recovery, and less morbidity and mortality. Ad
vanced age alone is not considered a contraindica-



tion to operative intervention in the emergent or the 
elective setting. Patients who are debilitated, cachec
tic, or otherwise inftrm may require nutritional sup
port and restitution of metabolic and intravascular 
volume deftcits before any planned procedure (if de
lay does not further compromise the patient's con
dition). 

Obesity may preclude restoration of gastroin
testinal continuity and maintenance of transanal 
defecation because of technical constraints. Patients 
must be informed of this possibility during preop
erative treatment planning discussions. Stoma site se
lection also poses a signillcant challenge in this 
group of patients (see Intestinal Stomas, below). 

NeoadjuvantTberapyfor 
Rectal Adenocarcinoma 

Trials of preoperative (neoadjuvant) or postopera
tive radiation therapy for rectal adenocarcinoma 
have shown decreased local recurrence in the 
treated cohorts [43-53]. Perceived advantages of 
preoperative versus postoperative radiotherapy in
clude optimal radiosensitivity of well oxygenated 
neoplastic cells still undisturbed by the surgical dis
section and the possibility of decreasing the size of 
the perirectal infiltration allowing for a negative ra
dial margin. In addition, preoperative radiotherapy 
avoids irradiation of the freshly fashioned anasto
mosis. The preoperative dose delivered and the du
ration of that delivery continue to be sources of con
siderable debate. A randomized trial from Lyon 
demonstrated that a longer interval to surgery (6-8 
weeks compared to 2 weeks) resulted in signiftcantly 
better tumor regression and downstaging with no 
differences appreciated in terms oflocal control, sur
vival, or complication rate at a median follow-up of 
approximately 3 years [54]. Although most reports 
indicate that better local control is achievable with 
pre- or postoperative adjuvant therapy of advanced 
rectal cancers, most reports fail to demonstrate that 
neoadjuvant therapy translates into improved con
trol and overall survival when compared to postop
erative treatment [47,51,52]. 

Squamous Carcinoma of the Anus 

The Nigro protocol is used for squamous cell carci
noma of the anal region. This combined regimen of 
external beam radiation, 5-fluorouracil, and mito
mycin C allows preservation of sphincter function and 
yields improved 5-year survival compared to that of 
historical controls who underwent abdominoperineal 
resection. Overall 5-year survival rates with modem 
modiftcations of this protocol exceed 80% [55,56]. 
For those with persistent or recurrent disease, sal-
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vage abdominoperineal resection may result in more 
than 50% long-term survival [56]. 

Surgical Approach and Strategy 

Preoperative Preparation 
Although mechanical bowel preparations have 
been used for decades, currently no clinical trial data 
support this practice. A meta-analysis based on three 
clinical trials showed that patients who underwent 
mechanical bowel preparation had a higher rate of 
wound infections and anastomotic leaks. The pre
vailing concern regarding the potential risk of intra
operative peritoneal contamination and the facilita
tion of intraoperative colonic manipulation continues 
to favor use of mechanical bowel preparations. Poly
ethylene glycol (colonic lavage) solutions are most 
commonly used. A clear liquid diet for 1-2 days prior 
to the operative procedure is another component of 
the traditional bowel preparation. 

The concept of antimicrobial prophylaxis has 
been studied extensively for years. Debate centers 
on the optimum route of administration, what con
stitutes the best antibiotic, and the value of combi
nation regimens of oral and parenteral agents. The 
most common regimens include preoperative oral 
neomycin and erythromycin only, parenterally ad
ministered second-generation cephalosporins only, 
and a combination of the two. Oral antibiotics 
should be given within 24 hours of the procedure. 
The timing of parenteral agents is guided by the goal 
of adequate tissue levels at operation. This generally 
means dosing one-half hour before the skin incision. 

The extent or need for postoperative parenteral 
antibiotic administration is also unknown. From 
the standpoint of prophylaxis there appears to be 
no beneftt beyond two or three doses postopera
tively or for a period beyond 24 hours. 

Patients who have been on steroids as part of 
their medical regimen for inflammatory bowel dis
ease or collagen-vascular disorders require preoper
ative pharmacologic doses in preparation for the 
metabolic stress of general anesthesia and a major 
operative procedure. Supplementation is done to 
prevent precipitation of adrenal insufficiency during 
the perioperative period. A "rapid taper" schedule 
is followed over the subsequent days until the pa
tient is at the preoperative oral dose equivalent. A 
sample regimen is hydrocortisone intravenously 100 
mg q8h on the day of surgery, followed by 75 mg 
q8h for the next 24 hours, then 50 mg q8h for 24 
hours, then 50 mg q12h by postoperative day 3. 

Laparotomy Versus Laparoscopy 
Open laparotomy is the traditional approach and is 
emphasized in the chapters that follow. The proce-
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dure begins with thorough evaluation of the extent 
of disease and assessment for associated diseases be
fore planned resection. This includes evaluation of 
adjacent organ involvement and regional lymph 
node involvement and determination of the pres
ence or absence of distant (usually hepatic) disease. 
All four quadrants of the abdomen are examined, in
cluding the entire small bowel, along with careful 
exploration of the pelvis and gynecologic organs and 
all peritoneal surfaces. 

Innovations in minimally invasive surgery have 
been extended to colorectal surgery, and many 
"open" procedures have been adapted to this ap
proach [57-68]. Comparative studies continue to ac
crue, substantiating earlier hypotheses of safety and 
feasibility. Accurate comparative assessments of di
minished postoperative pain and ileus, shorter hos
pital stay, shortened postoperative convalescence 
compared to that after open procedures, and cost 
differences continue to be areas of some contro
versy. Preliminary analyses of data demonstrate that 
an eqUivalent resection may be accomplished 
[39,57,58,61,62,64,65]. Laparoscopy is also useful 
for staging and abdominal exploration prior to lap
arotomy for recurrent or metastatic disease. By de
tecting peritoneal implants, laparoscopy may spare 
patients the morbidity of an unnecessary laparotomy 
in this setting [39]. Port-site metastases in patients 
who have undergone the procedure with a "cura
tive" resection remain a concern. Trials are currently 
in progress to determine the exact incidence of this 
phenomenon and to elucidate its etiology. 

Alternatives to Formal Resection 
of Rectal Cancer 
Simple transanal excision is the most common local 
approach to rectal polyps and cancers. With the pa
tient in lithotomy or jack-knife position, an anal re
tractor is placed for exposure and a headlight utilized 
to visualize the anorectal canal. The tumor is excised 
with electrocautery obtaining a full-thickness biopsy 
(deep margin is perirectal fat) with a 1 cm margin 
around the tumor. The defect may be left open or 
closed with absorbable sutures. Complications are 
rare, and there is no postoperative pain. This ap
proach is used [36,39] in tumors that are 

Well to moderately differentiated 

Small «3 cm) 

Nonulcerated 

Involve less than one-fourth the circumference of 
the rectum 

Exophytic 

Mobile 

Tis or T1 lesions (as determined by endorectal ul
trasonography) 

Demonstrating no evidence of lymphovascular in
vasion 

Without palpable perirectal lymphadenopathy 
Within 10 cm of anal verge. 

Positive margins or unfavorable histopathologic 
characteristics require surgical resection. Data from 
clinical trials show that adjuvant radiation reduces 
recurrence rates Significantly after transanal excision 
in well selected patients, in contrast to surgery alone 
[39]. These data must be interpreted with caution 
because many of these studies are small with short 
follow-up; and so far there has been no evidence that 
this combination of treatment has any effect on over
all survival. Along this line of thought, T2 lesions 
have been subjected to chemoradiation as adjuvant 
treatment, particularly because of the higher likeli
hood of regional node involvement with increasing 
depth of invasion [39]. This modality has been as
sociated with low morbidity (less than 10%) and no 
operative mortality. Yet with the maturation of some 
clinical studies, the recurrence rates for locally re
sected T2 lesions approximate 15-25% even after 
postoperative chemotherapy, suggesting that formal 
resection is still the treatment of choice for these tu
mors. 

Transanal endoscopic microsurgery offers a 
transanal approach to lesions located in the proximal 
rectum and rectosigmoid. Essentially, a large-bore 
proctoscope allows resection of the tumor with spe
cially constructed graspers, scissors, needle-holders, 
and cautery while viewing the procedure on a video 
screen. Full-thickness excision with primary closure 
is achieved. This approach is utilized primarily for 
adenomas and Tis and T1 cancers. Local recurrence 
rates appear comparable to those seen with open 
surgical approaches, with less morbidity and shorter 
hospitalization [69-73]. 

Electrocoagulation and laser fulguration repre
sent other transanal ablative techniques. These tech
niques are limited in that full-thickness resections 
and wide margins usually cannot be obtained [74]. 
Hence they should be restricted to patients whose 
medical condition and general status precludes ma
jor surgery and those who already have identifiable 
distant metastasis. 

The posterior approach may be useful for re
secting benign rectal polyps that would otherwise 
be difficult to reach through the anal route because 
of size, location, or distance from the anal verge. 
This approach is ideal for polyps located 7 -13 em 
from the anal verge, especially if located on the an
terior or lateral rectal wall. 



Endocavitary irradiation (papillon technique) 
is based on use of a low-voltage generator to irradi
ate a rectal carcinoma through a proctoscope. This 
has the benefit of a more limited extent of radiation 
injury compared to external beam irradiation, and 
adjacent organs are therefore spared injury. This fac
tor is exploited using large doses (up to 15,000 cGy) 
directed to the tumor bed, often combined with an 
iridium 192 implant [75,76]. It is done as an outpa
tient procedure for cure or palliation. The morbid
ity is minimal, except that many patients require lo
cal anesthesia or sedation owing to the large 
proctoscope utilized, and some develop varying de
grees of incontinence due to sphincter injury. Again, 
a major disadvantage of this procedure and similar 
"ablation" techniques is the absence of an intact 
specimen to allow comprehensive histologic exam
ination, which may influence the decision for addi
tional therapy. For this reason, when a local ap
proach is chosen the choice is usually between a 
transanal approach (with or without endoscopic mi
crosurgery) or a posterior approach. 

Specific Interoperative 
Considerations During 
Operations for Colorectal Cancer 
Many techniques, such as the Turnbull "no touch" 
technique were previously advocated in an attempt 
to minimize locoregional and distant failure [77]. As 
our understanding of cancer biology has improved 
based on observational, natural history studies and 
the advent of molecular biology and cancer genet
ics, it has become increasingly clear that to a great 
extent it is the biology of the specific tumor that 
governs disease-free survival. However, analysis of 
data involving patterns of recurrence has allowed 
formulation of a few principles that may affect the 
disease-free interval and ultimately survival. 

The most significant surgeon-controlled factor 
that diminishes the risk of local recurrence is an op
erative conduct aimed at obtaining negative proxi
mal, distal, and radial resection margins. This may 
necessitate the use of intraoperative frozen section 
control and en bloc resection if there is adjacent or
gan involvement. Suture line recurrence constitutes 
a form of local failure, and strategies to prevent this 
occurrence are similar to those expounded to pre
vent local recurrences in general. 

Minimize manipulation of the tumor and, in par
ticular, avoid breaching the colonic wall with signifi
cant spillage of tumor cells into the peritoneal cavity. 
It is not clear exactly what tumor inoculum size is 
necessary for implantation and propagation to occur, 
as host factors play an important role. If the involved 
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segment of large bowel is adherent to an adjacent or
gan or structure, perform an en bloc resection rather 
than attempting to dissect the tumor free in patients 
where the resection has curative intent. 

The surgical prinCiples governing control of 10-
coregional recurrence pertain to prevention of dis
tant failure as well. There is a growing body of lit
erature that substantiates the theory that inadequate 
local control, by virtue of persistent disease, in
creases the propensity for distant disease [39]. 

Strategies for Complex Situations 
Patients who are septic because of abscess or perfo
ration require fluid resuscitation and broad-spectrum 
parenteral antibiotics. Initial antibiotic coverage should 
include agents effective against Enterobacteriaceae 
and obligate anaerobes such as Bacteroides species 
and Clostridium. Bowel rest is also an important 
component of management, as many patients have 
an associated ileus depending on the degree of the 
septic insult. 

In instances of colonic perforation, whether due 
to benign or malignant disease, an emergent resec
tion to control the septic process is imperative. Con
structing an anastomosis in the presence of peri
toneal contamination, especially if generalized, is 
attended by a significant risk of anastomotic leakage. 
Consequently, the most common and safest option 
is represented by a segmental colon resection with 
a proximal end-stoma and closure of the distal colon 
or construction of a mucous fistula. Alternatively, if 
the perforation is localized and walled off, resection 
with primary anastomosis and proximal diverting 
loop ileostomy is often possible. This approach has 
the advantage of not requiring a formal laparotomy 
to reconstitute gastrointestinal continuity at a later 
time. If a good-risk, healthy patient is found to have 
a localized cecal perforation, an ileocolonic anasto
mosis following right colectomy may be done, pro
vided the two intestinal segments to be anastomosed 
are free of inflammation. The anastomosis should be 
placed in the upper abdomen, away from the ab
scess cavity. Omentum may be used to wrap the 
anastomosis as an added precaution. If contamina
tion and inflammation are not well localized or if the 
patient has significant co-morbidity, hemodynamic 
instability, or pulmonary insufficiency, primary anas
tomosis is hazardous and should not be attempted. 
For more extensive colonic involvement, as may be 
the case with fulminant colitis with perforation, or 
in the setting with a cecal perforation resulting from 
a distal left colonic carcinoma obstruction, a subto
tal colectomy with end-ileostomy and mucous fistula 
or Hartmann's pouch may be the best option. 
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The approach to management of abscesses is 
analogous to that for a localized perforation, with a 
few additional principles. First, any undrained in
flammatory exudate and pus must be evacuated. 
Second, depending on the degree of necrosis and 
the age of the abscess, debridement may be re
quired to remove all devitalized tissue. Drain place
ment may be necessary for the perioperative period, 
depending on the degree of residual contamination. 
Finally, an omental flap may be useful to fill the 
drained abscess cavity and separate it from the ab
dominal cavity. 

Fistulas can usually be managed by one-stage, pri
mary resection of the diseased segment of colon, 
with primary anastomosis after bowel preparation. 
If there is an associated abscess with substantial con
tamination and sepsis, the procedure may require 
staging. The abscess cavity may have to be drained, 
debrided, and filled with an omental flap. Recon
struction of the gastrointestinal continuity may have 
to be delayed in favor of a proximal stoma and dis
tal Hartmann pouch/mucous fistula. Alternatively, a 
primary anastomosis with proximal diverting loop 
ileostomy may be undertaken. 

In patients with large bowel obstruction the 
standard approach has been a stage resection with 
creation of an ostomy and later reconstruction of the 
gastrointestinal tract. This is due, in large part, to an 
inability to prepare the obstructed colon adequately 
combined with concern of fashioning an anastomo
sis using dilated, edematous bowel. Three techniques 
warrant discussion, as they are useful adjuncts in the 
management of this condition. For the first two tech
niques, intestinal decompression and lavage, data at
test to the safety, efficacy, cost-effectiveness, and im
proved quality of life that has resulted from their 
implementation [78-84]. For the third technique, 
use of metallic stents, data are sparse but neverthe
less promising. 

Intestinal decompression involves creating a 
colotomy proximal to the site of obstruction and 
within the confmes of the intestinal segment to be 
resected to decompress the proximal bowel with a 
large-bore catheter or suction device [79-81]. This 
generally takes 10-15 minutes. A theoretic benefit 
is decreased colonic distension, which facilitates ab
dominal closure and improves colonic perfusion and 
tone. The technique appears to be safe and effica
cious. 

On-table intestinal lavage (intraoperative ante
grade irrigation) has gained favor as a method to 
cleanse the colon mechanically at surgery and to fa
cilitate one-stage colonic resection and primary anas
tomosis. Key elements to the successful outcome of 
this approach are the absence of significant peritoneal 

contamination, no intraoperative hemodynamic in
stability, and a patient with an otherwise excellent 
performance status with minimal co-morbid disease 
[82-84]. The most common method involves mobi
lizing the obstructed colon and distal intestinal tran
section; draining the proximal intestinal end into a 
large bucket via a plastic conduit (the authors pre
fer an ultrasonographic/endoscopic plastic sleeve); 
placing a large Foley catheter into the cecum (often 
via the stump of the removed appendix) and secur
ing it in place with a purse-string suture; and lavaging 
the colon with saline until the effluent is clear 
[79,82]. This technique is more cumbersome than 
intestinal decompression and requires a longer time 
to complete (approximately 30-45 minutes). Cur
rently, no prospective randomized trial has com
pared the outcome of intestinal decompression 
alone to decompression plus on-table colonic lavage 
prior to primary colon anastomosis. One retrospec
tive analysis demonstrated no additional benefit with 
the addition of lavage [82]. 

Metallic stents or endoprostheses have been used 
for benign strictures and malignant obstruction 
[85-89]. Data from small, single-institution series 
show excellent results, probably attributable in part 
to careful patient selection. The procedures have 
been easily adapted to endoscopic or fluoroscopic 
deployment, are well tolerated, can be performed 
on an outpatient basis with minimal sedation, and 
provide palliation (to avoid colostomy in a terminally 
ill patient) or allow mechanical bowel preparation 
in anticipation of a single-stage resection and anas
tomosis. 

Primary Anastomosis versus 
Staged Procedures 
Patients presenting with malignant large bowel ob
struction generally undergo a staged resection and 
creation of a temporary ostomy with later takedown 
of the ostomy to restore gut continuity. Although 
options for on-table decompression and cleansing 
exist, as previously described, many of these patients 
are elderly and have associated medical illnesses that 
preclude prolonged anesthesia. 

An attempt to construct an anastomosis in the 
presence of generalized peritoneal contamination 
is associated with a significant risk of anastomotic 
leakage. Hemodynamic instability, pulmonary and 
renal insufficiency, and even frank shock argue for 
a short but definitive operation that does not further 
compromise the tenuous physiologic status of these 
patients. Therefore the prevailing standard of care 
dictates that in the presence of generalized peri
tonitis or septic shock (or both) a primary anasto-



mosis is contraindicated. Occasionally, in the pres
ence of walled-off perrorations or localized abscesses 
a primary anastomosis can be fashioned as detailed 
above. 

Hemodynamic instability predisposes a patient 
to systemic perioperative morbidity and mortality as 
a result of impaired end-organ perfusion and oxygen 
delivery (e.g., risk of cardiac ischemic events or 
cerebrovascular accident) and to local complications 
related to anastomotic integrity and dehiscence. Ad
ditionally, the clinical manifestation of hemody
namic instability itself is a harbinger of an underly
ing disease process that generally defines an already 
poor-risk patient population. Thus if colonic resec
tion is required, a staged approach is often a better 
option than fashioning a primary anastomosis. 

Patients who are severely malnourished lack 
physiologic reserves for wound healing and the im
mune response to potential infectious agents. A 
staged approach (rather than primary anastomosis) 
allows an adequate interval for restitution of the pa
tient to an anabolic phase and positive nitrogen bal
ance. 

Patients with medically intractable indeterminate 
colitis should undergo subtotal colectomy with end
ileostomy and closure of the rectal stump. This ap
proach spares patients a permanent ileostomy and 
allows the possibility of a restorative proctectomy 
and ileal pouch/anal procedure if histopathologic ex
amination of the specimen demonstrates ulcerative 
colitis, while avoiding perrorming an ileal pouch/ 
anal procedure in an individual later diagnosed as 
having Crohn's disease. 

Technical Factors for Safe Anastomosis 

A properly constructed anastomosis is attended by 
a dehiscence rate of less than 2%. Reported data re
veal that the radiographic leak rate is actually much 
higher than the appreciated clinically detected rate, 
particularly for rectal cancer, though the clinical sig
nificance of this fmding is not clear. To obtain these 
excellent results, proper patient selection (as de
scribed above) and attention to the following tech
nical details is of utmost importance. 

The cut edge of the mesentery of each intestinal 
segment should have demonstrable pulsatile arte
rial bloodflow. The bowel wall should be pink, soft, 
and pliable; and the transected edge should demon
strate bleeding or mild oozing of bright red blood, 
conftrming an intact blood supply. Intramural 
hematomas at the site of the anastomosis or a 
hematoma in the adjacent mesentery may impair 
blood flow and should be avoided by handling and 
manipulating the bowel and mesentery gently dur-
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ing mobilization, resection, and construction of the 
anastomosis. 

Accurate seromuscular apposition must be 
achieved. Submucosa must be included in each su
ture, as this layer contributes to anastomotic strength, 
a function of its connective tissue component. Great 
care should be exercised to be certain there are no 
blood clots or pericolonic fat (mesentery or appen
dices epiploicae) interposed between the two ends 
of the bowel at the anastomosis. This often requires 
that a 1 cm cuff of bowel be completely cleared of 
fat, mesentery, and epiploic appendices. Most anas
tomotic leaks appear to occur on the mesenteric side 
of the bowel, presumably related to inadequate 
clearing of supporting, investing fatty tissue of the 
mesentery. If a hand-sewn technique is elected, good 
inversion of all layers of the bowel should be 
achieved without compromising luminal patency. 
Sutures should be tied to obtain tissue approxima
tion, avoiding excessive force and strangulation 
necrosis of the bowel wall, which would result in 
anastomotic dehiscence. 

The mesenteric defect should be closed with ab
sorbable or nonabsorbable, interrupted or continu
ous suture technique to prevent an internal hernia. 
The exception to this rule is represented by the 
mesenteric defect obtained after a distal rectosig
moid or low anterior resection. The risk of internal 
herniation after these resections and anastomoses is 
sufficiently low that attempts to close these mesen
teric defect are usually not pursued. 

The anastomosis must be constructed without 
tension. Adequate mobilization may require division 
of peritoneal attachments and ligaments, such as 
those that suspend the splenic flexure. 

Avoid contamination during intestinal mobiliza
tion and resection or at the time of the construction 
of the anastomosis. This requires proper technique 
during the mobilization phase, use of non crushing 
bowel clamps on both ends of the bowel during 
bowel resection and anastomotic construction, and 
simultaneous liberal use of laparotomy pads to par
tition off the anastomotic site from the rest of the 
peritoneal cavity. Irrigation of the peritoneal cavity 
prior to abdominal closure also dilutes bacterial 
counts and limits the degree of any contamination. 

Accumulation of blood (or serum) in the vicin
ity of an anastomosis not only may compromise the 
blood supply to the anastomosis but may provide a 
nidus for infection. Subsequent localized sepsis may 
predispose to abscess formation and anastomotic de
hiscence. Treatment begins with prevention. Prin
ciples of meticulous hemostasis and asepsis require 
ardent adherence. Transient, early postoperative 
closed suction drainage of the presacral space may 
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be a useful adjunct for resections carried distal to 
the peritoneal reflection to prevent accumulation of 
blood and tissue fluid. 

Closure of the pelvic peritoneum may result in 
considerable perianastomotic deadspace. This may 
result in the collection of tissue exudate, which in
vites infection. The pelvic peritoneum is thus best 
left open to allow the small bowel to descend into 
the pelvis and fIll the deadspace. Other options in
clude creating an omental pedicle flap or a rectus 
muscle flap and bringing it down into the pelvis, ef
fectively obliterating any deadspace [90]. 

Distal obstruction causes anastomotic!ailure. All 
efforts are made to ensure that there is no coexisting 
distal obstruction prior to construction of any bowel 
anastomosis. Preoperative radiographic contrast stud
ies and pre- or intraoperative endoscopic studies pro
vide useful information in this regard. 

Other Factors Affecting 
Anastomotic Healing 

Preoperative radiation therapy was believed by 
many to be the Achilles heel of the neoadjuvant 
approach to treatment of rectal cancers. Although 
irradiation impairs healing, in the setting of rectal 
cancer the anastomotic complication rates of pre
operative irradiation have compared favorably to 
those seen with adjuvant approaches. 

Prolonged administration of high-dose steroids 
impairs wound healing. This class of drugs results in 
muscle- and protein-wasting, a condition that pre
disposes to negative nitrogen balance and a catabolic 
state. After prolonged steroid administration there is 
weakening of the cellular desmosomic plaques and 
inhibition of fibroblast activity, which account for 
the slower anastomotic healing noted in humans 
(confumed in animal models by measuring bursting 
pressures of colonic anastomoses as the endpoint) 
[91-95]. To complicate matters, immune function, 
a necessary component of wound healing and im
portant for minimizing infectious complications, is 
suppressed. 

Carcinoma at the anastomotic margin con
tributes to anastomotic leakage and "suture-line" re
currence. This situation is rarely encountered today, 
as the principles of negative proximal and distal mar
gins are well appreciated, and the use of intraoper
ative frozen section control of resection margins (if 
close or in doubt) is standard practice. 

Technical Considerations and Adjuncts 

After constructing an ileal pouch/anal anastomosis 
without a diverting ileostomy, it is advisable to drain 
the pouch for 5-7 days by way of a transanal 

catheter. This allows drainage of secretions, blood 
and fecal material, avoids overdistension of the 
pouch, and minimizes suture-line dehiscences. The 
same concept can be used after closing a rectal 
stump during an emergency colectomy, especially if 
the closure has been challenging and the rectum ap
pears tense with blood and secretions. 

Biodegradable intraluminal tubes have proved 
feasible adjuncts for construction of anastomoses in 
the setting of septic processes and colonic obstruc
tion in both animal models and humans [96,97]. 
Many materials have been used for this purpose, 
with the most popular being latex condoms. Results 
in small prospective series have demonstrated that 
the use of these devices is safe and technically un
complicated. The risk of dehiscence and other com
plications in the setting of unprepared colon and 
even in instances of prior radiotherapy have been 
minimal. The technique generally involves using a 
sterile ring of a latex condom, which is sutured to 
the mucosa and submucosa of the prOximal end of 
the bowel used for the anastomosis, followed by cre
ation of the bowel anastomosis itself. The "tube" es
sentially intraluminally bridges or "bypasses" the 
anastomosis, which presumably allows better heal
ing to occur by minimizing contact with stool. 

The use of an omental flap can be desirable as it 
has many advantages in selected circumstances. In
deed, the omentum appears to be a major source of 
leukocytes and macrophages during intraabdominal 
septic processes, has angiogenic properties, has the 
ability to fIll deadspaces and abscess cavities, and 
partitions off inflamed organs or an anastomosis to 
prevent generalized peritonitis or dehiscences. Fur
thermore, it can be used to exclude the small bowel 
from the pelvis when adjuvant therapy is likely dur
ing postoperative treatment of a rectal cancer [90]. 

There are differing opinions regarding the effl
cacy of wrapping colorectal anastomoses with 
omentum. Many surgeons traditionally have wrapped 
omentum (if enough is available to make it feasible) 
around colorectal anastomoses with the intent of re
ducing the risk or consequence of anastomotic leaks. 
A prospective, randomized French trial reported in 
1999 demonstrated absolutely no benefIt to this ap
proach for colon or rectal anastomoses [90]. Omen
tal wrapping of colorectal anastomoses does not ap
pear to provide any additional benefIt over the use 
of meticulous principles of surgical technique for 
anastomotic construction. 

If disparity exists between two ends of bowel, 
there are a number of options that may be employed 
to construct an anastomosis. One maneuver is called 
the Cheatle slit, described in Figure 43-10, which 
involves creating a longitudinal incision along the 



antimesenteric border of the smaller limb of bowel 
to be anastomosed. Subtotal colectomy and low an
terior resection are attended by a significant dis
crepancy between the two limbs of bowel. Use of a 
Cheatle slit in these circumstances to create an end
to-end-anastomosis is often difficult owing to the 
large disparity of the size of the two intestinal lu
mens and the location of the anastomosis deep in 
the pelvis. A side-to-end anastomosis (ileoproc
tostomy or coloproctostomy) is usually an easier al
ternative. Furthermore, the end of the rectum can 
be invaginated into the side of the ileum or colon 
for additional protection against leakage without 
risking stenosis due to the relatively large anasto
mosis that can be achieved by this method. Alter
natively, a side-to-side functional end-stapled anas
tomosis can be fashioned by initially stapling the two 
intestinal ends side by side with a linear stapler; the 
common lumen can then be closed by firing a sec
ond linear stapler across. 

INTESTINAL POUCH RESERVOIRS 

Creation of intestinal pouch reservoirs is an integral 
component of restorative proctocolectomy for ul
cerative colitis and familial polyposis. The pouches 
are of varied configurations, each with its own pro
ponents, but the purpose served is identical, all with 
demonstrated excellent functional outcomes [98]. 

The J.pouch is a double-loop reservoir that has 
become the most common pouch because it is sim
ple and easy to construct. It may be the best option 
for a narrow pelvis in an obese individual because 
it is less bulky than other configurations. It also may 
be the best option when performing a stapled anas
tomosis because of the ease at passage of the sta
pling device. The J-pouch offers minimal difficulty 
with evacuation and emptying; and in general, the 
functional results are good when the pouch is at least 
15 cm in length. A brief comment regarding colonic 
J-pouches is in order. Similar to small bowel J
pouches, a 6- to 8-cm colonic pouch appears to im
prove the functional results after a proctectomy with 
coloanal anastomoses for treatment of rectal cancer. 
Stool frequency and urgency appear to be reduced 
compared to straight coloanal anastomoses [99-
101]. This advantage is most apparent during the 
first 1-2 years of construction, after which equiva
lent functional outcomes tend to occur. Some stud
ies advocating this approach have demonstrated a 
tendency toward a reduced incidence of anasto
motic complications with the colonic J-pouch pro
cedure, an observation that needs to be substanti
ated by larger studies. 
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H-pouch (also called the lateral H-pouch) is a 
double-loop reservoir designed to enhance the effi
ciency of pouch evacuation by placing the two seg
ments of ileum in an isoperistaltic configuration 
[98]. The functional results are good if strict atten
tion is paid to creating a short spout and a pouch 
length less than 12 cm. Two loops, placed in a 
slightly staggered alignment with respect to each 
other, may be an alternative to a J-pouch for patients 
with a short mesentery, rendering it difficult for the 
reservoir to reach the anus. As with the S-pouch, 
this configuration may pose difficulty with passage 
of stapling devices to create a stapled anastomosis. 
Additionally, like the S- and W-pouches, this type 
has the disadvantage of being more difficult to con
struct. 

The S-pouch has a distal spout. This triple-loop 
configuration is helpful if there is technical difficulty 
with the pouch reaching the anus. It is more time
consuming to construct, as would be expected, and 
patients may experience difficulty with pouch evac
uation, particularly if the outlet is longer than 2 cm 
[98]. 

The W-pouch is a quadruple-loop pouch with 
some important advantages over other pouches. In 
patients with partial loss of the terminal ileum this 
construction allows maintenance of pouch reservoir 
capacity (largest capacity of all types) [98]. Patients 
who fail other configurations in terms of functional 
results of high stool frequency and nocturnal in
continence may benefit from conversion to a large
capacity W-pouch, which results in decreased stool 
frequency. A disadvantage of this pouch is that its 
construction is difficult and time-consuming. 

INTESTINAL STOMAS 

Intestinal stomas can be broadly categorized as tem
porary or permanent. The goal governing construc
tion of a stoma is to allow the patient to return to 
an active life style. This is facilitated by appropriate 
stoma placement and protrusion to avoid local com
plications, especially those related to skin break
down and appliance malfunction. The appropriate 
stoma site must be selected preoperatively for all 
elective procedures and for most emergent ones. Ad
equate mesenteric mobilization is necessary for 
stoma protrusion. End-ileostomies should protrude 
more than end-colostomies (1.0-1.5 cm vs. 0.5-1.0 
cm) in view of the more liquid effluent. Protrusion 
helps bowel contents from seeping between the 
wafer of the appliance and the peristomal skin; it 
also prevents peristomal skin irritation and break
down. Additional precautions include placement of 
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sutures in the dermis during stomal maturation to 
prevent potential hypertropic scarring and intestinal 
cell implantation in the epidermis, which may ren
der proper adherence of appliances difficult [102, 
103]. A snug fascial opening prevents postoperative 
herniation. 

Preoperative site selection is important, as im
proper siting may result in poor fit of the appliance, 
with leakage and skin breakdown. Ideally, the site is 
chosen and marked preoperatively by the surgeon 
in consultation with an enterostomal therapist [104]. 
The location should be flat and away from skin 
creases and the costal or iliac margins; it should be 
in an area of normal, healthy-appearing skin that is 
visible to the patient. Have the patient sit, stand, and 
bend to select the best site. In general, the optimal 
location is approximately one-third the distance 
from the umbilicus to the anterior superior iliac 
spine. Place the stoma higher in obese individuals 
so they can see it. 

One of the issues with temporary stomas is the 
timing of closure with restoration of gastrointesti
nal continuity. The underlying problem necessitat
ing creation of the stoma should have been ad
dressed and rectified. There should obviously be no 
distal obstruction. Anal sphincter mechanisms must 
be intact and function normally to ensure conti
nence. Traditional teaching dictated that the surgeon 
wait 60-90 days before attempting closure. The pur
pose was to allow adequate time for overall recov
ery of the general physiologic status and adequate 
anastomotic healing if the temporary ostomy was 
created for the purpose of "protecting" an anasto
mosis. This time interval is more empiric than sci
entific, and no randomized, controlled trials have 
been conducted that have specifically identified the 
optimal timing for stomal closure. Certainly there are 
retrospective data that support ostomy closure prior 
to this interval without prohibitive complications 
[102,105,106]. 

Loop ileostomies are temporary stomas often cre
ated in the setting of sphincter-preservation proce
dures for rectal cancer, ulcerative colitis, and famil
ial polyposis. These stomas require careful attention 
to detail during construction because the relatively 
high-volume effluent is highly irritating to the skin. 
In general, a site in the ileum is selected as distal as 
possible to maintain maximal absorptive surface area 
of the terminal ileum (the bowel distal to this site 
becomes effectively defunctionalized). If the loop 

rrileostomy is performed in conjunction with a col
orectal or coloanal anastomosis, the loop ileostomy 
should be placed 8-10 cm proximal to the ileocecal 
valve to facilitate subsequent closure. The mesen
tery is not fixed to the parietal peritoneum, thereby 

facilitating ease of takedown at a later time. A vari
ation of this technique involves complete transec
tion of the intestinal lumen with closure of the dis
tal segment without division of the mesentery; both 
ends are brought out through the same abdominal 
wall site. 

Cecostomy, used frequently in the past, is rarely 
performed today. Situations in which the procedure 
should be considered include the following: (1) pa
tients with cecal volvulus at high risk of recurrence 
in whom resection of the colon is not necessary; and 
(2) patients with "pseudoobstruction" of the colon 
(Ogilvie syndrome) in whom an exploratory lapa
rotomy was performed for presumptive mechanical 
obstruction and none was found or in whom re
peated colonoscopies failed to decompress the dis
tended colon and the patient develops signs and 
fmdings of impending cecal perforation. The proce
dure may be indicated during performance of an ap
pendectomy when the wall of the cecum is in
durated and friable and resection of the cecum is not 
otherwise desirable. Finally, it may be useful in the 
presence of an impending perforation of the cecum 
secondary to a mechanical obstruction of the colon. 
When the cecal diameter is more than 10 cm (mea
sured on abdominal radiographs), there is appropri
ate concern about cecal perforation. If tenderness 
accompanies this finding, cecal exploration is manda
tory to rule out ischemic necrosis of the cecal wall 
secondary to increased intraluminal pressure. At
tempting a decompressing transverse colostomy with
out cecal evaluation risks a catastrophic perforation 
in areas of serosal tears and ischemic necrosis. 

A cecostomy can be fashioned as a tube or a skin
sutured cecostomy. A tube cecostomy is more eas
ily and expeditiously performed; and after it is no 
longer needed, the reSUlting fistula usually closes 
spontaneously soon after withdrawing the tube. 
Conversely, it requires significant nursing care and 
frequent irrigation and often becomes obstructed by 
semisolid fecal material. A skin-sutured cecotomy is 
a better decompressing and cleansing stoma, re
quiring much less nursing care, although it requires 
formal surgical closure when it is no longer needed. 

Loop colostomies are rarely used nowadays. Pref
erence is usually given to the loop ileostomy because 
of its ease of construction and subsequent closure. 
The only remaining indication to use of the loop 
colostomy is probably the bed-ridden patient with 
an unresectable, obstructing left colon cancer. 

The Kock continent ileostomy involves comple
mentary construction of a pouch and a continent 
"nipple valve." This modification obviates the re
quirement for patients to wear an appliance to col
lect and contain ileal excretions. Evacuation involves 



intubation of the pouch by the patient a few times 
daily. This operation is attended by many complica
tions that require reoperation (in the range of 
15-20% and up to 30% in some large series). As a 
result, the Kock ileostomy cannot be recommended 
for general use. This procedure may be considered 
in patients who are severely opposed to wearing a 
stomal appliance because of personal preference or 
peristomal complications and those who have pre
viously undergone total proctocolectomy with a 
failed ileal pouch/anal procedure. This procedure is 
contraindicated in those with Crohn's disease and 
relatively contraindicated if a significant small bowel 
resection has previously been done, in those over 
60 years of age, in obese patients, and in the pres
ence of significant associated psychiatric illness. Fur
thermore, patients must be highly motivated and 
well informed about the procedure, its attendant 
complications, and the significant possibility of ad
ditional surgery to rectify complications. 

POSTOPERATIVE CARE 

Nasogastric intubation, long a mainstay of the post
operative management of patients who undergo 
large bowel operations, was done on the premise 
that it served the purpose of gut decompression un
til bowel function returned. Disadvantages of rou
tine nasogastric intubation include impairment of 
lower esophageal sphincter function predisposing to 
gastroesophageal reflux with consequent esophagi
tis, an increase in nasopharyngeal secretions and risk 
of developing paranasal sinusitis, and impairment of 
coughing and pulmonary toilet, which increases the 
risk of perioperative pulmonary morbidity. Numer
ous randomized trials have shown no benefit for na
sogastric decompression, and this modality is there
fore probably best limited to patients who require 
extensive intraoperative dissection because of ad
hesions, those who experience nausea, emeSis, and 
abdominal distension during the peri operative pe
riod, and the cohort operated on because of intesti
nal obstruction or sepsis. In the elective setting, post
operative nasogastric decompression is not routinely 
necessary. 

Similarly, the initiation of postoperative feeding 
has changed over the past two decades. Early prac
tice was based, to an extent, on animal studies that 
illustrated that before the seventh postoperative day 
the intrinsic tensile strength of a wound was inade
quate to withstand a disruptive force. Extrapolating 
to humans, many believed that it made sense to 
"rest" an anastomosis of the colon for 5-7 days fol
lowing an operation. It was believed that any minor 
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imperfection in the anastomosis had an opportunity 
to heal without reSUlting in leakage. Current stan
dard practice calls for institution of oral feedings as 
soon as evidence of bowel function is present (usu
ally normoactive bowel sounds in a nondistended 
patient who has or has not yet passed flatus or stool). 
Chronologically, this occurs between the third and 
fifth postoperative day. Surgical tradition has re
sulted in institution of clear liquids [rrst, advancing 
to a general diet based on the patient's ability to "tol
erate" the intake (absence of nausea, emesis, or 
cramping, with passing of flatus and stool). No ran
domized studies exist to substantiate the efficacy of 
commencing with a clear liquid diet and advancing 
it rather than instituting a general diet at the outset 
of the return of bowel function. Randomized trials 
have shown that early oral feeding (starting on the 
[trSt postoperative day) after elective colorectal 
surgery is safe and generally well tolerated [107,108]. 

Colorectal surgery generally requires a postoper
ative hospital stay of 5-10 days. Patients were and 
still are traditionally discharged from the hospital 
when they are clinically stable and afebrile, able to 
tolerate an adequate oral intake to maintain hydra
tion and nutritional repletion, have bowel function, 
and their pain is controlled through oral medica
tions. Many factors hinder discharge: nausea, eme
sis, ileus, pain, fatigue, and the inability to care for 
drains, tubes, and ostomies competently. Laparo
scopy has failed to reveal a consistent benefit for 
early discharge. A combination multimodality reha
bilitation regimen with early oral nutrition, mobi
lization, and effective pain relief has reduced hospi
tal stays for colorectal procedures to 2 days [109]. 
The success of this technique requires a motivated 
patient and an anesthesia team carefully integrated 
into the process at all steps. It requires use of 
epidural anesthesia with limited oral and parenteral 
narcotics (which contribute to bowel dysmotility) 
and limitation of crystalloid use intraoperatively to 
diminish bowel edema, and thus speed the return of 
function. In our experience this is a safe, efficacious 
regimen and has far-reaching consequences in cost
containment without sacrificing or compromising 
patient care. 

Management of Altered 
Sphincter Function 

During convalescence, after restorative procto
colectomies for ulcerative colitis or familial polypo
sis and after sphincter-saving procedures for rectal 
cancers, attention is directed at careful evaluation of 
stool frequency, volume and consistency, urgency, 
degree of incontinence if present,constipation or 
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difficulty with evacuation, development of anal 
stenosis, and occurrence of pouchitis. If inconti
nence occurs, it must be quantitated by recording 
the number of nocturnal and diurnal episodes, the 
need to wear a protective pad, and incontinence to 
flatus, liquid, or solid stools. 

Changes in diet and administration of drugs to al
ter intestinal motility may ameliorate the frequency 
and consistency of bowel movements over time. In
continence and stool frequency tend to disappear 
with time. Ileoanal or coloanal stenoses may have to 
be mechanically dilated under anesthesia to ease dif
ficulty of evacuation. In the absence of a coloanal 
stenosis, suppositories or Fleet's enemas may be nec
essary to initiate a bowel movement. 

Urogenital Function 
Low pelvic dissections for benign or malignant dis
ease may be associated with complications such as 
urinary retention, dyspareunia, impotence (sec
ondary to parasympathetic nerve damage), retro
grade ejaculation (resulting from sympathetic nerve 
injury), and the development of rectourethral or rec
tovaginal fistulas. Preoperatively, a surgeon is well 
advised to pay careful attention to signs and symp
toms of urogenital functional abnormalities. 

Meticulous attention to detail during pelvic dis
sections, particularly for benign diseases that do not 
require extensive mesorectal resections, prevents 
the occurrence of some but not all of these com
plications. Some, such as urinary retention, though 
relatively frequent, are self-limiting; and resolution 
occurs with time. Others are more disabling and may 
severely affect the quality of life. Patients who are 
candidates for procedures attended by these risks re
quire in-depth counseling to ensure an informed de
cision. 

CANCERSURVEllLANCE 

Most colorectal cancer recurrences (80-85%) occur 
within the first 2 years of surgical resection for "cu
rative intent" [39]. Up to two-thirds of patients 
whose lesions were resected for cure develop re
current disease. Some of these patients may still be 
cured, particularly those with disease limited to the 
pelvis and those with isolated hepatic or pulmonary 
metastases. These patterns of failure have led sur
geons to monitor patients closely during the first 2 
years. If at 5 years patients are disease-free, the like
lihood of recurrence decreases to 5% or less [39]. 
Many centers advocate patient evaluation every 3-4 
months for the first 2-3 years, every 6 months for 
the remainder of the 5 years, then annually. Com-

plete history and physical examination, stool for He
moccult testing, hemoglobin and hematocrit levels 
assessing for anemia, liver function testing, carci
noembryonic antigen (CEA) assay, chest radiogra
phy, CT of the abdomen and pelvis, yearly en
doscopy, transrectal ultrasonography (rectal cancer), 
radiolabeled-anti-CEA antibody imaging, and fluo
rodeoxyglucose positron emission tomography (if 
the plasma CEA level is rising) have been utilized. 
The most effective strategy for follow-up remains 
controversial. Many studies fail to demonstrate a sta
tistically significant increase in survival based on 
early detection of recurrences, prior to the devel
opment of symptomatic disease [39]. 

POUCH SURVEllLANCE 

Pouchitis is the most common long-term morbidity 
associated with ileal pouch/anal anastomoses 
[110-113]. For unknown reasons, this condition oc
curs more frequently in patients who have had ul
cerative colitis than in those with familial polyposis; 
and the incidence is even higher if pancolitis or ex
traintestinal manifestations were present. Among the 
many theories to explain this phenomenon are 
pouch outflow obstruction, stasis and bacterial over
growth, abnormal mucus secretion, reduced levels 
of free fatty acids in the pouch, oxygen free radical 
injury secondary to ischemia, presence of anti
neutrophil cytoplasmic antibodies, and pouches that 
are created "too" large [110]. Clinically, patients pre
sent with low grade fever, fatigue and malaise, and 
frequent loose stools or frank diarrhea occasionally 
with passage of blood or associated with pelvic pain, 
cramps, and urgency, often with soiling and incon
tinence. The mucosa becomes inflamed with pro
gression to ulceration in severe cases. In more than 
50% of patients the first episode occurs within the 
first year of surgery, with the initial risk highest dur
ing the first 6 months after surgery [111,112]. 

Therapy often comprises a course of metron
idazole or fluoroquinolone antibiotics. Daily dosing 
may be necessary for chronic pouchitis. lf it fails, an
tiinflammatory agents are used (e.g., steroids or 5-
aminosalicylic acid enemas). Approximately 10% of 
patients with pouchitis become intractable to med
ical therapy (chronic pouchitis). Follow-up in this co
hort should include both endoscopic and histologic 
evaluation for the development of high-grade dyspla
sia. If this ensues, pouch removal is necessary because 
of the high risk of malignancy (particularly if villous 
atrophy is also noted). Conversion to an end
ileostomy with pouch removal may also be necessary 
because of the poor functional results associated with 



chronic pouchitis [114]. New biologic response-mod
ifying modalities are currently under investigation and 
may prove to be promising alternatives for nonoper
ative management of this entity [115]. 
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43 Right Colectomy 
for Cancer 

INDICATIONS 

Malignancy of the ileocecal region, ascending colon, 
and transverse colon 

PREOPERATIVE PREPARATION 

Colonoscopy to confirm the diagnosis and exclude 
other pathology 
Computed tomography (CT) of abdomen 
Mechanical and antibiotic bowel preparation 
Perioperative antibiotics 

PITFALLS AND DANGER POINTS 

Injury or inadvertent ligature of superior mesenteric 
vessels 

/ 

for (';3rcmoma Qf cecum 

Fig. 43-1 

Laceration of retroperitoneal duodenum 

Trauma to right ureter 

Avulsion of branch between inferior pancreatico
duodenal and middle colic veins 

Failure of anastomosis 

OPERATIVE STRATEGY 

The extent of the resection depends on the location 
of the tumor. For tumors of the cecum, the main 
trunk of the middle colic artery may be preserved 
(Fig. 43-1). For tumors of the hepatic flexure or 

383 
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Fig. 43-2 

right transverse colon, it is necessary to ligate this 
vessel and resect additional colon (Figs. 43-2, 43-3). 

There are several anatomic advantages to the "no 
touch technique" described here, although the on
cologic advantages are still debated. First, a dissec
tion initiated at the origins of the middle colic and 
ileocolic vessels makes it possible to perform a more 
complete lymph node dissection in these two criti
cal areas. Second, by devoting full attention to the 
lymphovascular pedicles early during the operation, 
before the anatomy has been distorted by traction 

or bleeding, the surgeon gains thorough knowledge 
of the anatomic variations that may occur in the vas
culature of the colon. Finally, the surgeon becomes 
adept at performing the most dangerous step of this 
procedure-high ligation of the ileocolic vessels
without traumatizing the superior mesenteric artery 
and vein. 

In most cases when the vascular pedicles are li
gated close to their points of origin, it can be seen 
that the right colon is supplied by two vessels: the 
ileocolic trunk and the middle colic artery. The mid-



line of rt ct Ion for 
carcinoma at midlran5"crsc colon 

Fig. 43-3 

dIe colic artery generally divides early in its course 
into right and left branches. The left branch forms 
a well developed marginal artery that connects with 
the left colic artery at the splenic flexure. When the 
proximal half of the transverse colon is removed, the 
left colic connection of this marginal artery supplies 
the remaining transverse colon. Rarely, a patient 
does not have good arterial flow from the divided 
marginal artery. In such a case the splenic flexure 
and sometimes the descending and sigmoid colon 
may have to be resected. 

Operative Strategy 385 

After the two major lymphovascular pedicles have 
been divided and ligated, the remainder of the 
mesentery to the right colon and the mesentery to 
the distal segment of the ileum should be divided. 
If occluding clamps are applied to the anticipated 
points of transection of the transverse colon and the 
ileum at this time, the entire specimen can be seen 
to be isolated from any vascular connection with the 
patient. This is all done before there is any manipu
lation of the tumor-hence the "no touch" tech
nique. The specimen may now be removed by the 
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traditional method of incising the peritoneum in the 
right paracolic gutter and elevating the right colon. 

OPERATIVE TECHNIQUE (Right 
and Transverse Colectomy) 

Incision 

Make a midline incision from the mid-epigastrium to 
a point about 8 em below the umbilicus. Explore 
the abdomen for hepatic, pelvic, peritoneal, and 
nodal metastases. A solitary hepatic metastasis may 
well be resected at the same time the colectomy is 
performed. A moderate degree of hepatic metasta
sis is not a contraindication to removing a locally re
sectable colon carcinoma. Inspect the primary tu
mor but avoid manipulating it at this stage . 

Fig. 43-4 

..... 
I I 
~ 

ligature of Colon Proximal 
and Distal to Tumor 

Insert a blunt Mixter right-angle clamp through an 
avascular portion of the mesentery close to the colon, 
distal to the tumor, and draw a 3 rom umbilical tape 
through this puncture in the mesentery. Tie the um
bilical tape flrmly to occlude the lumen of the colon 
completely. Carry out an identical maneuver at a point 
on the terminal ileum, thereby completely occluding 
the lumen proximal and distal to the tumor. 

Omental Dissection 

For a carcinoma located in the hepatic flexure, di
vide the adjacent omentum between serially applied 

Fig. 43-5 
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Fig. 43-6 

Kelly hemostats just distal to the gastroepiploic ar
cade of the stomach (Fig. 43-4), If the neoplasm is 
located in the cecum, there appears to be no merit 
in resecting the omentum. The omentum may be dis
sected (with scalpel and Metzenbaum scissors) off 
the right half of the transverse colon through the 
avascular plane, resecting only portions adhering to 
the cecal tumor. After this has been accomplished, 
with the transverse colon drawn in a caudal direc
tion the middle colic vessels can be seen as they 
emerge from the lower border of the pancreas to 
cross over the retroperitoneal duodenum. 

Division of Middle Colic Vessels 

During operations for carcinoma of the cecum and 

not necessary to divide the middle colic vessels be
fore they branch (Fig. 43-1). The left branch of the 
middle colic vessel may be preserved and the right 
branch divided and ligated just beyond the bifurca
tion (Fig. 43-5). 

During operations for tumors near the hepatic 
flexure of the transverse colon, dissect the middle 
colic vessels up to the lower border of the pancreas 
(Figs. 43-2, 43-3, 43-6). Be careful not to avulse 
a fairly large collateral branch that connects the in
ferior pancreaticoduodenal vein with the middle 
colic vein (Fig. 43-7). If this is torn, considerable 
bleeding follows, as the proximal end of the pan
creaticoduodenal vein retracts and is difficult to lo
cate. Gentle dissection is necessary, as these struc
tures are fragile. Place a Mixter clamp deep to the 
middle colic vessels at the appropriate point; then 
draw a 2-0 silk ligature around the vessels and ligate 
them. Sweep any surrounding lymph nodes down 
toward the specimen and place a second ligature 1.5 
em distal to the first. Divide the vessels 1 em beyond 
the proximal ligature. Divide the mesocolon toward 
the point on the transverse colon already selected 

\ 
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the proximal 5-7 cm of the ascending colon, it is Fig. 43-7 
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for division. Divide and ligate the marginal artery and 
clear the transverse colon of fat and areolar tissue in 
preparation for an anastomosis. Now apply an Allen 
clamp to the transverse colon, but to minimize bac
terial contamination of the abdominal cavity do not 
transect the colon at this time. 

Division of neocolic Vessels 

Retract the transverse colon in a cephalad direction. 
Pass the left index finger deep to the right meso
colon (Fig. 43-8), inserting the froger through the 
incision already made in the transverse mesocolon. 
Gentle froger dissection should disclose, in front of 
the fingertip, a fairly large artery with vigorous pul
sation; it is the ileocolic arterial trunk (Fig. 43-8). As 
the surgeon's index finger moves toward the pa
tient's left, it palpates the adjacent superior mesen
teric artery. After identifying these two major ves
sels, it is a simple matter to incise the peritoneum 
overlying the ileocolic artery with Metzenbaum scis
sors. By gentle dissection, remove areolar and lym
phatic tissue from the circumference of the ileocolic 
artery and vein. After rechecking the location of 
the superior mesenteric vessels, pass a blunt Mixter 
right-angle clamp underneath the ileocolic artery 
and vein. Ligate the vessels individually with 2-0 silk 
ligatures and divide them at a point about 1.5 cm 
distal to their junctions with the superior mesenteric 
vessels. 

Division of neal Mesentery 

Pass the left index froger behind the remaining right 
mesocolon into an avascular area of 3-4 cm. This 
can be divided and leads to the mesentery of the ter
minal ileum. For neoplasms close to the ileocecal 
junction, include 10-15 cm of ileum in the speci
men. 

For tumors near the hepatic flexure, no more than 
8-10 cm of ileum need be resected. In any case, di
vide the ileal mesentery between Crile hemostats ap
plied serially until the wall of the ileum has been en
countered. After ligating each of the hemostats with 
3-0 or 2-0 PG, clear the areolar tissue from the cir
cumference of the ileum in preparation for an anas
tomosis and apply an Allen clamp to this area. At 
this point the specimen has been isolated from any 
vascular connection with the host. 

Division of Right 
Paracolic Peritoneum 

Retract the right colon in a medical direction and 
make an incision in the peritoneum of the paracolic 
gutter (Fig. 43-8). The left index finger may be in
serted deep to this layer of peritoneum, which 
should then be transected over the index finger with 
Metzenbaum scissors or electrocautery. Continue 
this dissection until the hepatic flexure is free of 
lateral attachments. Rough dissection around the 
retroperitoneal duodenum may lacerate it inadver
tently, so be aware of its location. Next, identify the 
right renocolic ligament and divide it by Metzen
baum dissection. When this is accomplished, the fas
cia of Gerota and the perirenal fat may be gently 
swept from the posterior aspect of the right meso
colon. Continue this dissection caudally, eventually 
unroofrog the ureter and gonadal vessel. 

Identification of Ureter 

If the location of the ureter is not immediately evi
dent, identify the right common iliac artery. The 
undisturbed ureter generally crosses the common il
iac artery where it bifurcates into its internal and ex
ternal branches. If the ureter is not in this location, 
elevate the lateral leaflet of the peritoneum, as the 
ureter may be adhering to the undersurface of this 
peritoneal flap. The ureter is often displaced by re
traction of the peritoneal flap to which it adheres. 
If the ureter is not present on the lateral leaflet of 
peritoneum, similarly elevate and seek it on the me
dial leaflet of the peritoneum. Typical ureteral peri
stalsis should occur when the ureter is compressed 
with forceps. 

The right colon remains attached to the peri
toneum now only at the inferior and medial aspects 
of the cecum and ileum. There should be no diffi
culty dividing it. 

Division of neum and Colon 

Protect the abdomen with large gauze pads and re
move the specimen and the Allen clamps that had 
been applied to the ileum and transverse colon. If 
necessary, linen-shod Doyen noncrushing intestinal 
clamps may be applied to occlude the ileum and 
transverse colon at a point at least 10 cm from their 
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Fig. 43-9 

cut edges in preparation for an open, two-layer end
to-end anastomosis (Fig. 4~9)' 

Before the anastomosis is begun, the blood supply 
must be carefully evaluated. Generally there is no 
problem with the terminal ileum if no hematoma has 
been induced. Test the adequacy of the blood supply 

to the cut end of the colon by palpating the pulse in 
the marginal artery. For additional data about the 
blood supply, divide a small arterial branch near the 
cut end of the colon and observe the pulsatile arter
ial flow. If there is any question about the vigor of 
the blood supply, resect additional transverse colon. 
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neocolic Two-layer Sutured 
End-to-End Anastomosis 

Align the cut ends of the ileum and transverse colon 
to face each other so their mesenteries are not 
twisted. Because the diameter of ileum is narrower 
than that of the colon, make a Cheatle slit with 
Metzenbaum scissors on the antimesenteric border 
ofthe ileum for a distance of 1-2 cm to help equal
ize these two diameters (Fig. 43-10). Do not round 
off the comers of the slit. 

Insert the first seromuscular layer of interrupted 
sutures using 4-0 silk on atraumatic needles. Initi
ate this layer by inserting the first Lembert suture 
at the antimesenteric border and the second at the 
mesenteric border to serve as guy sutures. Attach 
hemostats to each of these sutures. Drawing the 
two hemostats apart makes insertion of additional 
sutures by successive bisection more efficient (Fig. 
43-11). Now complete the anterior seromuscular 
layer of the anastomosis by inserting interrupted 

Fig. 43-11 

I 

~I 

Fig. 43-10 
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Fig. 43-12 

Lembert seromuscular sutures (Fig. 43-12). After 
the entire anterior layer has been inserted and tied, 
cut the tails of all the sutures except the two guy 
sutures. 

To provide exposure for the mucosal layer, invert 
the anterior aspect of the anastomosis by passing the 
hemostat containing the antimesenteric guy suture 

Fig. 43-13 

(Fig. 43-13, A) through the rent in the mesentery 
deep to the ileocolonic anastomosis. Then draw the 
mesenteric guy suture (Fig. 43-13, B) in the oppo
site direction and expose the mucosa for application 
of the first layer of mucosal sutures (Fig. 43-14). 
Use 5-0 PG, double-armed, and begin the first suture 
at the midpoint (Fig. 43-15a). Then pass the suture 

B 

Fig. 43-14 
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B 

Fig. 43-15a 

Fig. 43-15c 

in a continuous fashion toward the patient's right to 
lock each stitch. Take relatively small bites (4 mm). 
When the right margin of the suture line is reached, 
tag the needle with a hemostat; with the second nee
dle initiate the remainder of the mucosal approxi
mation, going from the midpoint of the anastomosis 
toward the patient's left in a continuous locked fash-

Fig. 43-15b 

Fig. 43-16 

ion (Fig. 43-15b). When this layer has been com
pleted (Fig. 43-15c), close the superficial mucosal 
layer of the anastomosis with continuous Connell or 
Cushing sutures beginning at each end of the anas
tomosis. Terminate the mucosal suture line in the 
midpoint of the superficial layer by tying the suture 
to its mate (Fig. 43-16). 
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Fig. 43-17 

Accomplish the fInal seromuscular layer by in
serting interrupted 4-0 silk Lembert sutures (Fig. 
43-17). Devote special attention to ensuring a se
cure closure at the mesenteric border. Then cut all 
the sutures and test the lumen with thumb and fore
fmger to gauge the width of the anastomotic stoma. 
It should admit the tip of the thumb. 

Close the defect in the mesentery by continuous 
2-0 PG sutures. Take care to avoid occluding im
portant vessels running in the mesentery during the 
course of the continuous suture. If desired, a one
layer anastomosis can be constructed by the tech
nique described above, simply by omitting the mu
cosal suture. If it is accomplished without error, the 
result is as successful as after the two-layer method. 

Anastomosis by Stapling, 
Functional End-to-End 

To perform a stapled anastomosis, clear an area of 
mesentery and apply the 55/3.5 mm linear stapler 
transversely across the colon. Transect the colon 
flush with the stapler using a scalpel. Carty out the 
identical procedure at the selected site on the ileum. 
Alternatively, the bowel may be stapled and divided 
with the linear cutting stapler. Some oozing of blood 
should be evident despite the double row of staples. 
Control excessive bleeding by carefully applying 
electrocoagulation or chromic sutures. Align the 
ileum and colon side by side and with heavy scis-

Fig. 43-18 

timesenteric margins of both ileum and colon (Fig. 
43-18). 

Insert one of the two forks of the cutting linear 
stapling instrument into the lumen of the ileum and 
the other into the colon, hugging the antimesen
teric border of each (Fig. 43-19). Neither segment 
of intestine should be stretched, as it may result in 
excessive thinning of the bowel, leaving inadequate 
substance for the staples to grasp. After ascertaining 
that both segments of the bowel are near the hub 
of the stapler, fIre the device; this should result in a 
side-ta-side anastomosis 4-5 cm long. Unlock and re
move the device and inspect the staple line for bleed
ing and possible technical failure when closing the 
staples. 

sors excise a triangular 8 mm wedge from the an- Fig. 43-19 
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Fig. 43-20 

Now apply Allis clamps to the remaining defect 
in the anastomosis and close it by a final application 
of the 55/3.5 mm linear stapling instrument (Fig. 
43-20). Take care to include a portion of each of 
the previously applied staples lines in the final ap
plication of the stapler. However, when applying 
the Allis clamps, do not align points X and Y (Fig. 

xv 

Fig. 43-21 

x Y 

Fig. 43-22 

43-21) exactly opposite each other, as it would re
sult in six staple lines meeting at one point. The 
alignment of these two points, as shown in Figure 
43-22, produces the best results. Check the patency 
of the anastomosis by invaginating the colon through 
the anastomosis, which should admit the tips of two 
fmgers. Then lightly touch the everted mucosa with 
the electrocautery instrument. During closure of the 
mesentery, cover the everted staple lines with ad
joining mesentery or omentum if convenient. 

We have modified Steichen's method of anasto
mosing ileum to colon, making it simpler by elimi
nating two applications of the stapler. With our tech
nique the first step is to insert the cutting linear 
stapling device, one fork into the open end of ileum 
and the other fork into the open colon. Then fire the 
stapler, establishing a partial anastomosis between the 
antimesenteric borders of ileum and colon, as seen in 
Figure 43-21. Apply four or five Allis clamps to ap
proximate the lips of the ileum and colon (in ever
sion) taking care that points X and Yare not in ap
position. Then apply a 90/3.5 mm linear stapler 
underneath the Allis clamps and fire the staples. The 
end result is illustrated in Figure 43-23. In our ex
perience this is the most efficient and reliable method 
for constructing an ileocolonic anastomosis. 

Wound Closure 
The surgical team now changes gloves and discards 
all instruments used up to this point. Irrigate the op-
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II 

Fig. 43-23 

erative field with saline. Cover the anastomosis with 
omentum if possible. Close the abdomen in routine 
fashion without drainage. 

POSTOPERATIVE CARE 

Continue nasogastric suction for 1-3 days. 

Delay oral intake of liquid and food until the fifth or 
sixth postoperative day. 

If ileus persists, delay oral intake further and per
form CT of the abdomen to exclude abscess, ob
struction, or leak. 

In the absence of preoperative intraabdominal sep
sis, discontinue antibiotics after the operation. 

COMPUCATIONS 

Leakage from an ileocolonic or colocolonic anasto
mosis may manifest as peritonitis, colocutaneous fis
tula, or localized intraperitoneal abscess. Localized 
or spreading peritonitis should be managed by 
prompt relaparotomy and exteriorization of both 
ends of the anastomosis. 

Sepsis in the subhepatic, subphrenic, or pelvic ar
eas is an occasional complication of anastomoses of 
the colon, even in the absence of leakage. CT of the 
abdomen generally provides the diagnosis, and per
cutaneous drainage is usually successful. 

Wound infection requires prompt removal of all 
overlying skin sutures to permit wide drainage of the 
entire infected area. 
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INDICATIONS 

Whereas malignancies of the proximal three-fourths 
of the transverse colon require excision of the right 

/ 

of transection 

Fig. 44-1 

and transverse colon, cancers of the distal transverse 
colon, splenic flexure, descending colon, and sig
moid are treated by left hemicolectomy (Figs. 44-1, 
44-2). 

Line or Iran section 
for carcinoma 31 
spl~n ie flexure 

397 
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Fig. 44-2 

Lane or trolnstclion for eli 
of descendmg colon 

PREOPERATIVE PREPARATION 

See Chapter 43. 

PITFALLS AND DANGER POINTS 

Injury to spleen 

Injury to ureter 

Failure of anastomosis 

OPERATIVE STRATEGY 

Extent of Dissection 

Lymph draining from malignancies of the left colon 
flows along the left colic or sigmoidal veins to the 
inferior mesenteric vessels. In the usual case, the in
ferior mesenteric artery should be divided at the 
aorta and the inferior mesenteric vein at the lower 
border of the pancreas. 



Except for treating lesions situated in the distal 
sigmoid, the lower point of division of the colon is 
through the upper rectum, 2-3 cm above the 
promontory of the sacrum (Figs. 44-1, 44-2). Pre
sacral elevation of the rectal stump need not be car
ried out, and the anastomosis should be intraperi
toneal. The blood supply of a rectal stump of this 
length, arising from the inferior and middle hemor
rhoidal arteries, is almost invariably of excellent qual
ity. The blood supply of the proximal colonic seg
ment, arising from the middle colic artery, generally 
is also excellent, provided care is exercised not to 
damage the marginal vessel at any point in its course. 

Liberation of Splenic Flexure 
The splenic flexure of the colon may be completely 
liberated without dividing a single blood vessel if the 
surgeon can recognize anatomic planes accurately. 
The only blood vessels going to the colon are those 
arising from its mesentery. Bleeding during the 
course of this dissection arises from three sources. 

1. Frequently, downward traction on the colon 
and its attached omentum avulses a patch of 
splenic capsule to which the omentum adheres. 
It is worthwhile to inspect the lower pole of the 
spleen at the onset of this dissection and to di
vide such areas of adhesion with Metzenbaum 
scissors under direct vision before applying trac
tion. 

2. Bleeding arises when the surgeon does not rec
ognize the plane between the omentum and ap
pendices epiploica attached to the distal trans
verse colon. The appendices may extend 1-3 cm 
cephalad to the transverse colon. When they are 
divided inadvertently, bleeding follows. Note that 
the character of the fat in the omentum is con
siderably different from that of the appendices. 
The former has the appearance of multiple small 
lobulations, each 4-6 mm in diameter, whereas 
the appendices epiploica contain fat that appears 
to have a completely smooth surface. If the 
proper plane between the omentum and appen
dices can be identified, the dissection is blood
less. 

3. Bleeding can arise from the use of blunt dissec
tion to divide the renocolic ligament. This rup
tures a number of veins along the surface of 
Gerota's capsule, which overlies the kidney. 
Bleeding can be prevented by accurately identi
fying the renocolic ligament, delineating it care
fully, and then dividing it with Metzenbaum scis
sors along the medial margin of the renal capsule. 
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Although the classic anatomy books do not gen
erally describe a "renocolic ligament," it can be 
identified as a thin structure (see Figs. 44-4, 
44-5) extending from the anterior surface of the 
renal capsule to the posterior surface of the meso
colon. 

There are three essential steps to safe liberation 
of the splenic flexure. First, the obvious one is to 
incise the parietal peritoneum in the left paracolic 
gutter going cephalad to the splenic flexure. Sec
ond, dissect the left margin of the omentum from 
the distal transverse colon as well as from the left 
parietal peritoneum near the lower pole of the 
spleen (in patients who have this attachment). The 
third, least well understood step, is to identify and 
divide the renocolic ligament between the renal 
capsule and the posterior mesocolon. Then pass the 
index finger deep to this ligament in the region of 
the splenic flexure (see Fig. 44-5); this plane leads 
to the lienocolic ligament, which is also avascular 
and may be divided by Metzenbaum scissors pro
vided this ligament is separated from underlying 
fatty tissue by fmger dissection. The fatty tissue may 
contain an epiploic appendix with a blood vessel. 
After the lienocolic ligament has been divided, the 
index finger should lead to the next avascular "lig
ament," which extends from the pancreas to the 
transverse colon. This pancreaticocolic "ligament" 
comprises the upper portion of the transverse meso
colon. Dividing it frees the distal transverse colon 
and splenic flexure, except for the mesentery. For 
all practical purposes the renocolic, lienocolic, and 
pancreaticocolic "ligaments" comprise one contin
uous avascular membrane with multiple areas of 
attachment. 

No-Touch Technique 
The no-touch technique is more difficult to apply to 
lesions of the left colon than to those on the right. 
In many cases it can be accomplished by liberating 
the sigmoid colon early in the procedure, identify
ing and ligating the inferior mesenteric vessels, and 
dividing the mesocolon-all before manipulating the 
tumor. Care must be taken to identify and protect 
the ureter. 

In some cases the tumor's location or the obesity 
of the mesocolon make this approach more cum
bersome for the surgeon, unlike the situation on the 
right side where the anatomy lends itself to adop
tion ofthe no-touch method as a routine procedure. 
Most surgeons content themselves with minimal ma
nipulation of the tumor while they use the opera-
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Fig. 44-3a 

/ 

Fig. 44-3b 

paracolic 
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tive sequence of first liberating the left colon and 
then ligating the lymphovascular attachments. 

Technique of Anastomosis 
Because the anastomosis is generally intraperitoneal 
and the rectal stump is largely covered by peri
toneum, the leak rate in elective cases is less than 
2%. Anastomosis may be done by the end-to-end 
technique or the Baker side-to-end method based on 
the preference of the surgeon. 

If a stapling technique is desired, we prefer the 
functional end-to-end anastomosis (see Figs. 44-35 
through 44-38). A circular stapling device (see Figs. 
45-25 through 45-31) may also be used, but the in
ternal diameter of the anastomosis reSUlting from 
this technique may be slightly narrow. 

OPERATIVE TECHNIQUE 

Incision and Exposure 

Make a midline incision from a point about 4 cm be
low the xiphOid to the pubis (Fig. 44-3a) and open 
and explore the abdomen. Insert a Thompson re
tractor to elevate the left costal margin; it improves 
the exposure for the splenic flexure dissection. Ex
teriorize the small intestine and retract it to the pa
tient's right. Apply umbilical tape ligatures to oc
clude the colon proximal and distal to the tumor. 

Fig. 44-4 
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Liberation of Descending 
Colon and Sigmoid 
Standing at the patient's left, make a long incision 
in the peritoneum of the left paracolic gutter be
tween the descending colon and the white line of 
Toldt (Fig. 44-3b). Use the left index finger to ele
vate this peritoneal layer and continue the incision 
upward with Metzenbaum scissors until the right
angle curve of the splenic flexure is reached. At this 
point the peritoneal incision must be moved close 
to the colon; otherwise the incision in the parietal 
peritoneum tends to continue upward and laterally 
toward the spleen. Similarly, with the index finger 
leading the way, use Metzenbaum scissors to com
plete the incision in a caudal direction, liberating the 
sigmoid colon from its lateral attachments down to 
the rectosigmoid region. 

Division of Renocolic Ligament 

With the descending colon retracted toward the 
patient's right, a filmy attachment can be visualized 
covering the renal capsule and extending medially 
to attach to the posterior surface of the mesocolon 
(Fig. 44-4). Most surgeons bluntly disrupt this reno
colic attachment, which resembles a ligament, us
ing a gauze pad in a sponge-holder; but this ma
neuver often tears small veins on the surface of the 
renal capsule and causes unnecessary bleeding. In-

Paracolic 
peri toneum 

-t--t--t-+-- De cending 
colon 
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Fig. 44-5 

stead, divide this structure with Metzenbaum scis
sors near the junction of the medial margin of the 
renal capsule and the adjacent mesocolon. Once the 
incision is initiated, delineate this fibrous structure 
by elevating it over an index finger (Fig. 44-5). Af
ter the renocolic ligament has been divided, the up
per ureter and gonadal vein lie exposed. Trace the 
ureter down to its entrance into the pelvis and en
circle it with a Silastic loop tag for future identifi
cation. 

Splenic Flexure Dissection 

The lower pole of the spleen can now be seen. 
Sharply divide any adhesions between the omentum 
and the capsule of the spleen to avoid inadvertent 
avulsion of the splenic capsule (due to traction on 
the omentum). If bleeding occurs because the 

splenic capsule has been tom, it can usually be con
trolled by applying a piece of topical hemostatic 
agent. Occasionally sutures on a fine atraumatic 
needle are helpful. 

At this stage identify and divide the attachments 
between the omentum and the lateral aspect of the 
transverse colon. Remember to differentiate care
fully between the fat of the appendices epiploica 
and the more lobulated fat of the omentum (see Op
erative Strategy, above). Free the omentum from the 
distal 10-12 cm of transverse colon (Fig. 44-6). If 
the tumor is located in the distal transverse colon, 
leave the omentum attached to the tumor and divide 
the omentum just outside the gastroepiploic arcade. 

Return now to the upper portion of the divided 
renocolic ligament. Insert the right index fmger un
derneath the upper portion of this ligament and 
pinch it between the index fmger and thumb; this 
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Fig. 44-7 

maneuver localizes the lienocolic ligament (Fig. 
44-7). The ligament should be divided by the first 
assistant guided by the surgeon's right index fmger. 
By inserting the index fmger 5-6 cm farther medi
ally, an avascular pancreaticocolic "ligament" (Figs. 
44-7, 44-8) can be identified. It is an upper exten
sion of the transverse mesocolon. After this struc
ture has been divided, the distal transverse colon and 
splenic flexure become free of all posterior attach
ments. Control any bleeding in the area by suture
ligature or electrocautery. 

Ugation and Division of 
Inferior Mesenteric Artery 
Make an incision on the medial aspect of the meso
colon from the level of the duodenum down to the 

Lienocolic 
lig. 

Parie tal 
peritoneum 

promontory of the sacrum. The inferior mesenteric 
artery is easily identified by palpation at its origin 
from the aorta. Sweep the lymphatic tissue in tWs 
vicinity downward, skeletonizing the artery, wWch 
should be double-ligated with 2-0 silk at a point 
about 1.5 cm from the aorta (Fig. 44-9) and then 
divided. Sweep the preaortic areolar tissue and 
lymph nodes toward the specimen. It is not neces
sary to skeletonize the anterior wall of the aorta, as 
it could divide the preaortic sympathetic nerves, 
wWch would result in sexual dysfunction in male 
patients. If the preaortic dissection is carried out by 
gently sweeping the nodes laterally, the nerves are 
not divided inadvertently. Now divide the inferior 
mesenteric vein as it passes behind the duodenoje
junal junction and pancreas. 



Operative Technique 405 
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Fig. 44-10 

Division of Mesocolon 

Depending on the location of the tumor, divide the 
mesocolon between clamps up to and including the 
marginal artery (Fig. 44-10). 

Ligation and Division of Mesorectum 

Separate the distally ligated pedicle of the inferior 
mesenteric artery and the divided mesocolon from 
the aorta and iliac vessels down to the promontory 
of the sacrum. Divide the vascular tissue around the 
rectum between pairs of hemostats sequentially un-

til the wall of the upper rectum is visible. Then free 
the rectal stump of surrounding fat and areolar tis
sue at the point selected for the anastomosis. This 
point should be 2-3 cm above the promontory of 
the sacrum, where three-fourths of the rectum is 
covered anteriorly and laterally by peritoneum. 

Insertion of Wound Protector 
Insert a Wound Protector ring drape or moist la
parotomy pads into the abdominal cavity to protect 
the subcutaneous panniculus from contamination 
when the colon is opened. 



Division of Colon and Rectum 
Expose the point on the proximal colon selected for 
division. Apply an Allen clamp to the specimen side. 
Divide the colon after applying a Doyen or other type 
of nontraumatic clamp to avoid contamination. Com
pletely clear the areolar tissue and fat from the distal 
centimeter of the proximal colon so the serosa is ex
posed throughout its circumference. Handle the distal 
end of the specimen in the same manner by applying 
an Allen clamp to the specimen side. Now divide the 
upper rectum and remove the specimen. Suction the 
rectum free of any contents. Apply no clamp. Use fine 
PG or PDS sutures to control any bleeding from the 
rectal wall. Completely clear surrounding fat and are
olar tissue from a cuff of rectum 1 cm in width so 
seromuscular sutures may be inserted accurately. 

End-to-End TwO-Layer Anastomosis, 
Rotation Method 
There are eight steps to the end-to-end two-layer 
anastomosis, rotation method. 

1. Check the adequacy of the blood supply of both 
ends of the bowel. Confmn that a cuff of at least 
1 em of serosa has been cleared to the areolar tis
sue and blood vessels at both ends of the bowel. 

2. Rotate the proximal colonic segment so the 
mesentery enters from the right lateral margin of 
the anastomosis. Leave the rectal segment undis
turbed (Fig. 44-11). 

3. If the diameter of the lumen of one of the seg
ments of bowel is significantly narrower than the 
other, make a Cheatle slit, 1-2 cm long, on the 
antimesenteric border of the narrower segment 
of bowel (see Figs. 43-10, 43-11). 

4. Insert the first layer of seromuscular sutures. If 
the rectal stump is not bound to the sacrum and 
if it can be rotated easily for 1800 , it is more ef
ficient to insert the anterior seromuscular layer 
as the first step of the anastomosis. 

5. Insert interrupted 4-0 silk atraumatic Lembert 
seromuscular guy sutures, first to the lateral bor
der of the anastomosis and then to the medial 
border. Using the technique of successive bisec
tion, place the third Lembert suture on the ante
rior wall halfway between the first two (Fig. 
44-11). Each stitch takes about 5 mm of tissue 
(including the submucosa) from the rectum and 
then from the descending colon. 

6. After all the anterior sutures have been inserted, 
tie them and cut all the suture tails except for 
those of the two end guy sutures, which should 

Fig. 44-11 

B 

be grasped in hemostats (Fig. 44-12). Pass a he· Fig. 44-12 
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A 

Fig. 44-13 

B 

Fig. 44-14 

mostat underneath the suture line, grasp the right 
lateral stitch (Fig. 44-13, A), and rotate the anas
tomosis 1800 (Fig. 44-14). 

7. Place a double-armed 5-0 Viet]'l or PG suture in 
the middle of the deep mucosal layer (Fig. 
44-15a). Complete this layer with a continuous 
locked suture through the full thickness of the 
bowel (Fig. 44-15b). Then, with the same two 
needles and using a continuous Connell or Cush
ing suture, complete the remainder of the mu
cosal approximation (Fig. 44-16). 

8. Approximate the final seromuscular layer with 
interrupted 4-0 atraumatic Lembert silk sutures 
(Fig. 44-17). After all the suture tails are cut, per
mit the anastomosis to rotate back 1800 to its 
normal position. 

Fig. 44-15a 

A 

Fig. 44-15b 



A 

Fig. 44-16 

End-to-End Anastomosis, 
Alternative Technique 

B 

When the rectum and colon cannot be rotated 1800 

as required for the method described above, an al
ternative technique must be used in which the pos
terior seromuscular layer is inserted first. To do this, 
insert a seromuscular suture of 4-0 silk into the left 
side of the rectum and the proximal colon. Do not 
tie this suture; grasp it in a hemostat and use it as the 
left guy suture. Place a second, identical suture on the 
right lateral aspects of the rectum and proximal colon 
and similarly hold it in a hemostat (Fig. 44-18). 

Insert interrupted 4-0 silk seromuscular Lembert 
sutures (Fig. 44-19) to complete the posterior layer 

A 

Fig. 44-17 
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Fig. 44-18 

Fig. 44-19 
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Fig. 44-20 

by successive bisection. As each suture is inserted, 
attach it to a hemostat until the layer is completed. 
At the conclusion of the layer, tie all the sutures and 
cut all the tails except for those of the two lateral 
guy sutures. Begin the posterior mucosal layer with 
a double-armed atraumatic suture of 5-0 Vicryl. In-

Fig. 44-21 

Fig. 44-22 

sert the suture in mattress fashion in the midpoint 
of the posterior layer of mucosa and tie it (Fig. 
44-20). Use one needle to initiate a continuous 
locked suture, taking bites averaging 5 mm in di
ameter and going through all coats of bowel (Fig. 
44-21). Continue this in a locked fashion until the 
left lateral margin of the anastomosis is reached (Fig. 
44-22). At this point pass the needle from the in
side to the outside of the rectum and hold it tem
porarily in a hemostat. 

Fig. 44-23 



Fig. 44-24 

Grasp the remaining needle and insert a continu
ous locked suture of the same type, beginning at the 
midpoint and continuing to the right lateral margin 
of the bowel. Here, pass the needle through the rec
tum from inside out (Fig. 44-23). 

Standing on the left side of the patient, use the 
needle on the right lateral aspect of the anastomo
sis to initiate the anterior mucosal layer. Insert con
tinuous sutures of either the Cushing or Connell type 

Fig. 44-25 
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Fig. 44-26 

to a point just beyond the middle of the anterior 
layer. Then grasp the needle emerging from the left 
lateral margin of the incision and insert a similar con
tinuous Connell or Cushing stitch. Complete the an
terior mucosal layer by tying the suture to its mate 
and cutting the tails of these sutures (Fig. 44-24, 
44-25), 

Complete the anterior seromuscular layer by in
serting interrupted 4-0 silk atraumatic Lembert su
tures (Fig. 44-26). Now carefully rotate the anas
tomosis to inspect the integrity of the posterior 
layer. Test the diameter of the lumen before closing 
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Fig. 44-27 

the mesentery by invaginating the colon through the 
lumen gently with the thumb and forefmger. Then 
close the mesentery with continuous 2-0 PG sutures 
(Fig. 44-27). Leave the peritoneal defect in the left 
paracolic gutter unsutured. 

Stapled Colorectal Anastomosis 

To construct a stapled colorectal anastomosis, ftrst 
close the proximal descending colon with a 55/3.5 
mm linear stapling device (Fig. 44-28). Apply an 
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Fig. 44-29 



Fig. 44-30 

Allen clamp to the specimen side and divide the 
colon flush with the stapler. Remove the stapler 
(Fig. 44-29) and replace the Allen clamp with an 
umbilical tape ligature covered with a sterile rubber 
glove (Figs. 44-30, 44-31). Alternatively, divide the 
colon with a cutting linear stapler. Then direct at
tention to the rectum, a segment of which was pre
viously cleared of surrounding fat and vascular tis
sue. Use the 55/3.5 mm linear stapling device (Fig. 
44-28) to apply a layer of staples to this segment of 
rectum. Do not remove the specimen; retain it so 
mild upward traction on it can stabilize the rectum 
during application of the stapling device (Fig. 
44-29). 

Make a stab wound on the antimesenteric border 
of the proximal colon at a point 5-6 cm proximal 
to the staple line. A scalpel blade or electrocautery 
may be used to make this incision. Make a second 
stab wound in the anterior wall of the rectal stump 
at a point 1 cm distal to the staple line already in 
place (Fig. 44-32). Approximate the two stab Fig. 44-32 
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ture to the mucosa. Reinforce this closure with a 
layer of interrupted 4-0 silk atraumatic seromuscular 
Lembert sutures (Fig. 44-34). Carefully inspect all 

/ the staple lines to ascertain that the staples have 
closed properly into the shape of a B. Bleeding 
points may require careful electrocoagulation or fme 
suture ligatures. Transect the rectosigmoid just 
above the rectal staple line (Fig. 44-34) and remove 

.... the specimen. 

Fig. 44-33 

wounds opposite each other, placing the proximal 
colonic segment anterior to the rectal stump. Insert 
the linear cutting stapling device, with one fork in 
the rectal stump and the other in the proximal 
colonic segment (Fig. 44-33). Allis clamps or guy 
sutures may be used to approximate the rectum and 
colon in the crotch of the stapler. Fire and remove 
the stapler; then carefully inspect the staple line for 
any defects or bleeding. Close the remaining defect 
with a continuous inverting 4-0 PG atraumatic su-

Stapled Colocolonic Functional 
End-to-End Anastomosis: 
Chassin's Method 

When the lumen of one segment of bowel to be 
anastomosed is much smaller than the other, as in 
many ileocolonic anastomoses, the stapling tech
nique illustrated in Figures 43-21 and 43-23 is the 
simplest method. When a stapled anastomosis is con
structed distal to the sacral promontory, the circu
lar stapling technique (see Chapter 45) is preferred. 
However, for all other intraperitoneal anastomoses 
of small and large bowel, we have developed a mod
ification of the end-ta-end anastomosis. This modifi
cation, described in the following steps, avoids the 
possibility that six rows of staples are superimposed, 
one on the other, as may happen with the Steichen 
method. 

1. Align the two open ends of bowel to be anasto
mosed side by side with the antimesenteric bor
ders of each in contact. 

2. Insert the linear cutting stapling instrument, plac
ing one fork in each lumen (Fig. 44-35). Draw 
the mesenteric borders of the bowel in the di
rection opposite to the location of the stapler. 
Avoid bunching too much tissue in the crotch of 
the stapling device. Lock and flre the instrument. 

3. After unlocking the stapling instrument, with
draw it from the bowel. Apply Allis clamps to the 
extremities of the GIA staple line (Fig. 44-36, 
point A, shows the fIrst extremity). 

4. Place the 90 mm linear stapler in the proper pa
sition and flre it (Fig. 44-37). Excise the redun
dant bowel with Mayo scissors and lightly elec
trocoagulate the everted mucosa. 
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Fig. 44-38 

5. Remove the linear stapler (Fig. 44-38) and care
fully inspect the entire anastomosis for the proper 
B formation of staples. 

6. Finally, insert a single 4-0 atraumatic silk sero
muscular Lembert suture at the base of the anas
tomotic staple line (Fig. 44-38). This prevents any 

undue distracting force from being exerted on 
the stapled anastomosis. 

Closure 
Discard all contaminated surgical gloves and instru
ments. Irrigate the abdomen. Most surgeons prefer 
to close the defect in the mesocolon (Fig. 44-27). A 
continuous suture of 2-0 PG is suitable for this pur
pose, although the defect is usually so large that 
omitting this step does not seem to lead to internal 
bowel herniation. Close the abdominal incision in 
routine fashion without placing any drains in the 
peritoneal cavity. 

POSTOPERATIVE CARE 

See Chapter 43. 

COMPIlCATIONS 

See Chapter 43. 
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45 Low Anterior Resection 
for Rectal Cancer 

INDICATIONS 

Low anterior resections are performed to treat ma
lignant tumors of the middle and upper thirds of the 
rectum, 6-14 cm from the anal verge. 

PREOPERATIVE PREPARATION 

Mechanical and antibiotic bowel preparation 

Computed tomography (Cn of abdomen and pelvis 

Endorectal ultrasonography 

Other staging studies as indicated 

See Chapter 42 

PITFAllS AND DANGER POINTS 

Anastomotic failure 

Presacral hemorrhage 

Trauma to rectal stump during presacral dissection 

Ureteral damage 

OPERATIVE STRATEGY 

Prevention of Anastomotic 
Complications 

Anastomotic complications are rare when the re
section is high and the anastomosis is intraperitoneal 
(see Chapter 44). Conversely, a low anterior resec
tion with a colorectal anastomosis below the peri
toneal reflection is clinically and radiographically 
much more prone to leak. The low colorectal anas
tomosis offers additional difficulty for several rea
sons. 

1. Anatomic exposure is often difficult. This is es
pecially true in men, whose pelvis is narrow, and 
obese patients. Difficulty with exposure often re
quires the surgeon's hand to be held at an awk-

ward angle, so it is easy to make small tears in 
the rectum when inserting sutures. 

2. It is easy to mistake mucosa for the muscular 
layer owing to the lack of serosal cover over the 
retroperitoneal rectum. If sutures or staples are er
roneously inserted into the mucosal instead of the 
submucosal and muscular layers, the anastomosis 
will leak because the mucosa itself has little tensile 
strength. Identify the longitudinal muscle covering 
the rectum and be sure to incorporate this layer in 
the suture line. 

3. The diameter of the rectal ampulla frequently 
measures in excess of 5-6 em, and the lumen of 
the proximal colon, after proper bowel prepara
tion, is often half this size. The anastomotic tech
nique used must be capable of correcting this dis
parity. 

4. When the surgeon has not achieved perfect he
mostasis in the pelvis, a hematoma forms in the 
presacral space. It frequently becomes infected 
and develops into an abscess, which may erode 
through the colorectal suture line. 

S. If the pelvic peritoneal floor is closed above the 
colorectal anastomosis, deadspace may surround 
the anastomosis, which is especially conducive 
to leakage in the anastomosis. The peritoneal 
pelvic floor is not resutured after the colorectal 
anastomosis is completed. 

6. Do not leave any empty space in the hollow of 
the sacrum behind a low anastomosis. For most 
low anterior resections, we free the attachments 
of the splenic flexure (see Figs. 44-4 to 44-8) so 
the descending colon has sufficient redundancy 
that relaxed colon ftlls the sacral space behind 
the anastomosis. If this step cannot be accom
plished, ftll the empty space in the pelvis by 
lengthening the omentum sufficiently that it can 
be delivered to the presacral space. 

7. We have virtually eliminated leakage by adopting 
the side-to-end (Baker) colorectal anastomosis. 
This permits the diameter of the anastomosis to 
be exactly equal to that of the lumen of the com
modious rectal ampUlla. Healthy-sized bites of tis
sue may be enclosed in the sutures with no dan-
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ger of postoperative stenosis. In effect, at the con
clusion of the anastomosis, the rectal ampulla 
has been invaginated into the side of the prox
imal colon (see Fig. 45-23). Placing the anasto
mosis within 1 cm of the closed end of the prox
imal colon eliminates the danger of developing a 
blind-loop syndrome. 

S. Following a low anastomosis we routinely insert 
a closed suction drain into the presacral space, 
bringing it out through a puncture wound in the 
left lower quadrant. 

9. Although the use of staples for low colorectal 
anastomoses has been demonstrated to be safe by 
numerous studies, it is important to observe all 
the precautions described below to ensure un
eventful healing. 

Which Colorectal Anastomosis: 
Sutured, Circular Stapled, or 
Double Stapled? 

Sutured colorectal anastomoses, described below, 
have been demonstrated to be safe when performed 
with delicacy of technique by a skilled surgeon on 
well dissected healthy tissues. Lesions 9-10 cm from 
the anal verge can generally be removed and a su
tured colorectal anastomosis performed. However, 
when the surgeon resects lesions lower than 10 cm 
from the anal verge, suturing the colorectal anasto
mosis can be difficult. Insertion of the circular stapler 
into the rectum allows construction of a safe col
orectal stapled anastomosis with greater ease for the 
surgeon than is true for the sutured anastomosis. 

If the cancer resection has left a rectal stump sit
uated so low in the pelvis that even insertion of the 
purse-string suture becomes difficult (lesions at 6-8 
cm), use the Roticulator 55 mm linear stapler (U.S. 
Surgical Corp.) to close the proximal edge of the 
rectal stump rather than a purse-string suture. Pass
ing the circular stapler into the rectum then per
mits construction of a circular colorectal anasto
mosis through the linear staple line closing the 
proximal edge of the rectal stump. This method is 
especially suitable for the lowest colorectal anas
tomoses. 

Extent of Lymphovascular Dissection 

Goligher (1975) advocated routine ligation of the in
ferior mesenteric artery at the aorta not only for le
sions of the descending colon but also for rectal can
cer. When this is done, the entire blood supply of 
the proximal colon must come through the marginal 
artery all the way from the middle colic artery (Fig. 
45-1). Although this proves adequate in most pa
tients, there is a danger that the surgeon may not 
recognize those patients whose blood supply is not 
sufficient. We believe the risk of this occurring is 
greater than the benefits that may accrue to the pa
tient by routinely amputating the extra 3 cm of in
ferior mesenteric artery. It is important that the 
blood supply to the proximal colon undergoing anas
tomosis not only be adequate but be optimal before 
this segment is used in a low colorectal anastomo
sis. Consequently, in the usual case of rectal cancer 
we transect the inferior mesenteric artery just distal 
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Fig. 45-2 

to the origin of the left colic vessel (Fig. 45-2). Even 
if only the ascending branch of the left colic artery 
is preserved, there usually is vigorous arterial pulsa
tion in the mesentery of the descending colon. For 
obese patients, transillumination of the mesentery is 
helpful for identifying the junction between the in
ferior mesenteric and left colic arteries. 

If the inferior mesenteric artery is ligated proxi
mal to the takeoff of the left colic artery, be sure al
ways to liberate the splenic flexure and resect most 
of the descending colon unless it can be proven that 

Line or Iransection for 
carcinoma of rectum 

the circulation through the marginal artery at a lower 
level is vigorous. This can be accomplished only by 
demonstrating pulsatile flow from a cut arterial 
branch at the proposed site of the transection of the 
colon. Poor blood flow leads to poor healing. 

In the usual rectal cancer case the sigmoid colon 
is removed and the descending colon is used for 
anastomosis. This generally requires liberation of the 
splenic flexure, which can be accomplished in a few 
minutes once the surgeon has mastered the tech
nique. 



Indications for Complementary 
Colostomy or Loop neostomy 
When there is difficulty constructing a low colorec
tal anastomosis and it is likely the surgeon has cre
ated a less-than-perfect anastomosis, a complementary 
diverting right transverse loop colostomy or loop 
ileostomy should be constructed. It may be closed as 
early as 2 weeks after the low anterior resection if a 
barium enema shows a normal anastomosis. 

Presacral Dissection: Prevention 
of Hemorrhage 
Contrary to what apparently is a widely held per
ception, radical cancer surgery does not require 
stripping the tissues from the sacrum down to the 
periosteum. Dissection of the perirectal tissues prox
imal to the carcinoma is necessary for removal of 
tumor emboli in the lymph nodes and lymphatic 
channels. If tumor has widely invaded the mesorec
tum and presacral tissues, it is generally beyond cure 
by radical surgery. 

There is a network of veins lying on the presacral 
periosteum that drain into the sacral foramina (see 
Fig. 45-8b). When these veins are tom by blunt dis
section, clamping or ligation to control the hemor
rhage that results often is impossible, as the tom ves
sel retracts into the foramen. The massive venous 
hemorrhage that follows may not be stemmed by lig
ating the hypogastric arteries. Most intraoperative fa
talities during total proctectomy are caused by this 
type of presacral venous hemorrhage. 

Nivatvongs and Fang (1986) described a method 
for controlling massive hemorrhage from a tom pre
sacral branch of the basivertebral vein. Because the 
blood pours out of one of the sacral foramina, they 
proposed occluding the foramen with a titanium 
thumbtack (Hemorrhage Occ1uder Pin; Surgin, Pla
centia, CA, USA), that is left permanently in place. 
To accomplish this step effectively, first demonstrate 
that the blood is emerging from a single foramen. If 
the bleeding is controlled by applying the fingertip 
to one foramen, applying the thumbtack will be ef
fective. In some cases stuffing some cottonoid Oxy
cel (oxidized cellulose) into the foramen before in
serting the thumbtack may be helpful. 

If the surgeon cannot quickly control lacerated 
presacral veins with a stitch, a thumbtack, or bone 
wax, the bleeding area should be covered with a 
sheet of Surgicel over which a large gauze pack is 
placed, filling the sacral hollow. This practice almost 
always controls the hemorrhage. 

Unless the presacral vessels are directly invaded 
by a bulky tumor of the mid-rectum, massive pre-
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sacral venous hemorrhage is entirely preventable. 
Blunt hand dissection of the presacral space is not 
a desirable technique. The surgeon's hand does not 
belong in this area until scissors or electrocautery 
dissection under direct vision has freed all the 
perirectal tissues from any posterior attachments to 
the sacrum. This should be done with long Metzen
baum scissors combined with gentle upward trac
tion on the rectum. As the scissors are inserted on 
each side of the midline, the perirectal tissues can 
easily be lifted in an anterior direction without re
moving the thin layer of endopelvic fascia that 
covers the presacral veins. When the presacral dis
section stays in the proper plane, the presacral veins 
are hidden from view by this layer of fascia (see Fig. 
45-8a). Occasionally, branches of the middle sacral 
vessels enter the perirectal tissues from behind and 
can be divided by electrocautery. 

This dissection is easily continued down to the 
area of the coccyx, where the fascia of Waldeyer be
comes somewhat dense as it goes from the anterior 
surfaces of the coccyx and sacrum to attach to the 
lower rectum (see Fig. 45-10). Attempts to pene
trate this fascia by blunt finger dissection may rup
ture the rectum rather than the fasCia, which is 
strong. This layer must be incised sharply with scis
sors or a scalpel, after which one can see the leva
tor diaphragm. When the posterior dissection has 
for the most part been completed, only then should 
the surgeon's hand enter the presacral space to 
sweep the dissection toward the lateral pelvic walls. 
This maneuver helps define the lateral ligaments. 
The dissection should be bloodless. 

Other points of hemorrhage in the pelvic dissec
tion may occur on the lateral walls. They can usu
ally be readily identified and occluded by ligature. 
Pay close attention also to the left iliac vein, which 
may be injured during the course of the dissection. 
As most serious bleeding during pelvic dissections 
is of venous origin, ligation of the hypogastric ar
teries is rarely indicated. 

Presacral Dissection: Preservation 
of Hypogastric Nerves 
As the rectum is elevated from the presacral space 
and the anterior surface of the aorta cleared of areo
lar and lymphovascular tissue, a varying number of 
preaortic sympathetic nerves of the superior hy
pogastric plexus can be identified. They are the con
tribution of the sympathetic nervous system to the bi
lateral inferior hypogastric (pelvic) plexuses. In male 
patients their preservation is necessary for normal 
ejaculation. After they cross the region of the aortic 
bifurcation and sacral promontory, they coalesce into 
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two major nerve bundles, called the hypogastric 
nerves. Each nerve, which may have one to three 
strands, runs toward the posterolateral wall of the 
pelvis in the vicinity of the hypogastric artery (see 
Figs. 45-4, 45-6). With most malignancies of the dis
tal rectum these nerves can be preserved without 
compromising the patient's chances of cure. 

After the inferior mesenteric artery and vein are 
divided and the lymphovascular tissues are elevated 
from the bifurcation of the aorta by blunt dissection, 
the sympathetic nerves remain closely attached to 
the aorta and need not be damaged if the dissection 
is performed gently. At the promontory of the 
sacrum, if the rectum is dissected as described 
above, the right and left hypogastric nerves can be 
seen posterior to the plane of dissection and can be 
preserved provided there is sufficient distance sep
arating them from the tumor. There also seems to 
be diminution in the incidence of bladder dysfunc
tion after nerve preservation. 

Ureteral Dissection 

To prevent damage to the ureters, these delicate 
structures must be identified and traced well down 
into the pelvis. The normal ureter crosses the com
mon iliac artery, at which point this structure bi
furcates into its external and internal branches. Be
cause the ureter and a leaf of incised peritoneum are 
often displaced during the course of dissection, if 
the ureter is not located in its usual position the un
dersurfaces of both the lateral and medial leaves of 
peritoneum should be inspected. The identity of the 
ureter can be confirmed if pinching or touching the 
structure with forceps results in typical peristaltic 
waves. If doubt exists, the anesthesiologist may 
be instructed to inject indigo carmine dye intra
venously, which strains the ureter blue unless the pa-

Fig. 45-3a 

tient is oliguric at the time of injection. The ureter 
should be traced into the pelvis beyond the point at 
which the lateral ligaments of the rectum are divided. 

OPERATIVE TECHNIQUE 

Incision and Position 

Patients who have lesions within 14 cm of the anal 
verge should be placed in the same modified litho
tomy position utilizing lloyd-Davies or Allen leg rests, 
as described in Chapter 46 for abdominoperineal 
proctectomy (Figs. 45-3a, 45-3b). The second as
sistant stands between the patient's abducted thighs 
for the pelvic portion of the operation, and the sur
geon works from the patient's left. In this position 
the surgeon may judge, after the tumor is mobilized, 
whether an anterior anastomosis, abdominoperineal 
proctectomy, or end-to-end anastomosis with the EEA 
stapling device is suitable. These techniques are best 
done with the patient in this position. A midline in
cision, extending from a point about 6 cm below 
the xiphoid process down to the pubis, is used. 

Exploration and Evisceration 
of Small Bowel 
Palpate and inspect the liver. A moderate amount of 
metastasis is not a contraindication to a conservative 
version of the anterior resection. Explore the re
mainder of the abdomen and then eviscerate the 
small bowel into a plastic intestinal bag or moist 
gauze pads. 

Mobilization of Sigmoid 
Expose the left lateral peritoneal gutter. Occlude the 
lumen of the colon by ligating the distal sigmoid with 
umbilical tape. Draw the sigmoid colon medially to 

Fig. 45-3b 
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Fig. 45-4 

expose and divide several congenital attachments 
between the mesocolon and the posterolateral pari
etal peritoneum with scissors (Fig. 45-4), Extend 
the incision in the peritoneum cephalad as far as the 
splenic flexure. 

Identify the left ureter and tag it with a Silastic 
loop for later identification. Use scissors to continue 
the peritoneal incision along the left side of the rec-
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tum down to the rectovesical pouch. Identify the 
course of the ureter well down into the pelvis. Now 
retract the sigmoid to the patient's left and make an 
incision on the right side of the sigmoid mesocolon. 
The incision should begin at a point overlying the 
bifurcation of the aorta and should continue in a cau
dal direction along the line where the mesosigmoid 
meets the right lateral leaf of peritoneum in the pre-
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Fig. 45-5 

Fig. 45-6 

sacral space. After the right ureter has been identi
fied, carry the incision down toward the rectovesi
cal pouch (Figs. 45-5, 45-6), 

If the exposure is convenient, incise the peri
toneum of the rectovesical pouch, or the rectouter
ine pouch in female patients (Fig. 45-5). If the ex
posure is not convenient, delay this step until the 
presacral dissection has elevated the rectum suffi
ciently to bring the rectovesical pouch easily to the 
field of vision. 

Lymphovascular Dissection 
Apply skyward traction to the colon and gently sep
arate the gonadal vein from the lateral leaf of the 
mesocolon, allowing it to fall posteriorly. Insert an 
index fmger between the deep margin of the 
mesosigmoid and the bifurcation of the aorta to feel 
the pulsation of the inferior mesenteric artery lying 
superficial to the fmger. In markedly obese patients 
this vessel may be divided and ligated at the level of 
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Fig. 45-7 

the aortic bifurcation without further dissection. In 
most patients, however, it is simple to incise the 
peritoneum overlying the origin of the inferior 
mesenteric artery and to sweep the areolar and lym
phatic tissue downward until one sees the point at 
which the inferior mesenteric artery gives off the left 
colic branch (Fig. 45-7). In routine cases divide the 
inferior mesenteric vessels between 2-0 ligatures just 
distal to this junction. Then make a superficial 
scalpel incision along the surface of the mesocolon: 
Begin at the point where the inferi0t mesenteric ves
sels were divided and continue to the descending 
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colon or upper sigmoid. Complete the division of 
the mesentery along this line by dividing it between 
serially applied Kelly hemostats and then ligating 
with 2-0 silk or PG (Fig. 45-7). In nonobese patients 
it is feasible to incise the peritoneum up to the point 
where a vessel is visualized and then apply hemo
stats directly to each vessel as it is encountered. With 
this technique, the surgeon encounters only one or 
two vessels on the way to the marginal artery of the 
colon. 

Sweep the mesosigmoid and the lymphovascular 
bundle distal to the ligated inferior mesenteric ves-
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Fig. 45-8a 

Pre acral veins 

Fig. 45-8b 

sels off the anterior surfaces of the aorta and com
mon iliac vessels by blunt dissection. Leave the 
preaortic sympathetic nerves intact. To minimize the 
time during which the patient's abdomen is exposed 
to possible fecal contamination, do not divide the 
descending colon at this stage. 

Presacral Dissection 

With the lower sigmoid on steady upward retrac
tion, it becomes evident that there is a band of tis
sue extending from the midsacral region to the pos
terior rectum and mesorectum. On either side of this 
dense band there is only areolar tissue. Stoutly resist 
any tendency to insert a hand into the presacral 
space. Instead, use long, closed Metzenbaum scis
sors as a blunt dissector (Fig. 45-8a). Insert it first 
to the right of the midline behind the rectum; by 
gently elevating the mesorectum the proper pre
sacral plane is then entered. Repeat this maneuver 
identically on the left side of the midsacralline. Then 
direct attention to the remaining band of tissue, 
which contains branches of the middle sacral artery, 
and divide it with the electrocautery (Fig. 45-8a). 

At this time the surgeon sees a thin layer of fi
broareolar tissue covering the sacrum. If a shiny 
layer of sacral periosteum, ligaments, or the naked 
presacral veins can be seen (Fig. 45-8b) , the plane 
of dissection is too deep, presenting a danger of ma
jor venous hemorrhage. Elevate the distal rectum 
from the lower sacrum with gauze in a sponge
holder. If the dissection has been completed prop
erly, as described, note that the preaortic sympa
thetic nerves divide into two major trunks in the 
upper sacral area and then continue laterally to the 
right and left walls of the pelvis (see Figs. 45-4, 
45-6). Gently dissect these nerves from the poste
rior wall of the specimen unless the nerves have 
been invaded by tumor. 

Now insert a hand into the presacral space, with 
the objective not of penetrating more deeply toward 
the coccyx but, rather, of extending the presacral 
dissection laterally to the right and to the left, so the 
posterior aspect of the specimen is elevated from 
the sacrum as far as the lateral ligaments on each 
side. Place the lateral ligament on the left side on 
stretch by applying traction to the rectum toward 
the right. Place a right-angle Mixter clamp under
neath the lateral ligament and divide the tissue with 
electrocautery (Fig. 45-9). 

Carry out a similar maneuver to divide the right 
lateral ligament. Before dividing each lateral liga
ment, recheck the position of the respective ureter 
and hypogastric nerve to be certain they lie away 
from the point of division. Then divide the fascia of 
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Fig. 45-11b 

Denonvilier's 
-r--- fascia 

Fig. 45-11a 

Waldeyer, which extends from the coccyx to the 
posterior rectal wall (Fig. 45-10). 

Now direct attention to the anterior dissection. 
Use a lloyd-Davies bladder retractor to pull the blad
der (in women, the uterus) in an anterior and cau
dal direction. If the peritoneum of the rectovesical 
pouch has not already been incised, perform this ma
neuver now, thereby connecting the incisions in the 
pelvic peritoneum previously made on the right and 
left sides of the rectum (Fig. 45-11a). Apply one or 
more long hemostats or forceps to the posterior lip 
of the incised peritoneum of the rectovesical pouch. 
Place traction on these hemostats to draw the peri
toneum and Denonvilliers' fascia in a cephalad and 
posterior direction, and use Metzenbaum scissors 
dissection to separate the rectum from the seminal 
vesicles and prostate (Fig. 45-11b). Use blunt fm
ger dissection to further separate the rectum from 
the posterior wall of the prostate. Finally, secure he
mostasis in this region by cauterizing multiple bleed
ing points. 

In female patients the anterior dissection is some
what simpler. With a Harrington retractor elevating 



the uterus, use scalpel dissection to initiate the plane 
of dissection separating the peritoneum and fascia 
of Denonvilliers from the posterior lip of the cervix 
until the proximal vagina has been exposed. Some 
surgeons routinely perform bilateral salpingo
oophorectomy in women who have rectal and sig
moid cancer because the ovaries are sometimes a 
site of metastatic deposit. Whether this step is of 
value has not been ascertained. We do not perform 
this maneuver in the absence of visible metastasis to 
the ovaries. 

Pelvic Hemostasis 

The entire pelvic dissection, if properly performed, 
entails minimal blood loss. Although hemostatic 
clips may control clearly identified vessels along the 
lateral wall of the pelvis, they are not useful in the 
presacral area. Here the vessels consist of thin-walled 
veins, which are easily tom by metallic clips at the 
time of application or during the act of sponging the 
area later. 

Except in the case of a small, clearly defmed 
bleeding point that can be held in a forceps, elec
trocautery may also be hazardous, as the coagulat
ing tip may act as a scalpel and convert the bleed
ing point to a major venous laceration. Here a 
ball-tipped electrode is safer than one with a blade 
or pointed tip. 

See the discussion above, under Operative Strat
egy, concerning the use of a thumbtack to control 
massive presacral bleeding localized to a single fora
men. Almost invariably, presacral bleeding results 
from a tear in one or more of the veins that drain 
into a sacral foramen. When hemorrhage occurs, 
the area of bleeding should be covered by a sheet 
of topical hemostatic agent over which pressure is 
applied with a large gauze pack. Place omentum 
between the pack and the anastomosis. If the area 
of bleeding is only 1-2 cm in diameter, removing 
the gauze pack may be attempted at a later stage 
in the operation, leaving a small patch of hemo
static agent. Unless this maneuver produces com
plete hemostasis, replace the gauze pack in the pre
sacral space and leave it there for 24-48 hours. 
Then remove it by relaparotomy under general 
anesthesia. 

Mobilization of Proximal Colon 

If the previously selected point on the descending 
colon does not easily reach down into the pelvis, 
mobilize the remainder of the descending colon by 
incising first the peritoneum in the paracolic gutter 
and then the "renocolic" ligament. Liberate the en-
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tire splenic flexure according to the steps described 
in Chapter 44. Considerable additional length may 
be obtained by dividing the transverse branch of the 
left colic artery (Fig. 45-1). Completely clear the fat 
and mesentery from a 1 cm width of serosa at the 
point selected for dividing the descending colon. 

Preparation of Rectal Stump 

When the rectum is divided at a low level, the 
mesorectum is no longer a single pedicle traveling 
along the posterior surface of the rectum. Rather, 
it fans out into multiple branches. Select a point 
4-5 cm distal to the lower border of the tumor and 
seek the plane between the muscularis of the rec
tum and the surrounding blood vessels. This plane 
can sometimes be palpated with the finger; and at 
other times a large blunt-nosed hemostat can be in
sinuated into it. In most patients this vascular layer 
can be divided by electrocoagulation after passing 
a right-angle clamp between the vasculature and 
the rectal wall. 

Well delineated longitudinal muscle fibers should 
now be visible all around the lower rectum at the 
site selected for the anastomosis. At this time place 
a large right-angle clamp across the entire lumen of 
the rectum below the tumor. 

Irrigation of Rectal Stump 

If there is any question as to the adequacy of the 
bowel preparation, insert a Foley catheter with a 5 
ml bag into the rectum. Attach the catheter to plas
tic tubing to permit the intermittent inflow and 
drainage of 500 ml of sterile water. This not only re
moves retained fecal matter but lyses any shed tu
mor cells. After the irrigation is completed and the 
rectum is emptied, remove the catheter and apply a 
large right-angle clamp distal to the tumor to occlude 
the rectal lumen. 

Selection of Anastomotic Technique 

Use the side-ta-end suture technique for a low col
orectal anastomosis at or just below the peritoneal 
reflection. Alternatively, a circular stapling device 
may be used. At higher levels, the techniques de
scribed in Chapter 44 are also suitable. See also the 
discussion under Operative Strategy, above. 

Side-to-End Low Colorectal 
Anastomosis (Baker) 

Tum to the previously cleared area on the de
scending colon that is to be used for the anastomo
sis. Apply a 55/3.5 mm linear stapler across this 
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cleared area and flre the staples (Fig. 45-12). Place 
an Allen clamp 1 cm distal to the stapler to occlude 
the specimen side. Divide the colon flush with the 
stapling device using a scalpel and lightly cauterize 
the everted mucosa (Fig. 45-13). Ligate the speci
men side with umbilical tape. After the Allen clamp 
is removed, apply a sterile rubber glove over the lig
ated end and tie the glove in place with another um
bilical tape ligature (Figs. 45-14a, 45-14b). Alter-

Fig. 45-12 

Fig. 45-13 

natively, divide the colon with a linear cutting sta
pler. Retain this segment of colon containing the 
specimen temporarily to provide traction on the rec
tal stump. 

Bring the stapled end ofthe proximal colon down 
into the pelvis and line it up tentatively with the rec
tal stump 4-5 cm beyond the tumor. Place a scratch 
mark along the antimesenteric border of the de
scending colon beginning at a point 1 cm proximal 

TA-55 applied 
-~-- to descending colon 

Stapled end of proximal 
colon brought down to 
pelvis 



Fig. 45-14b 

Fig. 45-14a 
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Rectal segment 
~containing tumor 

Kidney clamp retracting 
rectum anteriorly 

--Guy uture 

____ - __ -'rr-__ Antimescntcric border 
of proximal colon to the stapled end and continuing cephalad for a dis

tance equal to the diameter of the rectal stump. 
Now insert a lateral guy suture into the left lat

eral margin of the rectal stump and the proximal 
colon and hold this suture in a hemostat. Place a sec
ond guy suture in a similar fashion between the right 
lateral margin of the rectum and the colon and hold 
it in a hemostat (Fig. 45-15). Approximate the pos
terior muscular layer with interrupted 4-0 silk Cush
ing sutures, taking bites of colon and rectum 5 mm 
wide. Use a Stratte or a Finochietto angled needle
holder (see Glossary) when sewing deep in the 
pelvis; this facilitates smooth insertion of the curved 
needle. Insert these sutures 6-7 mm behind the an
ticipated lines of transection of the colon and rec-

su ture 

tum. The preferred technique is successive bisection Fig. 45-15 
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Fig. 45-16 

(Figs. 45-16, 45-17). Tie none ofthese sutures un
til all have been placed. When the anastomosis is at 
a very low level, it is convenient to keep the proxi
mal colonic segment well above the promontory of 
the sacrum until all the posterior seromuscular su
tures have been inserted. Be sure these stitches catch 
the longitudinal muscle of the rectum. If only mu
cosa is used for anastomosis, failure is likely. 

Incise the previous scratch mark in the proximal 
colonic segment with a scalpel and Metzenbaum 
scissors (Fig. 45-18). Make a similar incision along 
a line 6-7 mm proximal to the sutures already placed 
in the rectum. 

If exposure is difficult, it is sometimes helpful to 
maintain gentle traction on the tails of the Cushing 
sutures to improve exposure while suturing the mu-
cosa. Then cut the tails of the Cushing sutures suc-
cessively as the mucosal sutures are inserted. Oth-

Fig. 45-17 

erwise, cut all the Cushing sutures at one time, Fig. 45-18 



J 

Fig. 45-19 

except for the two lateral guy sutures, which should 
be retained for the moment. 

Begin the posterior mucosal closure at the mid
point of the posterior layer using an atraumatic su
ture of 3-0 PG. Start a continuous locked suture at 
the midpoint and continue it to the right lateral mar-
gin. The second suture of the same material should 
progress from the midpoint toward the left lateral 
margin of the suture line (Fig. 45-19). 

Divide the anterior wall of the rectum below the 
large right-angle clamp and remove the specimen. 
Request an immediate frozen section histologic ex
amination of the distal margin of the specimen to 
rule out the presence of cancer. If tumor cells are 
found at the margin, resection of additional rectum 
is indicated. 

Now approximate the anterior mucosal layer by 
a continuous suture of the Connell or Cushing type 
(Fig. 45-20). Accomplish this by grasping the nee
dle, which has completed the posterior mucosal 
layer and is now in the lumen at the right margin of 
the anastomosis, and passing it from inside out 
through the rectum. The suture line should progress 
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the anterior layer. When this has been reached, grasp 
the second needle, located at the left lateral margin 
of the posterior mucosal layer. Use this needle to 
complete the anterior mucosal layer from the left lat-

from the right lateral margin toward the midpoint of Fig. 45-20 
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Fig. 45-21 

eral margin to the midpoint where the anterior mu
cosallayer is terminated with the mucosa completely 
inverted (Fig. 45-20). 

Close the anterior muscular layer with inter
rupted 4-0 atraumatic silk Lembert or Cushing su
tures (Figs. 45-21, 45-22). Insert this row of su
tures about 6 mm away from the mucosal suture line 
to accomplish a certain amount of invagination of 
the rectum into the colon. Because the dimension 
of the side-to-end lumen is large narrowing does not 
result. A sagittal section of the anastomosis in Fig
ure 45-23 illustrates this point. After the anasto-

Fig. 45-22 

mosis is completed, carefully inspect the poste
rior suture line for possible defects, which if pre
sent can be corrected by additional sutures. 

At this point cut the sutures and thoroughly ir
rigate the pelvis with a dilute solution of antibi
otics. The large defect in the peritoneum need 
not be closed. This omission has brought no no
ticeable ill effect, probably because the defect is 
so large as not to entrap any small intestine per
manently. 

Make a fmal check to ensure there is no ten
sion on the colorectal suture line. If there is, ad
ditional proximal colon must be liberated. There 
must be sufficient slack that the colonfills up the 
hollow of the sacrum on its way to the anasto
mosis, thereby eliminating any deadspace. 

Alternative to Colorectal 
Side-to-End Anastomosis 

When the surgeon does not find it practicable to 
leave the specimen attached to the rectal stump 
for purposes oftraction (the preferred technique 
described above), an alternative method may be 
used for the anastomosis. After the first step in 
the Baker method (Fig. 45-12) has been com
pleted, remove the specimen by a scalpel inci
sion across the rectum distal to the right-angle 
clamp. This leaves the rectal stump wide open. 
To prevent the short rectal stump from retract
ing beyond the prostate, apply long (30 cm) Al
lis clamps to the right and left comers of the rec
tal stump. Then insert a Lloyd-Davies bladder 
retractor deep to the prostate for exposure. 

Rectal tump 

Fig. 45-23 

Proximal 
colon 



Bring the previously prepared segment of de
scending colon down to the sacral promontory. The 
end of this segment of colon should have already 
been occluded by application of the linear stapling 
device. Make an incision on the antimesenteric bor
der of the colon beginning 1 cm from the stapled 
end and continuing proximally for 4-5 cm, which is 
the approximate diameter of the rectal ampulla. 

Insert a guy suture of atraumatic 4-0 silk from the 
left lateral wall of the rectal stump to the termina
tion of the incision in the colon. Grasp this suture 
in a hemostat without tying it. Place a similar suture 
in the right lateral walls of the rectal stump and 
colon. 

Close the remainder of the posterior wall with in
terrupted horizontal mattress sutures of atraumatic 
4-0 silk. Place the first suture at the midpoint of the 
posterior layer. Using a curved needle, begin the 
stitch on the mucosal side of the proximal colon and 
go from inside out through all layers of colon. Then 
pass the needle from outside in into the rectal stump. 
It is vitally important that the muscularis of the rec
tum be included in this bite. Often the muscularis 
retracts 1 cm or more beyond the protruding rectal 
mucosa. 

Bring the same needle back from inside out on 
the rectal stump and then from outside in on the 
proximal colon. Leave this suture untied but grasp 
it in a hemostat. When it is tied at a later stage in 
the procedure, the knot lies on the mucosa of the 
colon. 

Place the second horizontal mattress suture 
halfway between the first suture and the left lateral 
guy suture by the same technique. Place the third 
suture so it bisects the distance between the mid
point of the posterior layer and the right lateral guy 
suture. Place the remaining stitches by the technique 
of successive bisection until this layer is complete 
(Fig. 45-24). 

The colon should slide down against the rectal 
stump while the assistant holds the ends of all the 
sutures taut. Tie the sutures and leave the tails long, 
grasping each again in a hemostat. Retaining the long 
tails of these stitches and applying mild upward trac
tion improves the exposure for insertion of the mu
cosal sutures. The remainder of the anastomosis is 
similar to that described above for the Baker tech
nique. 

Left 
guy 
suture 

Fig. 45-24 
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Circular Stapled Low 
Colorectal Anastomosis 

To use the circular stapling technique for low col
orectal anastomosis, place the patient in the Lloyd
Davies position, with thighs abducted, anus ex
posed, and sacrum elevated on a small sandbag. For 
tumors situated 6-9 cm above the anal verge, it is 
necessary to dissect the rectum down to the levator 
diaphragm, which requires complete division of 
Waldeyer's fascia posteriorly, dissection of the an
terior rectum away from the prostate to the level of 
the urethra, and division of the lateral ligaments 
down to the levators. 
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Unless the patient has a narrow pelvis, the entire 
levator diaphragm then comes into view (Fig. 
45-25). All of the perirectal lymphatics readily peel 
off the levator musculature. Then follow the poste
rior wall of the rectum down to the puborectalis 
muscle, which marks the cephalad margin of the 
anal canal. Take care not to continue dissecting be
yond the puborectalis, as it is easy to enter the in
tersphincteric plane and liberate the rectum down 
to the anal verge. An anastomosis to the skin of the 
anal canal is technically feasible but would result in 
excision of the internal sphincter together with the 
specimen because the intersphincteric space is the 
natural plane of dissection one enters from above. 

Place a large right-angle renal pedicle clamp 
across the rectum about 1 cm beyond the lower edge 
of the tumor. Then divide the upper colon between 
Allen clamps at the site previously selected for this 
purpose. ligate the cut distal end of the descending 
colon with umbilical tape and cover it with a ster
ile rubber glove (Figs. 45-14a, 45-14b). Bring the 

Fig. 45-25 

proximal colon down into the pelvis. There should 
be sufficient slack in the colon to fill the hollow of 
the sacrum on its way to the site of the anastomo
sis. If not, liberate the transverse colon to achieve 
sufficient slack. 

Next, remove the Allen clamp and gently dilate 
the colon with appropriate sizers or a Foley catheter 
balloon. Dilating the colon may prove the most frus
trating step of the entire operation. Be careful not 
to produce any serosal tears during this maneuver. 
It is advisable to use the largest cartridge possible to 
ensure an ample lumen. 

Then insert a 2-0 Prolene continuous over-and
over whip-stitch starting at the left margin of the 
proximal cut end of the colon (Fig. 45-26a). As
certain that all fat and mesentery have been dis
sected off the distal 1. 5 cm of colon so no fat or 
blood vessels are interposed between the layers of 
bowel included in the staple line. If blood vessels 
are trapped in the staple line, ftring the stapler may 
produce signillcant bleeding in the rectal lumen, 

I'll borectah 111 . 

Ill. 



Fig. 45-26a 

Fig. 45-26b 
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Fig. 45-26c 

which is difficult to control. Alternatively, a purse
string instrument (see Fig. G-33) may be used instead 
of a whip-stitch. 

Insert a sterile short proctoscope into the anal 
canal and aspirate the rectum of its contents. Thor
oughly irrigate the rectum with sterile water to wash 
out any desquamated tumor cells and remove the 
proctoscope. 

Next, insert an over-and-over whip-stitch into the 
rectal stump. To accomplish this, make an incision 
through the full thickness of the rectal wall on its 
left anterolateral aspect, leaving a 4 cm margin be
yond the tumor. Place traction on the right-angle 
clamp to maintain exposure of the lower rectum. 
Initiate a 2-0 atraumatic Prolene over-and-over whip
stitch at the left lateral comer of the rectal stump 
(Fig. 45-26b). As this stitch progresses along the 
anterior wall of the rectum toward the patient's 
right, divide more and more rectal wall (Fig. 
45-26c). Continue the same suture circumferen
tially along the posterior wall of the rectum until the 
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~I n 
Fig. 45-26d 

point of origin at the left lateral wall is reached and 
the specimen is completely detached (Figs. 45-26d, 
45-26e). Do not attempt to insert the whip-stitch af 
ter the specimen has been detached because the rec
tal stump would retract beyond the prostate and su
turing from above would be impossible in the case 
of tumors of the mid-rectum (6-10 cm above the 
anal verge). Each bite should contain 4 mm of full-

Fig. 45-27 

Fig. 45-26e 

thickness rectal wall, and the stitches should be no 
more than 6 mm apart to prevent gaps when the su
ture is tied. A 1.5-2.0 cm width of muscular wall of 
rectum behind the whip-stitch should be cleared of 
fat, blood vessels, and areolar tissue. When the sta
ples are fired, there should be no fat or mesentery 
between the muscular wall of the rectum and the 
seromuscular wall of the proximal colon. Grasp both 



Fig. 45-28 

Fig. 45-29 
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ends of the Prolene purse-string suture in a hemo
stat. Irrigate the pelvis. 

Now move to the perineal portion of the opera
tive field. Check that the stapler is correctly assem
bled. Because devices from different manufacturers 
vary, it is crucial to be familiar with the circular sta
pling device in use. Lubricate the tip of the stapling 
device with sterile surgical jelly. Insert the device 
into the anal canal and the rectum with the trigger 
handles pointing anteriorly (Fig. 45-27). Slowly 
push the anvil of the stapler through the lower rec
tal purse-string suture, then rotate the wing nut at 
the end counterclockwise until the device is wide 
open. Tie the rectal purse-string suture fmnly around 
the shaft of the stapler (Fig. 45-28) and cut the tails 
5 mm from the knot. 

Apply three Allis clamps in triangular fashion to 
the cut end of the proximal colon, the lumen of 
which has been dilated so the colon may be brought 
over the cap of the circular stapler. When this has 
been accomplished, tie the colonic purse-string su
ture and cut its tails 5 mm from the knot (Fig. 
45-29). It is vital to observe the integrity of the two 
purse-string sutures, as any gap in the purse-string 
closures can cause a defect in the anastomosis. 

-
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Fig. 45-30 

Now completely close the circular stapler by ro
tating the wing nut in a clockwise fashion (Fig. 
45-30). Check the vernier marks to confirm com
plete closure. This approximates the anvil to the sta
ple cartridge. If closure is not complete, the staples 
are too far from the anvil and do not close to form 
the B shape. Be sure the vagina, bladder, and ureters 

Fig. 45-31 

are not grasped between the anvil and the cartridge 
during this step. 

Unlock the trigger handles and then strongly com
press them by applying a fum grip (Fig. 45-31). 
Check the strength of the compression by observ
ing if the black mark on the shaft of the instrument 
is in the proper location. If this step is done prop
erly, two circular, concentric rows of staples are 
ftred against an anvil, and a circular scalpel blade ex
cises the tissues compressed by the two purse-string 
sutures in the rectum and colon, reSUlting in a cir
cular stapled anastomosis. 

Now rotate the wing nut counterclockwise the 
recommended number of turns to open the device 
and separate the anvil from the cartridge. Rotate the 
stapler at least 1800 to the right and then to the left 
to free any adherent tissue. Remember that the anvil 
cap is larger than the inner diameter of the anasto
mosis. Extract the anvil by depressing the stapling 
device handle toward the floor, thereby elevating 
the anterior lip of the anvil. Extract this lip fust; then 
deliver the posterior lip by elevating the handle. It 
is sometimes helpful if the assistant grasps the an
terior rectal stump with a gauze pad or inserts a Lem
bert suture to stabilize the staple line while the anvil 
is being extracted (Figs. 45-32, 45-33). 

After the instrument has been removed, tum the 
thumb screw on the cap of the staple cartridge coun
terclockwise and remove the cap containing the 
anvil to reveal the segments of rectum and colon 
that have been amputated. The cartridge should con
tain two complete circles, each resembling a small 
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doughnut. One represents the proximal margin of the 
rectum and the other the distal margin of the proxi
mal colon. Any gap in either of the two circles of 
bowel indicates a defect in the stapled anastomosis 
caused by the bowel pulling out of the purse-string 
suture before being stapled. Locate and repair any 
such defects. Consider a complementary colostomy 
or loop ileostomy. 

Now check the integrity of the stapled anasto
mosis by digital examination. An additional test of 
integrity is to flood the pelvis with sterile saline. Wait 
until all air bubbles have disappeared and then ap
ply an atraumatic Doyen clamp to the colon above 
the anastomosis. The assistant then inserts an 
Asepto-type syringe or a Foley catheter into the anus 
and pumps air into the rectum while the surgeon 
palpates the colon. When the colon is inflated with 
air under only a moderate degree of pressure, ob
serve the pool of saline for air bubbles. The absence 
of air bubbles is fairly reliable evidence of an intact 
anastomosis. If air bubbles are detected, attempt to 
fmd the source of the leak and repair it with sutures. 
Create a transverse colostomy if the leak cannot be 
located or if the suture repair seems unreliable. An
other method is to insert a Foley catheter into the 
rectum and, through it, instill a sterile solution 
of methylene blue dye. Inspect the anastomosis 
for leakage of the dye. Use a sterile angled dentist's 

Operative Technique 443 

mirror to help observe the posterior aspect of the 
anastomosis. 

Double-Stapled Technique for Very 
Low Colorectal Stapled Anastomosis 

There are several situations in which the double
stapled method is advantageous. First, when the rec-

Fig. 45-33 
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Fig. 45-34 

Fig. 45-35 

tum is unusually thick or large, even the largest cir
cular stapler cartridge is too small to accommodate 
the large bulk of tissue. Forcing this large bulk of tis
sue into the cartridge results in extruding some 
of the tissue between the colon and rectum being 
anastomosed (Fig. 45-34). Because the tissue is de
vitalized, it may interfere with healing and cause 
leakage. When the rectum is bulky, instead of a purse
string suture apply the Roticulator-55 stapler and 
close the rectum with a line of staples. Then ampu-

tate the specimen. If a circular stapling device is in
serted into the rectum, the circular stapled colorec
tal anastomosis does not encompass a large bulk of 
rectum, only a relatively thin circle of rectum (Fig. 
45-38). Second, it is possible to close the rectal 
stump at a significantly lower level, as it is much 
simpler to apply the stapler in this location than to 
insert a purse-string suture. Third, in patients who 
have undergone a Hartmann operation, when per
forming the colorectal anastomosis to the stump of 
rectum left behind after the Hartmann operation in
serting the circular stapling device into the rectal 
stump makes reversal of the Hartmann operation 
much simpler than would construction of a sutured 
colorectal anastomosis. 

Anterior resection of the rectum proceeds in the 
same manner as described above, except that the 
dissection generally continues farther into the pelvis 
than the average case, as the Roticulator-55 can be 
inserted closer to the anal canal than other methods 
of excising the rectum. After dissection is com
pleted, using the usual retractors on the bladder or 
uterus, apply the Roticulator-55 to encompass the 
entire lower rectum and no adjacent pelvic tissues 
(Fig. 45-35). Dissect the rectum down to the lon
gitudinal muscle on all sides. After firing the stapler, 
apply a long-angled clamp to occlude the proximal 
rectum and then use the scalpel to divide the rec
tum flush with the proximal margin of the Roticu
lator device (Fig. 45-36). Locate the upper end of 
the specimen. Divide the colon and remove the spec
imen. Insert a 2-0 Prolene purse-string suture close 
to the cut margin of the colon; then insert the de
tached anvil into the colon and tie the purse-string 
suture (Fig. 45-37). 

Insert the circular stapler cartridge, with the shaft 
containing the trocar recessed, through the anus into 
the rectum. Advance the instrument cautiously to 
the staple line ofthe closed rectal stump. Rotate the 
wing nut at the base of the stapler to advance the 
trocar through the rectal stump. Aim at a spot just 
anterior to the midpoint of the staple line. When the 
trocar has emerged through the rectal stump, re
move the trocar (Fig. 45-37). Now engage the anvil 
shaft into the cartridge shaft. Under direct vision, 
slowly close the wing nut in such fashion that the 
anvil and the cartridge are properly approximated 



Fig. 45-36 

Fig. 45-37 



446 Low Anterior Resection for Rectal Cancer 

Fig. 45-38 

(Fig. 45-38). Then fIre the stapler (Fig. 45-39). 
Now open the stapler and remove it as previously 
described. Carefully check the anastomosis and both 
"doughnuts" as previously described. 

PitfaUs and Danger Points of Circular 
Stapled Colorectal Anastomosis 

Most defects in the staple line are the result of an 
imperfect purse-string suture. If this suture does not 
hold the entire cut end of the bowel close to the 
shaft of the stapling instrument, the staples cannot 
catch the complete circumference of the colon 
or rectum, resulting in a defect and postoperative 
leakage. If complete doughnut-like circles of full
thickness rectum and colon can be identifIed after 
the device has been fIred, it indicates that the sta
ples have passed through complete circles of bowel 
and there should be no defect. 

Low colorectal circular stapled anastomoses fail 
also when too much bowel is left beyond the purse
string sutures. When an excessive volume of tissue 
is admitted into the cartridge, the capacity of the 
cartridge is exceeded. This results in extrusion of tis-

sue when the cartridge is compressed against the 
anvil. The devitalized extruded tissue may emerge 
between the two walls of stapled bowel and inter
fere with healing. It is also essential to remove fat 
from the two bowel walls in the area where the sta
ples are to be inserted. 

One important exception to use the whip-stitch 
is where the rectal diameter is large. When a whip
stitch is used to compress a large rectum, it is some
times impossible to snug the entire diameter up 
close to the shaft of the stapling device. In this case 
close the rectum with a linear stapler and use the 
double-stapled method. 

An additional pitfall should be noted. If the trig
ger handles of the instrument are not compressed 
fully, the circular scalpel blade fIres incompletely. 
The staples may be driven home, but the redundant 
colon and rectum within the anvil are not cut. Force
ful removal of the stapling device under these con
ditions disrupts the entire anastomosis. 

When the anvil cannot be disengaged easily, do 
not use force. Rather, make a colotomy incision on 
the antimesenteric border of the upper colon 3-4 
cm above the staple line. Then unscrew and remove 



Fig. 45-39 

the anvil through the colotomy. Extracting the sta
pler from the anus is now a simple matter. Inspect 
the interior of the anastomosis through the colotomy 
opening. If a septum of inverted bowel remains in the 
lumen inside the circle of staples, excise the septum 
using a Potts angled scissors. Close the colotomy with 
a 55 mm linear stapler. 

An obvious cause of failure is the erroneous use 
of a cartridge or stapler that has been fired already. 
In this case the circular blade may function, but 
there are no staples; the surgeon is left with two cut 
ends of bowel, but no anastomosis. To avoid this er
ror, before attaching the anvil look closely into the 
cartridge to be certain it is properly loaded with sta
ples and a circular blade. 

Unless the stapler is fully opened, it cannot be re
moved from the rectum after firing the staples. This 
mishap occurs because the anastomosed bowel is 
still being grasped between the staple cartridge and 
the anvil, and forceful attempts to dislodge the sta
pler disrupt the anastomosis. 
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As mentioned above, if the screw that caps the 
anvil is not screwed on tightly or if the wing nut 
near the handle is not completely closed before 
the staples are fired, the space between the staple 
cartridge and the anvil is excessive. It prevents 
proper closure of the legs of the staples, in which 
case the anastomosis may pull apart at the slight
est stress. Never use hemostatic clips on any part 
of the colon or rectum that may be included in the 
stapled anastomosis because these metal clips pre
vent proper function of the staples and the stapler 
blade. 

Intraluminal hemorrhage following a stapled 
anastomosis occurs if mesenteric blood vessels have 
been trapped in the staple line and are transected 
by the blade. Bleeding may be controlled by cautious 
electrocautery through a proctoscope or by insert
ing sutures through a proximal colotomy. 

When the stapled anastomosis is situated at or 
above the cephalad margin of the anal sphincter 
muscles (i.e., at or above the puborectalis compo-
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nent of the levator muscle), fecal continence is not 
lost. However, because the proximal colon segment 
does not function as a reservoir, the patient defe
cates frequently during the first few months. Each 
peristaltic contraction results in evacuation of a 
small, formed stool; but there is no inadvertent loss 
of stool or liquid. On the other hand, if the anasto
mosis is at or below the dentate line, the loss of the 
internal sphincter results in some degree of fecal in
continence for 3-6 months and sometimes perma
nently. 

Goligher (1979) described insertion of the purse
string suture into the rectal stump by a transanal ap
proach after dilating the anus and inserting a self
retaining bivalve Parks rectal retractor. Goligher 
recommended this maneuver in cases where the 
purse-string suture cannot be inserted from the ab
dominal approach. Unfortunately, this technique 
results in excision of the internal sphincter muscle 
and produces some degree of fecal incontinence if 
the stapled anastomosis is placed at or below the 
dentate line. If the transanal approach is used, make 
every effort to insert the purse-string or whip-stitch 
into the rectal stump in the upper segment of the 
anal canal to ensure retention of the internal sphinc
ter muscle. If the rectal stitch cannot be properly 
applied, one can perform a transanal end-to-end su
tured anastomosis by the method of Parks, which 
makes a point of preserving the internal sphincter 
muscle. A coloanal anastomosis may be con
structed by a technique similar to that described 
in Chapter 48 for the ileoanal pouch. 

When the rectal stump is too short to insert a 
purse-string stitch from above, it is usually possible 
to use the Roticulator stapler instead (Fig. 45-35). 
We are enthusiastic about the double-staple tech
nique for colorectal anastomoses that are so low it 
would be difficult to use sutures. We have resected 
tumors 6 cm from the anal verge using the stapler 
with a 2 cm margin of normal tissue, performing a 
successful stapled anastomosis flush with the upper 
margin of the anal canal. 

Complementary colostomy and presacral drain
age should be used following a stapled anastomosis 
under the same conditions that would lead the sur
geon to use these modalities following a sutured col
orectal anastomosis. We routinely employ closed
suction presacral drainage for low extraperitoneal 
anastomoses. 

For stapled intraperitoneal anastomoses above 
the pelvis, we prefer a functional end-to-end anas
tomosis (see Figs. 44-35 through 44-38) rather than 
the circular stapled procedure. The latter often takes 
more time and is prone to more technical compli
cations than the functional end-to-end method. 

Wound Closure and Drainage 
Remove the wound protector drape. The surgical 
team should change its gloves and discard all con
taminated instruments. Thoroughly irrigate the ab
dominal cavity and wound with an antibiotic solu
tion. Close the incision in the usual fashion. 

POSTOPERATIVE CARE 

Nasogastric suction for 3-5 days 

No oral intake for the first 4-6 days 

Continuation of perioperative antibiotics for 24 
hours 

Constant bladder drainage via Foley catheter for 6-7 
days 

Presacral suction catheters attached to closed suc
tion drainage 

Drainage catheter removed after 5 days unless there 
is significant drainage volume 

Radiation therapy for selected patients, depending 
on the stage of disease 

COMPLICATIONS 

Bladder dysfunction may follow low anterior re
section, especially in men with prostatism, but it is 
much less common than after abdominoperineal 
proctectomy. Generally, function resumes after 6-7 
days of bladder drainage. 

Pelvic sepsis secondary to anastomotic leakage is 
the most common serious complication following 
low colorectal anastomosis. Any patient with fever, 
leukocytosis, and ileus following low anterior re
section should be assumed to have a leaking anas
tomosis and a pelvic abscess. Clinical manifestations 
of this complication commonly occur between the 
sixth and ninth postoperative days. Cautious digital 
examination of the rectum by the surgeon may prove 
to be diagnostic if the finger discloses a defect in the 
suture line, generally on its posterior aspect. Care
ful proctoscopic examination may disclose evidence 
of a defect in the suture line. 

The presence of pelvic sepsis can almost always 
be confmned by pelvic CT and can often be treated 
by CT-guided percutaneous catheter drainage. A pa
tient may have sustained a pelvic abscess even in the 
absence of a definite defect in the suture line. Con
sequently, a patient who is febrile and toxic should 
undergo drainage of any septic process if CT-guided 
percutaneous catheter drainage is not successful. In 
some cases the patient also requires fecal diversion 
by transverse colostomy or loop ileostomy. 



Patients with mild systemic symptoms who are 
suspected of having a pelvic infection may be treated 
by food withdrawal, intravenous antibiotics, and hy
peralimentation. Occasionally, a presacral abscess 
drains into the rectum through the anastomosis 
without making the patient seriously ill. It must be 
remembered, however, that anastomotic leakage 
and pelvis sepsis constitute potentially lethal com
plications that often require vigorous management. 

Sexual dysfunction in men may follow low an
terior resection, especially in patients with large tu
mors and who require extensive dissection of the 
presacral space, lateral ligaments, and prostatic area. 
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INDICATIONS 

Malignancy of distal rectum or anus not amenable to 
sphincter-preserving techniques 

PREOPERATIVE PREPARATION 

Sigmoidoscopy and biopsy 

Barium enema or colonoscopy 

Computed tomography (CT) of abdomen and pelvis 

Endorectal ultrasonography and other staging stud
ies as indicated 

Correction of anemia if necessary 

Mechanical and antibiotic bowel preparation 

Indwelling Foley catheter in bladder 

Nasogastric tube 

Perioperative antibiotics 

PITFALLS AND DANGER POINTS 

Hemorrhage 

Presacral veins 

Left iliac vein 

Middle hemorrhoidal artery 

Hypogastric arterial branches 

Gastrointestinal vessels 

Rupture of rectum during dissection 

Colostomy ischemia, producing postoperative necrosis 

Colostomy under excessive tension, leading to post
operative retraction and peritonitis 

Separation of pelvic peritoneal suture line, causing 
herniation and obstruction of small intestine. 

Inadequate mobilization of pelvic peritoneum, re
sulting in failure of newly constructed pelvic floor 

450 

to descend completely; resulting empty space en
courages sepsis 

Genitourinary 

Ureteral trauma, especially during dissection in 
the vicinity of lateral ligaments of the rectum; inad
vertent ureteral ligation; especially during recon
struction of pelvic floor 

Urethral laceration during dissection of perineum 
in male patients 

OPERATIVE STRATEGY 

Abdominal Phase 
The initial abdominal phase of the dissection is es
sentially identical to that performed for a low ante
rior resection. See Chapter 45 for a detailed discus
sion of the strategy relevant to this phase. 

Colostomy 

The colostomy may be brought out through the left 
lower quadrant musculature, the midline abdominal 
incision, or the belly of the left rectus muscle. If the 
colostomy is brought out laterally, the 3- to 5-cm gap 
between the colon and the lateral portion of the ab
dominal wall should be closed or a retroperitoneal 
colostomy performed; otherwise the small bowel 
may become incarcerated in the lateral space. On 
the other hand, if the colostomy is brought out some
where near the midline of the abdomen, there is no 
need to close this space, which becomes so large 
that movement of small bowel can take place freely 
without complication. 

Goligher (1958) reported a method of bringing 
the colostomy out through a retroperitoneal tunnel 
to the opening in the abdominal wall sited in the lat
eral third of the rectus muscle a few centimeters be
low the umbilicus. When the peritoneal pelvic floor 
is suitable for closure by suturing, this technique is 



another satisfactory method of creating the sigmoid 
colostomy (see Figs. 46-19 to 46-22). 

To prevent necrosis of the colostomy, confirm that 
there is adequate arterial blood flow to the distal por
tion of the exteriorized colon, equivalent to that re
quired if an anastomosis were made at this point. Even 
in the presence of adequate arterial flow, ischemia of 
the colostomy may occur if an obese mesentery is 
constricted by a tight colostomy orifice. 

Postoperative retraction of the colostomy may re
sult if abdominal distension causes the abdominal 
wall to move anteriorly. For this reason the limb of 
colon to be fashioned into a colostomy should pro
trude without tension for 5 cm beyond the level of 
the abdominal skin before any suturing takes place. 

Pelvic Floor 

Because intestinal obstruction due to herniation of 
the ileum into a defect in the reconstructed pelvic 
floor is a serious complication, a number of sur
geons now omit the step of resuturing the pelvic 
peritoneum. If no attempt is made to reperitoneal
ize the pelvic floor, the small bowel descends to the 
level of the sutured levators or subcutaneous layers 
of the perineum. Intestinal obstruction during the 
immediate postoperative period does not appear to 
be common following this technique. However, if 
intestinal obstruction does occur at a later date, it 
becomes necessary to mobilize considerable small 
bowel, which is bound down by dense adhesions 
in the pelvis. It often results in damage to the in
testine, requiring resection and anastomosis to re
pair it. Thus it appears logical to attempt primary 
closure of the pelvic peritoneum to prevent this 
complication, provided enough tissue is available 
for closure without undue tension. The peritoneal 
floor should be sufficiently lax to descend to the 
level of the reconstructed perineum. This elimi
nates the deadspace between the peritoneal floor 
and the other structures of the perineum. As total 
proctectomy is done primarily to remove lesions of 
the lower rectum, there is no need for radical re
section of the perirectal peritoneum. One should 
conserve as much of this layer as possible. If it ap
pears that a proper closure is not possible, it is 
preferable to leave the floor entirely open. Other
wise the deadspace between the peritoneal di
aphragm and the perineal floor often leads to dis
ruption of the peritoneal suture line and to bowel 
herniation. Creating a vascularized pedicle of omen
tum is a good way to fill the pelvic cavity with vi
able tissue and to prevent the descent of small 
bowel into the pelvis. 
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Perineal Phase 

Position 

Turning the patient to a prone position provides the 
best exposure for the surgeon but imposes a num
ber of disadvantages on the patient. First, circulatory 
eqUilibrium may be disturbed by turning the patient 
who is under anesthesia. Also, changing positions 
prolongs the operative procedure, as it is not possi
ble to have one member of the surgical team close 
the abdominal incision while the perineal phase is 
in process. Similar objections can be raised about 
the lateral Sims position. 

For these reasons we favor the position described 
here. The patient lies supine, with the sacrum ele
vated on a folded sheet or sandbag and the lower 
extremities supported by Lloyd-Davies leg rests, 
causing the thighs to be widely abducted but flexed 
only slightly; the legs are supported and moderately 
flexed. This mild flexion of the thighs does not in
terfere in any way with the abdominal procedure, 
and the second assistant can stand comfortably be
tween the patient's legs while retracting the bladder 
(see Figs. 45-3a, 45-3b). 

Whether the abdominal and perineal phases are 
carried on synchronously by two operating teams or 
one team does the complete procedure, positioning 
the patient in this manner gives the surgeon the op
tion of doing some portions of the procedure from 
below and then switching to the abdominal field in 
response to the exigencies of a particular step. It fa
cilitates safe lateral dissection of large tumors and 
complete hemostasis in the pelvis. Some vessels may 
be easier to control from below, and others should 
be clamped from above. In addition, after the sur
geon has completed suturing the pelvic peritoneum, 
suction can be applied from below to determine if 
there is a deadspace between the pelvic floor and 
the perineal closure. After removing the specimen 
it is fairly simple to have closure of both the ab
domen and perineum proceed simultaneously. 

Closure of Perineum 

Primary closure of the perineum is now routine, par
ticularly if there has been no fecal spillage in the 
pelvis during the course of resection, and good he
mostasis has been accomplished. Primary healing 
has been obtained in most of our patients operated 
on for malignancy when the perineum is closed per 
primam with insertion of a closed-suction drainage 
catheter. Suction applied to the catheter draws the 
reconstructed peritoneal pelvic floor downward to 
eliminate any empty space. 
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In patients with major presacral hemorrhage, tam
ponade the area with a sheet of topical hemostatic 
agent covered by a large gauze pack, which is 
brought out through the perineum. Remove the 
gauze in the operating room on the first or second 
postoperative day after correcting any coagulopathy 
and achieving full resuscitation. 

In patients who have experienced major pelvic 
contamination during the operation, the perineum 
should be closed only partially and drained with 
both latex and sump drains. In female patients, man
agement of the perineum depends on whether one 
has elected to remove the posterior vagina. For small 
anterior malignancies, the adjacent portion of the 
posterior vagina may be removed with the speci
men, leaving sufficient vagina for primary closure 
with PG. When the entire posterior vaginal wall has 
been removed along with large anterior lesions, the 
perineum should be closed with sutures to the lev
ator muscles, subcutaneous fat, and skin. This leaves 
a defect at the site of the vaginal excision through 
which loose gauze packing should be inserted. If 
there is primary healing of the perineal floor, gran
ulation fIlls this cavity and vaginal epithelium re
generates in 1-3 months. Vaginal resection need not 
be done for tumors confIned to the posterior por
tion of the rectum. 

Dissection of Perineum 

The most serious pitfall during perineal dissection is 
inadvertent transection of the male urethra. This can 
be avoided if the anterior part of the dissection is 
delayed until the levator muscles have been divided 
throughout the remainder of the circumference of 
the pelvis and the prostate identifIed. It is important 
not to divide the rectourethralis muscle at a point 
more cephalad than the plane of the posterior wall 
of the prostate (see Fig. 46-11). Alternatively, one 
should identify the transverse perineal muscles. If 
the dissection is kept on a plane posterior to these 
muscles, the urethra is out of harm's way. 

Hemostasis 

All bleeding during the perineal dissection can be 
controlled by accurate application of electrocautery. 
Here, as elsewhere during abdominal surgery, if elec
trocautery is applied to a vessel that is well isolated 
from surrounding fat, ligature is not necessary. 
Whether electrocautery is applied directly to a bleed
ing point or to forceps or a hemostat depends on 
the preference of the surgeon. With the cautery de
vice it is possible to obtain complete control of 
bleeding in this area without undue loss of blood or 
time. 

OPERATIVE TECHNIQUE 

Position 

Place the patient in the supine position, with the 
sacrum elevated on several folded sheets or a sand
bag and the thighs flexed only slightly but abducted 
sufficiently to allow adequate exposure of the per
ineum. The legs should be flexed slightly and the 
calves padded with foam rubber and supported in 
lloyd-Davies leg rests (see Figs. 45-3a, 45-3b). If the 
thighs are not flexed exceSSively, there is no inter
ference with performance of the abdominal phase 
of the operation. The second assistant should stand 
between the patient's legs during the abdominal 
phase. Bring the indwelling Foley catheter over the 
patient's groin and attach it to a plastic tube for grav
ity drainage into a bag calibrated to facilitate mea
surement of hourly urine volume. In men, fIx the 
scrotum to the groin with a suture. Close the anal 
canal with a heavy purse-string suture. 

Carry out routine skin preparation of the ab
domen, perineum, and buttocks. Drape the entire 
area with sterile sheets. After these steps have been 
completed, the operation can be performed with 
two teams working synchronously or by one team 
alternating between the abdomen and the perineum. 

Incision and Exploration: Operability 

Make a midline incision beginning at a point above 
the umbilicus and continuing to the pubis (see Fig. 
45-3a). Separate the pyramidalis muscles as the pu
bis is approached because getting an extra 1-2 cm 
closer to the pubis improves the exposure signifI
cantly. Open the peritoneum and carry out a gen
eral exploration. 

In most cases the resectability of a rectal carcinoma 
cannot generally be determined until a later step in 
the operation, when the presacral space is open. Ac
curate preoperative staging has eliminated most of 
these intraoperative dilemmas. When a tumor invades 
the sacrum posteriorly or the prostate anteriorly, at
tempting to core out the rectum by forcing a plane 
through the tumor is a fruitless and sometimes dan
gerous endeavor. If much tumor is left behind in the 
presacral space, the palliation attained is negligible be
cause if it invades the presacral nerves it produces the 
most distressing of all symptoms in this disease, ex
treme perineal pain. On the other hand, many tumors 
are frrmly adherent to the sacrum without having in
vaded it. These lesions should be resected. Cases of 
borderline resectability may benefIt from preoperative 
neoadjuvant therapy. Local invasion of the ureter does 
not contraindicate resection, as the divided ureter at 
this low level can be implanted into the bladder. 



Fig. 46-1a 

Mobilization of Sigmoid, 
Lymphovascular Dissection, and 
Presacral Dissection 
The abdominal phase of this operation proceeds 
down to the levator diaphragm, as previously out
lined (see Figs. 45-4 through 45-11). 

The last step in the abdominal portion of the pro
cedure is to divide the sigmoid colon at a point that 
permits the proximal colon to be brought out of the 
abdominal incision with at least 5 cm of slack to 
form an end-colostomy. Use the GIA stapling device, 
which simultaneously applies staples and divides the 
colon (Figs. 46-1a, 46-1b). Tie a rubber glove over 
the end ofthe distal sigmoid to preserve sterility (see 
Figs. 45-14a, 45-14b). After this step abandon the 
abdominal dissection temporarily and initiate the 
perineal stage. 

Pelvic Hemostasis 

Obtain pelvic hemostasis as previously described 
(see Chapter 45). Sometimes bleeding is more eas-
ily controlled after the perineal phase is completed. Fig. 46-1b 
If massive hemorrhage is encountered and cannot 
be controlled, place gauze packs in the pelvis and 
remove them in 24-48 hours through the per-
ineum. 
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Fig. 46-2 Fig. 46-3 

Fig. 46-4 
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Perineal Dissection 

The anus is already closed by a heavy, silk purse
string suture. In male patients make an elliptical in
cision in the skin beginning at a point 3-4 cm an
terior to the anal orifice and terminating at the tip 
of the coccyx (Fig. 46-2). In female patients with 
small posterior lesions make the incision from a 
point just behind the vaginal introitus to the tip of 
the coccyx. For anterior lesions in women, leave a 
patch of posterior vagina, including the posterior 
portion of the vaginal introitus, attached to the rec
tum in the region of the tumor (Figs. 46-3, 46-4). 

In all cases carry the scalpel incision down into 
the perirectal fat and then grasp the ellipse of skin 
to be removed in three Allis clamps. While the anus 
is retracted to the patient's right, have the assistant 
insert a rake retractor to draw the skin of the per
ineum to the patient's left. Then incise the perirec
tal fat down to the levator diaphragm (Fig. 46-5). 
Generally, two branches of the inferior hemor
rhoidal vessels appear in the perirectal fat just su
perficial to the levators. Each may be secured by 
electrocautery. Accomplish the identical procedure 
on the right side of the perineum. 

After identifying the anococcygealligament at the 
tip of the coccyx, use electrocautery to divide this 
ligament transversely from its attachment to the tip 
of the coccyx (Figs. 46-6, 46-7). Note at this point 
that if the surgeon's index fmger is inserted anterior 
to the tip of the coccyx it may be unable to enter 
the presacral space. A dense condensation of fascia 
(Waldeyer's fascia) attaches the posterior rectum to 
the presacral and precoccygeal area. If this fascia is 
tom off the sacrum by blunt technique, the presacral 
venous plexus may be entered, producing hemor
rhage. Therefore Waldeyer's fascia must be incised 
at the termination of the abdominal portion of the 
presacral dissection or at the present stage during 

Transverse perineal m. 

Fig. 46-6 
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Fig. 46-5 

Fig. 46-7 



Fig. 46-8 

Puborectalis m. 

Fig. 46-9 



perineal dissection. From the perineal aspect this is 
a simple maneuver, as it requires only sharp division 
of the fascia with a scalpel or electrocautery in the 
plane just deep to the anococcygeal ligament. As 
soon as this is accomplished it becomes evident that 
the abdominal and perineal phases of the dissection 
have joined. 

The surgeon should then insert the left index fm
ger underneath the left side of the levator diaphragm 
and, with the coagulating current, transect the lev
ator muscles upward beginning from below, leaving 
a portion of the diaphragm attached to the speci
men (Fig. 46-7). Continue this incision in the mus
cular diaphragm up to the region of the puborectalis 
sling on the anterior aspect of the perineum but not 
through it. 

Use the identical procedure to divide the right
hand portion of the levator diaphragm. Because the 
greatest danger of the perineal dissection in men is 
the risk of traumatizing the urethra, delay the ante
rior portion of the dissection until all the other land
marks in this area have been delineated. To facilitate 
this delineation, the transected rectosigmoid speci
men may be delivered through the opening in the 
posterior perineum at this time (Fig. 46-8). Insert 
an index fmger underneath the puborectalis muscle 
and transect it with electrocautery (Figs. 46-8, 

Fig. 46-10 
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Rectourethralis m. 

Fig. 46-11 

46-9). The prostate was exposed during the ab
dominal dissection; at this time palpate it and visu
alize it from below. Make a projection of the plane 
along the posterior aspect of the prostate gland (Fig. 
46-10). Where this plane crosses the rectourethralis 
muscle, the muscle may be transected safely and the 
specimen removed (Fig. 46-11). Another landmark, 
sometimes difficult to identify in obese patients, is 
the superficial transverse perineal muscles. The an
terior plane of dissection should be posterior to 
these muscles. Finally, divide the remaining attach-
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Fig. 46-12 

ments to the prostate (Fig. 46-12) and remove the 
specimen. 

The above precautions do not apply in women. 
If the vagina is to be preserved, the anterior dissec
tion should follow a plane just posterior to the 
vagina. The wall of the vagina should not be trau
matized or devascularized during this dissection, as 
it might well lead to a perineovaginal fistula, which 
is difficult to manage. It is better to excise the pos
terior wall of the vagina than to devascularize it par
tially during the dissection. If the posterior wall of 
the vagina is to be removed, use electrocautery to 
continue the perineal skin incision across the vagi
nal introitus (Fig. 46-4). Complete hemostasis is eas
ily attained when the vagina is incised by electro
cautery. Leave a patch of vagina of appropriate 
dimensions attached to the specimen. Irrigate the 
presacral space with a dilute antibiotic solution. He
mostasis should be absolute and complete and is eas
ily accomplished using electrocautery and ligatures 
as one assistant works from above and the surgeon 
works from below. 

Management of Pelvic Floor 

In women whose posterior vaginal wall remains in
tact and in all men, the perineum may be closed per 
primam if there has been no fecal contamination and 
if hemostasis is excellent. First, accomplish presacral 

Fig. 46-13 



Fig. 46-14 

drainage by inserting one or two closed-suction 
drainage catheters, each 6 mm in diameter. Introduce 
one catheter through a puncture wound of the skin 
in the posterior portion of the perineum about 4 cm 
to the left of the coccyx and a second through a sim
ilar point at the right. Suture each catheter to the skin 
surrounding its exit wound (Fig. 46-13). Place the 
tips of the catheters in the presacral space. In some 
cases the posterior levator diaphragm may be partially 
reconstructed using 2-0 PG sutures. Accomplish the 
remainder of the perineal closure with one or two 
layers of interrupted PG to the subcutaneous fat and 
a subcuticular suture of 4-0 PG to close the skin. As 
soon as the abdominal surgeon has closed the pelvic 
peritoneum, apply continuous suction to the two 
drainage catheters to draw the peritoneum down to 
the newly reconstructed pelvic floor. The surgeon's 
aim must be to eliminate any possible deadspace be
tween the peritoneal closure and the pelvic floor. 
These closed suction drains may also be brought out 
via a stab wound in the lower abdominal wall. 

When the posterior vaginal wall and the speci
men have been excised, attempt to fabricate a sub
stitute posterior wall with interrupted PG sutures to 
the perineal fat and to the residual levator muscle 
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(Fig. 46-14). If this can be accomplished, within a 
few months after the operation the vaginal mucosa 
grows over this newly constructed pelvic floor, 
restoring the vaginal tube. Pack the posterior defect 
loosely with sterile gauze. Bring the gauze out 
through the newly reconstructed vaginal introitus af
ter the remainder of the perineal fat and skin have 
been closed, as described above (Fig. 46-15). If it 

Fig. 46-15 



460 Abdominoperineal Resection for Rectal Cancer 

Fig. 46-16 

Fig. 46-17 Fig. 46-18 



is deemed desirable, a sump catheter can be brought 
out from the presacral space through the same de
fect, but it is not done routinely. 

While the assistant is closing the perineum, the sur
geon should return to the abdominal approach to dis
sect the pelvic peritoneum free from its surrounding 
attachments to the lateral pelvic walls and bladder. 
TIlis enables the peritoneum to be closed without ten
sion (Fig. 46-16). Use a continuous atraumatic su
ture of 2-0 PG. If there is insufficient peritoneum to 
permit the peritoneal diaphragm to descend to the 
level of the newly constructed perineal floor, leave 
the peritoneum completely unsutured. 

colostomy 
The colostomy may be brought out through the up
per portion of the midline incision, in which case it 
is not necessary to close the intraperitoneal gap lat
eral to the colostomy. Through the midline incision, 
at a point where 5 cm protrudes from the anterior 
abdominal skin surface without tension, bring out 
the segment of colon previously selected to form the 
colostomy. If this point is near the umbilicus, excise 
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the umbilicus for more postoperative cleanliness. 
Close the abdominal wall with one layer of monoffi
ament 1-0 PDS; an index fmger should fit without 
tension between the colostomy and the next ad
joining suture. Close the skin above and below the 
colostomy with a continuous subcuticular suture of 
4-0 PG. Before closing the skin, irrigate with a dilute 
antibiotic solution. 

After these steps have been completed, excise the 
line of staples previously used to occlude the colon. 
Immediately mature the colostomy, using inter
rupted or continuous sutures of 4-0 PG to attach the 
full thickness of the colon to the subcuticular plane 
of the skin (Figs. 46-17, 46-18). No additional su
tures are necessary to attach the colon to the fascia 
or to any other layer of the abdominal wall. 

When the peritoneal pelvic floor is suitable for re
construction by suturing, the retroperitoneal type of 
colostomy may be performed. Elevate the previously 
incised peritoneum of the left paracolic gutter from 
the lateral abdominal wall by fmger dissection. Con
tinue until a hand is freely admitted up to the point 
in the lateral portion of the rectus muscle that has 
been previously selected for the colostomy (Figs. 



Fig. 46-19 

Fig. 46-20 



46-19,46-20), generally about 4 cm below the level 
of the umbilicus. 

Excise a circle of skin about the size of a nickel 
and expose the fascia of the left rectus muscle. Make 
cruciate incisions in the anterior rectus fascia, sepa
rate the rectus muscle fibers bluntly, and incise the 
underlying posterior rectus sheath and peritoneum. 
The aperture in the abdominal wall should be large 
enough to admit two fingers. 

Bring the colon through the retroperitoneal tun
nel and out the opening made for the colostomy 
(Fig. 46-21). Begin the suture line that closes the 
pelvic peritoneum near the bladder. Continue this 
suture of 2-0 atraumatic PG in a cephalad direction, 
closing the entire defect by suturing the free edge 
of the peritoneum to the anterior seromuscular wall 
of the sigmoid colon as it enters the retroperitoneal 
tunnel to become a colostomy (Fig. 46-22). Then 
close the abdominal incision. Mature the colostomy 
by a mucocutaneous suture as described above. At
tach a temporary colostomy bag to the abdominal 
wall at the conclusion of the operation. 

POSTOPERATIVE CARE 

Continue perioperative antibiotic therapy, which Fig. 46-21 
had been initiated an hour before the start of oper-
ation, for 6 hours postoperatively. 

Discontinue nasogastric suction in 24 hours unless 
the patient develops abdominal distension. 

The Foley catheter in the bladder generally remains 
until the seventh postoperative day. 

Perineal Care 

Patients who have undergone excision of the pos
terior vagina have a small amount of gauze packing 
inserted into the perineum through the residual vagi
nal defect. This gauze should be removed on the 
third day, followed by daily saline irrigation of the 
area. As soon as the patient can sit comfortably, ini
tiate sitz baths daily and discontinue irrigation. 

The patients who have had large gauze packs in
serted in the presacral region to control hemorrhage 
should be brought back to the operating room on 
the first or second postoperative day so the pack can 
be removed under general anesthesia. The sheet of 
topical hemostatic agent that had been applied to 
the sacrum is left undisturbed. The patient should 
be observed briefly to ascertain that the hemorrhage 
is under complete control. If the abdominal contents 
descend to occupy the cavity in the presacral space 
that had been created by the gauze packing, the per-
ineal floor can be closed tightly around two closed- Fig. 46-22 
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suction drains, as described above. If a large dead
space remains, insert a sump and several latex drains 
and close the pelvic floor loosely around them. 

Most of our patients leave the operating room 
with the perineum closed per primam. After perineal 
drainage ceases, generally on the ftfth postoperative 
day, remove the catheters. 

Administer sitz baths twice daily to provide symp
tomatic relief of perineal soreness. Chronic perineal 
sinus may occur, especially following a proctectomy 
for colitis. The etiology of this complication, which 
may persist for years, is not clear, but chronic sep
sis and inadequate drainage are the probable causes. 
Local treatment by curettage, irrigation with a pul
sating water jet as noted by Sohn and Weinstein (1977), 
and perineal hygiene remedy most chronic sinuses. 
Frequent shaving is necessary to prevent loose hair 
from entering deep into the sinus and producing a 
foreign-body granuloma. 

colostomy Care 

Observe the colostomy daily through the transpar
ent bag to detect signs of possible necrosis. That the 
colostomy does not function during the ftrst 6-7 
days following the operation need not be a cause for 
concern if the patient does not develop abdominal 
distension or cramps. If there is no function beyond 
this date, abdominal radiography must be performed 
to rule out an obstruction of the small bowel. 

The patient should begin receiving instructions 
about daily colostomy irrigation during the second 
week of hospitalization. No patient should leave the 
hospital before acquiring the skills necessary to per
form the irrigation effectively. It is important to un
derstand that the aim of colostomy irrigation is not 
simply to wash out the distal few inches of colon. 
Patients sometimes insert a catheter a few inches 
into the colon, and when the water runs into the 
colon they permit it promptly to run out alongside 
the catheter. This is ineffective. Water is instilled 
into the distal colon for the purpose of dilating the 
area suffiCiently to produce a reflex peristaltic con
traction that evacuates the entire distal colon. For 
many patients this requires injection of more than 1 
liter of water before they begin to feel "crampy" dis
comfort. At this point the catheter should be re
moved and the patient encouraged to keep the 
colostomy oriftce occluded for a few more minutes, 
until peristalsis is well underway. 

Some patients use a cone-shaped device through 
which the fluid channel passes, to occlude the lu
men. In other cases the patient is able to occlude 
the lumen by lightly grasping and manually com
pressing the abdominal wall around the inflow 

catheter or cone. There are many variations in de
vices and techniques for colostomy management: 
When one fails, however, it usually is because the 
patient has not retained the injected fluid long 
enough for distension of the distal colon to occur. 
Without such distension there can be no reflex peri
staltic contraction. 

All patients must be urged to exercise extreme 
caution when passing the catheter or any other ir
rigating device to avoid the possibility of perforat
ing the colon. This complication may occur even in 
patients who have had 15-20 years of experience ir
rigating their colostomy. It is generally heralded 
promptly by the onset of severe abdominal pain dur
ing the irrigation. The patient should be urged to re
port immediately for examination if pain occurs at 
any time during irrigation. 

COMPilCATIONS 

Acute intestinal obstruction. The small intestine 
may become obstructed by adhesion to the pelvic 
suture line or herniation through a defect in the 
pelvic floor. Adhesions elsewhere in the abdomen, 
which may occur after any abdominal procedure, 
can also cause obstruction. If colostomy function has 
not begun by the sixth or seventh postoperative day, 
radiographs of the abdomen should be obtained. If 
small bowel obstruction appears to have occurred 
and there is no evidence of strangulation, a brief trial 
of a long intestinal tube may be initiated. If this is 
not promptly successful (3-4 days), secondary lap
arotomy for relief of the obstruction is indicated. 

Hemorrhage. Hemorrhage is rare in properly 
managed cases. If there is evidence of signmcant 
bleeding (by vital signs and laboratory tests or by vis
ible bleeding from the perineal drains), prompt re
operation is preferable to expectant management. 

Sepsis. Sepsis that occurs following primary clo
sure of the perineal wound is generally not difficult 
to detect. It is accompanied by fever, local pain, and 
purulent drainage through the suction catheters. Un
der these conditions the perineal incision should be 
opened sufficiently to insert two fmgers, a sump, 
and several latex or Penrose drains. If this measure 
does not relieve the infection quickly, the entire 
wound may be reopened and a gauze pack inserted. 
The gauze should be changed at least once daily. 

Bladder obstruction. Because many men who un
dergo proctocolectomy for carcinoma are at an age 
when prostatic hypertrophy is common, this factor 
combined with the loss of bladder support in the ab
sence of the rectum and some degree of nerve in
jury leads to a high incidence of urinary tract ob-



struction. If the obstruction cannot be managed 
by conservative means, urologic consultation and 
prostatectomy may be necessary. 

Sexual impotence. Some studies have indicated 
that virtually all operations for radical removal of ma
lignancies in the middle and lower rectum of men 
have been followed by sexual impotence, although 
Goligher's (1958) fmdings were not as bleak. This 
complication has been rare after operations for be
nign disease when special precautions are observed 
(see Chapter 49). 

Colostomy complications. Ischemia, retraction, 
or prolapse of the colostomy may occur if the 
colostomy is not properly constructed. Parastomal 
hernia is an occasional late complication. 

Chronic perineal sinus. Although a persistent si
nus is rare after a properly managed resection for 
carcinoma, it appears to be common following op
erations for inflammatory bowel disease. If all the lo
cal measures fail and the sinus persists for several 
years, Silen and Glotzer (1974) recommended a 
saucerization procedure that consisted of excising 
the coccyx and the chronically infected wall of the 
sinus down to its apex. After saucerization, persis
tent attention to encouraging healing from the bot
tom has proved successful. Another technique is in
sertion of a perforated split-thickness skin graft 
following local debridement and cleansing. 
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47 Subtotal Colectomy with 
Ileoproctostomy or 
Ileostomy and Sigmoid 
Mucous Fistula 

INDICATIONS 

See Chapter 42 for discussion of issues related to the 
choice of operative procedure. 

Familial polyposis 

Chronic ulcerative colitis 

Crohn's colitis 

PREOPERATIVE PREPARATION 

Patients with cachexia may require nutritional sup
port. 

Adrenal suppression may be present in patients who 
have been on steroids for a long time. 

For emergency colectomy, restitution with blood 
and electrolytes should be accomplished. 

Peri operative antibiotics are prescribed. 

PITFAllS AND DANGER POINTS 

Operative contamination of the peritoneal cavity 
with colonic contents, leading to sepsis (with toxic 
megacolon) 

Improper construction of ileostomy 

OPERATIVE STRATEGY 

When choosing an emergency operative procedure 
for the patient with complications of inflammatory 
bowel disease (hemorrhage, perforation, toxic mega
colon), consider both the immediate problem and 
the long-term result. Remember that sphincter
sparing procedures are now available for most of 
these patients, even when the rectum is involved by 
disease. Whenever possible retain the rectosigmoid, 
as it allows restorative proctocolectomy (see Chap
ter 48) to be performed at a later date. 

466 

Sepsis is not uncommon following an emergency 
colectomy for inflammatory bowel disease and its 
complications. In Crohn's disease one often finds a 
fistula to the adjacent bowel or to the skin. In some 
cases paracolic abscesses are encountered, making 
gross contamination of the peritoneal cavity in
evitable. 

When resecting a toxic megacolon, the surgeon 
should be aware that the colon, especially the distal 
transverse colon and splenic flexure, may have the 
consistency of wet tissue paper and can be ruptured 
by even minimal manipulation. This causes massive, 
sometimes fatal contamination of the abdominal cav
ity, and it must be avoided. Make no attempt to dis
sect the omentum off the transverse colon, as it may 
unseal a perforation. Elevation of the left costal mar
gin by a Thompson retractor generally provides 
good exposure of the splenic flexure. 

Intraoperative tube decompression may decrease 
the risk of perforating the colon. Divide the mesen
tery at a point of convenience nearer to the colon, 
rather than performing extensive mesenteric exci
sion (as is done for malignancy). Minimize postop
erative ileostomy problems by constructing an 
ileostomy that protrudes permanently from the ab
dominal wall, like a cervix, for 2 cm. This helps pre
vent the contents of the small bowel from leaking 
between the appliance and the peristomal skin. It 
also greatly simplifies the patient'S task of placing 
the appliance accurately. Finally, close the gap be
tween the cut edge of ileal mesentery and the lat
eral abdominal wall to avoid internal herniation. 

OPERATIVE TECHNIQUE 

Placement of Ueostomy 
On the day before the operation the surgeon should 
obtain a face-plate from an ileostomy appliance, or 
some facsimile, and apply it tentatively to the pa-



tient's abdominal wall. Test proper placement with 
the patient sitting erect. In some patients, if the ap
pliance is not properly placed the rim strikes the 
costal margin or the anterior spine of the ilium. Gen
erally, the proper location is somewhere near the 
outer margin of the right rectus muscle, about 5 cm 
lateral to the midline and 4 cm below the umbilicus. 
In this position the face-plate generally does not im
pinge on the midline scar, the umbilicus, the ante
rior superior spine, or the costal margin no matter 
what position the patient assumes. If the wafer cov
ers the incision, we prefer a subcuticular skin clo
sure for better skin approximation. The stoma 
should also be sited so the patient can see it when 
he or she is erect. 

Operative Position 

If there is a possibility that the colectomy and total 
proctectomy will be performed in one stage, posi
tion the patient in Lloyd-Davies leg rests (see Figs. 
45-3a, 45-3b). Otherwise, the usual supine position 
is satisfactory. 

Incision 

We prefer a midline incision because it does not in
terfere with the ileostomy appliance. It also leaves 
the entire left lower quadrant free of scar in case 
ileostomy revision and reimplantation become nec
essary in the future. On the other hand, many sur
geons use a left paramedian incision to permit a 
wider margin between the ileostomy and the scar. 
The incision should extend from the upper epigas
trium down to the pubis (Fig. 47-1). Because the 
splenic flexure is foreshortened in many cases of ul
cerative colitis and toxic megacolon, exposure for 
this area is often good, with the Thompson retrac
tor applied to the left costal margin. 

Evacuation of Stool 

For patients undergoing an operation for acute toxic 
megacolon, insert a heavy purse-string suture on the 
anterior surface of the terminal ileum. Make a small 
enterotomy in the center of the purse-string suture 
and pass a suction catheter through it, threading the 
catheter across the ileocecal valve into the cecum. 
After decompressing the colon, remove the tube and 
tie the purse-string suture. 

Dissection of Right 
Colon and Omentum 

Make an incision in the right paracolic peritoneum 
lateral to the cecum and insert the left index fmger 
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Fig. 47-1 

to elevate the avascular peritoneum, which should 
be divided by scissors in a cephalad direction (Fig. 
47-2). If local inflammation has produced increased 
vascularity in this layer, use electrocautery to carry 
out the division. Throughout the dissection keep ma
nipulation of the colon to a minimum. Continue the 
paracolic incision around the hepatic flexure, ex
posing the anterior wall of the duodenum. 

For emergency operations for toxic megacolon, 
divide the omentum between Kelly hemostats 5 cm 
above its line of attachment to the transverse colon. 
If the omentum is fused to the transverse mesocolon, 
it may be divided simultaneously with the meso
colon in one layer. In most elective operations, the 
omentum can be dissected off the transverse colon 
through the usual avascular plane (Fig. 47-3). 

Dissection of Left Colon 

Remain at the patient's right side and make an inci
sion in the peritoneum of the left paracolic gutter 
in the line of Toldt, beginning at the sigmoid. With 
the aid of the left hand elevate the avascular peri
toneum and divide it in a cephalad direction with 
Metzenbaum scissors. Carry this incision up to and 
around the splenic flexure (Fig. 47-4). Mobilize the 
splenic flexure as described in Chapter 44 (see Figs. 
44-5 through 44-8). In patients who suffer from 
toxic megacolon, perform this dissection with ex
treme caution so as not to perforate the colon. 



Fig. 47-2 

Fig. 47-3 
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Division of Mesocolon 
Tum now to the ileocecal region. If the terminal ileum 
is not involved in the disease process, preserve its 
blood supply and select a point of transection close 
to the ileocecal valve. Divide the mesocolon along a 
line indicated in Figure 47-5. Because most patients 
who require this operation are thin, each vessel can 
be visualized, double-clamped, and divided accu
rately. ligate each vessel with 2-0 PG or silk ligatures 

Fig. 47-5 

and divide the intervening avascular mesentery with 
Metzenbaum scissors. In the same way, sequentially 
divide and ligate the ileocolic branches and the right 
colic, middle colic, two branches of the left colic, and 
each of the sigmoidal arteries. 

Deostomy and Sigmoid Mucous Fistula 
The technique of fashioning a pennanent ileostomy, 
including suturing the cut edge of the ileal mesen-



tery to the right abdominal wall, is depicted in Fig
ures 50-1 through 50-9. After the sigmoid mesen
tery has been divided up to a suitable point on the 
wall of the distal sigmoid, divide the colon with De
Martel clamps (as shown) or a linear cutting stapler. 
Bring this closed stump of the rectosigmoid through 
the lower pole of the incision (Fig. 47-6). Fix the 
rectosigmoid stump to the lower pole with a few 
3-0 PG sutures, approximating the mesocolon and 
the appendices epiploicae to the anterior rectus fas
cia. Close the abdominal incision around the mucous 
fistula. 

Deoproctostomy 

When an ileorectal anastomosis is elected, we pre
fer the side-to-end modified Baker technique (see 
Figs. 45-12 through 45-23) for the colorectal anas
tomosis. After the mesentery has been cleared at the 
point selected for transection of the ileum, apply 
transversely and fire a 55/3.5 mm linear stapler. Ap
ply an Allen clamp to the specimen side of the ileum 
and with a scalpel transect the ileum flush with the 
stapler. Lightly cauterize the everted mucosa and 
remove the stapling device. Inspect the staple line 
to ensure that proper B formation of the staples has 
occurred. 

Divide the mesentery of the rectosigmoid up to 
the point on the upper rectum that has been selected 
for transection, which is generally opposite the 
sacral promontory. Apply a right-angle renal pedicle 
clamp to the colon to exclude colonic contents from 
the field. Dissect fat and mesentery off the serosa of 
the rectum at the site to be anastomosed. Make a lin
ear scratch mark on the antimesenteric border of the 
ileum beginning at a point 1 cm proximal to the sta
ple line and continuing in a cephalad direction for 
a distance equal to the diameter of the rectum, usu
ally 4-5 cm. 

The first layer should consist of interrupted 4-0 
silk seromuscular Cushing sutures inserted by the 
successive bisection technique. After the sutures are 
tied, cut all the tails except for the two end sutures, 
to which small hemostats should be attached. Then 
make incisions on the antimesenteric border of the 
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Fig. 47-7 

ileum and the back wall of the rectum (Fig. 47-7). 
Initiate closure of the posterior mucosal layer by in
serting a double-armed 5-0 PG suture in the middle 
point of the posterior layer and tying it. With one 
needle insert a continuous locked suture to ap
proximate all the coats of the posterior layer, going 
from the midpoint to the right comer of the anas
tomosis. Use the other needle to perform the same 
maneuver going from the midpoint to the left (Fig. 
47-8). Amputate the specimen. Then use a contin
uous Cushing, Connell, or seromucosal suture to ap
proximate the anterior mucosal layer, terminating 
the suture line at the midpoint of the anterior layer. 
Close the final anterior seromuscular layer with in
terrupted 4-0 silk Cushing sutures (Fig. 47-9). If pos
sible, cover the anastomosis with omentum. 

Fig. 47-8 

/' 

Fig. 47-9 

) 



Approximate the cut edge of the ileal mesentery 
to the cut edge of the right lateral paracolic peri
toneum with a continuous 2-0 atraumatic PG suture. 
Do not close the left paracolic gutter. Irrigate the ab
dominal cavity. 

Subtotal Colectomy Combined with 
Immediate Total Proctectomy 

When a proctectomy is performed at the same stage 
as a subtotal colectomy, occlude the rectosigmoid 
by a layer of TA-55 staples. Apply an Allen clamp to 
the specimen side of the colon, which should be 
transected with removal of the specimen. Construct 
the ileostomy as depicted in Figures 50-1 through 
50-9. Then perform abdominoperineal proctectomy 
by the technique described in Chapter 49. 

Needle-Catheter Jejunostomy 

Consider performing needle-catheter jejunostomy in 
any patient suffering from malnutrition to permit en
teral feeding immediately after surgery. 

Closure of the Abdominal Incision 

Close the abdominal wall in routine fashion without 
drains (see Chapter 3). 

POSTOPERATIVE CARE 

Continue nasogastric suction (when indicated) and 
intravenous fluids until there is good ileostomy func
tion. If there was no operative contamination, dis
continue the operative antibiotics within 6 hours. 
Otherwise, continue antibiotics, modifying as indi
cated by the operative fmdings and the postopera
tive course. 
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In the operating room apply a Stomahesive disk 
to the ileostomy after cutting a properly sized open
ing. Over the disk place a temporary ileostomy bag. 
Instruct the patient in the details of ileostomy man
agement and encourage him or her to join one of 
the organizations of ileostomates, where consider
able emotional support can be derived by meeting 
patients who have been successfully rehabilitated. 

COMPIlCATIONS 

Intraabdominal abscess is more common after 
colon resection for inflammatory bowel disease than 
for other conditions. When signs of intraabdominal in
fection appear, prompt laparotomy or percutaneous 
computed tomography-guided catheter drainage for 
evacuation of the abscess is indicated. 

Intestinal obstruction due to adhesions is not 
rare following this group of operations because of 
the extensive dissection. If nonoperative treatment 
does not bring a prompt response, laparotomy for 
enterolysis becomes necessary. 

Leakage of the anastomosis may follow ileo
proctostomy. In case of a major leak, immediate lap
arotomy for a diverting loop ileostomy (see Chapter 
51) followed by pelvic drainage is mandatory. Al
ternatively, the anastomosis may be taken down and 
the ileum brought out as a terminal ileostomy. 
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48 Ileoanal Anastomosis 
with Ileal Reservoir 
Following Total 
Colectomy and 
Mucosal Proctectomy 

INDICATIONS 

Selected patients requiring proctocolectomy for ul
cerative colitis, in whom preservation of continence 
is desired 

Familial polyposis 

CONTRAINDICATIONS 

Cohn's disease 

Perianal fistulas 

Rectal muscular cuff that is strictured and fibrotic, 
not soft and compliant 

PREOPERATIVE PREPARATION 

Treat inflammation and ulcerations of the lower rec
tum preoperatively. If the patient has had a subtotal 
colectomy and ileostomy, it may be necessary to 
treat the rectum with steroid enemas or free fatty 
acid enemas. 

Nutritional rehabilitation is applied when necessary. 

Perioperative antibiotics as prescribed. 

Nasogastric tube is inserted. 

Foley catheter is placed in the bladder. 

Endoscopy of ileum via the ileostomy is undertaken 
when Crohn's disease is suspected after subtotal 
colectomy. 

If one-stage colectomy with reconstruction is antic
ipated, appropriate mechanical and antibiotic bowel 
preparation is indicated. 
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PITFALLS AND DANGER POINTS 

Performing an inadequate mucosectomy, which may 
produce a cuff abscess and possibly lead later to car
cinoma 

Establishing inadequate pelvic, reservoir, or anasto
motic hemostasis, which may result in postoperative 
hemorrhage or hematoma 

Injuring the nervi erigentes or the hypogastric 
nerves so sexual impotence or retrograde ejacula
tion results 

Failing to diagnose Crohn's disease, resulting in 
Crohn's ileitis in the reservoir 

Using improper technique when closing the tem
porary loop ileostomy, which leads to postoperative 
leakage or obstruction 

OPERATIVE STRATEGY 

Multiple techniques have been described for restora
tive proctocolectomy. The method described here 
has served well and accomplishes maximum abla
tion of the abnormal mucosa. An alternative tech
nique avoids the mucosal proctectomy altogether 
and creates the anastomosis between the anus and 
the perineal pouch by means of a double stapling 
technique. A roticulating linear stapler and circular 
stapler are used in a manner analogous to that de
scribed in Chapter 45. The anastomosis is con
structed 1-2 cm above the dentate line, leaving some 
transitional zone epithelium behind. References at 
the end of the chapter detail operative results with 
various techniques and give additional technical de
tails for other methods. 



Mucosectomy 

The mucosectomy is performed most easily with the 
patient in the prone jacknife position. The dissec
tion is expedited by injecting a solution of epi
nephrine (1:200,000) into the submucosal plane. It 
is performed as the ftrst stage in the procedure; if 
the rectum is so badly diseased that mucosectomy 
cannot be reasonably accomplished, the operative 
plan must be modifted. Generally, proctocolectomy 
is then required. 

Good fecal continence can be maintained if the 
mucosa is dissected away from the rectum up to a 
point no more than 1-2 cm above the puborectalis, 
the upper end of the anal canal. This amount of dis
section can generally be accomplished transanally 
with less difficulty in the adult patient than occurs 
when using the abdominal approach. There must be 
complete hemostasis in the region of the retained 
rectum. Generally, careful electrocoagulation can ac
complish this end. 

Some surgeons advocate the use of a Cavitron ul
trasonic aspirator (CUSA) to facilitate the mucosal 
proctectomy. Frozen-section histologic examination 
of the excised mucosa may be helpful for ruling out 
Crohn's disease. 

Abdominal Dissection 
When performing the colectomy, transect the ileum 
just proximal to its junction with the ileocecal valve 
to preserve the reabsorptive functions of the distal 
ileum. If a previous ileostomy is being taken down, 
again preserve as much terminal ileum as possible. 

Rectal Dissection 

When dissecting the rectum away from the sacrum, 
keep the dissection immediately adjacent to the rec
tal wall. Divide the mesenteric vessels near the point 
where they enter the rectum and leave the major 
portion of the "mesentery" behind. In this way the 
hypogastric nerves are preserved. 

Similarly, when the lateral ligaments are divided, 
make the point of division as close to the rectum as 
possible to avoid dividing the parasympathetic 
nerves essential for normal male sexual function. An
teriorly, the dissection proceeds close to the rectal 
wall posterior to the seminal vesicles and Denonvil
liers' fascia down to the distal end of the prostate. 

Division of Waldeyer's Fascia 

In the adult patient it is not possible to expose the 
levator diaphragm unless the fascia ofWaldeyer is di
vided by sharp dissection. This layer of dense fascia 
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is attached to the anterior surface of the sacrum and 
coccyx and attaches to the posterior wall of the rec
tum. Unless it is divided just anterior to the tip of the 
coccyx, it is not possible to expose the lower rec
tum down to the level of the puborectalis muscle. 

Temporary Loop Ueostomy 
and Ueostomy Closure 
The loop ileostomy (see Chapter 51) completely di
verts the fecal stream, yet is simple to close. It should 
be used whenever there is the slightest doubt as to 
the integrity of the anastomoses in the pelvis. 

Ueoanostomy 
To facilitate anastomosing the ileum or the ileal reser
voir to the anus, it is helpful to flex the thighs on the 
abdomen to a greater extent than is usually the case 
when the patient is placed in the lithotomy position 
for a two-team abdominoperineal operation. Be cer
tain the rectal mucosa has been divided close to the 
dentate line. Otherwise, it will be necessary to insert 
sutures high up in the anal canal where transanal ma
nipulation of the needle is extremely difficult. Also, 
it is important to remove all of the diseased mucosa 
in this operation to eliminate the possibility of the pa
tient developing a rectal carcinoma at a later date. 

One method of achieving exposure with this anas
tomosis is to insert the bivalve Parks retractor with 
large blades into the rectum. Then draw the ileum 
down, between the open blades of the retractor, to 
the dentate line. Insert two sutures between the 
ileum and the anterior wall of the anus. Insert two 
more sutures between the ileum and the posterior 
portion of the dentate line. Now remove the Parks 
retractor. Remove the large blades from the retrac
tor and replace them with small blades. Then care
fully insert the blades of the Parks retractor into the 
lumen of the ileum and open the retractor slowly. 

With the Parks retractor blades in place, continue 
to approximate the ileum to the dentate line with 
12 -15 interrupted sutures of 4-0 Vicryl. This requires 
that the retractor be loosened and rotated from time 
to time to provide exposure of the entire circum
ference of the anastomosis. Be certain to include the 
underlying internal sphincter muscle together with 
the epithelial layer of the anal canal when inserting 
these sutures. 

An alternative, more effective method of expos
ing the anastomosis is to use a Gelpi retractor with 
one arm inserted into the tissues immediately distal 
to the dentate line at about 2 o'clock while the sec
ond arm of this retractor is placed at 8 o'clock. A 
second Gelpi retractor is inserted into the anus with 
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one arm at 5 o'clock and the second at 11 o'clock. 
If the patient is properly relaxed, these two retrac
tors ensure visibility of the whole circumference of 
the cut end of the anorectal mucosa at the dentate 
line. Then draw the ileum down into the anal canal 
and complete the anastomosis. 

Constructing the neal Reservoir 

We prefer a J-Ioop ileal reservoir that is constructed 
by making a side-to-side anastomosis in the distal seg
ment of the ileum. We do not include the elbow of 
the J-Ioop in the staple line, thereby ensuring that 
there is no possibility of impairing the blood supply 
to the ileoanal anastomosis. The terminal end of the 
ileum is occluded with staples. Although it is possi
ble to establish an ileoanal anastomosis using a cir
cular stapler, we prefer to suture this anastomosis 
because we like to be sure that no rectal mucosa has 
been left behind. 

OPERATIVE TECHNIQUE 

Mucosal Proctectomy Combined 
with Total Colectomy 

When the mucosa of the distal rectum is devoid of vis
ible ulcerations and significant inflammation, mucosal 
proctectomy may be performed at the same time as 
total colectomy. In these cases perform the colectomy 
as described in Chapter 47. Be certain to divide the 
mesentery of the rectosigmoid close to the bowel wall 
to avoid damaging the hypogastric and parasympa
thetic nerves. Also, divide the branches of the ileo
colic vessels close to the cecum to preserve the blood 
supply of the terminal ileum. It is important to tran
sect the ileum within 1-2 cm of the ileocecal valve. 
Preserving as much ileum as possible salvages some 
of the important absorptive functions of this organ. 

Use a cutting linear stapler to divide the terminal 
ileum. Lightly cauterize the everted mucosa. Mobi
lize the entire colon down to the peritoneal reflec
tion, following the procedures illustrated in Figures 
44-5,44-8, and 47-1 to 47-5. Divide the specimen 
with a cutting linear stapler at the sigmoid level. 

Divide the rectosigmoid mesentery close to the 
bowel wall to avoid interrupting the hypogastric 
nerves (see Fig. 49-1). Divide the lateral ligaments 
close to the rectum and divide Denonvilliers' fascia 
proximal to the upper border of the prostate. Keep 
the dissection close to the anterior and lateral rec
tal walls in men to minimize the incidence of sex
ual impotence. After dividing Waldeyer's fascia (see 
Fig. 45-10) expose the puborectalis portion of the 
levator diaphragm (see Fig. 45-25). 

At this time, transect the anterior surface of the 
rectal layer of muscularis in a transverse direction 
down to the mucosa. Make this incision in the rec
tal wall about 2-4 cm above the puborectalis mus
cle. Now dissect the muscular layer away from the 
mucosa. Injecting a solution of 1:200,000 epineph
rine between the mucosa and muscularis expedites 
this dissection. After the muscle has been separated 
from 1-2 cm of mucosa anteriorly, extend the inci
sion in the muscularis layer circumferentially around 
the rectum. Use Metzenbaum scissors and a peanut 
sponge dissector for this step. Achieve complete he
mostasis by accurate electrocoagulation. Continue 
the mucosal dissection until the middle of the anal 
canal has been reached. Divided the mucosal cylin
der at this point, remove the specimen, and leave 
an empty cuff of muscle about 2-4 cm in length 
above the puborectalis, which marks the proximal 
extent of the anal canal. If any mucosa has been left 
in the anal canal proximal to the dentate line, it can 
be removed transanally later in the operation. 

Alternatively, one may perform the rectal muco
sectomy prior to opening the abdomen. This method 
is described in the next section of this chapter. 

Perineal Approach 

We agree with the suggestion of Sullivan and Gam
jobst (1982) that the rectal mucosal dissection is best 
performed as the initial step in the operation, regard
less of whether the procedure is combined with a si
multaneous total colectomy. If it is not possible to dis
sect the mucosa away from the internal sphincter, 
perform an ileostomy and abdominoperineal total 
proctectomy instead of a restorative proctocolectomy. 

Performing the mucosal proctectomy with the pa
tient in the prone position affords better exposure 
than is available in the lithotomy position. After in
ducing endotracheal anesthesia, tum the patient face 
down and elevate the hips by flexing the operating 
table or by placing a pillow under the hips. Also 
place a small pillow under the feet and spread the 
buttocks apart by applying adhesive tape to the skin 
and attaching the tape to the sides of the operating 
table. Gently dilate the anus until it admits three fin
gers. Obtain exposure by using a large Hill-Ferguson, 
a narrow Deaver, or a bivalve Pratt (or Parks) re
tractor. Inject a solution of 1 :200,000 epinephrine 
in saline in the plane just deep to the mucosa, im
mediately proximal to the dentate line around the 
circumference of the anal canal (Fig. 48-1). Now 
make a circumferential inciSion in the transitional 
epithelium immediately cephalad to the dentate line. 
Using Metzenbaum scissors, elevate the mucosa and 
submucosa for a distance of 1-2 cm circumferen-



Fig. 48-1 

tially from the underlying circular fibers of the in
ternal sphincter muscle (Fig. 48-2). Apply several 
Allis clamps to the cut end of the mucosa. Maintain 
hemostasis by accurate electrocoagulation using the 
needle tip attachment on the electrocautery. It is 
helpful to roll up two lOX 20 cm moist gauze 
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sponges soaked in a 1:200,000 epinephrine solution 
and insert this roll into the rectum. This step facili
tates the dissection between mucosa and muscle. 

Continue the dissection to a point 4-6 cm above 
the dentate line (Fig. 48-3). As the dissection con
tinues cephalad, exposure is obtained by inserting two 
narrow Deaver retractors the assistant holds in vary
ing positions appropriate to the area being dissected. 

After an adequate tube of mucosa 4-6 cm in 
length has been dissected, insert a purse-string su
ture near the apex of the dissected mucosal tube and 
amputate the mucosa distal to the suture. Submit this 
specimen to the pathologist for frozen-section his
tologic examination. Insert into the denuded rectum 
a loose gauze pack that has been moistened with an 
epinephrine solution. Reposition the patient on his 
or her back with the lower extremities elevated on 
Lloyd-Davies stirrups (see Figs. 45-3a, 45-3b). 

Abdominal Incision and Exposure 

In patients who have undergone a previous sub
total colectomy with a mucous fistula and an 
ileostomy, reopen the previous long vertical incision, 
free all of the adhesions between the small bowel and 
the peritoneum, and liberate the mucous fistula from 
the abdominal wall. Divide the mesentery between 
Kelly hemostats along a line close to the posterior 
wall of the sigmoid and rectosigmoid until the peri
toneal reflection is reached. Incise the peritoneal re
flection to the right and to the left of the rectum. Con
tinue the dissection downward and free the vascular 
and areolar tissue from the wall of the rectum. Then 
elevate the rectum out of the presacral space and in-
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cise the peritoneum of the rectovesical or rectouter
ine pouch (see Fig. 45-9). Keep the dissection close 
to the rectal wall, especially in male patients, to avoid 
the nervi erigentes and the hypogastric nerves. Pay 
special attention to dividing the lateral ligaments close 
to the rectum and avoid the parasympathetic plexus 
between the prostate and the rectum. 

With a long-handled scalpel incise Waldeyer's fas
cia (see Fig. 45-10) between the tip of the coccyx 
and the posterior wall of the rectum. Enlarge this in
cision with long Metzenbaum scissors. In male pa
tients incise Denonvilliers' fascia (see Fig. 45-11) on 
the anterior wall of the rectum proximal to the 
prostate and the seminal vesicles. Separate the 

Fig. 48-4 

prostate from the rectum. These last two maneuvers 
permit exposure of the levator diaphragm. Palpating 
the rectum at this time should enable the surgeon to 
detect the level at which the purse-string suture was 
placed in the mucosa during the ftrst phase of this 
operation. If this purse-string suture is not palpable, 
ask the assistant to place a ftnger in the rectum from 
the perineal approach to help identify the apex of the 
previous mucosal dissection. Now transect the rec
tum with electrocautery and remove the specimen. 
Remove the gauze packing that was previously placed 
in the rectal stump and inspect the muscular cylin
der, which is all that remains of the rectum. This con
sists of the circular muscle of the internal sphincter 
surrounded by the longitudinal muscle of the rectum. 
All of the mucosa has been removed down to the den
tate line. Check for complete hemostasis. 

Constructing the neal Reservoir 

In patients who have had a previous ileostomy, care
fully dissect the ileum away from the abdominal wall, 
preserving as much ileum as possible. Apply a 55/3.5 
mm linear stapler across a healthy portion of the ter
minal ileum. Fire the stapler and amputate the 
scarred portion of the ileostomy. Lightly cauterize 
the everted mucosa and remove the stapling device. 
Now liberate the mesentery of the ileum from its at
tachment to the abdominal parietes. For patients 
who have not undergone a previous ileostomy, di
vide the terminal ileum with a cutting linear stapling 
device and divide the mesentery along the path in
dicated in Figure 48-4. Freeing the small bowel 
mesentery from its posterior attachments (see Figs. 
35-1, 35-2) and all other adhesions may elongate 
the mesentery sufficiently that the ileal reservoir 
reaches the anal canal without tension. 

Now select a point on the ileum about 20 cm 
from its distal margin that will serve as the future 
site of the ileoanal anastomosis. If this point on the 
ileum can be brought 6 cm beyond the symphysis 
pubis, one can be assured that there will be no ten
sion on the anastomosis. Otherwise, further 
lengthen the mesentery by incising the peritoneum 
on the anterior and posterior surfaces of the ileal 
mesentery. Burnstein and associates reported that 
these relaxing incisions each contributed 1 cm to 
the length of the ileal mesentery. Obtain additional 
length, if necessary, by applying traction to the an
ticipated elbow of the J-pouch (Fig. 48--5), transil
luminating the mesentery, and selectively dividing 
branches of the loop formed by the superior mesen
teric and ileocolic arteries as shown in Figure 48-6. 

Be certain that the blood supply to the terminal 
ileum remains vigorous and that there is no tension 
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Fig. 48-6 



480 Ileoanal Anastomosis with Ileal Reservoir Following Total Colectomy and Mucosal Proctectomy 

on the ileoanal anastomosis. Take great care to iso
late and ligate each vessel in the ileal mesentery in
dividually, especially if the mesentery is thickened 
from scar tissue or obesity, to avoid postoperative 
bleeding. If an inadequately ligated vessel retracts 
into the mesentery, the resulting tense hematoma 
may produce ileal ischemia. 

Now align the distal ileum in the shape of a U, 
each limb of which measures about 18 cm. Create a 
side-to-side stapled anastomosis between the an
timesenteric aspects of the ascending and descend
ing limbs of this U. Make a transverse stab wound 9 
cm proximal to the staple line of the terminal ileum. 
Make a second transverse stab wound in the de
scending limb of ileum just opposite the fIrst stab 
wound (Fig. 48-7). Insert an 80 mm linear cutting 
stapler in a cephalad direction, one fork in the de
scending limb and one fork in the ascending limb of 
jejunum. Remember that this anastomosis is created 
on the antimesenteric borders of both limbs of the 
jejunum. Fire the stapler, creating an 8 em side-to
side anastomosis. Withdraw the stapling device and 
inspect the staple line for bleeding. Electrocauterize 
bleeding points cautiously. Then reinsert the device 
into the same two stab wounds but direct the stapler 
in a caudal direction (Fig. 48-8). Lock the device 

Fig. 48-7 

Fig. 48-8 Fig. 48-9 

and fIre the staples. Remove the stapler and inspect 
for bleeding. Inspect the staple line via the stab 
wounds and electrocauterize the bleeding points. 
The patient should now have a completed side-to
side stapled anastomosis about 16 cm in length. We 
prefer to leave an intact circular loop of ileum distal 
to the side-to-side anastomosis to ensure that the 
bowel to be anastomosed has not been traumatized. 

The ileal reservoir is now complete except for the 
remaining stab wound through which the stapling de
vice was previously inserted. Apply Allis clamps to 
approximate, in a transverse direction, the walls of 
the ileum in preparation for transverse application of 
a 55/3.5 mm linear stapling device, which will ac
complish everted closure of the defect. Be certain that 
the superior and inferior terminations of the previous 
staple lines are included in the stapler before fIring 
it. Also, avoid the error of trying to fue the linear sta
pler when the two terminations of the previous sta
ple lines are in exact apposition (see Figs. 43-21 to 
43-23). After fIring the stapler, lightlyelectrocauter
ize the everted mucosa and carefully inspect the sta
ple line to be sure of proper B formation (Fig. 48-9), 

Alternatively, sutures may be used to construct 
the side-to-side anastomosis. Make longitudinal inci
sions along the antimesentric borders of both the as
cending and descending limbs of the ileum. Achieve 



hemostasis with electrocautery. Insert interrupted 
sutures to approximate the bowel walls at the prox
imal and distal margins of the anastomosis with 3-0 
Vicryl sutures. Insert another suture at the midpoint 
between these two. Then use a straight atraumatic 
intestinal needle with 3-0 Vicryl starting at the apex 
of the posterior portion of the anastomosis and use 
a continuous locked suture, encompassing all the 
layers of the bowel. Accomplish closure of the an
terior layer of the anastomosis by means of a con
tinuous seromucosal or Lembert suture (see Figs. 
4-13, 4-14). Carefully inspect all aspects of the side
to-side anastomosis, both front and back, to be cer
tain there are no defects or technical errors. 

Deoanal Anastomosis 
Before passing the elbow of the ileal reservoir down 
through the anus, recheck the position of the pelvis 
and buttocks on the operating table. The perineum 
should project beyond the edge of the table. The 
simplest method for exposing the dentate line for 

Fig. 48-10 
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the anastomosis is to insert two Gelpi retractors, one 
at right angles to the other. The prongs of the re
tractors should be inserted fairly close to the den
tate line so the transected anorectal junction can be 
seen. Insert the ftrst Gelpi retractor in the axis be
tween 2 and 8 o'clock and the second between 5 
and 11 o'clock. If exposure is not adequate, it may 
be helpful to readjust the stirrups so the thighs are 
flexed on the abdomen. This position makes it more 
convenient to apply retractors to the anus. 

After making certain that hemostasis in the pelvis 
is complete, insert two long Babcock clamps 
through the anus and grasp the dependent portion 
of the ileal reservoir. Bring this segment of ileum 
into the anal canal. Be certain that the bowel has not 
been twisted during this maneuver and that the 
mesentery lies flat without Significant tension on 
the planned anastomosis. Make a longitudinal inci
sion along the dependent border of the ileal reser
voir. Cauterize the bleeding points. Apply traction 
sutures to the incised ileum, one to each quadrant 
(Fig. 4S-10). Construct a one-layer anastomosis be-
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Fig. 48-11 

Fig. 48-12 

tween the ileum and the dentate line of the anus. 
Be sure to include in each stitch a 4 mm bite of un
derlying internal sphincter muscle as well as anal 
epithelium. Use atraumatic 4-0 PG or PDS sutures 
(Fig. 48-11). If the anal canal is deep, a double
curved Stratte needle-holder (see Figs. G-17, G-18) 
is helpful. Insert the first four sutures at 12, 6, 3, and 
9 o'clock. Then continue to insert sutures by the 
method of successive bisection (see Figs. 4-19, 
4-20). The reSUlting ileoanal anastomosis should be 
widely patent (Fig. 48-11). If desired, the ileal reser
voir may now be inflated with a methylene blue so
lution to check for possible defects in the reservoir 
staple or suture lines. Figure 48-12 illustrates the 
completed anastomosis. 

Loop Deostomy 
Until more evidence has accumulated to demon
strate that this step is not necessary, we believe that 
these patients should have a temporary diverting 
loop ileostomy (see Chapter 51). If the patient has 
a defect in the abdominal wall that remains after dis
mantling a previous ileostomy, it is generally possi
ble to use the same site for the loop ileostomy. In
sert a large Babcock clamp through the opening in 
the abdominal wall and grasp the antimesenteric as
pect of a segment of ileum proximal to the ileal reser
voir. Select a segment of ileum that does not exert 
any tension whatever on the ileal reservoir. Con
struct the loop ileostomy as described later (see Figs. 
51-1 through 51-4). 

Drainage and Closure 
Hematoma or infection in the space between the 
rectal cuff and the ileal reservoir may produce fi
brosis and impair fecal continence. Consequently, at 
this point in the operation make every effort to 
achieve complete hemostasis in the rectal cuff and 
in the pelvis. Insert one or two Jackson Pratt silicone 
closed-suction drains through puncture wounds in 
the abdominal wall down to the rectal cuff. Some 
believe it is important to place a layer of sutures be
tween the proximal cut end of the rectal cuff and 
the ileal reservoir. Although we do not believe that 
these sutures can compensate for an inadequate 
ileoanal anastomosis, they may help prevent tension 
on the pouch. 

Close the abdominal wall with interrupted No. 1 
PDS by the modified Smead-Jones technique de
scribed in Chapter 3. Close the skin with interrupted 
fine nylon or skin staples. Then mature the loop 
ileostomy as described above if this step has not al
ready been done. 



POSTOPERATIVE CARE 

Continue peri operative antibiotics for 24 hours. 
Continue nasogastric suction until the ileostomy be
gins to function. Remove the closed-suction drains 
from the pelvis between postoperative days 4 and 
6, depending on the volume of drainage. (Inject 25 
mg kanamycin in 25 ml saline into the drainage 
catheters every 8 hours.) 

Until the loop ileostomy is closed, perform 
weekly or biweekly digital examinations of the 
ileoanal anastomosis to prevent the development of 
a stricture. About 8 weeks following operation, rule 
out anastomotic defects by direct inspection and 
palpation. If there has been uneventful healing with 
no evidence of hematoma or sepsis in the pelvis, 
perform a barium enema to visualize the ileal reser
voir. If both these procedures are negative, close the 
loop ileostomy. Following closure of the loop 
ileostomy, regulation of the bowel movements takes 
time and sometimes requires dietary adjustment and 
medication to achieve optimum continence. 

COMPllCATIONS 

An abscess may occur in the rectal cuff or pelviS. 
This complication has been reported during the 
early postoperative period and, remarkably, 2 and 6 
months after operation in other cases. If the loop 
ileostomy is still in place, most cuff abscesses can 
be treated by drainage directly through the anasto
mosis. Pelvic abscesses may require laparotomy or 
computed tomography-guided percutaneous cath
eter insertion for drainage. With proper precautions 
postoperative sepsis is rare. 

Hematoma in pelvis or in reservoir. 

Anastomotic dehiscence or stricture. 

Wound infection. 

Urinary tract infection. 

Excessive number of stools. 

Fecal incontinence. 

Pouchitis (more likely to occur in patients with in-
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flammatory bowel disease). Treatment with metro
nidazole may be sufficient. 

Pouch surveillance is performed in patients with fa
milial polyposis syndromes. Polyps have been 
known to form in the ileal reservoir. 

Acute intestinal obstruction due to adhesions. 
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49 Abdominoperineal 
Proctectomy for 
Benign Disease 

INDICATIONS 

Inflammatory bowel disease, including ulcerative col
itis and Crohn's colitis with intractable rectal involve
ment that precludes restorative proctocolectomy 

PREOPERATIVE PREPARATION 

See Chapter 48. 

PITFAllS AND DANGER POINTS 

Operative damage to or interruption of pelvic auto
nomic nerves in male patients, leading to sexual im
potence or failure of ejaculation 

Pelvis sepsis, especially in patients who have per
ineal fistulas 

Inadequate management of perineal wound, result
ing in a chronic perineal draining sinus 

OPERATIVE STRATEGY 

Abdominoperineal proctectomy is not a cancer op
eration. Resection should be conservative, and every 
attempt should be made to avoid damage to adjacent 
structures. 

Transection of the hypogastric sympathetic nerve 
trunks that cross over the anterior aorta causes ejac
ulatory failure in men. Beyond the aortic bifurcation 
these nerves diverge into two bundles going toward 
the region of the right and left hypogastric arteries, 
where they join the inferior hypogastric plexus on 
each side. According to Lee et al. (1973) the parasym
pathetic sacral autonomic outflow is interrupted if 
the lateral ligaments are divided too far lateral to the 
rectum or if the nerve plexus between the rectum 
and prostate is damaged. Parasympathetic nerve 
damage results in failure of erection. Proper strategy 
requires that the mesentery in the region of the rec
tosigmoid be divided along a line just adjacent to the 
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colon, leaving considerable fat and mesentery in the 
presacral space to protect the hypogastric nerves. 
The remainder of the pelvic dissection should be car
ried out as close to the rectum as possible, especially 
in the region of the lateral ligaments and prostate. 

So long as there are no mUltiple perineal fistulas, 
it is generally possible to achieve primary healing of 
the perineum if deadspace between the closed lev
ators and the peritoneal pelvic floor is eliminated. 
Because there is no need for radical excision of the 
pelvic peritoneum, preserve as much of it as possi
ble and mobilize additional pelvic peritoneum from 
the lateral walls of the pelvis and the bladder. If there 
is sufficient peritoneum to permit the pelvic peri
toneal suture line to come down easily into contact 
with the reconstructed levator diaphragm, close this 
layer. Otherwise it is much better to leave the pelvic 
peritoneum entirely unsutured to permit the small 
bowel to ftIl this space. To aid in preventing per
ineal sinus formation due to chronic low-grade sep
sis, insert closed-suction catheters into the presacral 
space and instill an antibiotic solution postopera
tively. 

Lyttle and Parks (1977) advocate preservation of 
the external sphincter muscles. They begin the per
ineal dissection with an incision near the dentate 
line of the anal canal and continue the dissection in 
the intersphincteric space between the internal and 
external sphincters of the anal canal. Thus the rec
tum is cored out of the anal canal, leaving the en
tire levator diaphragm and external sphincters in
tact. We have used this technique and found that it 
causes less operative trauma, minimizes deadspace, 
and may further reduce the incidence of damage to 
the prerectal nerve plexus. 

OPERATIVE TECHNIQUE 

Abdominal Incision and Position 

With the patient positioned on Lloyd-Davies leg 
rests, thighs abducted and slightly flexed, make a 



midline incision from the mid-epigastrium to the pu
bis (see Fig. 45-3a). If the patient has previously un
dergone subtotal colectomy with ileostomy and mu
cous fistula, free the mucous fistula from its 
attachments to the abdominal wall. Ligate the lumen 
with umbilical tape and cover it with a sterile rub
ber glove. 

Mesenteric Dissection 

Divide the mesentery between sequentially applied 
Kelly clamps along a line close to the posterior wall 
of the rectosigmoid. Continue the line of dissection 
well into the presacral space. This leaves a consid
erable amount of fat and mesentery behind to cover 
the bifurcation of the aorta and sacrum (Fig. 49-1). 
The fat and mesentery prevent injury to the hy
pogastric nerve bundles, which travel from the 
preaortic area down the promontory of the sacrum 
toward the hypogastric vessels on each side to join 
the hypogastric plexuses on each side (see Figs. 
45-4, 45-6). 

Rectal Dissection 

Incise the pelvic peritoneum along the line where 
the peritoneum joins the rectum, preserving as 
much peritoneum as possible. Accomplish this first 
on the right and then on the left side (see Fig. 45-5). 
Note the location of each ureter (see Fig. 45-6). Di
vide the posterior mesentery to the mid-sacral level. 
The posterior wall of rectum can now be seen, as at 
this point the blood supply of the rectum comes 
from the lateral wall of the pelvis. Elevate the rec
tum from the distal sacrum by blunt dissection and 
with Metzenbaum scissors incise Waldeyer's fascia 
close to the rectum. Draw the rectum in a cephalad 
direction and place the peritoneum of the rec
tovesical or rectouterine pouch on stretch. This peri
toneum can now be divided easily with Metzenbaum 
scissors. Division of the lateral ligament can also be 
accomplished with good hemostasis by inserting a 
right-angle clamp underneath the ligament and di
viding the overlying tissue with electrocautery (see 
Fig. 45-9). 

With cephalad traction on the rectum and a Lloyd
Davies retractor holding the bladder forward, divide 
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Fig. 49-1 

Denonvilliers' fascia at the level of the proximal por
tion of the prostate (see Fig. 4S-Ub). Keep the dis
section close to the anterior rectal wall, which 
should be bluntly separated from the body of the 
prostate. In female patients, the dissection separates 
the rectum from the vagina. When the dissection has 
continued beyond the tip of the coccyx posteriorly 
and the prostate anteriorly, initiate the perineal 
dissection. 
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Fig. 49-2 

Fig. 49-3 

Perineal Incision 

Close the skin of the anal canal with a heavy purse
string suture (Fig. 49-2). Then make an incision cir
cumferentially in the skin just outside the sphincter 
muscles of the anus. Carry the dissection down close 
to the outer margins of the external sphincter to the 
levator muscles (Fig. 49-3). The inferior hemor
rhoidal vessels are encountered running toward the 
rectum overlying the levator muscles. Occlude these 
vessels by electrocautery. After the incision has been 
deepened to the levators on both sides, expose the 
tip of the coccyx. Transect the anococcygeal liga
ment by electrocautery and enter the presacral space 
posteriorly. The fascia of Waldeyer, which attaches 
to the anterior surfaces of the lower sacrum and coc
cyx and to the posterior rectum, forms a barrier that 
blocks entrance into the presacral space from below 
even after the anococcygeal ligament has been di
vided. If this fascia is elevated from the sacral pe
riosteum by forceful blunt dissection in the per
ineum, venous bleeding and damage to the sacral 
neural components of the nervi erigentes may oc
cur. Consequently, divide this sharply from above 
(Fig. 45-10) or below before an attempt is made to 
enter the presacral space from below. 

Division of Levator Diaphragm 

From the perineal approach, insert the left index fin
ger into the opening to the presacral space and place 



Fig. 49-4 

it in the groove between the rectum and the levator 
muscles. Use electrocautery to divide the levators 
close to the rectum on either side. Then deliver the 
specimen from the presacral space down through 
the posterior perineum, so the anal canal is attached 
only anteriorly. Visualize the prostate gland. Using 
electrocautery, transect the puborectalis and rec
tourethralis muscles close to the anterior rectal wall. 
Carry this dissection down to the level of the 
prostate and remove the specimen. 

Closure of Pelvic Floor 

Insert one or two large (6 mm) plastic catheters 
through the skin of the perineum and the levator 
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muscles into the presacral space for closed-suction 
drainage. Alternatively, these drains may be 
brought up from the presacral space into the pelvis 
and out through puncture wounds of the abdomi
nal wall. 

Close the defect in the levator diaphragm using 
interrupted sutures of 2-0 PG after thoroughly irri
gating the pelvis with an antibiotic solution and 
achieving perfect hemostasis (Fig. 49-4), Close the 
skin with subcuticular sutures of 4-0 PG. Attach the 
catheters to suction for the remainder of the proce
dure while an assistant closes the peritoneum of the 
pelvic floor with continuous 2-0 PG sutures using 
the abdominal approach. 
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Ueostomy 

Choose a suitable site and construct a terminal 
ileostomy as described in Chapter 50 (if not already 
performed during a previous operation). 

Abdominal Closure 

After checking the integrity of the peritoneal pelvic su
ture line and making certain it is contiguous with the 
pelvic floor, irrigate the abdominal cavity and pelvis. 
Approximate the abdominal wall with interrupted su
tures using the modified Smead:Jones technique. 

POSTOPERATIVE CARE 

See Chapter 46. 

COMPLICATIONS 

See Chapter 46. 
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50 End-Ileostomy 

INDICATIONS 

An end-ileostomy is generally done in conjunction 
with a subtotal or total colectomy for inflammatory 
bowel disease. Continent alternatives have been de
veloped (see References). 

Occasionally a temporary end-ileostomy and mucous 
fistula of the distal end of the bowel is constructed 
after resection of a gangrenous segment of intestine 
or a perforated cecal lesion, when primary anasto
mosis is contraindicated. 

PITFALlS AND DANGER POINTS 

Devascularization of an excessive amount of termi
nal ileum, with resultant necrosis and stricture for
mation 

Ileocutaneous fistula resulting from a too-deep stitch 
in the seromuscular layer of the ileum when fash
ioning the ileostomy 

OPERATIVE STRATEGY 

Prevention of peristomal skin excoriation (due to es
cape of small bowel contents underneath the face
plate of the ileostomy appliance) requires formation 

Fig. 50-1 

of a permanently protruding ileostomy. Properly per
formed, the ileostomy resembles the cervix of the 
uterus. A permanent protrusion of 2.0 cm is desirable, 
which allows for the likelihood that an underweight 
patient accumulates a subcutaneous layer of fat fol
lowing successful surgery for colitis. To prevent her
niation of the small bowel, close the gap between the 
cut edge of the ileum and the lateral abdominal wall 
when fashiOning a permanent ileostomy. 

OPERATIVE TECHNIQUE 

Preoperative Selection 
of neostomy Site 
Apply the face-plate of an ileostomy appliance ten
tatively to various positions in the right lower quad
rant of the patient to make sure it does not come 
into contact with the costal margin or the antero
superior spine when the patient is in a sitting posi
tion. The face-plate should not extend beyond the 
mid-rectus line or the umbilicus. During emergency 
operations, when an ileostomy has not been con
templated, the site for the ileostomy should be 
placed approximately 5 cm to the right of the mid
line and about 4 cm below the umbilicus. 

Incision 
Because ileostomy generally is not the main part of 
the contemplated operation, a midline incision has 
already been made. Now make a circular incision in 
the previously selected site in the right lower quad
rant and excise a circle of skin the diameter of a 
nickel (2 cm) (Fig. 50-1). The incision then spon
taneously stretches to the proper diameter. Make a 
linear incision down to the anterior rectus fascia and 
insert retractors to expose the fascia. Do not excise 
a core of subcutaneous fat unless the patient is sig
nificantly obese. 
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Fig. 50-2 

Fig. 50-3 

Fig. 50-4 

Make a longitudinal 2 cm incision in the fascia, 
exposing the rectus muscle (Fig. 50-2). Separate 
the muscle fibers with a Kelly hemostat (Fig. 50-3) 
and make a longitudinal incision in the peritoneum. 
Then dilate the opening in the abdominal wall by in
serting two frogers (Fig. 50-4). 

Fashioning the neal Mesentery 
At least 6-7 cm of ileum is required beyond the point 
at which the ileum meets the peritoneum if a proper 
ileostomy of the protruding type is to be made. More 
length may be required in the obese patient. If the 
entire mesentery is removed from this length of 
ileum, necrosis of the distal ileal mucosa takes place 
in many patients. Consequently, the portion of the 
ileum that passes through the abdominal wall must 
retain a sufficient width of mesentery to ensure vas
cularity. The "marginal" artery can be visualized in 
the mesentery within 2 cm of the ileal wall. Preserve 
this segment of vasculature while carefully dividing 
the mesentery. Complete removal of the mesentery 
is well tolerated at the distal 2-3 cm of the ileum. 

Closure of Mesenteric Gap 
Insert a Babcock clamp into the abdominal cavity 
through the opening made for the ileostomy. Grasp 
the terminal ileum with the clamp and gently bring 
it through this opening, with the mesentery placed 
in a cephalad direction (Fig. 50-5). Place no sutures 
between the ileum and the peritoneum or the rec
tus fascia (Fig. 50-6). 

Using a continuous 2-0 PG suture, suture the cut 
edge of the ileal mesentery to the cut edge of the 
paracolic peritoneum. This maneuver completely 
obliterates the mesenteric defect (Fig. 50-7). 
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Fig. 50-5 Fig. 50-6 

Fig. 50-7 
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Fig. 50-8 

Mucocutaneous Fixation of lleostomy 

Construct a "cervix" by inserting interrupted 4-0 PG 
sutures through the full thickness of the terminal 
ileum; then, using the same needle, take a shallow 
seromuscular bite of the lateral wall of the ileum, 
which is situated opposite the level of the skin. Com
plete the suture by taking a bite of the subcuticular 
layer of skin (Fig. 50-8). Temporarily hold the stitch 
in a hemostat and place identical stitches in each of 
the other quadrants of the ileostomy. After all the 
sutures have been inserted tighten them gently to 
evert the ileum (Fig. 50-9). Then tie the sutures. 
Place one additional suture of the same type be
tween each of the four quadrant sutures, complet
ing the mucocutaneous ftxation. 

Fig. 50-9 

POSTOPERATIVE CARE 

Nasogastric suction may be required, depending on 
the nature of the primary procedure. 

Prescribe perioperative antibiotics. 

Apply a Stomahesive disk to the ileostomy in the op
erating room; place an ileostomy bag over the disk. 

Instruct the patient in ileostomy care. 

COMPLICATIONS 

Early problems 

Occasional necrosis of the distal ileum (although 
rare when good technique is used) 

Peristomal infection or ftstula 

Late problems 

Prolapse of ileostomy 

Stricture of ileostomy 

Obstruction of ileostomy due to food ftber 

Peristomal skin ulceration 
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51 Loop neostomy 

INDICATIONS 

Loop ileostomy is performed when temporary di
version of the fecal stream is required. It may be 
used to protect a tenuous colon anastomosis or as 
part of the initial treatment of severe inflammatory 
bowel disease. 

In some patients loop ileostomy is easier to construct 
than end-ileostomy. It allows better preservation of 
the blood supply to the stoma. 

PITFALLS AND DANGER POINTS 

If the ileum is not transected at the proper point, to 
make the proximal stoma the dominant one, total fe
cal diversion is not accomplished. 

See Chapter 50. 

OPERATIVE STRATEGY 

Properly performed, this technique is a good method 
for achieving temporary but complete diversion of 
the intestinal contents. Because the entire mesen
tery is preserved, the blood supply to the stoma is 
optimized. Closure can be accomplished by a local 
plastic procedure or by local resection and anasto
mosis. 

OPERATIVE TECHNIQUE 

If a loop ileostomy is being performed as a primary 
procedure, a midline incision beginning at the um
bilicus and proceeding caudally for 8-10 cm is ade
quate. Identify the distal ileum and the segment se
lected for ileostomy by applying a single marking 
suture to that segment of the ileum that will form 

Select the proper site in the right lower quadrant 
(see Chapter 50) and excise a nickel-size circle of 
skin. Expose the anterior rectus fascia and make a 2 
cm longitudinal incision in it (see Fig. 50-1). Sepa
rate the rectus fibers with a large hemostat and make 
a similar vertical incision in the peritoneum (see Figs. 
50-2, 50-3). Then stretch the ileostomy orifice by 
inserting two fmgers (see Fig. 50-4). 

After this step has been accomplished, insert a 
Babcock clamp through the aperture into the ab
dominal cavity. Arrange the ileum so the proximal 
segment emerges on the cephalad side of the 
ileostomy. Then grasp the ileum with the Babcock 
clamp and deliver it through the abdominal wall 
with the aid of digital manipulation from inside the 
abdomen. The proximal limb should be on the 
cephalad surface of the ileostomy. 

Confirm that there is no tension whatever on any 
distal anastomosis (Fig. 51-1). Position the ileum so 
the afferent or proximal limb of ileum enters the 
stoma from its cephalad aspect and the distal ileum 
leaves the stoma at its inferior aspect. To ensure that 
the proximal stoma dominates the distal stoma and 
completely diverts the fecal stream, transect the an
terior half of the ileum at a point 2 cm distal to the 

the proximal limb of the loop ileostomy. Fig. 51-1 
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Fig. 51-2 

Fig. 51-3 

Fig. 51-4 

apex of the loop (Fig. 51-2). Then evert the 
ileostomy (Fig. 51-3). Insert interrupted atraumatic 
sutures of 4-0 PG to approximate the full thickness 
of the ileum to the subcuticular portion of the skin. 
The end result should be a dominant proximal stoma 

that compresses the distal stoma (Fig. 51-4). We do 
not suture the ileum to the peritoneum or fascia. 

To minimize contamination of the abdominal cav
ity, it is possible to deliver the loop of ileum through 
the abdominal wall and then pass a small catheter 
around the ileum and through the mesentery to 
maintain the position of the ileum. Division of the 
ileum and suturing of the ileostomy may be post
poned until the abdominal incision has been com
pletely closed. After suturing the ileum to the sub
cutis, remove the catheter. 

Close the abdominal wall with interrupted No.1 
PDS sutures by the modified Smead-Jones technique 
described in Chapter 3. Close the skin with inter
rupted flne nylon or skin staples. Then mature the 
loop ileostomy as described above if this step has 
not already been done. 

POSTOPERATIVE CARE 

See Chapter 50. 

COMPliCATIONS 

See Chapter 50. 
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5 2 Cecostomy 
SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Cecostomy is an alternative to resection when there 
is impending perforation of the cecum secondary to 
a colonic obstruction or ileus. Colonoscopic de
compression is a better alternative for cases of 
pseudo-obstruction. Cecostomy is used only when 
other methods have failed. 

PREOPERATIVE PREPARATION 

Perioperative antibiotics 

Nasogastric suction 

Fluid resuscitation 

PITFAllS AND DANGER POINTS 

provides more certain decompression but requires 
formal closure. In the attempt to avoid fecal conta
mination of the abdominal cavity during this opera
tion, the cecum is sutured to the external oblique 
aponeurosis before being incised. 

OPERATIVE TECHNIQUE 

Skin-Sutured Cecostomy 

Incision 

Make a transverse incision about 4-5 cm long over 
McBurney's point and carry it in the same line 
through the skin, external oblique aponeurosis, the 
internal oblique and transversus muscles, and the 
peritoneum. Do not attempt to split the muscles 
along the line of their fibers. 

Cecostomy may fail to produce adequate decom- Exploration of Cecum 
pression. 

Limited exploration through a small incision may 
miss an area of perforation elsewhere. 

Fecal matter may spill into the peritoneal cavity. 

OPERATIVE STRATEGY 

There are two kinds of cecostomy. A simple tube ce
costomy is constructed in a manner analogous to a 
Stamm gastrostomy (see Chapter 32). Even a large 
tube is easily plugged by fecal debris, and this kind 
of cecostomy primarily allows decompression of gas 
and liquid. The main advantage of tube cecostomy 
is that when the cecostomy is no longer needed re
moving the tube frequently results in spontaneous 
closure. The skin-sutured cecostomy described here 

Rule out patches of necrosis in areas beyond the line 
of incision by carefully exploring the cecum. To ac
complish this without the danger of rupturing the ce
cum, insert a 16-gauge needle attached to an empty 
50 cc syringe, which releases some of the pressure. 
After this has been accomplished, close the puncture 
wound with a fme suture. Elevate the abdominal wall 
with a retractor to expose the anterior and lateral 
walls of the cecum. If the exposure is inadequate, 
make a larger incision. If a necrotic patch of cecum 
can be identified, use this region as the site for the 
cecostomy and excise it during the procedure. 

Cecal Fixation 

Suture the wall of the cecum to the external oblique 
aponeurosis with a continuous 4-0 PG suture on a 
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Fig. 52-1 

Fig. 52-2 

fme needle to prevent any fecal spillage from reach
ing the peritoneal cavity (Fig. 52-1). If the incision 
in the external oblique aponeurosis is longer than 
4-5 cm, narrow it with several PG sutures. Narrow 
the skin incision also to the same length with sev
eral fme PG subcuticular sutures. 

Mucocutaneous Suture 

Make a transverse incision in the anterior wall of the 
cecum 4 cm long (Fig. 52-2) and aspirate liquid 
stool and gas. Then suture the full thickness of the 
cecal wall to the subcuticular layer of the skin with 
a continuous or interrupted suture of 4-0 PG on an 
atraumatic needle (Fig. 52-3), Place a properly fit
ted ileostomy bag over the cecostomy at the con
clusion of the operation. 

Tube Cecostomy 

The abdominal incision and exploration of the ce
cum for a tube cecostomy are identical to those done 
for a skin-sutured cecostomy. Insert a purse-string 
suture in a circular fashion on the anterior wall of 
the cecum using 3-0 atraumatic PG. The diameter of 
the circle should be 1.5 cm. Insert a second purse
string suture outside the first, using the same suture 
material. Then make a stab wound in the middle of 
the purse-string suture; insert a 36F soft-rubber tube 
into the suture and for about 5-6 cm into the as
cending colon. Tie the first purse-string suture 
around the rubber tube; then tie the second purse
string suture so as to invert the first. It is helpful if 
several large side-holes have been cut first in the dis
tal 3-4 cm of the rubber tube. 

Select a site about 3 cm above the incision for a 
stab wound. Bring out the rubber tube through this 
stab wound and suture the cecum to the peritoneum 
around the stab wound. Use four interrupted 3-0 PG 
atraumatic sutures to keep the peritoneal cavity free 
of any fecal matter that may leak around the tube. 

Close the abdominal incision in a single layer by 

Fig. 52-3 



the modified Smead-Jones technique using inter
rupted 1-0 PDS sutures. Do not close the skin 
wound; insert several 4-0 nylon interrupted skin su
tures, which will be tied 3-5 days after operation. 

POSTOPERATIVE CARE 

Manage the skin-sutured cecostomy in the operating 
room by applying an adhesive-backed ileostomy-type 
disposable plastic appliance to it. The tube cecos
tomy requires repeated irrigation with saline to pre
vent it from being plugged by fecal particles. It may 
be removed after the tenth postoperative day if it is 
no longer needed. 
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COMPliCATIONS 

The major postoperative complication of this pro
cedure is peristomal sepsis, as the possibility of 
bacterial contamination of the abdominal incision 
cannot be completely eliminated. Nevertheless, peri
stomal sepsis is much less common than one would 
anticipate with an operation of this type. 

REFERENCE 

Duh QY, Way LW. Diagnostic laparoscopy and laparo
scopic cecostomy for colonic pseudoobstruction. Dis 
Colon Rectum 1993;36:65. 



5 3 Transverse Colostomy 

INDICATIONS 

Relief of obstruction due to lesions of the left colon 

Diversion of fecal stream 

Complementary to left colon anastomosis (see also 
Chapter 51) 

PREOPERATIVE PREPARATION 

Before performing a colostomy for colonic obstruc
tion, confirm the diagnosis by barium enema, 
colonoscopy, or computed tomography (Cl) of the 
abdomen. 

Use a preoperative flat radiograph of the abdomen 
to identify the position of the transverse colon rela
tive to a ftxed point, such as a coin placed over the 
umbilicus. 

Apply fluid resuscitation. 

Place a nasogastric tube. 

Prescribe perioperative antibiotics. 

PITFAllS AND DANGER POINTS 

Performing colostomy in error for diagnoses such as 
fecal impaction or pseudo-obstruction 

Be certain the "ostomy" is, in fact, being constructed 
in the transverse colon, not in the redundant sig
moid colon, jejunum, or even the gastric antrum. 

With advanced colonic obstruction, be aware of the 
possibility of impending cecal rupture for which 
transverse colostomy is an inadequate operation un
less the cecum is seen to be viable. 

OPERATIVE STRATEGY 

Impending Rupture of Cecum 
For routine cases of left colon obstruction, with the 
diagnosis conflrmed by barium enema radiography, 
the colon may be approached through a small trans
verse incision in the right rectus muscle. This inci
sion should be made for the colostomy alone; the 
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rest of the abdominal cavity does not have to be ex
plored. Exceptions to this policy should be made for 
patients with a sigmoid volvulus, those suspected to 
have ischemic colitis or perforation, and those 
in whom an advanced obstruction threatens cecal 
rupture. 

When impending rupture is suspected, direct vi
sual inspection of the cecum is mandatory. This may 
be accomplished with a midline laparotomy incision 
or a transverse right lower quadrant incision made 
over the cecum. Cecal necrosis or perforation man
dates resection, usually with ileostomy and mucous 
ftstula. 

Diversion of Fecal Stream 
Contrary to widespread medical opinion, it is not nec
essary to construct a double-barreled colostomy with 
complete transection of the colon to divert the stool 
from entering the left colon. We agree with Turnbull 
and Weakley (1967) that if a 5 cm longitudinal inci
sion is made on the antimesenteric wall of the trans
verse colon and is followed by immediate maturation, 
fecal diversion is accomplished even in the absence 
of a supporting glass rod. The long incision in the 
colon permits the posterior wall to prolapse, resulting 
in functionally separate distal and proximal stomas. 

OPERATIVE TECHNIQUE 

Incision 
Make a transverse incision over the middle and lat
eral thirds of the upper right rectus muscle (Fig. 
53-1). Ideally the length of the skin incision equals 
the length of the longitudinal incision to be made in 
the colon (5-6 cm). To accomplish this it is neces
sary to identify the level at which the transverse 
colon crosses the path of the right rectus muscle. It 
may be done on a preoperative flat radiograph of 
the abdomen, followed by conftrmation using per
cussion of the upper abdomen in the operating 
room. Make the transverse incision sufficiently long 
to accomplish accurate identillcation of the trans
verse colon. The incision will be partially closed, 
leaving a 5 cm gap to accommodate the colostomy. 



Fig. 53-1 

When the transverse colostomy is to precede a 
subsequent laparotomy for removal of colon pathol
ogy, begin the transverse incision 2 cm to the right 
ofthe midline and extend it laterally. If this is done, 
the colostomy does not prevent the surgeon from 
using a long midline incision for the second stage of 
the operation. 

After the skin incision is made, incise the anterior 
rectus fascia with a scalpel. Insert a Kelly hemostat 
between the muscle belly and the posterior rectus 
sheath. Incise the rectus muscle transversely over 
the hemostat with coagulating electrocautery for a 
distance of 6 cm. Then enter the abdomen in the 
usual manner by incising the posterior rectus sheath 
and peritoneum. 

Identification of Transverse Colon 
Even though the transverse colon is covered by 
omentum, in the average patient the omentum is 
thin enough that the colon can be seen through it. 
Positive identification can be made by observing the 
taenia. Divide the omentum for 6-7 cm over the 
colon. If colon is not clearly visible, extend the 
length of the incision. 

Exteriorize the omentum and draw it in a cepha
lad direction; its undersurface leads to its junction 
with the transverse colon. At this point make a win
dow in the overlying omentum so the transverse 
colon may protrude through the incision. Then re-
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Fig. 53-2 

. Immediate Maturation of Colostomy 
In patients who undergo operations for colon ob
struction, the transverse colon is often so tensely dis
tended it is difficult to deliver the anterior wall of 
the colon from the abdominal cavity without caus
ing damage. To solve this problem, apply two Bab
cock clamps 2 cm apart to the anterior wall of the 
transverse colon. Insert a 16 gauge needle attached 
to a low-pressure suction line into the colon be
tween the Babcock clamps (Fig. 53-2). After gas 
has been allowed to escape through the needle, the 
colon can be exteriorized easily. 

The incision in the abdominal wall should be 
about 6 cm long. If it is longer than 6 cm, close the 
lateral portion with interrupted No.1 PDS sutures 
of the Smead-Jones type. Shorten the skin incision 
with interrupted 4-0 nylon skin sutures as needed. 

Make a 5- to 6-cm longitudinal incision along the 
anterior wall of the colon, preferably in the taenia 
(Fig. 53-3). Aspirate the bowel gas. Irrigate the op-

place the omentum into the abdomen. Fig. 53-3 
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Fig. 53-4 

erative field with 0.1 % kanamycin solution. Then su
ture the full thickness of the colon wall to the sub
cuticular layer of the skin with 4-0 PG sutures, ei
ther interrupted or continuous (Fig. 53-4), Attach a 
disposable ileostomy or colostomy bag to the 
colostomy. 

Modification of Technique 
Using a Glass Rod 
We prefer not to interrupt the suture line between 
the colon and skin by use of a glass rod. In markedly 
obese patients who have a short mesentery, a mod-

Fig. 53-5 

ified glass rod technique may be used to prevent 
retraction while keeping the colocutaneous suture 
line intact. Make a stab wound through the skin at 
a point about 4 cm caudal to the midpoint of the 
proposed colostomy. By blunt dissection pass a 
glass or plastic rod between the subcutaneous fat 
and the anterior rectus fascia, proceeding in a 
cephalad direction. Pass the rod deep to the colon 
and have it emerge from a second stab wound 4 
cm cephalad to the colostomy (Fig. 53-5). This 
technique permits the subcutaneous fat to be pro
tected from postoperative contamination by stool 
and greatly simplifies application of the colostomy 
bag. 

An alternative to the solid rod is a thick Silastic 
tube, 6 mm in diameter, such as a nonperforated seg
ment of a closed-suction drain tube. We prefer this 
method because it produces minimal inflammatory 
tissue response. However, because this tube is soft, 
it must be fixed to the skin of the two stab wounds 
with nylon sutures. 

POSTOPERATIVE CARE 

In the operating room apply a plastic disposable 
adhesive-type colostomy bag. 

Apply nasogastric suction until the colostomy func
tions. 

COMPilCATIONS 

Peristomal sepsis is surprisingly uncommon. Treat
ment requires local incision and drainage. Massive 
sepsis would require moving the colostomy to an
other site. 

Prolapse oj the dejunctionalized limb is fairly 
common when a loop colostomy is allowed to re
main for months or years. It is managed by resection 
of the colostomy with restoration of gastrointestinal 
continuity or conversion to an end-colostomy. Care
ful tacking of both limbs at the peritoneal level helps 
prevent this complication but renders mobilization 
and subsequent closure more difficult. 
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Closure of 54 Temporary Colostomy 

INDICATIONS 

A temporary colostomy should be closed when it is 
no longer needed. Anastomotic healing and absence 
of a distal obstruction should be demonstrated by 
contrast studies. Suitably prepared patients may un
dergo colostomy closure as early as 2-3 weeks after 
surgery. 

PREOPERATIVE PREPARATION 

Barium colon enema radiography to demonstrate pa
tency of distal colon 

Nasogastric tube 

Routine mechanical and antibiotic bowel prepara
tion (saline enemas to cleanse the inactivated left 
colon segment may be required as well) 

Perioperative systemic antibiotics 

PITFALLS AND DANGER POINTS 

Suture-line leak 

Intraabdominal abscess 

Wound abscess 

OPERATIVE STRATEGY 

To avoid suture-line leakage, use only healthy, well 
vascularized tissue for colostomy closure. Adequate 
lysis of the adhesions between the transverse colon 
and surrounding structures allows a sufficient seg
ment of transverse colon to be mobilized, avoiding 
tension on the suture line. If necessary, the incision 
in the abdominal wall should be enlarged to provide 
exposure. If the tissue in the vicinity of the colostomy 
has been devascularized by operative trauma, do not 
hesitate to resect a segment of bowel and perform 
an end-to-end anastomosis instead of a local recon
struction. Proper suturing or stapling of healthy 
colon tissue and minimizing fecal contamination 
combined with perioperative antibiotics helps pre
vent formation of abscesses. 
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Infection of the operative incision is rather com
mon following colostomy closure, owing in part to 
failure to minimize the bacterial inoculum into the 
wound. Another phenomenon that contributes to 
wound infection is retraction of subcutaneous fat 
that occurs around the colostomy. This can produce 
a gap between the fascia and the epidermis when 
the skin is sutured closed, creating deadspace. Avoid 
this problem by leaving the skin open at the con
clusion of the operation. 

OPERATIVE TECHNIQUE 

Incision 

Occlude the colostomy by inserting small gauze 
packing moistened with povidone-iodine solution. 
Make an incision in the skin around the colostomy 
3-4 mm from the mucocutaneous junction (Fig. 
54-1). Continue this incision parallel to the muco
cutaneous junction until the entire colostomy has 
been encircled. Applying three Allis clamps to the 
lips of the defect in the colon expedites this dis
section and helps prevent contamination. Deepen 
the incision by scalpel dissection until the seromus
cular coat of colon can be identified. Then separate 
the serosa and surrounding subcutaneous fat by Met
zenbaum scissors dissection (Fig. 54-2). Perform 
this dissection with meticulous care to avoid trauma 

Fig. 54-1 



Fig. 54-2 

to the colon wall. Continue down to the point where 
the colon meets the anterior rectus fascia. 

Fascial Dissection 
Identify the fascial ring and use a scalpel to dissect 
the subcutaneous fat off the anterior wall of the fas
cia for a width of 1-2 em until a clean rim of fascia 
is visible all around the colostomy. Then dissect the 
colon away from the fascial ring until the peritoneal 
cavity is entered. 

Peritoneal Dissection 

Once the peritoneal cavity has been identified, it is 
often possible to insert an index finger and gently 
dissect the transverse colon away from the adjoin
ing peritoneal attachments. Using the index finger 
as a guide, separate the remainder of the colon from 
its attachments to the anterior abdominal wall. This 
can often be accomplished without appreciably en
larging the defect in the abdominal wall. However, 
if any difficulty whatever is encountered while free
ing the adhesions between the colon and peri
toneum, extend the incision laterally by dividing the 
remainder of the rectus muscle with electrocautery 
for a distance adequate to accomplish the dissection 
safely. 

Closure of Colon Defect by Suture 
After the colostomy has been freed from all attach
ments for a distance of 5-6 em (Fig. 54--3), detach 
the rim of skin from the colon. Carefully inspect the 
wall of the colon for injury. A few small superficial 
patches of serosal damage are of no Significance so 
long as they are not accompanied by devasculariza
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Fig. 54-3 

the colostomy by excising a rim of 3-4 mm of 
scarred colon reveals healthy tissue. 

The colon wall should now be of relatively nor
mal thickness. In these cases the colostomy defect, 
which resulted from a longitudinal incision in the 
transverse colon at the initial operation, should be 
closed in a transverse direction. Initiate an inverting 
stitch of 4-0 PG on an atraumatic curved needle at 
the caudal margin of the colonic defect and pursue 
it as a continuous Connell or continuous Cushing su
ture to the midpoint of the defect (Fig. 54-4). Then 
initiate a second suture of the same material on the 
cephalad margin of the defect and continue it also 
to the midpoint; terminate the suture line here (Fig. 

tion. In most cases, merely freshening the edge of Fig. 54-4 
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Fig. 54-5 

54-4). Invert this layer with another layer of inter
rupted 4-0 silk atraumatic seromuscular Lembert su
tures (Fig. 54-5), Because of the transverse direc
tion of the suture line, the lumen of the colon is 
quite commodious at the conclusion of the closure. 
There should be no tension whatever on this suture 
line. Finally, irrigate the operative field and reduce 
the colon into the abdominal cavity. 

Closure of Colonic Defect by Staples 

If the colon wall is not so thick that compressing it 
to 2 mm produces necrosis, stapling is an excellent 
method for closing the colon defect. Align the de
fect so the closure can take place in a transverse di
rection. Place a single guy suture to mark the mid
point of the transverse closure (Fig. 54-{)) and apply 
Allis clamps to approximate the colon staple line 
with the bowel wall in eversion. 

Carry out stapling by triangulation with two ap
plications of the 55 mm linear stapling device, rather 
than attempting a single application of a 90 mm de
vice. This minimizes the chance of catching the back 
wall of the colon in the staple line. First, apply the 
stapler across the everted mucosa supported by the 

the guy suture. Fire the staples and use Mayo scis
sors to excise the redundant everted mucosa flush 
with the stapler. Leave the guy suture at the mid
point of the closure intact. 

Make the second application of the 55 mm linear 
stapler with the device positioned deep to the Allis 
clamps on the cephalad portion of the defect (Fig. 
54-7). It is important to position the guy suture to in
clude the previous staple line in this second line of 
staples, ensuring that no gap exists between the two 
staple lines. Then fire the staples. Remove any re
dundant mucosa by excising it with Mayo scissors 
flush with the stapler. Lightly electrocoagulate the 
everted mucosa. Carefully inspect the integrity of the 
staple line to ensure that proper B formation has taken 
place. It is important, especially with stapling, to as
certain that no tension is exerted on the closure. 

Resection and Anastomosis 
of Colostomy 

Whenever the tissue is of inadequate quality for sim
ple transverse closure, enlarge the incision in the ab
dominal wall and resect a segment of colon. Mobi
lize a sufficient section of the right transverse colon, 
occasionally including the hepatic flexure. Dissect 
the omentum off the transverse colon proximal and 
distal to the defect. After the proximal and distal seg
ments of the colon have been suffiCiently mobilized 
and the traumatized tissue excised, an end-to-end 
anastomosis can be constructed by the usual two
layer suture technique (see Figs. 44-18 through 
44-26) or the staple technique (see Figs. 44-35 
through 44-38). 

Allis clamps on the caudal aspect of the defect and Fig. 54-6 



Fig. 54-7 

Closure of Abdominal Wall 

Irrigate the area with a dilute antibiotic solution and 
apply an Allis clamp to the midpoint of the abdom
inal wall on the caudal and cephalad aspects of the 
wound. Then close the incision by the modified 
Smead-Jones technique (see Chapter 3). 

Management of Skin Wound 

Frequently the colostomy can be closed without en
larging the skin incision, which was no longer than 
5-6 cm. There is a high incidence of wound infec
tion following primary closure of the skin. In such 
cases we simply insert loosely packed gauze into 
the subcutaneous space, which we allow to heal by 
granulation and contraction. If desired, several in
terrupted vertical mattress sutures of nylon may be 
inserted, but do not tie them until the eighth 
or tenth postoperative day. Keep the subcutaneous 
tissue separated with moist gauze packing and 
approximate the skin by previously placed sutures 
or tape strips when healthy granulation tissue has 
formed. 
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POSTOPERATIVE CARE 

Apply nasogastric suction if necessary. 

Systemic antibiotics are not continued beyond the 
perioperative period unless there was serious 
wound contamination during surgery. 

COMPLICATIONS 

Wound infection 

Abdominal abscess 

Colocutaneous fistula 
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ss Operations for Colonic 
Diverticulitis (Including 
Lower Gastrointestinal 
Bleeding) 

INDICATIONS 

Elective 

Recurrent diverticulitis 

Colovesical fistula 

Urgent 

Diverticular abscess or phlegmon unresponsive to 
medical management 

Complete colon obstruction 

Suspicion of coexistent carcinoma 

Emergent 

Spreading or generalized peritonitis 

Massive hemorrhage 

PREOPERATIVE PREPARATION 

See Chapter 42. 

OPERATIVE STRATEGY 

This operation is applicable to elective surgery for 
diverticular disease and may be used during emer
gency surgery for lower gastrointestinal bleeding. In 
the latter case, it is crucial to localize the bleeding 
source before surgery. 

The operative technique for resecting the left 
colon and for the anastomosis is similar to that de
scribed for left colectomy for carcinoma but with a 
number of important exceptions. 

1. Because there is no need to perform a high 
lymphovascular dissection in the absence of cancer, 
the mesentery may be divided at a point much closer 
to the bowel unless the mesentery is so inflamed and 
edematous it cannot hold ligatures. 

2. In most cases it is not necessary to elevate the 
rectum from the presacral space, as this area is rarely 
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the site of diverticula. The anastomosis can be done 
at the promontory of the sacrum. 

3. Though it is important to remove the greatest 
concentration of diverticula, in elderly patients it is 
not necessary to perform an extensive colectomy 
just because there are some innocent diverticula in 
the ascending or transverse colon. The site selected 
for anastomosis should be free of diverticula and 
gross muscle hypertrophy. 

4. Primary anastomosis should be performed only 
if the proximal and distal bowel segments selected 
for anastomosis are free of cellulitis and of marked 
muscle hypertrophy. If an abscess has been en
countered in the pelvis, so that the anastomosis 
would lie on the wall of an evacuated abscess cav
ity, it is wise to delay the anastomosis for a second
stage operation. 

OPERATIVE TECHNIQUE 

Primary Resection and Anastomosis 

Incision 

Make a midline incision from the upper epigastrium 
to the pubis. 

Liberation of Sigmoid and Left Colon 

Initiate the dissection in the region of the upper de
scending colon by incising the peritoneum in the 
paracolic gutter. Then insert the left hand behind 
the colon (Fig. 55-1) in an area above the divertic
ulitis to elevate the mesocolon. Continue the inci
sion in the paracolic peritoneum down to the de
scending colon and sigmOid to the brim of the pelviS. 

At this point, to safeguard the left ureter from 
damage, it is essential to locate it in the upper por
tion of the dissection, where the absence of inflam
mation simplifies its identification. Then trace the 



Fig. 55-1 

ureter down into the pelvis. It may have to be dis
sected off an area of fibrosis in the sigmoid. When 
this dissection has been completed, the sigmoid is 
free down to the promontory of the sacrum. 

Division of Mesocolon 

In elective cases the mesentery generally can be di
vided serially between Kelly hemostats at a point no 
more than 4-6 cm from the bowel wall (Fig. 55-1). 
Initiate the line of division at a point on the left colon 
that is free of pathology. This sometimes requires 
liberation of the splenic flexure and distal transverse 
colon. Continue the dissection to the rectosigmoid. 
Remove the specimen after applying Allen clamps. 

Anastomosis 

Perform an open-type anastomosis in one or two lay
ers or by stapling as described in Chapter 44 (see 
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Figs. 44-12 through 44-38). In rare cases it is nec
essary to make the anastomosis at a lower level, 
where the ampulla of the rectum is significantly 
larger in diameter than the proximal colon. In that 
case a side-to-end Baker anastomosis is preferable, 
as described in Chapter 45 (see Figs. 45-12 through 
45-22). 

Abdominal Closure 

In the absence of intraabdominal or pelvic abscesses, 
close the abdomen in the useful fashion (see Chap
ter 3). Intraperitoneal drains are not needed. 

Primary Resection with 
End-Colostomy and Mucous Fistula 

If it is decided to delay the anastomosis for a second 
stage, it is not necessary to excise every bit of in
flamed bowel, as this frequently requires a Hartmann 
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pouch at the site of the rectosigmoid transaction and 
makes the second stage more difficult than if a mu
cous fistula can be constructed. In almost every case, 
proper planning of the operation permits exterior
ization of the distal sigmoid as a mucous fistula, 
which can be brought out through the lower mar
gin of the midline incision after a De Martel clamp 
or stapled closure is secured (Fig. 55-2). Divide the 
mesocolon to preserve the vascularity of the mucous 
fistula. Then bring out an uninflamed area of the de
scending colon as an end-colostomy through a sep
arate incision in the lateral portion of the left rectus 
muscle and excise the intervening diseased colon. 
The second stage of this operation-removal of the 
colostomy and mucous fistula and anastomosis of the 
descending colon to the rectosigmoid-may be car
ried out after a delay of several weeks. 

Fig. 55-2 

Emergency Sigmoid Colectomy 
with End-Colostomy and 
Hartmann's Pouch 

Indications 

For patients suffering generalized or spreading peri
tonitis secondary to perforated sigmoid diverticuli
tis, a conservative approach with diverting trans
verse colostomy and local drainage is associated with 
a mortality rate of more than 50%. Immediate exci
sion of the perforated bowel is necessary to remove 
the septic focus. Following this excision the pre
ferred procedure is a mucous fistula and end
colostomy. However, if excising the perforated por
tion of the sigmoid leaves an insufficient amount of 
distal bowel with which to form a mucous fistula, 
Hartmann's operation is indicated. It is not wise to 
attempt to create a mucous fistula by extensive pre
sacral dissection in the hope of lengthening the dis
tal segment, as it only opens new planes to poten
tial sepsis. 

Preoperative Preparation 

Preoperative preparation primarily involves rapid re
suscitative measures using intravenous fluids, blood, 
and antibiotics, as some patients are admitted to the 
hospital in septic shock. Complete colon prepara
tion may not be possible, although many patients are 
given a modified dose of GoL YTELY for colonic 
cleansing. Nasogastric suction and bladder drainage 
with a Foley catheter should be instituted. 

Operative Technique 

Incision and Liberation of Left Colon 
The steps for incision and liberation of the left colon 
are identical to those described above. It is essential 
to find the proper retromesenteric plane by initiat
ing the dissection above the area of maximal in
flammation. Once this has been achieved, with the 
left hand elevate the sigmoid colon and the diseased 
mesocolon (generally the site of a phlegmon) so the 
left paracolic peritoneum may be incised safely (Fig. 
55-1). Again, it is essential to identify the left ureter 
in the upper abdomen to safeguard it from damage. 
Sometimes a considerable amount of blood oozes 
from the retroperitoneal dissection, but it can often 
be controlled by moist gauze packs while the dis
section continues. After the left colon has been lib
erated, divide the mesentery serially between he
mostats, as above. 

Hartmann's Pouch 
Often with acute diverticulitis the rectosigmoid is 
not involved to a great extent in the inflammatory 



process. Mesenteric dissection should be terminated 
at this point. If the rectosigmoid is not excessively 
thick, occlude it by applying a 55/4.8 mm linear sta
pler. Place an Allen clamp on the specimen side of 
the sigmoid and divide the bowel flush with the sta
pler. After the stapling device is removed there 
should be slight oozing of blood through the staples, 
which is evidence that excessively thickened tissue 
has not been necrotized by using the stapling tech
nique on it (Fig. 55-3), 

If the tissue is so thick that compression to 2 mm 
by the stapling device would result in necrosis, the 
technique is contraindicated. The rectal stump should 
then be closed by a continuous layer of locked sutures 
of 3-0 PG. Invert this layer with a second layer of con
tinuous 3-0 PG Lembert sutures. Suture the apex of 
the Hartmann pouch to the pelvic fascia near, or if 
possible higher than, the promontory of the sacrum 
to prevent retraction low into the pelvis, which would 
make a secondary anastomosis more difficult. 

End-Colostomy 
Use an uninflamed area of the left colon for an end
colostomy. In a patient who is desperately ill, the 
colostomy may be brought out through the upper 
portion of the midline incision if it can save time. 
Otherwise, bring it out through a transverse incision 
over the lateral portion of left rectus muscle. The in
cision should admit two fingers. Bring out the cut 
end of the colon and immediately suture it with 4-0 
PG, either interrupted or continuous, to the subcu
ticular layer of the skin incision. 

Wound Closure 
Any rigid abscess cavities that cannot be excised 
should be managed by insertion of sump drains. If 
no rigid abscess walls have been left behind, the ab
domen should be copiously irrigated and closed in 
the usual fashion without drainage. The skin can be 
managed by delayed primary closure. 
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56 Ripstein Operation for 
Rectal Prolapse 

INDICATIONS 

Complete prolapse of the rectum 

PREOPERATIVE PREPARATION 

Mechanical and antibiotic bowel preparation 

Sigmoidoscopy 

Barium colon enema 

Foley catheter in bladder 

Perioperative antibiotics 

PITFALLS AND DANGER POINTS 

Excessive constriction of the rectum by mesh, which 
may result in partial obstruction or, rarely, erosion 
of mesh into the rectal lumen 

Disruption of suture line between mesh and pre
sacral space 

Presacral hemorrhage 

OPERATIVE STRATEGY 

simply prevents the rectum from advancing in an an
terior direction away from the hollow of the sacrum. 

The site on the rectum selected for placing the 
mesh is important. The upper level of the mesh 
should be 5 cm below the promontory of the 
sacrum, which requires opening the rectovesical or 
rectouterine peritoneum. In most cases the lateral 
ligaments of the rectum need not be divided. Avoid 
damage to the hypogastric nerves in the presacral 
area, especially in male patients, in whom nerve tran
section produces retrograde ejaculation. 

OPERATIVE TECHNIQUE 

Incision 

A midline incision between the umbilicus and pubis 
provides excellent exposure in most patients. In 
young women the operation is accompanied by im-

. ~ 

( The Ripstein operation uses permanent polypropy
lene mesh to fIx the rectum to the presacral fascia, 
thereby restoring the normal posterior curve of the 
rectum and eliminating intussusception and pro
lapse. This operation is indicated only in patients 
who are not also suffering from signiftcant consti
pation. Constipated patients do better with resec
tion of the redundant sigmoid colon and colorectal 
anastomosis with sutures attaching the lateral liga
ments of the rectum to the sacral fascia. For ex
tremely poor-risk patients with rectal prolapse, a 
Thiersch operation (see Chapter 63) or perineal re- l 
section (see References) may be performed. 

To prevent undue constriction of the rectum 
when the mesh is placed around it, leave sufficient 
room to pass two fingers behind the rectum after 
the mesh has been fIxed in place. The success ofthe 
Ripstein operation is not predicated on any degree 
of constriction of the rectum. It suffices if the mesh Fig. 56-1 
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proved cosmetic results if it is performed through a 
pfannenstiel incision. Place the 12- to 15-cm long 
Pfannenstiel incision just inside the public hairline, 
in the crease that goes from one anterior superior il
iac spine to the other (Fig. 56-1). With the scalpel, 
divide the subcutaneous fat down to the anterior rec
tus sheath and the external oblique aponeurosis. Di
vide the anterior rectus sheath in the line of the in
cision about 2 cm above the pubis (Fig. 56-2). 
Extend the incision in the rectus sheath laterally in 
both directions into the external oblique aponeuro
sis. Apply Allis clamps to the cephalad portion of this 
fascial layer and bluntly dissect it off the underlying 
rectus muscles almost to the level of the umbilicus 
(Fig. 56-3). Separate the rectus muscles in the mid
line, exposing the preperitoneal fat and peritoneum. 
Grasp the fat and peritoneum in an area sufficiently 
cephalad to the bladder to not endanger that organ. 
Incise the peritoneum, open the abdominal cavity, 
and explore it for coincidental pathology. A moder
ate Trendelenburg position is helpful. 

Incision of Pelvic Peritoneum 

Retract the small intestine in a cephalad direction. 
Make an incision in the pelvic peritoneum beginning 
at the promontory of the sacrum and proceed along 
the left side of the mesorectum down as far as the 
cul-de-sac. Identify the left ureter. 

Make a second incision in the peritoneum on the 
right side of the mesorectum, where the mesorec
tum meets the pelvic peritoneum. Extend this inci
sion also down to the cul-de-sac and identify and pre
serve the right ureter. Join these two incisions by 
dividing the peritoneum at the depth of the rec
tovesical or rectouterine pouch using Metzenbaum 
scissors (see Figs. 45-4 through 45-6). Frequently, 
the cul-de-sac is deep in patients with rectal pro
lapse. Further dissection between the rectum and 
the prostate or vagina is generally not necessary. 

Presacral Dissection 

For rectal prolapse the rectum can be elevated with 
ease from the hollow of the sacrum. Enter the pre
sacral space via a Metzenbaum dissection, a method 
similar to that described for anterior resection (see 
Chapter 45). Take the usual precautions to avoid 
damage to the presacral veins. Inspect the presacral 
area for hemostasis, which should be perfect before 
the procedure is continued. 

Application of Mesh 

Fit a section of Prolene mesh measuring 5 X 10 cm 
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Fig. 56-2 

The upper margin of the mesh should lie over the 
rectum at a point 4-5 cm below the sacral promon
tory. Using a small Mayo needle, insert three inter
rupted sutures of 2-0 Prolene or Tevdek into the 
right margin of the mesh and attach the mesh to the 
sacral periosteum along a line about 1- 2 cm to the 

or 5 X 12 cm into place overlying the lower rectum. Fig. 56-3 
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right of the mid-sacral line. Use the same technique 
to insert three interrupted sutures in the left lateral 
margin of the mesh and through the sacral fascia and 
periosteum (Fig. 56-4a). Tie none of these sutures 
yet, but apply a hemostat to each of them tem
porarily. After all six sutures have been inserted, 
have the assistants draw them taut. Then insert two 
fmgers between the rectum and sacrum to check the 
tension of the mesh, thereby ensuring that there will 
be no constriction ofthe rectum (Fig. 56-4b). Now 
tie all six sutures. Use additional sutures of 4-0 atrau
matic Prolene or Tevdek to attach both the proxi
mal and distal margins of the mesh to the underly
ing rectum, so there is no possibility of the rectum 
sliding forward underneath the mesh. 

Because there is a significant incidence of severe 
constipation and narrowing of the lumen by the 

Fig. 56-4a 

mesh, Nicosia and Bass described fIxation of the 
mesh to the presacral fascia using sutures or a fas
cial stapler. The mesh is then partially wrapped 
around and sutured to the rectum, leaving the ante
rior third of the rectal circumference free to dilate 
as necessary (Figs. 56-5, 56-6). 

Closure of Pelvic Peritoneum 

Irrigate the pelvic cavity. Close the incision in the 
pelvic peritoneum with a continuous suture of 2-0 
atraumatic PG (Fig. 56-7). 

Wound Closure 

To close the Pfannenstiel incision, grasp the peri
toneum with hemostats and approximate it with a 
continuous 2-0 atraumatic PG suture. Use several su
tures of the same material loosely to approximate 
the rectus muscle in the midline. Close the trans
verse incision in the rectus sheath and external 
oblique aponeurosis with interrupted sutures of 
atraumatic 2-0 PG. Close the skin with a continuous 
4-0 PG subcuticular suture. 

Generally, no pelvic drains are necessary. If he
mostasis is not perfect, bring a 6 rom Silas tic catheter 
out from the presacral space through a puncture 
wound in the lower abdomen and attach it to a 
closed-suction device (Fig. 56-5). 

POSTOPERATIVE CARE 

Nasogastric suction is not necessary. 

COMPLICATIONS 

Most patients who have a complete prolapse have 
suffered from years of constipation. They may have 
to continue the use of laxatives, although in some 
cases there is a defmite improvement in the patient's 
bowel function following the operation. 

Fig. 56-4b 



Fig. 56-5 

Fecal incontinence-the result of many years of 
dilatation of the anal sphincters due to repeated pro
lapse-is also common among these patients. Cor
rection of the prolapse does not automatically elim
inate incontinence. This condition is alleviated over 
time in more than 30% of patients who are placed 
on a regimen of high fiber and muscle-strengthening 
exercises, occasionally supplemented with bio
feedback. 
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Successful management of anorectal disease de
pends on a clear understanding of what symptoms 
can be attributed to various conditions.1,2 In addi
tion, consideration must be given to the impact of 
other aspects of colorectal physiology on function 
and healing. The perianal skin and lower aspect of 
the anal canal is richly innervated by sensory fibers. 
External hemorrhoids are venous plexuses located 
below the dentate line and covered with squamous 
epithelium. Internal hemorrhoids are submucosal 
vascular tissue containing blood vessels, smooth 
muscle, and connective tissue that are normally lo
cated above the dentate line. They are covered with 
transitional epithelium. Chronic straining is thought 
to cause excessive engorgement of the vascular 
cushions and disruption of the smooth muscle and 
connective tissue. This disruption allows the vascu
lar cushions and the overlying mucosa to slide down 

the anal canal and prolapse during straining. Repet
itive straining promotes further prolapse. 

Internal hemorrhoids are classified by their extent 
of prolapse down the anal canal during straining. 
Second-degree internal hemorrhoids are those that 
prolapse down the anal canal during straining and 
spontaneously reduce. Third-degree internal hemor
rhoids prolapse with straining and require manual 
reduction. Fourth-degree hemorrhoids cannot be 
reduced. 

The pressure generated in the anal canal to keep 
it closed during periods of inattention or sleep is 
called the resting anal tone. Approximately half of 
the normal resting anal tone is contributed by the 
internal anal sphincter, which is a continuation of 
the circular muscle of the rectum (Fig. 57-1). The 
lower edge of the internal sphincter and the groove 
between the internal and external sphincter can be 
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palpated approximately 1 cm below the dentate line. 
The remainder of the resting anal tone is provided 
by the external sphincter muscles and the puborec
talis. The external anal sphincters encircle the lower 
portion of the anal canal, and the puborectalis sur
rounds the posterior and lateral portions of the up
per anal canal. The puborectalis, which is continu
ous with the levator ani muscles that form the pelvic 
diaphragm, is best palpated posteriorly and is often 
referred to as the anorectal ring. 

The maximum pressure that can be generated in 
the anal canal is produced by the voluntary con
traction of the external sphincters and the pub
orectalis. It is called the maximum voluntary squeeze 
and can be maintained for only a short time. Con
traction of the striated sphincteric mechanism is also 
caused as a reflex in response to coughing or sneez
ing. Continence depends on the interaction between 
the anal sphincters, the type of challenge (solid, liq
uid, gas), and the compliance of the rectum. The 
compliance of the rectum can be thought of as its 
ability to act as a reservoir. Decreased compliance 
of the rectum produces urgent calls to stool at low 
intrarectal volumes. Common causes of decreased 
rectal compliance include radiation proctitis, in
flammatory bowel disease, rectal resection, and irri
table bowel syndrome. Patients with incontinence 
often have abnormalities in more than one area. Pa
tients with a sphincter injury may have a good con
trol of formed stool but be incontinent with liquid 
stool. Subtle abnormalities in sphincter function and 
continence may be unmasked by anal surgery. This 
can occur even with procedures that are usually not 
associated with changes in continence, such as a par
tial lateral internal sphincterotomy. Therefore it is 
extremely important to determine any abnormalities 
in bowel function that would predispose individu
als to impaired continence postoperatively. Histori
cal information regarding bowel habits and symp
toms of minor sphincter dysfunction such as 
seepage, pruritus, or incontinence of flatus should 
be noted and documented. 

Anal fissures are posterior or anterior midline ep
ithelial defects or ulcers in the anal canal. Anal fis
sures are caused by the trauma of defecation and 

should never extend above the level of the dentate 
line or out onto the anal verge. The biomechanics 
of the anal canal are such that most fissures occur 
in the midline posteriorly or, less commonly, ante
riorly. Painful anal fissures are associated with spasm 
of both the internal and external sphincters. Despite 
this spasm, it should be possible to see an anal fis
sure by gently spreading the skin of the anal verge 
and lower anal canal. Decreased resting anal tone in 
association with an anal fissure or an anal fissure in 
a patient with diarrhea suggests the diagnosis of 
Crohn's disease. Other possibilities are viral infec
tion, such cytomegalovirus or herpes in an im
munocompromised host. In either of these situa
tions, the ulcer commonly appears unusually broad 
or deep. Current theory regarding the etiology of 
typical anal fissures is that the spasm of the sphinc
teric mechanism results in decreased blood flow to 
the lining of the anal canal, and that the resultant 
relative ischemia produces poor healing. 

Perianal infections may present as obviously in
durated, erythematous areas adjacent to the anus. 
They may also present more subtly with complaints 
of discomfort in the perineum or buttock and mini
mal physical findings. Most perianal infections are 
caused by enteric flora and originate in anal glands. 
Perianal infections caused by skin organisms are 
more likely to be manifestations of other processes 
such as folliculitis or hidradenitis suppurativa. The 
anal glands thought to be the origin of most perianal 
infections empty into the anal crypts at the level of 
the dentate line. The function of these glands is ob
scure. Only a small proportion of the anal glands tra
verse the internal sphincter into the intersphincteric 
space and can therefore serve as a source of infec
tion. Infection in the intersphincteric space can 
spread directly caudad to the perianal skin or can 
penetrate the external sphincter or puborectalis to 
produce infection in the ischiorectal fossa. Midline 
anal glands posteriorly towad the coccyx can pro
duce horseshoe abscesses, as potential perianal 
spaces communicate posteriorly. 

Fistulas that result from perianal abscesses have 
been classified according to their relation to the 
sphincteric mechanism by Parks and others (1976). 
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Fig. 57-2 

A type 1 fistula is intersphincteric (Fig. 57-2) and 
extends from its origin through the intersphincteric 
space to the perianal skin. A type 2 fistula is 
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transsphincteric (Fig. 57-3) and extends through 
the external sphincter into the ischiorectal space to 
the skin of the buttocks. A type 3 fistula is supras-
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Fig. 57-4. Suprasphincteric fistulas. 

phincteric (Fig. 57-4). It travels cephalad in the in
tersphincteric space, encircles the puborectalis, and 
then perforates the levator ani, continuing to the pe
rianal skin. A type 4 fistula is extrasphincteric (Fig. 
57-5). Only rarely related to cryptoglandular infec
tion, it usually originates from an intraabdominal 
source that has caused an infection in the pelvis. 
Conditions that could cause this type of fistula in
clude diverticulitis, Crohn's disease, and foreign 
body perforation of the rectum. Fistulas caused by 
cryptoglandular infection therefore always surround 
a portion of the internal sphincter and a variable por
tion of the external sphincter. Because there is a rel
ative deficiency of sphincter muscle anteriorly ow
ing to the absence of the puborectalis, anterior 
fistulas encompass a relatively larger percentage of 
the sphincter mechanism than do posterior fistulas. 

CLINICAL CONDITIONS: SYMPTOMS 
AND MANAGEMENT CONCEPTS 

The most common symptom of internal hemor-

unless the patient is coagulopathic or the internal 
hemorrhoids are grade 3 or larger. In general, inter
nal hemorrhoids cause an unpleasant pressure sen
sation while they are prolapsed, which resolves with 
reduction of the prolapse. Internal hemorrhoids that 
do not prolapse should not cause pain. The amount 
of hemorrhoidal prolapse a patient has is best as
sessed while the patient is on the commode. The pa
tient is asked to strain on the commode; and then, 
while still straining, is asked to lean forward to al
low the examiner to visualize the perineum. 

Irritation of the perianal skin produces an itch
ing or burning sensation. These symptoms are inde
pendent of any underlying venous plexuses or re
dundant skin and are therefore not a symptom of 
external hemorrhoids. Internal hemorrhoids con
tribute to these symptoms only when they are 
chronically prolapsed and in this state increase pe
rianal moisture. Chronically prolapsed internal he-

EXlrasphincteric fistu la 
secondary to a 
transsphinclcric fis tu la 

rhoids is painless rectal bleeding. The bleeding can ExtrasphincLeric fisLula 

vary in quantity and frequency, but generally the owing 10 direCllrauma 

quantity is fairly predictable for a given patient. It is 
not usually of significant amount to produce anemia Fig. 57-5. Extrasphincteric fistulas. 
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morrhoids should be readily visible at the anal ori
fice. 

External hemorrhoids become engorged with 
blood during a Valsalva maneuver. They cause pain 
only when they become thrombosed. When throm
bosed, they appear as firm, painful, bluish skin
covered masses on the anal verge. Although dis
comfort is maximal for the first 48-72 hours, resid
ual discomfort persists for 7 days, and the "lump" 
may take several weeks to resolve. Within the first 
72 hours of occurrence, excision of the thrombosed 
hemorrhoid relieves more pain than it causes. The 
converse is true after this time interval. As previously 
discussed, discomfort from internal hemorrhoids oc
curs when they remain prolapsed after straining. If 
internal hemorrhoids are acutely prolapsed and not 
reduced, they cause engorgement and edema of the 
external hemorrhoidal complex on the ipsilateral 
side. Eventually, both components may thrombose 
and appear as firm, painful, nonreducible masses, 
the inner covered with mucosa and the outer with 
squamous epithelium. When thrombosis has already 
occurred, treatment should be dictated by the time 
interval since onset: If less than 72 hours, hemor
rhoidectomy is reasonable; if more than 72 hours, 
conservative management with stool softeners and 
analgesics is appropriate. 

Over the years many treatments have been pro
posed for symptomatic internal hemorrhoids and 
have enjoyed brief surges of popularity. Among the 
nonsurgical techniques, only rubber band ligation 
has truly withstood the test of time. 

Hemorrhoid banding is the treatment of choice 
for prolapsing symptomatic internal hemorrhoids. It 
is easily performed in the outpatient setting, requires 
no anesthetic, and is associated with few complica
tions. With this technique, a strangulating rubber 
band is placed on the redundant rectal mucosa 
above the hemorrhoid. This procedure not only re
moves some of the redundant mucosa but also pro
duces fixation of residual mucosa to the submucosa 
in the region of the banding. The residual vascular 
cushion in this location is fixed in the anal canal and 
does not prolapse with straining. 

Hemorrhoidectomy should be reserved for pa
tients who have failed banding, have large grade 3 
or grade 4 hemorrhoids, or have smaller hemor
rhoids associated with other anal pathology that re
quires operative intervention. 

Anal fissures usually cause painful rectal bleed
ing. Reducing the anal canal pressure medically or 
by dividing a portion of the internal sphincter in
creases anal canal blood flow and promotes healing 
of the anal fissure. Medical therapy of an anal fissure 
should almost always precede surgical therapy. Stool 

bulking agents such as psyllium seed or methylcel
lulose in quantities sufficient to provide bulky soft 
stools reliably are the mainstays of medical therapy. 
Stool softeners and other laxatives should be 
aVOided, as the resultant stool is so soft it does not 
dilate the anal canal. Dilute nitroglycerine ointment 
(0.2%) applied to the anus before and after bowel 
movements has been advocated by some as an ad
junct to bulking agents to decrease pain and pro
mote healing. Persistence of a painful anal fissure for 
6 weeks on good medical therapy or development 
of a complication such as infection constitute an in
dication for surgical therapy. Surgical therapy is not 
indicated for a painless anal fissure. 

Perianal abscesses require surgical drainage un
less spontaneous rupture has produced adequate 
drainage. Because most perianal infections caused 
by cryptoglandular infections result in an anal fistula, 
it is helpful to drain the abscess through an incision 
as close to the anus as possible. This minimizes the 
length of a subsequent fistulotomy wound. Small ab
scesses that are easily visible on inspection and are 
not associated with systemic signs or symptoms can 
often be drained under local anesthesia. Ischiorectal 
fossa abscesses that present with ill-defmed areas of 
induration and are associated with fever and leuko
cytosis are probably best drained under regional or 
general anesthesia. Whatever technique is used, it is 
imperative to have close follow-up examinations of 
the patient to document resolution of the problem. 
This is especially true in patients with diabetes, who 
are prone to developing necrotizing fascitis in an in
completely drained perianal abscess. 

A fistula-in-ano can be diagnosed by failure of 
the drainage wound to heal completely or by abscess 
recurrence after apparently complete healing. A re
current abscess may occur years after the original in
fection. A typical fistula tract can often by palpated 
subcutaneously as a fibrous cord between the ex
ternal opening and the anal orifice. The origin of the 
fistula in the anal canal (primary opening) is most 
easily found when there is an active external (sec
ondary) opening. If the site of the primary opening 
cannot be identified, a fistulotomy should not be per
formed. A fistulotomy always impairs sphincter func
tion to some degree. Because the puborectalis is not 
present anteriorly, an anterior fistulotomy is more 
likely to result in a perceptible alteration in conti
nence than a posterior fistulotomy of an equivalent 
amount of muscle. The amount of sphincter division 
that can be tolerated by the patient depends on the 
baseline sphincter function, the usual consistency of 
their stools, and the compliance of their rectum. A 
young patient with infrequent predictable stools tol
erates far more sphincter division than does the el-
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dedy patient with irritable bowel syndrome and fre
quent erratic stools. No patient is continent if the 
entire anorectal ring is divided, regardless of his or 
her bowel habits. A history of diarrhea in association 
with a perianal fistula mandates preoperative evalu
ation for inflammatory bowel disease. 

Delayed wound healing after anal surgery can be 
frustrating to both patient and surgeon. The single 
best agent to promote healing in the anal canal with
out stenosis after anal surgery is a bulky, soft, formed 
stool. Psyllium seed preparations or methylcellulose
based agents should be prescribed postoperatively 
for most patients. The use of constipating analgesics 
should be minimized. Altered bowel consistency, 
whether too hard or too loose, delays wound heal
ing. Delayed wound healing is also seen in patients 
who have undergone irradiation, have diabetes or 
inflammatory bowel disease, or who have compro
mised immune systems. 

Pilonidal disease is not an anorectal disease in 
the purest sense. Its association with anorectal dis
ease is only by proximity. Pilonidal disease is a term 
used to describe infections that originate in the 
gluteal cleft. It is currently thought to be an acquired 
rather than a congenital disorder. The precise se
quence of events is debated, but there is agreement 

that the shape of the gluteal cleft and its effect on 
loose hair in this region leads to penetration of hair 
underneath the skin. This leads to formation of 
chronic subcutaneous abscesses that contain hair. 
Multiple infectious episodes create multiple open
ings along the midline and lateral to it that can mimic 
other anal conditions. The variety of operations that 
have been described for this condition suggest that 
there is no solitary infallible procedure for cure. Cur
rent trends are toward less radical surgery. Avoid
ance of a midline wound, removal of the foreign ma
terial from the abscess cavity, and removal of hair in 
the region of the gluteal cleft by shaving or tweez
ing seem to be important elements for obtaining a 
healed wound. 
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S8 Rubber Band Ligation 
of Internal Hemorrhoids 

INDICATIONS 

Symptomatic (bleeding or prolapsed) internal hem
orrhoids situated above the area in the anal canal, 
which is innervated by sensory nerves 

PITFALLS AND DANGER POINTS 

Applying a rubber band in an area supplied by sen
sory nerves 

OPERATIVE STRATEGY 

To avoid postoperative pain, apply the rubber band 
to a point at least 5-6 mm above tbe dentate line. 
In some patients a margin of 5-6 mm is not suffi
cient to avoid pain. These patients can be identified 
by pinching the mucosa at the site of the proposed 
application of the band. If the patient has pain when 
the mucosa is pinched, apply the band at a higher 
level where the mucosa is not sensitive or abandon 
the rubber-banding procedure. 

If the patient has severe pain after the rubber band 
has been applied, remove the rubber band immedi
ately using fine-tipped forceps and sharp pointed scis
sors. If this removal is delayed until several hours af
ter the application, surrounding edema often makes 
the procedure difficult if not impossible without anes
thesia and without causing bleeding. 

OPERATIVE TECHNIQUE 

Perform sigmoidoscopy to rule out other possible 
sources of rectal bleeding. With the patient in the 
knee-chest position, insert a fenestrated anoscope 

anoscope. A lighted anoscope is a great conve
nience. Inspect the circumference of the anal canal. 
Try to identify the hemorrhoid that caused the bleed
ing. If this is not pOSSible, identify the largest inter
nal hemorrhoid. Insert the curved Allis tissue for
ceps into the anoscope and pinch the mucosa 
around the base of the hemorrhoid to identify an in
sensitive area. Ask the assistant to hold the anoscope 
in a steady position. Now inspect the McGivney rub
ber band applicator. Be sure that two rubber bands 
have been inserted into their proper position on the 
drum of the applicator. Ask the patient to strain. 
With the left hand pass the drum up to the proxi
mal portion of the hemorrhoid. Insert the angled tis
sue forceps through the drum. 

When grasping the rectal mucosa, be sure to 
grasp it along the cephalad surface of the hemor
rhoid at point A (not point B) in Figure 58-1. If this 
is done, the rubber band does not encroach on the 
sensitive tissue at the dentate line. Draw the mucosa 
into the drum and simultaneously press the drum 

(e.g., Hinkel-James type) that permits the internal 
hemorrhoid to protrude into the lumen of the Fig. 58-1 
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Fig. 58-2 

against the wall of the rectum (Fig. 58-2). When 
the McGivney applicator is in the proper position, 
compress the handle of the applicator. Remove the 
tissue forceps and the McGivney applicator from the 
anoscope. The result should be a round purple mass 
of hemorrhoid about the size of a cherry and stran
gulated by the two rubber bands at its base. 

Tchirkow et al. (1982) recommended injecting 
1-2 ml of a local anesthetic (we use 0.25% bupiva
caine or lidocaine with epinephrine 1:200,000), us
ing a 25-gauge needle, into the banded hemorrhoid. 
This maneuver appears to lessen some of the post-

operative discomfort and may accelerate sloughing 
of the strangulated mass. 

Nivatvongs and Goldberg (1982) advocate apply
ing the band to redundant rectal mucosa just prox
imal to the hemorrhoid. Insert the slotted anoscope 
and ask the patient to strain. The redundant rectal 
mucosa just proximal to the hemorrhoid bulges into 
the slot of the anoscope. Apply the band to this mu
cosa as detailed above. 

In general, only one hemorrhoid is treated at each 
office visit. Have the patient return in about 3 weeks 
for the second application. Rarely are more than three 
applications necessary. Applying two or three bands 
at one sitting often causes significant discomfort. 

POSTOPERATIVE CARE 

Inform the patient that postoperatively he or she 
may feel a vague discomfort in the area of the rec
tum accompanied by mild tenesmus, especially for 
1-2 days after the procedure. Prescribe mild non
constipating analgesic medication. Apprehensive pa
tients do well if this medication is supplemented by 
a tranquilizer such as diazepam. 

Warn the patient prior to the procedure that on 
rare occasions sometime between the 7th and 10th 
postoperative days, when the slough separates, 
there may be active bleeding into the rectum. A se
rious degree of bleeding requiring hospitalization oc
curs in no more than 1-2% of cases. 

Prescribe a stool softener such as Colace. For con
stipated patients, Senokot-S (two tablets nightly) 
helps to keep the stool soft and stimulates colonic 
peristalsis. 

Patients may return to their regular occupation 
when they so desire. 

COMPliCATIONS 

Sepsis. Even though tens of thousands of patients have 
undergone hemorrhoid banding safely, there are re
ports in the literature of at least nine patients with se
rious postoperative pelvirectal sepsis, five of whom 
died (Clay et al., 1986; O'Hara; Russell and Donohue, 
1980; Shemesh et al., 1987). The typical patient suf
fering postbanding sepsis complains of rectal pain and 
urinary retention on the third of fourth postoperative 
day. The physical examination and leukocyte count 
at this time may be normal. Blood cultures in all nine 
cases were found to be normal. During the next day 
or two edema of the rectum, perineum, or lower ab
dominal wall may develop and can be confirmed by 
computed tomography (Cn. 



Proctoscopic examination at this stage demon
strates marked edema of the rectum and necrosis at 
the sites of banding; fever and leukocytosis are also 
notable at this time, and death is not far off. At au
topsy, marked rectal and pelvic edema, sometimes 
phlegmonous, is common, occasionally accompa
nied by a small rectal or pelvic abscess. Shemesh et 
al. theorized that following band ligation transmural 
ischemic necrosis of the tissue enclosed in the band 
allowed egress of bowel bacteria into the surround
ing pelvic soft tissues. Although the blood cultures 
were all negative in the reported cases, postmortem 
bacterial cultures revealed coliform bacteria and, in 
one case, Clostridium perfringens, Clostridium 
sporogenes, and Bacteroides (O'Hara). 

All the patients who survived this complication 
were treated as soon as they presented with pain 
and urinary symptoms. Intensive, early treatment 
with intravenous antibiotics aimed at clostridia, 
other anaerobes, and gram-negative rods is essential. 
Patients who undergo banding must be told that if 
they experience urinary symptoms, fever, or pain 
1-4 days after the procedure they must promptly re
turn to the surgeon for hospital admission to receive 
immediate antibiotic treatment, even if physical 
signs at that time are negligible. 

Pain. If severe pain occurs upon application of 
the band, remove the band promptly before the pa
tient leaves the office. Treat a mild degree of vague 
discomfort with medication. 

Bleeding. If the patient sustains a mild degree of 
blood spotting in the stool when the slough sepa
rates a week or 10 days after the banding, treat it 
expectantly. If the patient has lost more than a few 
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hundred milliliters, admit the patient to the hospital 
for proctoscopy. Suction out all the clots and iden
tify the bleeding point. In some cases the bleeding 
point can be grasped with Allis tissue forceps and a 
rubber band again applied to the area. Alternatively, 
under general or local anesthesia, use either elec
trocautery or a suture to control the bleeding. 
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INDICATIONS 

Persistent bleeding or protrusion 

Symptomatic second- and third-degree (combined 
internal-external) hemorrhoids 

Symptomatic hemorrhoids combined with mucosal 
prolapse 

Strangulation of internal hemorrhoids 

Early stage of acute thrombosis of external hemor
rhoid 

CONTRAINDICATIONS 

Portal hypertension 

Inflammatory bowel disease 

Anal malignancy 

PREOPERATIVE PREPARATION 

Advise patients to discontinue aspirin and other non
steroidal antiinflammatory agents. 

A sodium phosphate packaged enema (Fleet) is ad
equate cleansing for most patients. 

Sigmoidoscopy, colonoscopy, or both are done as 
indicated by the patient's symptoms. 

Routine preoperative blood coagulation proftle (par
tial thromboplastin time, prothrombin time, platelet 
count) in performed. 

Preoperative shaving of the perianal area is preferred 
by some surgeons but is not necessary. 

PITFALLS AND DANGER POINTS 

Narrowing the lumen of the anus, thereby inducing 
anal stenosis 

Trauma to sphincter 

Failing to identify associated pathology (e.g., in
flammatory bowel disease, leukemia, portal hyper
tension, coagulopathy, squamous carcinoma of the 
anus) 

Failure to manage postoperative bowel function 
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OPERATIVE STRATEGY 

Avoiding Anal Stenosis 

The most serious error when performing hemor
rhOidectomy is failure to leave adequate bridges of 
mucosa and anoderm between each site of hemor
rhoid excision. If a minimum of 1.0-1.5 cm of viable 
anoderm is left intact between each site of hemor
rhoid resection, the risk of developing anal stenosis 
is minimized. Preserving viable anoderm is much 
more important than is removal of all external he
morrhoids and redundant skin. 

One method of preventing anal stenosis is to in
sert a large anal retractor, such as the Fansler or large 
Ferguson, after resecting the hemorrhoids. If the in
cisions in the mucosa and anoderm ("closed hem
orrhoidectomy") can be sutured with the retractor 
in place, anal stenosis should not occur if good 
bowel function is maintained postoperatively. 

Achieving Hemostasis 

Traditionally, surgeons have depended on mass liga
ture of the hemorrhoid "pedicle" for achieving hemo
stasis. This policy ignores the fact that small arteries 
penetrate the internal sphincter and enter the opera
tive field. Also, numerous vessels are divided when in
cising the mucosa to dissect the pedicle. In fact, the 
concept of a "pedicle" as being the source of a hem
orrhoidal mass is large erroneous. A hemorrhoidal mass 
is not a varicose vein situated at the termination of the 
portal venous system. It is a vascular complex with 
multiple channels fed by many small vessels. Therefore 
it is important to control bleeding from each vessel as 
it is transected during the operation. A convenient 
method for accomplishing this goal is careful, accurate 
application of coagulating electrocautery. As pointed 
out by Goldberg and associates (1980), much of the 
bleeding comes from the mucosal incision. Therefore 
it is well to achieve perfect hemostasis before sutur
ing the defect following hemorrhoid excision. 

Associated Pathology 
Even though hemorrhoidectomy is a minor opera
tion, a complete history and physical examination 
are necessary to rule out important systemic diseases 



such as leukemia. Leukemic infiltrates in the rectum 
can cause severe pain and can mimic hemorrhoids 
and anal ulcers. Operating erroneously on an undi
agnosed acute leukemia patient is fraught with the 
dangers of bleeding, failure to heal, and sepsis. 
Crohn's disease must also be ruled out by history, 
local examination, and sigmoidoscopy, as well as 
biopsy in doubtful situations. 

Another extremely important condition sometimes 
overlooked during the course of hemorrhoidectomy 
is squamous cell carcinoma of the anus. It may re
semble nothing more than a small ulceration on what 
appears to be a hemorrhoid. Any hemorrhoid that 
demonstrates a break in the continuity of the overly
ing mucosa should be suspected of being a carcinoma, 
as should any ulcer of the anoderm, except for the 
classic anal fissure located in the posterior commis
sure. Before scheduling hemorrhoidectomy, biopsy all 
ulcerations and atypical lesions of the anal canal. 

OPERATIVE TECHNIQUE 

Closed Hemorrhoidectomy 

Local Anesthesia 

Choosing an Anesthetic Agent 
A solution of 0.5% lidocaine (maximum dosage 80 
ml) or 0.25% bupivacaine (maximum dosage 80 ml), 
combined with epinephrine 1:200,000 and 150-300 
units of hyaluronidase is effective and has extremely 
low toxicity. Because perianal injection of these 
agents is painful, premedicate the patient 1 hour be
fore the operation with an intramuscular injection 
of some combination of narcotic and sedative (e.g., 
Demerol and a barbiturate, or Innovar, 1-2 ml) . Al
ternatively, give diazepam in a dose of 5-10 mg in
travenously just before the perianal injection. 

Techniques of Local Anesthesia 
With the technique originally introduced by Kratzer 
(1974), the anesthetic agent is placed in a syringe 
with a 25-gauge needle. The needle should be at least 
5 cm in length. Initiate the injection at a point 2-3 
cm lateral to the middle of the anus. Inject 10-15 
ml of the solution in the subcutaneous tissues sur
rounding the right half of the anal canal including 
the area of the anoderm at the anal verge. Warn the 
patient that this injection may be quite painful. Re
peat this maneuver through a needle puncture site 
to the left of the anal canal. After placing a slotted 
anoscope in the anal canal, insert the needle into the 
tissues just underneath the anoderm and into the 
plane between the submucosa and the internal 
sphincter 3-4 cm deep into the anal canal (Fig. 
59-1). If the injection creates a wheal in the mu-
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Fig. 59-1 

cosa similar to that seen in the skin after an intra
dermal injection, the needle is in a too-shallow po
sition. An injection into the proper submucosal 
plane produces no visible change in the overlying 
mucosa. Inject 3-4 ml of anesthetic solution during 
the course of withdrawing the needle. Make similar 
injections in each of the four quadrants until the sub
dermal and submucosal tissues of the anal canal have 
been surrounded with anesthetic agent. It should re
quire no more than 30-40 ml of anesthetic solution. 
Satisfactory relaxation of the sphincters is achieved 
without the need to inject solution directly into the 
muscles or to attempt to block the inferior hemor
rhoidal nerve in the ischiorectal space. Wait 5-10 
minutes for complete relaxation and anesthesia. 

In 1982, Nivatvongs described a technique to min
imize pain. It consisted, first, of inserting a small 
anoscope into the anal canal. Make the first injection 
into the submucosal plane 2 mm above the dentate 
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line. Because of the difference in sensory innervation 
of the mucosa above the dentate line, injection here 
does not produce acute pain. Inject 2-3 ml of anes
thetic solution and then an equal amount of solution 
in each of the remaining three quadrants of the anus. 
Remove the anoscope and insert a well lubricated in
dex fIDger into the anal canal. Use the tip of the in
dex fIDger to massage the anesthetic agent from the 
submucosal area down into the tissues underneath 
the anoderm. Repeat this maneuver with respect to 
each of the four injection sites. By spreading the anes
thetic agent distally, this maneuver serves to anes
thetize the highly sensitive tissues of the anoderm 
just distal to the dentate line. When this has been ac
complished, make another series of injections 2 mm 
distal to the dentate line. Inject 2-3 ml of solution 
underneath the anoderm and the subcutaneous tis
sues in the perianal region through four sites, one in 
each quadrant of the anus. Then use the index fID
ger again to massage the tissues of the anal canal to 
spread the anesthetic solution circumferentially 
around the anal and perianal area. In some cases ad
ditional anesthetic agent is necessary for complete 
circumferential anesthesia. An average of 20-25 ml 
of solution is required. Nivatvongs stated that this 
technique provides excellent relaxation of the 
sphincters and permits operation such as hemor
rhOidectomy to be accomplished without general 
anesthesia. For a lateral sphincterotomy, it is not nec
essary to anesthetize the entire circumference of the 
anal canal when using this technique. Inject only the 
area of the sphincterotomy. 

Intravenous Fluids 

Because local anesthesia has few systemic effects, it 
is not necessary to administer a large volume of in
travenous fluid during the operation. If large vol
umes of fluid are administered intraoperatively, the 
bladder becomes rapidly distended. In the presence 
of general anesthesia or even heavy sedation during 
local anesthesia, the patient is not sufficiently alert 
to have the desire to void. By the time the patient 
is alert, the bladder muscle has been stretched and 
may be too weak to empty the bladder, especially if 
the patient also has anal pain and some degree of 
prostatic hypertrophy. This can cause postoperative 
urinary retention, requiring catheterization. All of 
this can be prevented by avoiding general anesthe
sia and heavy premedication and by limiting the 
dosage of intravenous fluids to 100-200 ml during 
and after hemorrhoidectomy. 

Positioning the Patient 

We prefer to place the patient in the semiprone jack-

under the hips and a small pillow to support the feet. 
It is not necessary to shave the perianal area; if the 
buttocks are hirsute, shave this area. Then apply tinc
ture of benzoin. When this solution has dried, apply 
wide adhesive tape to the buttock and attach the 
other end of the adhesive strap to the operating table. 
In this fashion lateral traction is applied to each but
tock, affording excellent exposure of the anus. 

Incision and Dissection 

Gently dilate the anal canal so it admits two fingers. 
Insert a bivalve speculum such as the Parks retrac
tor or a medium-size Hill-Ferguson retractor. One ad
vantage of using the medium Hill-Ferguson retractor 
is that it approximates the diameter of the normal 
anal canal. If the defects remaining in the mucosa 
and anoderm can be sutured closed with the re
tractor in place following hemorrhoid excision, no 
narrowing of the anal canal occurs. Each of the he
morrhoidal masses can be identified by rotating the 
retractor and applying countertraction to the skin of 
the opposite wall of the anal canal. Generally, three 
hemorrhoidal complexes are excised: one in the left 
midlateral position, another in the right anterolateral 
position, and the third in the right posterolateral 10-
cation. Avoid placing incisions in the anterior or pos
terior commissures. Grasp the most dependent por
tion of the largest hemorrhoidal mass in a Babcock 
clamp. Then make an incision in the anoderm out
lining the distal extremity of the hemorrhoid (Fig. 
5~2) using a No. 15 (Bard Parker) scalpel. If the 
hemorrhoidal mass is unusually broad (> 1.5 cm), do 
not excise all of the anoderm and mucosa overlying 

knife position with either a sandbag or rolled-up sheet Fig. 59-2 



the hemorrhoid. If each of the hemorrhoidal masses 
is equally broad, excising all of the anoderm and mu
cosa overlying each of the hemorrhoids results in in
adequate tissue bridges between the sites of hem
orrhoid excision. In such a case incise the mucosa 
and anoderm overlying the hemorrhoid in an ellip
tical fashion. Then initiate a submucosal dissection 
using small, pointed scissors to elevate the mucosa 
and anoderm from the portion of the hemorrhoid 
that remains in a submucosal location. Carry the dis
section of the hemorrhoidal mass down to the in
ternal sphincter muscle (Fig. 59-3). After incising 
the mucosa and anoderm, draw the hemorrhoid 
away from the sphincter, using blunt dissection as 
necessary, to demonstrate the lower border of the 
internal sphincter. This muscle has whitish muscle 
fibers that run in a transverse direction. A thin bridge 
of fibrous tissue is often seen connecting the sub
stance of the hemorrhoid to the internal sphincter. 
Divide these fibers with a scissors. Dissect the hem
orrhoidal mass for a distance of about 1-2 cm above 
the dentate line where it can be divided with the 
electrocoagulator (Fig. 59-4), Remove any residual 
internal hemorrhoids from underneath the adjacent 
mucosa. Achieve complete hemostasis, primarily 
with careful electrocoagulation. It is not necessary to 
clamp and suture the hemorrhoidal "pedicle," al
though many surgeons prefer to do so (Fig. 59-5), 
It is helpful to remove all the internal hemorrhoids, 
but we do not attempt to extract fragments of ex- Fig. 59-4 

Fig. 59-3 Fig. 59-5 
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Fig. 59-6 

ternal hemorrhoids from underneath the anodenn, 
as this step does not appear necessary. Most of these 
small external hemorrhoids disappear spontaneously 
following interna hemorrhoidectomy. 

After complete hemostasis has been achieved, in
sert an atraumatic 5-0 Vicryl suture into the apex of 
the hemorrhoidal defect. Tie the suture and then 
close the defect with a continuous locking suture 
taking 2- to 3-mm bites of mucosa on each side (Fig. 
59-6), Also include a small bit of the underlying in
ternal sphincter muscle with each pass of the nee-

Fig. 59-7 

dIe. This maneuver serves to force the mucosa to ad
here to the underlying muscle layer and thereby 
helps prevent mucosal prolapse and recurrent hem
orrhoids. Continue the suture line until the entire 
defect has been closed. Now repeat the same dis
section for each of the other two hemorrhoidal 
masses. Close each of the mucosal defects by the 
same technique (Fig. 59-7). Be certain not to con
strict the lumen of the anal canal. The rectal lumen 
should admit a Fanster or a large Ferguson rectal re
tractor after the suturing is completed. To avoid anal 
stenosis remember that the ellipse of mucosa
anodenn excised with each hemorrhoidal mass must 
be relatively narrow. Also remember that if the tis
sues are sutured under tension, the suture line will 
undoubtedly break down. 

A few patients have some degree of anal stenosis 
in addition to hemorrhoids. Under these conditions, 
rather than forcibly dilating the anal canal at the on
set of the operation, perfonn a partial lateral inter
nal sphincterotomy to provide adequate exposure 
for the operation. This is also true for patients who 
have a concomitant chronic anal fissure. 

For surgeons who prefer to keep the skin unsu
tured for drainage, modify the above operative pro
cedure by discontinuing the mucosal suture line at the 
dentate line, leaving the defect in the anodenn unsu
tured. It is also permissible not to suture the mucosal 
defects at all after hemorrhoidectomy (see above). 

Radical Open Hemorrhoidectomy 

Incision 

Radical open hemorrhoidectomy is restricted to pa
tients who no longer have three discrete hemor
rhoidal masses but in whom all of the hemorrhoids 
and prolapsing rectal mucosa seem to have coa
lesced into an almost circumferential mucosal pro
lapse. For these patients the operation excises the 
hemorrhoids, both internal and external, the redun
dant anodenn, and prolapsed mucosa from both the 
left and right lateral portions of the anus, leaving 1.5 
cm bridges of intact mucosa and anodenn at the an
terior and posterior commissures. With the patient 
in the prone position, as described above for closed 
hemorrhoidectomy, outline the incision on both 
sides of the anus as shown in Figure 59-8. 

Excising the Hemorrhoidal Masses 

Elevate the skin flap together with the underlying 
hemorrhoids by sharp and blunt dissection until the 
lower border of the internal sphincter muscle has 
been unroofed (Fig. 59-9). This muscle can be iden
tified by its transverse whitish fibers. Now elevate 



Fig. 59-8 

the anodenn above and below the incision to enu
cleate adjacent hemorrhoids that have not been in
cluded in the initial dissection (Fig. 59-10). This 
maneuver permits removal of almost all the hemor
rhoids and still allows an adequate bridge of ana
denn in the anterior and posterior commissures. 

After the mass of hemorrhoidal tissue with over
lying mucosa has been mobilized to the level of the 
nonnal location of the dentate line, amputate the 
mucosa and hemorrhoids with electrocautery at the 
level of the dentate line. This leaves a free edge of 
rectal mucosa. Suture this mucosa to the underlying 
internal sphincter muscle with a continuous 5.() 
atraumatic Vicryl suture, as illustrated in Figure 

Fig. 59-9 
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Fig. 59-10 

59-11, to recreate the dentate line at its nonnallo
cation. Do not bring the rectal mucosa down to the 
area that is nonnally covered by anodenn or skin, as 
it would result in continuous secretion of mucus 
which would irritate the perianal skin. ' 

Fig. 59-11 
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Fig. 59-12 

Execute the same dissection to remove all of the 
hemorrhoidal tissue between 1 and 5 o'clock on the 
right side and reattach the free cut edge of rectal 
mucosa to the underlying internal sphincter muscle, 
as depicted in Figure 59-12. There may be some 
redundant anoderm together with some external he
morrhoids at the anterior or posterior commissure 
of the anus. Do not attempt to remove every last bit 
of external hemorrhoid as it would jeopardize the 
viability of the anoderm in the commissures. Unless 
viable bridges, about 1.5 cm each in width, are 
preserved in the anterior and posterior commis
sures, the danger of a postoperative anal stenosis far 
outweighs the primarily cosmetic ill effect of leav
ing behind a skin tag or an occasional external 
hemorrhoid. 

Ensure that hemostasis is complete using elec
trocautery and occasional suture-ligatures of fine PG 
or chromic catgut. Some surgeons also insert a small 
piece of rolled-up Gelfoam into the anus at the com
pletion ofthe procedure. This roll, which should not 
be more than 1 cm in thickness, serves to apply gen
tle pressure and to encourage coagulation of minor 
bleeding points that may have been overlooked. The 
Gelfoam need not be removed, as it dissolves when 
the patient starts having sitz baths postoperatively. 
Apply a sterile dressing to the perianal area. 

Anal packing with anything more substantial than 
the 1 cm roll of soft Gelfoam should not be neces
sary, as hemostasis with electrocautery should be 
meticulous. Large gauze or other rigid packs are as
sociated with increased postoperative pain and uri
nary retention. 

POSTOPERATIVE CARE 

Encourage ambulation the day of operation. 

Prescribe analgesic medication preferably of a non
constipating type such as Darvocet. 

Prescribe Senokot-S, Metamucil, or mineral oil while 
the patient is in the hospital. After discharge, limit 

the use of cathartics because passage of a well 
formed stool is the best guarantee the anus will not 
become stenotic. In patients with severe chronic 
constipation, dietary bran and some type of laxative 
or stool softener is necessary following discharge 
from the hospital. 

Order warm sitz baths several times a day, especially 
following each bowel movement. 

Discontinue intravenous fluids as soon as the patient 
returns to his or her room and initiate a regular diet 
and oral fluids as desired. 

If the patient was hospitalized for the hemor
rhOidectomy, he or she is generally discharged on 
the first or second postoperative day. Most patients 
tolerate hemorrhOidectomy in the ambulatory out
patient setting. 

COMPilCATIONS 

Serious bleeding during the postoperative period is 
rare if complete hemostasis has been achieved in the 
operating room. However, if bleeding is brisk, the 
patient should probably be returned to the operat
ing room to have the bleeding point suture-ligated. 
Most patients who experience major bleeding after 
discharge from the hospital have experienced a mi
nor degree of bleeding before discharge. About 1% 
of patients present with hemorrhage severe enough 
to require reoperation for hemostasis, generally 8-14 
days following operation. If the bleeding is slow but 
continues or if no bleeding site is identified, the pa
tient should be evaluated for coagulopathy, includ
ing that caused by platelet dysfunction. 

If for some reason the patient is not returned to 
the operating room for the control of bleeding, it is 
possible to achieve at least temporary control by in
serting a 30 ml Foley catheter into the rectum. The 
Foley balloon is then blown up, and downward trac
tion is applied to the catheter. Reexploration of the 
anus for surgical control of bleeding is far preferable. 



Injection occurs but is rare. 
Skin tags follow hemorrhoidectomy in 6-10% of 

cases. Although no treatment is required, for cos
metic purposes a skin tag may be excised under lo
cal anesthesia as an office procedure when the op
erative site has healed completely. 
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60 Anorectal Fistula and 
Pelvirectal Abscess 

INDICATIONS 

Drainage of anorectal abscess is indicated as soon 
as the diagnosis is made. There is no role for con
servative management because severe sepsis can de
velop and spread before fluctuance and typical phys
ical fmdings appear. This is especially true in diabetic 
patients. 

Recurrent or persistent drainage from a perianal fis
tula calls for repair. 

Weak anal sphincter muscles are a relative con
traindication to fistulotomy, especially in the un
usual cases in which the fistulotomy must be per
formed through the anterior aspect of the anal 
canal. Absence of the puborectalis muscle in the an
terior area of the canal causes inherent sphincter 
weakness in this location. This category of case is 
probably better suited for treatment by inserting 
a seton or by an advancement flap, especially in 
women. 

PREOPERATIVE PREPARATION 

Cathartic the night before operation and saline en
ema on the morning of operation 

Preoperative anoscopy and sigmoidoscopy 

Colonoscopy, small bowel radiography series, or 
both when Crohn's enteritis or colitis is suspected 

Antibiotic coverage with mechanical bowel prepa
ration if an advancement flap is contemplated 

PITFALLS AND DANGER POINTS 

Failure to diagnose anorectal sepsis and to perform 
early incision and drainage 

Failure to diagnose or control Crohn's disease 

Failure to rule out anorectal tuberculosis or acute 

leukemia 

Induction of fecal incontinence by excessive or in
correct division of the anal sphincter muscles 
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OPERATIVE STRATEGY 

Choice of Anesthesia 
Because palpation of the sphincter mechanism is a key 
component of the surgical procedure, a light general 
anesthetic is preferable to a regional anesthetic. 

Localizing Fistulous Tracts 
Goodsall's Rule 

When a fistulous orifice is identified in the perianal skin 
posterior to a line drawn between 3 o'clock and 9 
o'clock, the internal opening of the fistula is almost al
ways found in the posterior commissure in a crypt ap
proximately at the dentate line. Goodsal1's rule also 
states that if a fistulous tract is identified anterior to the 
3 0'clock/9 o'clock line, its internal orifice is likely to 
be located along the course of a line connecting the 
orifice of the fistula to an imaginary point exactly in 
the middle of the anal canal. In other words, a fistula 
draining in the perianal area at 4 o'clock in a patient 
lying prone is likely to have its internal opening situ
ated at the dentate line at 4 o'clock. There are excep
tions to this rule. For instance, a horseshoe fistula may 
drain anterior to the anus but continue in a posterior 
direction and terminate in the posterior commissure. 

If the external fistula opening is more than 3 cm 
from the anal verge, be suspicious of unusual pathol
ogy. Look for Crohn's disease, tuberculosis, or other 
disease processes such as hidradenitis suppurativa 
or pilonidal disease. 

Physical Examination 

First, attempt to identify the course of the fistula in 
the perianal area by palpating the associated fibrous 
tract. Second, carefully palpate the region of the 
dentate line. The site of origin is often easier to feel 
than it is to see. Next, insert a bivalve speculum into 
the anus and try to identify the internal opening by 
gentle probing at the point indicated by Goodsall's 
rule. If the internal opening is not readily apparent, 
do not make any false passages. The most accurate 
method for identifying the direction of the tract is 



gently to insert a blunt malleable probe, such as a 
lacrimal duct probe, into the fistula with the index 
finger in the rectum. In this fashion it may be pos
sible to identify the internal orifice by palpating the 
probe with the index fmger in the anal canal. 

Injection of Dye or 
Radiopaque Material 

On rare occasions injection of a blue dye may help 
identify the internal orifice of a complicated fistula. 
Some surgeons have advocated the use of milk or 
hydrogen peroxide instead of a blue dye. These 
agents allow one to perform multiple injections 
without the extensive tissue staining that follows the 
use of blue dye. Injection of a radiopaque liquid fol
lowed by radiographic studies can be valuable for 
the extrasphincteric fistulas leading high up into the 
rectum, but it does not appear to be helpful for the 
usual type of fistula. 

Endorectal sonography and computed tomogra
phy (en or magnetic resonance imaging (MRI) fis
tulography are more modern techniques for evalu
ating complex fistulas. However, they do not reveal 
enough detail to identify the site of origin of the fis
tula precisely. 

Preserving Fecal Continence 

As mentioned in the discussion above, the pub
orectalis muscle (anorectal ring) must function nor
mally to preserve fecal continence following fistu
lotomy. Identify this muscle accurately before 
dividing the anal sphincter muscles during the 
course of a fistulotomy. Use local anesthesia with se
dation or general anesthesia for the fistulotomy. If 
the fistulous tract can be identified with a probe pre
operatively, the surgeon's index fmger in the anal 
canal can identify the anorectal ring without diffi
culty, especially if the patient is asked to tighten the 
voluntary sphincter muscles. 

If there is any doubt about the identification of 
the anorectal ring (the proximal portion of the anal 
canal), do not complete the fistulotomy; rather, in
sert a heavy silk or braided polyester ligature through 
the remaining portion of the tract. Tie the ligature 
loosely with five or six knots without completing 
the fistulotomy. When the patient is examined in the 
awake state, it is simple to determine whether the 
upper border of the seton has encircled the anorec
tal ring or there is sufficient puborectalis muscle (1.5 
cm or more) above the seton to complete the fistu
lotomy by dividing the muscles enclosed in the se
ton at a later stage. If no more than half of the ex
ternal sphincter muscles in the anal canal have been 
divided, fecal continence should be preserved in pa-
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tients with formed stools and a normally compliant 
rectum. An exception would be those patients who 
had a weak sphincter muscle prior to operation. 

Fistulotomy Versus Fistulectomy 

When performing surgery to cure an anal fistula, most 
authorities are satisfied that incising the fistula along 
its entire length constitutes adequate therapy. Others 
have advocated excision of the fibrous cylinder that 
constitutes the fistula, leaving only surrounding fat 
and muscle tissue behind. The latter technique leaves 
a large open wound, however, which takes much 
longer to heal. Moreover, much more bleeding is en
countered during a fistulectomy than a fistulotomy. 
Hence there is no evidence to indicate that excising 
the wall of the fistula has any advantages. 

Combining Fistulotomy with 
Drainage of Anorectal Abscess 

For patients with an acute ischiorectal abscess, some 
have advocated that the surgical procedure include 
a fistulotomy simultaneous with drainage of the ab
scess. After the pus has been evacuated, a search is 
made for the internal opening of the fistulous tract 
and then the tract is opened. This combination of 
operations is contraindicated for two reasons. First, 
many of our patients who undergo simple drainage 
of an abscess never develop a fistula. It is likely that 
the internal orifice of the anal duct has become oc
cluded before the abscess is treated. These patients 
do not require a fistulotomy. Second, acute inflam
mation and edema surrounding the abscess make ac
curate detection and evaluation of the fistulous tract 
extremely difficult. There is great likelihood that the 
surgeon will create false passages that may prove so 
disabling to the patient that any time saved by com
bining the drainage operation with a fistulotomy is 
insignificant. We presently drain many anorectal ab
scesses in the office under local anesthesia, in part 
because this method removes the temptation to add 
a fistulotomy to the drainage procedure. 

OPERATIVE TECHNIQUE 

Anorectal and Pelvirectal Abscesses 

Perianal Abscess 

When draining an anorectal abscess it is important 
to excise a patch of overlying skin so the pus drains 
freely. The typical perianal abscess is located fairly 
close to the anus, and often drainage can be per
formed under local anesthesia. Packing is rarely nec
essary and may impede drainage. 
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A Malecot catheter can be placed in the cavity 
and sewn in place in patients with recurrent ab
scesses or Crohn's disease in whom continued prob
lems may be anticipated. After 10 days, ingrowth of 
tissue keeps the Malecot in place without sutures. 
This serves as a temporizing procedure prior to fis
tulotomy in patients without Crohn's disease. It may 
be used as a permanent solution for the difficult 
Crohn's patient with perianal fistula disease. 

Ischiorectal Abscess 

The ischiorectal abscess is generally larger than the 
perianal abscess, develops at a greater distance from 
the anus, and may be deep-seated. Fluctuance on 
physical examination may be a late sign. Early 
drainage under general anesthesia is indicated. Make 
a cruciate incision over the apex of the inflamed area 
close to the anal verge so any resulting fistula is 
short. Excise enough of the overhanging skin to per
mit free drainage and evacuate the pus. Explore the 
abscess for loculations. 

Intersphincteric Abscess 

Many physicians fail to diagnose an intersphincteric 
abscess until the abscess ruptures into the ischiorec
tal space and forms an ischiorectal abscess. A patient 
who complains of persistent anal pain should be sus
pected of harboring an intersphincteric abscess. This 
is especially true if, on inspecting the anus with the 
buttocks spread apart, the physician can rule out the 
presence of an anal fissure. Examination under anes
thesia may be necessary to confirm the diagnosis. Dig
ital examination in the unanesthetized patient may in
dicate at which point in the anal canal the abscess is 
located. Parks and Thomson (1973) found that 61% 
of the intersphincteric abscesses occurred in the pos
terior quadrant of the anal canal. In half their patients 
a small mass could be palpated in the anal canal with 
the index finger inside the canal and the thumb just 
outside. Occasionally an internal opening draining a 
few drops of pus is identified near the dentate line. 
A patient may have both an anal fissure and an inter
sphincteric abscess. 

Inlcrsphi 
fisllIla 

Fig. 60-1 

II 
II 
I I 
\I 
U 
\ , 
" II 
1\ 
\ \ 
\ I , \ 
II 
II 
\1 
\ \ 

y[S NO 



Under local or general anesthesia, carefully pal
pate the anal canal. Then insert a bivalve speculum 
and inspect the circumference of the anus to iden
tify a possible fissure or an internal opening of the 
intersphincteric abscess. After identifying the point 
on the circumference of the anal canal that is 
the site of the abscess, perform an internal sphinc
terotomy by the same technique as described in 
Chapter 61 for an anal fissure. Place the internal 
sphincterotomy directly over the site of the inter
sphincteric abscess. Explore the cavity, which is gen
erally small, with the index fmger. If the abscess has 
been properly unroofed, simply reexamine the area 
daily with an index fmger for the first week or so 
postoperatively. Uneventful healing can be antici
pated unless the abscess has already penetrated the 
external sphincter muscle and created an unde
tected extension in the ischiorectal space. 

Pelvirectal Supralevator Abscess 

An abscess above the levator diaphragm is mani
fested by pain (gluteal and perineal), fever, and 
leukocytosis; it often occurs in patients with dia
betes or other illnesses. Pus can appear in the supra
levator space by extension upward from an inter-
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sphincteric fistula, penetration through the levator 
diaphragm of a transsphincteric fistula, or direct ex
tension from an abscess in the rectosigmoid area. 
When there is obvious infection in the ischiorectal 
fossa secondary to a transsphincteric fistula, mani
fested by local induration and tenderness, make an 
incision at the dependent point of the ischiorectal 
infection (Fig. 60-1). The incision must be large 
enough to explore the area with the index fmger. It 
may be necessary to incise the levator diaphragm 
from below and to enlarge this opening with a long 
Kelly hemostat to provide adequate drainage of the 
supralevator abscess. After thoroughly irrigating the 
area, insert gauze packing. 

In pelvirectal abscesses arising from an inter
sphincteric fistula, one is often able to palpate the 
fluctuant abscess by inserting the index finger high 
up in the rectum. Aspirate the region of fluctuation 
under general anesthesia. If pus is obtained, make 
an incision in the rectum with electrocautery and 
drain the abscess through the rectum (Fig. 60-1). 

Under no condition should one drain a suprale
vator abscess through the rectum if the abscess has 
its origin in an ischiorectal space infection (Fig. 
60-2), an error that could result in a high extras
phincteric fistula. Similarly, if the supralevator sep-

EXlcmal sphincter m. 

Fig. 60-2. Transsphincteric fistulas (with high blind tracks). 
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Fig. 60- 3. High intersphincteric track fistulas (with supralevator abcesses). 

sis has arisen from an intersphincteric abscess, drain
ing the supralevator infection through the is
chiorectal fossa also leads to a high extrasphincteric 
fistula, and this error should also be avoided (Fig. 
60-3). 

Anorectal Fistula 

Intersphincteric Fistula 

Simple Low Fistula 
When dealing with an unselected patient popula
tion, simple low fistula occurs in perhaps half of all 
patients presenting with anorectal fistulas. Here the 
injected anal gland burrows distally in the inter
sphincteric space to form either a perianal abscess 
or a perianal fistula, as illustrated in Figure 57-2. Per
forming a fistulotomy here requires only division of 
the internal sphincter and overlying anoderm up to 
the internal orifice ofthe fistula approximately at the 
dentate line. This divides the distal half of the in-

ternal sphincter, rarely producing any permanent 
disturbance of function. 

High Blind Track (Rare) 
With a high blind track fistula the mid-anal infection 
burrows in a cephalad direction between the circu
lar internal sphincter and the longitudinal muscle 
fibers of the upper canal and lower rectal wall to 
form a small intramural abscess above the levator 
diaphragm (Fig. 60-4). This abscess can be palpated 
by digital examination. The infection will probably 
heal if the primary focus is drained by excising a I X 

1 em square of internal sphincter at the site of the 
internal orifice of this "fistula." Parks et al. (1976) 
stated that even if the entire internal sphincter is di
vided while laying open this high blind track by 
opening the internal sphincter from the internal ori
fice of the track to the upper extension of the track, 
little disturbed continence develops because the 
edges of the sphincter are held together by the fi
brosis produced as the track develops. 
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Fig. 60-4. High intersphincteric fistulas. 

High Track Opening into Rectum (Rare) 
With a high track opening into the rectum, a probe 
inserted into the internal orifice continues upward 
between the internal sphincter and the longitudinal 
muscle of the rectum. The probe opens into the rec
tum at the upper end of the fistula (Fig. 60-4). If by 
palpating the probe the surgeon recognizes that this 
fistula is quite superficial and is located deep only 
to the circular muscle layer, the tissue overlying the 
probe can be laid open without risk. On the other 
hand, if the probe goes deep to the external sphinc
ter muscle prior to reentering the rectum (see Fig. 

I ligh blind 
track 

m. 
of rectum 

57-5), it constitutes a type of extrasphincteric fis
tula that is extremely difficult to manage (see be
low). If there is any doubt about the true nature of 
this type of fistula, refer the patient to a specialist. 

High Track with No 
Perineal Opening (Rare) 
An unusual intersphincteric fistula is the high track 
fistula with no perineal opening. The infection be
gins in the mid-anal intersphincteric space and bur
rows upward in the rectal wall, reentering the lower 
rectum through a secondary opening above the 
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Fig. 60-5. High intersphincteric fistula (or abscess) with no perineal openings. 

anorectal ring (Fig. 60-5). There is no downward 
spread of the infection and no fistula in the perianal 
skin. To treat this fistula it is necessary to lay the 
track open from its internal opening in the mid-anal 
canal up into the lower rectum. Parks and associates 
emphasized that the lowermost part of the track in 
the mid-anal canal must be excised because it con
tains the infected anal gland, which is the primary 
source of the infection. Leaving it behind may result 
in a recurrence. If a fistula of this type presents in 
the acute phase, it resembles a "submucous ab
scess," but this is an erroneous term because the in
fection is indeed deep not only to the mucosa but 
also to the circular muscle layer (Fig. 60-5). This 
type of abscess is drained by incising the overlying 
mucosa and circular muscle of the rectum. 

High Track with Pelvic Extension (Rare) 
With a high track fistula with pelvic extension the 
infection spreads upward in the intersphincteric 
space, breaks through the longitudinal muscle, and 
enters the pelvis (supralevator) (Fig. 60-3). To treat 
it, open the fistulous track by incising the internal 
sphincter together with the overlying mucosa or an
oderm up into the rectum for 1-3 cm. Drain the 
pelvic collection through this incision, with the 
drain exiting into the rectum. 

High Track Secondary to 
Pelvic Disease (Rare) 
As mentioned above, the intersphincteric plane "is 
a natural pathway for infection from the pelvis to 
follow should it track downward" (parks et al.). This 



type of fistula (Fig. 60--6) does not arise from anal 
disease and does not require perianal surgery. Treat
ment consists of removing the pelvic infection by 
abdominal surgery. 

Transsphincteric Fistula 

Uncomplicated Fistula 
As illustrated in Figure 57-3, the fairly common un
complicated transsphincteric fistula arises in the in
tersphincteric space of the mid-anal canal, with the 
infection then burrowing laterally directly through 
the external sphincter muscle. There it may form ei
ther an abscess or a fistulous track down through 
the skin overlying the ischiorectal space. If a probe 
is passed through the fistulous opening in the skin 
and along the track until it enters the rectum at the 
internal opening of the fistula, all of the overlying 
tissue may be divided without serious functional dis
turbance because only the distal half of the internal 
sphincter and the distal half of the external sphinc
ter has been transected. Occasionally one of these 
fistulas crosses the external sphincter closer to the 
puborectalis muscle than is shown here. In this case, 
if there is doubt that the entire puborectalis can be 
left intact, the external sphincter should be divided 
in two stages. Divide the distal half during the first 
stage and insert a seton through the remaining fis
tula, around the remaining muscle bundle. Leave it 
intact for 2-3 months before dividing the remainder 
of the sphincter. 

High Blind Track 
The fistula with high blind track burrows through 
the external sphincter, generally at the level of the 
mid-anal canal. The fistula then not only burrows 
downward to the skin but also in a cephalad direc
tion to the apex of the ischiorectal fossa (Fig. 60-2). 

Occasionally it burrows through the levator ani 
muscles into the pelvis. Parks et al. pointed out that 
when a probe is passed into the external opening, 
it generally goes directly to the upper end of the 
blind track and that the internal opening in the mid
anal canal may be difficult to delineate by such prob
ing. Occasionally there is localized induration in the 
mid-anal canal to indicate the site of the infected anal 
gland that initiated the pathologic process. Probing 
this area should reveal the internal opening. By in
serting the index fmger into the anal canal, one can 
often feel, above the anorectal ring, the induration 
that is caused by the supralevator extension of the 
infection. The surgeon can often feel the probe in 
the fistula with the index fmger. The probe may feel 
close to the rectal wall. Parks emphasized that it is 
dangerous to penetrate the wall of the rectum with 
this probe or to try to drain this infection through 
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Fig. 60-6. High intersphincteric track fistula (secondary 
to pelvic sepsis). 

the upper rectum. If it is done, an extrasphincteric 
fistula would be created with grave implications for 
the patient. The proper treatment for this type of 
fistula, even with a supralevator extension, is to 
transect the mucosa, internal sphincter, external 
sphincter, and perianal skin from the mid-anal canal 
down to the orifice of the track in the skin of the 
buttock. The upper extension heals with this type 
of drainage. 

Suprasphincteric Fistula 
(Extremely Rare) 

The suprasphincteric fistula originates, as usual, in 
the mid-anal canal in the intersphincteric space, 
where its internal opening can generally be found. 
The fistula extends upward in the intersphincteric 
plane above the puborectalis muscle into the supra
levator space, where it often causes a supralevator 
abscess. The fistula then penetrates the levator di
aphragm and continues downward in the ischiorec
tal space to its external orifice in the perineal skin 
(Fig. 57-4). This type of supralevator infection must 
not be drained through an incision in the rectum. Parks 
and Stitz (1958) recommended an internal sphinc
terotomy from the internal opening of the fistula dis-
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tally and excision of the abscess in the intersphinc
teric space, if present. They then divide the lower 
30-50% of the external sphincter muscle and con
tinue this incision laterally until the lower portion of 
the fistulous track has been opened down to its ex
ternal opening in the skin. This maneuver leaves the 
upper half of the external and internal sphincter mus
cles and the puborectalis muscle intact. Insert a se
ton of heavy braided nylon through the fistula as it 
surrounds the muscles. Tie the seton with five or six 
knots but keep the loop in the seton loose enough 
so it does not constrict the remaining muscles at this 
time. Insert a drain into the supralevator abscess, 
preferably in the intersphincteric space between the 
seton and the remaining internal sphincter muscle. 
Once adequate drainage has been established, re
move this drain, as the heavy seton prevents the 
lower portion of the wound from closing prema
turely. Parks does not remove these setons for at least 
3 months. It is often necessary to return the patient 
to the operating room 10-14 days following the ini
tial operation to examine the situation carefully and 
to ascertain that no residual pocket of infection has 
remained undrained. Examination under anesthesia 
may be necessary on several occasions before com
plete healing has been achieved. In most cases, after 
3 months or more has passed the supralevator in
fection has healed completely, and it is not necessary 
to divide the muscles enclosed in the seton. In these 
cases simply remove the seton and permit the wound 
to heal spontaneously. If after 3-4 months there is 
lingering infection in the upper reaches of the 
wound, it is possible to divide the muscles contained 
in the seton because the long-standing fibrosis pre
vents significant retraction and the muscle generally 
heals with restoration of fecal continence. 

Alternatively, an advancement flap to close the in
ternal opening of the fistula may save these patients 
multiple operations. It also avoids sphincter division. 

Extrasphincteric Fistula 
(Extremely Rare) 

Secondary to Transsphincteric Fistula 
In an unusual situation, a transsphincteric fistula, af
ter entering the ischiorectal fossa, travels not only 
downward to the skin of the buttocks but also in a 
cephalad direction, penetrating the levator diaphragm 
into the pelvis and then through the entire wall and 
mucosa of the rectum (Fig. 57-5). If this fistula were 
to be completely laid open surgically, the entire in
ternal and entire external sphincter together with part 
of the levator diaphragm would have to be divided. 
The result would be total fecal incontinence. The 
proper treatment here consists of a temporary di-

verting colostomy combined with simple laying open 
of the portion of the fistula that extends from the mid
anal canal to the skin. After the defect in the rectum 
heals, the colostomy can be closed. 

The extrasphincteric fistula may also be treated 
by fashioning an advancement flap. With this pro
cedure it is often unnecessary to create a temporary 
colostomy. 

Secondary to Trauma 
A traumatic fistula may be caused by a foreign body 
penetrating the perineum, the levator ani muscle, and 
the rectum. A swallowed foreign body such as a fish 
bone may also perforate the rectum above the anorec
tal ring and be forced through the levator diaphragm 
into the ischiorectal fossa. An infection in this space 
may then drain out through the skin of the perineum 
to form a complete extrasphincteric fistula. In either 
case, treatment consists of removing any foreign 
body, establishing adequate drainage, and sometimes 
performing a temporary colostomy. It is not neces
sary to divide any sphincter muscle because the anal 
canal is not the cause of the patient's pathology. 

Secondary to Specific Anorectal Disease 
Conditions such as ulcerative colitis, Crohn's disease, 
and carcinoma may produce unusual and bizarre fis
tulas in the anorectal area. They are not usually 
amenable to local surgery. The primary disease must 
be remedied, often requiring total proctectomy. 

Secondary to Pelvic Inflammation 
A diverticular abscess of the sigmoid colon, Crohn's 
disease of the terminal ileum, or perforated pelvic 
appendicitis may result in perforation of the levator 
diaphragm, with the infection tracking downward 
to the perineal skin. To make the proper diagnOSiS, 
a radiographic sinogram is performed by injecting 
an aqueous iodinated contrast medium into the fis
tula. This procedure may demonstrate a supraleva
tor entrance into the rectum. Therapy for this type 
of fistula consists of eliminating the pelvic sepsis by 
abdominal surgery. There is no need to cut any of 
the anorectal sphincter musculature. 

Technical Hints for 
Performing Fistulotomy 

Position 
We prefer the prone position, with the patient's hips 
elevated on a small pillow. The patient should be 
under regional or local anesthesia with sedation. 

Exploration 
In accordance with Goodsall's rule, search the sus
pected area of the anal canal after inserting a Parks 
bivalve retractor. The internal opening should be 10-



cated in a crypt near the dentate line, most often in 
the posterior commissure. If an internal opening has 
been identified, insert a probe to confirm this fact. 
Then insert a probe into the external orifice of the 
fistula. With a simple fistula, in which the probe goes 
directly into the internal orifice, simply make a 
scalpel incision dividing all of the tissues superficial 
to the probe. A grooved directional probe is helpful 
for this maneuver. 

With complex fistulas the probe may not pass 
through the entire length of the track. In some cases 
gentle maneuvering with variously sized lacrimal 
probes may be helpful. If these maneuvers are not 
successful, Goldberg and associates suggested in
jecting a dilute (l: 10) solution of methylene blue dye 
into the external orifice of the fistula. Then incise 
the tissues over a grooved director along that por
tion of the track the probe enters easily. At this point 
it is generally easy to identify the probable location 
of the fistula's internal opening. For fistulas in the 
posterior half of the anal canal, this opening is lo
cated in the posterior commissure at the dentate 
line. If a patient has multiple fistulas, including a 
horseshoe fistula, the multiple tracks generally en
ter into a single posterior track that leads to an in
ternal opening at the usual location in the posterior 
commissure of the anal canal. In patients with mul
tiple complicated fistulas, fistulograms obtained by 
radiography or magnetic resonance imaging help de
lineate the pathology. 

Marsupialization 
When fistulotomy results in a large gaping wound, 
Goldberg and associates suggested marsupializing 
the wound to speed healing: Suture the outer walls 
of the laid-open fistula to the skin with a continuous 
absorbable suture. Curet all of the granulation tissue 
away from the wall of the fistula that has been laid 
open. 

POSTOPERATIVE CARE 

Administer a bulk laxative such as Metamucil daily. For 
the first bowel movement, an additional stimulant, 
such as Senokot-S (two tablets) may be necessary. 

The patient is placed on a regular diet. 

For patients who have had operations for fairly sim
ple fistulas, warm sitz baths two or three times daily 
may be initiated beginning on the first postoperative 
day, after which no gauze packing may be necessary. 

For patients who have complex fistulas, light gen
eral anesthesia may be required for removal of the 
first gauze packing on the second or third postop
erative day. 
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During the early postoperative period, check the 
wound every day or two to be sure that healing takes 
place in the depth of the wound before any of the 
more superficial tissues heal together. Later check 
the patient once or twice weekly. 

When a significant portion of the external sphincter 
has been divided, warn the patient that for the first 
week or so there will be some degree of fecal in
continence. 

In the case of the rare types of fistula with high ex
tension and a deep wound, Parks and Sitz recom
mended that the patient be taken to the operating room 
at intervals for careful examination under anesthesia. 

Perform a weekly anal digital examination and di
latation, when necessary, to avoid an anal stenosis 
secondary to the fibrosis that takes place during the 
healing of a fistula. 

COMPilCATIONS 

Urinary retention 

Postoperative hemorrhage 

Fecal incontinence 

Sepsis including cellulitis and recurrent abscess 

Recurrent fistula 

Thrombosis of external hemorrhoids 

Anal stenosis 
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61 Lateral Internal 
Sphincterotomy for 
Chronic Anal Fissure 

INDICATIONS 

Painful chronic anal fissure not responsive to med
ical therapy 

PREOPERATIVE PREPARATION 

Many patients with anal fissure cannot tolerate a pre
operative enema because of excessive pain. Conse
quently, a mild cathartic the night before operation 
constitutes the only preoperative care necessary. 

PITFALLS AND DANGER POINTS 

Injury to external sphincter 

Inducing fecal incontinence by overly extensive 
sphincterotomy 

Bleeding, hematoma 

OPERATIVE STRATEGY 

Accurate identification of the lower border of the in
ternal sphincter is essential to successful completion 
of an internal sphincterotomy. Insert a bivalve specu
lum (e.g., Parks retractor) into the anal and open the 
speCUlum for a distance of about two fmgerbreadths 
to place the internal sphincter on stretch. Feel for a 
distinct groove between the subcutaneous external 
sphincter and the lower border of the tense internal 
sphincter. This groove accurately identifies the 
lower border of the internal sphincter. Optionally, 
the surgeon may make a radial incision through the 
mucosa directly over this area to identify visually the 
lower border of the internal sphincter (we have not 
found this step necessary). 

OPERATIVE TECHNIQUE 

Anesthesia 
A light general or local anesthesia is satisfactory for 
this procedure. 
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Closed Sphincterotomy 
Place the patient in the lithotomy position. (The prone 
position is also satisfactory.) Insert a Parks retractor 
with one blade placed in the anterior aspect and the 
other in the posterior aspect of the anal canal. Open 
the retractor about two fmgerbreadths. Now, at the 
right or left lateral margin of the anal canal, palpate 
the groove between the internal and external sphinc
ter. Once this has been clearly identified, insert a No. 
11 scalpel blade into this groove (Fig. 61-1). During 
this insertion keep the flat portion of the blade paral
lel to the internal sphincter. When the blade has 
reached the level of the dentate line (about 1.5 cm), 
rotate the blade 90° so its sharp edge rests against the 
internal sphincter muscle (Fig. 61-2). Insert the left 
index finger into the anal canal opposite the scalpel 
blade. Then, with a gentle sawing motion transect the 
lower portion of the internal sphincter muscle. There 
is a gritty sensation while the internal sphincter is be
ing transected, followed by a sudden "give" when the 
blade has reached the mucosa adjacent to the sur
geon's left index finger. Remove the knife and palpate 
the area of the sphincterotomy with the left index fm
ger. Any remaining muscle fibers are ruptured by lat
eral pressure exerted by this fmger. In the presence 
of bleeding, apply pressure to this area for at least 5 
minutes. It is rarely necessary to make an incision in 
the mucosa to identify and coagulate a bleeding point. 

An alternative method of performing the subcuta
neous sphincterotomy is to insert a No. 11 scalpel 
blade between the mucosa and the internal sphincter. 
Then turn the cutting edge of the blade so it faces lat
erally; cut the sphincter in this fashion. This approach 
has the disadvantage of possibly lacerating the exter
nal sphincter if excessive pressure is applied to the 
blade. Do not suture the tiny incision in the anoderm. 

Open Sphincterotomy 
For an open sphincterotomy a radial incision is made 
in the anoderm just distal to the dentate line and is car
ried across the lower border of the internal sphincter 
in the midlateral portion of the anus. Then the lower 



Fig. 61-1 

border of the internal sphincter and intersphincteric 
groove are identified. The fibers of the internal sphinc
ter have a whitish hue. Divide the lower portion of the 
internal sphincter up to a point level with the dentate 
line. Achieve hemostasis with electrocautery, if neces
sary. Leave the skin wound and apply a dressing. 

Removal of the Sentinel Pile 

If the patient has a sentinel pile more than a few mil
limeters in size, simply excise it with a scissors. 
Leave the skin defect unsutured. Nothing more elab
orate need be done. 

If in addition to the chronic anal fissure the pa
tient has symptomatic internal hemorrhoids that re
quire surgery, hemorrhoidectomy may be performed 
simultaneously with the lateral internal sphinctero
tomy. If the patient has large internal hemorrhoids, 
and hemorrhoidectomy is not performed simultane
ously, the hemorrhoids may prolapse acutely after 
sphincterotomy, although it is not common. 

POSTOPERATIVE CARE 

Apply a simple gauze dressing to the anus and re
move it the following moming. 

Discharge the patient the same day. Generally, there 
is dramatic relief of the patient's pain promptly af
ter sphincterotomy. 

Have the patient continue taking the bulk laxative 
(e.g., psyllium) that was initiated prior to surgery. 
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Fig. 61-2 

Prescribe a mild analgesic in case the patient has 
some discomfort at the operative site. 

COMPilCATIONS 

Hematoma or bleeding (rare) 

Perianal abscess (rare) 

Flatus and fecal soiling 

Some patients complain that they have less con
trol over the passage of flatus following sphinctero
tomy than they had before operation, or they may 
have some fecal soiling of their underwear; but gen
erally these complaints are temporary, and the prob
lems rarely last more than a few weeks. 
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62 Anoplasty for 
Anal Stenosis 

INDICATIONS 

Symptomatic fibrotic constriction of the anal canal 
not responsive to simple dilatation 

PREOPERATIVE PREPARATION 

Preoperative saline enema 

PITFALLS AND DANGER POINTS 

Fecal incontinence 

Slough of flap 

Inappropriate selection of patients 

OPERATIVE STRATEGY 

Some patients have a tubular stricture with fibrosis 
involving mucosa, anal sphincters, and anoderm. This 
condition, frequently associated with inflammatory 
bowel disease, is not susceptible to local surgery. In 
other cases of anal stenosis, elevating the anoderm 
and mucosa in the proper plane frees these tissues 
from the underlying muscle and permits formation of 
sliding pedicle flaps to resurface the denuded anal 
canal subsequent to dilating the stenosis. 

Fecal incontinence is avoided by dilating the anal 
canal gradually to two or three fingerbreadths and 
performing, when necessary, a lateral internal 
sphincterotomy. Patients with mild forms of anal 
stenosis may respond to a simple internal sphinc
terotomy if there is no loss of anoderm. 
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OPERATIVE TECHNIQUE 

Sliding Mucosal Flap 

Incision 

With the patient under local or general anesthesia, 
in the prone position, and with the buttocks re
tracted laterally by means of adhesive tape, make an 
incision at 12 o'clock. This incision should extend 
from the dentate line outward into the anoderm for 
about 1.5 cm and internally into the rectal mucosa 
for about 1.5 cm. The linear incision is then about 
3 cm in length. Elevate the skin and mucosal flaps 
for about 1.0-1. 5 cm to the right and to the left of 
the primary incision. Gently dilate the anus (Fig. 
62-1). 

Internal Sphincterotomy 

Insert the bivalved Parks or a Hill-Ferguson retractor 
into the anal canal after gently dilating the anus. 
Identify the groove between the external and inter
nal sphincter muscles. If necessary, incise the distal 
portion of the internal sphincter muscle, no higher 
than the dentate line (Fig. 62-2). This should per
mit dilatation of the anus to a width of two or three 
fmgerbreadths. 

Advancing the Mucosa 

Completely elevate the flap of rectal mucosa. Then 
advance the mucosa so it can be sutured circumfer
entially to the sphincter muscle (Fig. 62-3). This su
ture line should fix the rectal mucosa near the nor
mal location of the dentate line. Advancing the 
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Fig. 62-2 Fig. 62-3 
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Fig. 62-4 

Fig. 62-5 

mucosa too far results in an ectropion with annoy
ing chronic mucus secretion in the perianal region. 
Use fme chromic catgut or PG for the suture mate
rial. It is not necessary to insert sutures into the pe
rianal skin. In a few cases of severe stenosis it may 
be necessary to repeat this process and create a mu
cosal flap at 6 o'clock Figs. 62-4, 62-5), 

Hemostasis should be complete following the use 
of accurate electrocautery and fine ligatures. Insert 
a small Gelfoam pack into the anal canal. 

Sliding Anoderm Flap 

Incision 

After gently dilating the anus so a small Hill-Ferguson 
speculum can be inserted into the anal canal, make 
a vertical incision at the posterior commissure, be
ginning at the dentate line and extending upward in 
the rectal mucosa for a distance of about 1.5 cm. 



Fig. 62-6 

Then make a Y extension of this incision on to the 
anodenn as in Figure 62-6. Be certain the two limbs 
of the incision in the anodenn are separated by an 
angie of at least 90° (angle A in Fig. 62-7a). Now 
by sharp dissection, gently elevate the skin and mu
cosal flaps for a distance of about 1-2 cm. Take spe
cial care not to injure the delicate anodenn during 
the dissection. When the dissection has been com
pleted, it is possible to advance point A on the an
odenn to point B on the mucosa (Fig. 62-7b) with
out tension. 

Internal Sphincterotomy 

In most cases enlarging the anal canal requires divi
sion of the distal portion of the internal sphincter 
muscle. This may be perfonned through the same 
incision at the posterior commissure. Insert a sharp 
scalpel blade in the groove between the internal and 
external sphincter muscles. Divide the distal 1.0-1.5 
cm of the internal sphincter. Then dilate the anal 
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Fig. 62-7a Fig. 62-7b 

Advancing the Anoderm 

Using continuous sutures of 5-0 atraumatic Vicryl, 
advance the flap of anodenn so point A meets point 
B (Fig. 62-7b; Fig. 62-8) and suture the anoderm 
to the mucosa with a continuous suture that catches 
a bit of the underlying sphincter muscle. When the 
suture line has been completed, the original Y inci
sion in the posterior commissure resembles a V (Fig. 

canal to width of two or three fingerbreadths. Fig. 62-8 
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Fig. 62-9 

62-7b; Fig. 62-9). Insert a small Gelfoam pack into 
the anal canal. 

POSTOPERATIVE CARE 

Remove the gauze dressings from the anal wound. 
It is not necessary to mobilize the Gelfoam because 
it tends to dissolve in sitz baths, which the patient 
should start two or three times daily on the day fol
lowing the operation. 

A regular diet is prescribed. 

Mineral oil (45 ml) is taken nightly for the first 2-3 
days. Thereafter a bulk laxative, such as Metamucil, 
is prescribed for the remainder of the postoperative 
period. 

Discontinue all intravenous fluids in the recovery 
room if there has been no postanesthesia complica
tion. This practice reduces the incidence of post
operative urinary retention. 

COMPilCATIONS 

Urinary retention 

Hematoma 

Anal ulcer and wound infection (rare) 
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63 Thiersch Operation for 
Rectal Prolapse 
SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

The Thiersch operation is indicated in poor-risk pa
tients who have prolapse of the full thickness of rec
tum (see Chapter 56). Other perineal operations, in
cluding the Delorme procedure, are excellent 
alternatives in poor-risk patients and have largely 
supplanted this legacy procedure. 

PREOPERATIVE PREPARATION 

Sigmoidoscopy (barium colon enema) is performed. 

Because many patients with rectal prolapse suffer 
from severe constipation, cleanse the colon over a 
period of a few days with cathartics and enemas. 

Initiate an antibiotic bowel preparation 18 hours 
prior to scheduled operation, as for colon resection 
(see Chapter 42). 

PITFALLS AND DANGER POINTS 

Tying the encircling band too tight so it causes ob
struction 

Wound infection 

Injury to vagina or rectum 

Fecal impaction 

OPERATIVE STRATEGY 

Selecting Proper Suture or 
Banding Material 

Lomas and Cooperman (1972) recommended that 
the anal canal be encircled by a four-ply layer of 
polypropylene mesh. The band is 1.5 cm in width, 
so the likelihood it would cut through the tissues is 
minimized. Labow and associates (1980) used a 
Dacron-impregnated Silastic sheet (Dow Coming 
No. 501-7) because it has the advantage of elastic
ity. 

Achieving Proper Tension 
of the Encircling Band 

Although some surgeons advocate that the encircling 
band be adjusted to fit snugly around a Hegar dilator, 
we have not found this technique satisfactory. 
Achieve proper tension by inserting an index finger 
into the anal canal while the assistant adjusts the en
circling band so it fits snugly around the finger. If the 
band is too loose, prolapse is not prevented. 

OPERATIVE TECHNIQUE 

Fabricating the Encircling 
Band of Mesh 

Although Lomas and Cooperman preferred Marlex 
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Fig. 63-1 

mesh, we believe that Dacron-impregnated Silastic 
mesh is preferable because of its elasticity. Cut a rec
tangle of Silastic mesh 1.5 X 20.0 cm. Cut the strip 
so it is elastic along its longitudinal axis. Figure 63-1 

Fig. 63-2 

and subsequent drawings illustrate Lomas and 
Cooperman's technique of using a tight roll of Mar
lex; we now use a 1.5 cm strip elasticized Silastic. 
Except for the nature of the mesh, the surgical tech
nique is unchanged. 

Incision and Position 

This operation may be done with the patient in the 
prone jackknife or the lithotomy position, under 
general or regional anesthesia. We prefer the prone 
position. Make a 2 cm radial incision at 10 o'clock 
starting at the lateral border of the anal sphincter 
muscle and continue laterally. Make a similar inci
sion at 4 o'clock. Make each incision about 2.5 cm 
deep. 

Inserting the Mesh Band 

Insert a large curved Kelly hemostat or a large right
angle clamp into the incision at 4 o'clock and gen
tly pass the instrument around the external sphinc
ter muscles so it emerges from the incision at 10 
o'clock. Insert one end of the mesh strip into the 
jaws of the hemostat and draw the mesh through 
the upper incision and extract it from the incision 
at 4 o'clock. Then pass the hemostat through the 10 
o'clock incision around the other half of the cir
cumference of the anal canal until it emerges from 
the 4 o'clock incision. Insert the end of the mesh 
into the jaws of the hemostat and draw the hemo
stat back along this path (Fig. 63-2) so it delivers 
the end of the mesh band into the posterior inci
sion. At this time the entire anal canal has been en
circled by the band of mesh, and both ends protrude 
through the posterior incision. During this manipu
lation be careful not to penetrate the vagina or the 
anterior rectal wall. Also, do not permit the mesh to 
become twisted during its passage around the anal 
canal. Keep the band flat. 

Adjusting Tension 
Apply a second sterile glove on top of the previous 
glove on the left hand. Insert the left index fUlger 
into the anal canal. Apply a hemostat to each end of 
the encircling band. Ask the assistant to increase the 
tension gradually by overlapping the two ends of 
mesh. When the band feels snug around the index 
fUlger, ask the assistant to insert a 2-0 Prolene suture 
to maintain this tension. After the suture has been 
inserted, recheck the tension of the band. Then re
move the index fUlger and remove the contaminated 
glove. Insert several additional 2-0 Prolene inter
rupted sutures or a row of 55 mm linear staples to 
approximate the two ends of the mesh and ampu-



tate the excess length of the mesh band. The patient 
should now have a 1. 5 cm wide band of mesh en
circling the external sphincter muscles at the mid
point of the anal canal with sufficient tension to be 
snug around an index fmger in the rectum (Fig. 
63-3). 

Closure 
Irrigate both incisions thoroughly with a dilute an
tibiotic solution. Close the deep perirectal fat with 
interrupted 4-0 PG interrupted sutures in both inci
sions. Close the skin with interrupted or continuous 
subcuticular sutures of the same material (Fig. 
63-4), Apply collodion over each incision. 

POSTOPERATIVE CARE 

References 555 

Prescribe perioperative antibiotics. Fig. 63-3 

Prescribe a bulk-forming laxative such as Metamucil 
plus any additional cathartic that may be necessary 
to prevent fecal impaction. Periodic Fleet enemas 
may be required. 

Initiate sitz baths after each bowel movement and 
two additional times daily for the first 10 days. 

COMPilCATIONS 

If the patient develops a wound infection it may not 
be necessary to remove the band. First, open the in
cision to obtain adequate drainage and treat the pa
tient with antibiotics. If the infection heals, it is not 
necessary to remove the foreign body. 

Some patients experience perineal pain follow
ing surgery, but it usually diminishes in time. If the 
pain is severe and unrelenting, the mesh must be re
moved. If removal can be postponed for 4-6 months, 
there may be enough residual perirectal fibrosis to 
prevent recurrence of the prolapse. 
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64 Operations for 
Pilonidal Disease 

INDICATIONS 

Recurrent symptoms of pain, swelling, and purulent 
drainage 

PITFAllS AND DANGER POINTS 

Unnecessarily radical excision 

OPERATIVE STRATEGY 

Acute Pilonidal Abscess 
If an adequate incision can be made and all of the 
granulation tissue and hair are removed from the cav
ity, a cure is accomplished in a number of patients 
with acute abscesses. 

Marsupialization 
During marsupialization a narrow elliptical incision 
is used to unroof the length of the pilonidal cavity. 
Do not excise a significant width of the overlying 
skin-only enough to remove the sinus pits. If this 
is accomplished, one can approximate the lateral 
margin of the pilonidal cyst wall to the subcuticular 
layer of the skin with interrupted sutures. At the 
conclusion of the procedure, no subcutaneous fat is 
visible in the wound. Healing of exposed subcuta
neous fat tends to be slow. On the other hand, the 
fibrous tissue lining the pilonidal cyst contracts fairly 
rapidly, producing approximation of the marsupial
ized edges of skin over a period of only several 
weeks. There is no need to excise a width of skin 
more than 0.8-1.0 cm. Conservative skin excision is 
followed by more rapid healing. Of course, all gran
ulation tissue and hair must be curetted away from 
the fibrous lining of the pilonidal cyst. 

Excision with Primary Suture 
Allow several months to pass after an episode of 
acute infection to minimize the bacterial content of 
the pilonidal complex. Successful accomplishment 
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of primary healing requires that the pilonidal cyst be 
encompassed by excision of a narrow strip of skin 
that includes the sinus pits and a patch of subcuta
neous fat not much more than 1 cm in width. If this 
can be achieved without entering the cyst, closing 
the relatively shallow, narrow wound is not difficult. 
Perform the dissection with electrocautery. Hemo
stasis must be perfect to ensure complete excision 
of the cyst and any sinus tracts without unnecessary 
contamination of the wound. If this technique has 
been successful, postoperative convalescence is 
quite short. 

It is not necessary to carry the dissection down 
to the sacrococcygeal ligaments to ensure success
ful elimination of the pilonidal disease. In essence, 
the surgeon is simply excising a chronic granulomas 
surrounded by a fibrous capsule and covered by a 
strip of skin containing the pits that constituted the 
original portal of entry of infection and hair into the 
abscess. 

Primary healing requires good wound architec
ture. If a large segment of subcutaneous fat is ex
cised, simply approximating the skin over a large 
deadspace may result in temporary healing, but 
eventually the wound is likely to separate. Unless 
the surgeon is willing to construct extensive sliding 
skin flaps or a Z-plasty, excision with primary clo
sure should be restricted to patients in whom wide 
excision is not necessary. 

OPERATIVE TECHNIQUE 

Although it is possible to excise the midline sinus 
pits and to evacuate the pus and hair through this 
incision under local anesthesia, often the abscess 
points in an area away from the gluteal cleft and 
complete extraction of the hair prove to be too 
painful to the patient. Consequently, in most cases 
simply evacuate the pus during the initial drainage 
procedure and postpone a definitive operation until 
the infection has subsided. 

Infiltrate the skin overlying the abscess with 1 % 

lidocaine containing 1 :200,000 epinephrine. Make a 
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Fig. 64-1 

scalpel incision of sufficient size to evacuate the pus 
and necrotic material. Whenever possible, avoid 
making the incision in the midline. If it is possible 
to extract the loose hair in the abscess, do so; oth
erwise, simply insert loose gauze packing. 

Marsupialization 
First described by Buie in 1944, marsupialization be
gins by inserting a probe or grooved director into 
the sinus. Then incise the skin overlying the probe 
with a scalpel. Do not carry the incision beyond the 
confines of the pilonidal cyst. If the patient has a 
tract leading in a lateral direction, insert the probe 
into the lateral sinus and incise the skin over it. Now 
excise no more than 1-3 cm of the skin edges on 
each side to include the epithelium of all of the si
nus pits along the edge of the skin wound (Fig. 
64-1). This maneuver exposes a narrow band of sub
cutaneous fat between the lateral margins of the pi
lonidal cyst and the epithelium of the skin. Achieve 
complete hemostasis by carefully electrocauterizing 
each bleeding point. 

After unroofmg the pilonidal cyst, remove aU 
granulation tissue and hair, if present, using dry 
gauze, the back of a scalpel handle, or a large curet 
to wipe clean the posterior wall of the cyst (Fig. 
64-2). Then approximate the subcuticular level of Fig. 64-2 
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Fig. 64-3 

the skin to the lateral margin of the pilonidal cyst 
with interrupted sutures of 3-0 or 4-0 PG (Fig. 64-3), 

Ideally, at the conclusion of this procedure there 
is a fairly flat wound consisting of skin attached to 
the fibrous posterior wall of the pilonidal cyst, with 
no subcutaneous fat visible. In the rare situation 
where the pilonidal cyst wall is covered by squa
mous epithelium, the marsupialization operation is 
just as effective as in most cases where the wall con
sists only of fibrous tissue. We usually perform this 
operation with the patient in the prone position with 
the buttocks retracted laterally by adhesive straps 
under local anesthesia, as Abramson advocated for 
his modification of the marsupialization operation. 

pilonidal Excision with 
Primary Suture 

For pilonidal excision with primary suture, use re-

the patient in the prone position with a pillow un
der the hips and the legs slightly flexed. 

Apply adhesive strapping to each buttock and 
retract each in a lateral direction by attaching the 
adhesive tape to the operating table. Before scrub
bing, in preparation for the surgery insert a sterile 
probe into the pilonidal sinus and gently explore 
the dimensions of the underlying cavity to confirm 
that it is not too large for excision and primary 
suture. 

After shaving, cleansing, and preparing the area 
with an iodophor solution, make an elliptical inci
sion only of sufficient length and width to encom
pass the underlying pilonidal sinus and the sinus pits 
in the gluteal cleft (Fig. 64- I). In properly selected 
patients this requires excising a strip of skin no more 
than 1.0-1.5 cm in width. Deepen the incision on 
each side of the pilonidal sinus (Fig. 64-4). Use elec-

gional, general, or local field block anesthesia. Place Fig. 64-4 



Fig. 64-5 Fig. 64-6 

trocautery for this dissection to achieve complete 
hemostasis. Otherwise, the presence of blood pre
vents the accurate visualization necessary to avoid 
entering one of the potentially infected pilonidal 
tracts. Dissect the specimen away from the under
lying fat without exposing the sacrococcygeal pe
riosteum or ligaments. Remove the specimen and 
check for complete hemostasis. The specimen 
should not measure more than 5.0 x 1.5 x 1.5 cm. 
It should be possible to approximate the subcuta
neous fat with interrupted 3-0 or 4-0 PG sutures with
out tension (Fig. 64-5). Insert interrupted subcu
ticular sutures of 4-0 PG (Fig. 64-6) or close the 
skin with interrupted nylon vertical mattress sutures. 
Avoid leaving any deadspace in the incision. If at 
some point during the operation the pilonidal cyst 
has been opened inadvertently, irrigate the wound 
with a dilute antibiotic solution and complete the 
operation as planned unless frank pus has filled the 
wound. In the latter case, simply leave the wound 
open and insert gauze packing without any sutures. 
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The patient must remain inactive to encourage pri
mary healing. 

Excision of Sinus Pits 
with Lateral Drainage 
For Bascom's (1980) modification of Lord and Mil
lar's (1965) operation, only the sinus pits (Fig. 64-7) 

Fig. 64-7 
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Fig. 64-8a 

are excised in the mid-gluteal cleft. This may be ac
complished with a pointed No. 11 scalpel blade (Fig. 
64-8a) or with the dermatologist's round skin biopsy 
punches. The latter, available in diameters as large as 
5 mm, are simply cork-borers whose ends have been 
sharpened to a cutting edge. Most of the pits are sim
ply epithelial tubes going down toward the pilonidal 
cyst for a distance of a few millimeters. Leave unsu
tured the resulting wounds from the pit excisions. 

Insert a probe into the underlying pilonidal cavity 
to determine its dimensions. Then make a vertical in
cision parallel to the long axis of the pilOnidal cav
ity. Make this incision about 1.5 cm lateral to the mid
gluteal cleft (Fig. 64-8b). Open the pilonidal cyst 
through this incision. Curet out all of the granulation 
tissue and hair. Achieve complete hemostasis with 
the electrocoagulator. A peanut gauze dissector is 
also useful for this step. Bascom did not insert drains 
or packing. Occasionally three or more enlarged fol
licles (pits) are so close together in the mid-gluteal 
cleft that individual excision of each follicle is im
possible. In this case Bascom simply excised a nar
row strip of skin encompassing all of the pits. If the 
skin defect in the cleft exceeded 7 mm, he sutured 
it closed. The lateral incision is always left open. In 
patients who have lateral extensions of their pilOnidal 
disease, each lateral sinus pit is excised. Bascom 
found that occasionally there was an ingrowth of der-

mal epithelium into the subcutaneous fat, forming an 
epithelial tube resembling a thyroglossal duct rem
nant. These structures resemble pieces of macaroni, 
and Bascom advised excising these epithelial tubes 
through the lateral incision. 

POSTOPERATIVE CARE 

Following drainage of an acute pilonidal abscess, 
remove the gauze packing the next day and have the 
patient shower daily to keep the gluteal cleft clean 
and free of any loose hair. Shave the skin for a dis
tance of about 5 cm around the mid-gluteal cleft 
weekly. In some cases it is possible to use a depila
tory cream to achieve the same result. Otherwise, 
hair fmds its way into the pilonidal cavity and acts 
as a foreign body, initiating a recurrent infection. 

Following excision and primary suture, remove 
the gauze dressing on the second day and leave the 
wound exposed. Initiate daily showering especially 
after each bowel movement. Observe the patient 
closely two or three times a week in the office. If 
evidence of a localized wound infection appears, 
open this area of the wound and administer appro
priate antibiotics, treating the condition the same 
way you would treat an infection in an abdominal 
incision. If the infection is extensive, it is then nec
essary to lay open the entire incision. With good 
wound architecture, infection is uncommon. Also 
shave or apply a depilatory cream to the area of the 
mid-gluteal cleft for the ftrst two to three postoper
ative weeks or until the wound is completely healed. 

If the patient has undergone pit excision and lat
eral drainage, postoperative care is limited to daily 
showers and weekly observation by the surgeon to 
remove any hairs that may have invaded the wound. 
Bascom applied Monsel's solution to granulation tis
sue. All of his patients have been operated in the 
ambulatory outpatient setting. No matter what the 
operative procedure, patients with pilonidal disease 
require instruction always to avoid accumulation of 
loose hair in the mid-gluteal cleft. Daily showering 
with special attention to cleaning this area should 
prevent recurrence. 

COMPLICATIONS 

Infection may follow the primary suture operation. 
Hemorrhage has been reported by Lamke et al. 

(1974) Of the patients treated by wide excision and 
packing, 10% experienced postoperative hemor
rhage requiring blood transfusion and reoperation. 
This complication is easily preventable by meticu
lous electrocoagulation of each bleeding point in the 



operating room. It is rare following primary suture 
or marsupialization operations. 

Among patients followed for a number of years, 
pilonidal disease recurs in 15% whether treated by 
primary suture, excision and packing, or marsupial
ization. Even the radical excision operation does not 
seem to prevent recurrence. Consequently, it ap
pears that in most cases recurrence is caused by poor 
hygiene, permitting hair to drill its way into the skin 
of the mid-gluteal cleft, rather than by inadequate 
surgery. Most recurrences are in the midline. 

There may be a failure to heal. Some patients, 
especially those who have had a radical excision of 
pilOnidal disease that leaves a large midline defect 
bounded by sacrococcygeal periosteum in its depths 
and subcutaneous fat around its perimeter, endure heal
ing failure for a period as long as 2 years (Bascom). In 
some cases it is due to inadequate postoperative care 
in which the bridging of unhealed cavities has taken 
place or in which loose hair has found its way into the 
cavity and produced reinfection. Occasionally, even 
when postoperative care is conscientious in these pa
tients, there is protracted healing of the residual wound. 
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CHOLEIlTIIIASIS 

Laparoscopic cholecystectomy has become the 
method of choice when gallbladder removal is nec
essary. The rapidity with which this technique has 
become dominant is truly astonishing. In 1988 it was 
thought that, at best, only 30-40% of patients would 
be suitable candidates. Exponential improvement in 
both optics and equipment followed, and now 
98-99% of all elective cholecystectomies are per
formed laparoscopically. Laparoscopic cholecystec
tomy has proven to be quite safe, although the in
cidence of common duct injury (0.5-0.7%) appears 
to remain about twice that of open cholecystectomy. 
Our own database consists of more than 2000 con
secutive cases treated from 1990 to 1999 without 
mortality. Included in this cohort of patients were 
both elective and emergent referrals. As experience 
accrued coupled with refinement of the instruments 
used, laparoscopic cholecystectomy was extended 
to patients with cirrhosis, extensive previous upper 
abdominal surgery, acute and gangrenous cholecys
titis, Mirizzi syndrome, and choledocholithiasis. Ded
icated laparoscopic surgeons can achieve results in 
the modem era of anesthesia and intensive care at 
least equivalent, and often superior, to open meth
ods. At times, however, inflammatory changes are 
so severe the laparoscopic approach should be aban
doned and conversion to open cholecystectomy un
dertaken without the slightest hesitation. 

Diagnosis of Gallstones 

Most patients treated electively are diagnosed by his
tory, physical examination, and upper abdominal 
sonogram. The presence, size, number, and mobil
ity of stones must be documented in addition to the 
thickness of the gallbladder wall and the measured 
diameter of the common duct. The rare carcinoma 
of the gallbladder should also be excluded during 
this examination. The presence of adjacent fluid and 
a sonographic Murphy's sign are good evidence of 
acute inflammation. A hepatobiliary (HIDA) scan 

may be useful in the intensive care unit (leU) pa
tient with a difficult abdomen to examine and 
known gallstones. A patent cystic duct virtually rules 
out acute cholecystitis. The use of cholecystokinin 
to stimulate gallbladder emptying may be useful in 
patients with typical biliary colic but no demon
strable radiographic gallstones. If pain is experi
enced after injection of cholecystokinin or the ejec
tion fraction of tracer is well below the lower limit 
of normal, the test is considered positive. Although 
such patients are frequently referred to surgeons, a 
full upper gastrointestinal (GD workup should be 
done before surgery to avoid prompt postoperative 
recurrence of symptoms. 

Gallbladder as an Unrecognized 
Source of Sepsis 

Hospitalized patients on medical services, severely 
injured or burned patients, and patients during the 
immediate postoperative period after a variety of sur
gical procedures who develop shock or sepsis 
should undergo evaluation of their gallbladder as 
part of the workup. Acute gangrenous cholecystitis 
can complicate the period after chest, cardiac, or ab
dominal surgery; and cholecystectomy may have to 
be performed promptly. Percutaneous image-guided 
cholecystostomy may be a life-saving temporizing al
ternative. Antibiotic treatment alone is generally not 
sufficient; these patients are frequently already on 
broad-spectrum antibiotics, and antibiotic therapy 
does not alleviate gangrenous cholecystitis. 

Choice of Operation: Open 
Versus Laparoscopic 

In experienced hands successful laparoscopic re
moval is possible in most patients regardless of the 
pathology encountered. If a difficult cholecystec
tomy is anticipated, the procedure should com
mence with a diagnostic laparoscopy to determine 
by inspection and laparoscopic palpation if con tin-
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uing laparoscopically is wise. Acute cholecystitis 
that has been present for a week or more with a pal
pable mass falls into this category. There can be two 
parts to the difficulty: First, exposing the gallbladder 
in the phlegmonous mass of omentum and colon can 
be difficult especially if the attack is more than 
2 weeks old. Second, exposure of the gallbladder
cystic duct junction is difficult because of induration 
of the gallbladder wall and the presence of a large 
stone impacted in the infundibulum. If a laparo
scopic approach is chosen, it may be prudent, as 
with open surgery, to take down the gallbladder 
from the fundus fIrst and work one's way to the cys
tic duct-common duct junction by keeping the dis
section as close to the gallbladder wall as possible. 

In patients with chronic liver disease (see below) 
the liver is often shrunken and rigid. The usual re
traction techniques using the fundus of the gall
bladder do not work, and exposure of the hepato
biliary triangle is difficult. Varices in adhesions, 
omentum, hepatoduodenal ligament, and gallblad
der add to the bleeding potential of this operation. 

Carcinoma of the gallbladder is best treated by 
open cholecystectomy with excision of a wedge of 
liver tissue and regional lymph nodes where appro
priate [1]. Trocar site recurrences have been re
ported after laparoscopic cholecystectomy, reflect
ing this tumor's propensity for implantation. 

Should Operative 
Cholangiography Be Done? 
Intraoperative cholangiography (IOC) does not pre
vent ductal injury, but it may serve to identify that 
the structure that has been cannulated is not the cys
tic duct. If the surgeon recognizes it on the radi
ograph, the lesion can be repaired appropriately. 
This usually means conversion to laparotomy and the 
assistance of a surgeon experienced in repair of bil
iary tract injuries. 

A technique that may aid in limiting bile duct in
juries during the laparoscopic approach is taking 
down the gallbladder from the fundus down and 
performing operative cholangiography as the last 
step of the dissection [2]. By staying close to the gall
bladder wall no blood vessel of signillcant size is en
countered until the cystic artery is reached. 
Branches from this vessel traveling onto the gall
bladder wall are then divided between clips, ties, or 
electrocoagulation depending on size. The next 
structure encountered is the cystic duct. In this way 
the ductal system is approached from the peripheral 
aspect, the hepatobiliary triangle is opened away 
from the hepatoduodenal ligament containing the 
common duct, and no early dissection can take place 

near the common bile duct. It is at this point, not 
earlier in the exposure, that cholangiography is per
formed. This technique is similar to that used for 
decades during open cholecystectomy. It is the best 
method that has emerged for avoiding ductal injury 
during laparoscopic cholecystectomy. If nothing re
mains to be divided, and the duct is visually and ra
diographically intact, there is no possibility of duc
tal injury. Although this exposure is the reverse of 
what is currently taught, it nevertheless merits con
sideration as a safe and effective method for limiting 
bile duct injuries. 

Cholangiography demonstrates the length of the 
cystic duct remnant; outlines the lumen of the com
mon duct to identify stones and patency of the 
papilla, the diameter of the common duct, and the 
intrahepatic anatomy; and remains as a permanent 
record of the state of the common duct at the time 
of surgery. When performed routinely, IOC is rapid, 
adding only 5-10 minutes to the procedure. It can 
also serve to delineate asymptomatic common duct 
stones. The chief argument not to perform cholan
giography other than time and cost is the possibil
ity of a false-positive study. This possibility is largely 
avoided by meticulously avoiding air bubbles and the 
use of real-time video imaging. None of the known 
complications of biliary surgery (hemorrhage, bile 
leak, common duct injury, pancreatitis, visceral in
jury) are increased in incidence if the cholangiogram 
catheter is sited at the point where the cystic duct 
would otherwise have been divided. 

Cholecystocholangiography is favored by some 
for eliminating the possibility of causing ductal in
jury. Technically it is less desirable because stones 
can propagate downstream, and the method is im
practical in patients with acute cholecystitis when a 
stone is impacted in the infundibulum. If the cystic 
duct is so tiny that insertion of the cholangiography 
catheter is technically not feasible, there is virtually 
no possibility that stones have passed into the com
mon duct and the study can be eliminated. 

Preoperative endoscopic retrograde cholan
giography (ERC) is superfluous for surgeons ex
perienced in clearance of the common duct by la
paroscopic techniques except in the following 
instances: persisting jaundice (as part of a workup 
to rule out malignant bile duct obstruction); sup
purative cholangitis; and gallstone pancreatitis that 
does not rapidly resolve. Is cholangiography nec
essary if patients have undergone ERC prior to 
cholecystectomy? In our database are 31 patients 
who had undergone preoperative ERe. In one
third of these patients (5/15) whose duct was said 
to be free of stones, recurrent or residual stones 
were seen on the IOe. One-half (8/16) of patients 



whose duct was said to have been cleared of stones 
at the time of ERC had recurrent or residual stones. 
Thus preoperative ERC is no argument for avoid
ing lac. 

Special Circumstances 

Pregnancy 

Symptomatic cholelithiasis during pregnancy is com
mon and is best managed by accurate sonographic 
diagnosis and symptomatic care including a low-fat 
diet with the aim of deferring cholecystectomy un
til the postnatal period. Crescendo attacks of biliary 
colic or choledocholithiasis require more urgent at
tention. Cholecystectomy can be performed safely 
during the middle trimester. If common duct ex
ploration is necessary it can be performed without 
radiography, and the duct can usually be cleared suc
cessfully by transcystic choledocholescopic tech
niques. The fetus should be evaluated preoperatively 
by an obstetric consultant, usually with sonography 
and fetal heart monitoring. Advice regarding the use 
of tocolytics should be sought at the later stages of 
the second trimester. At operation, open insertion 
of the first cannula to eliminate the chance of per
forating the uterus with a Veress needle or trocar 
should be standard practice. CO2 insufflation pres
sures just sufficient to provide a comfortable oper
ating field reduce the tendency to CO2 absorption. 
Ventilation should be adjusted by the anesthetist to 
keep the PC02 around 40 mm Hg or less. These mea
sures ensure that fetal physiology is minimally af
fected by the procedure and reduces the risks of 
long-term ill effects. Prompt surgery by the most ex
perienced operator available serves the expectant 
mother best. 

Radiography is safe after the first trimester, but it 
is still standard practice to shield the uterus with a 
lead screen placed between the x-ray source and the 
uterus. Scatter is minimal and has no effect on the 
fetus at this age. Reevaluation by sonogram and fe
tal heart monitoring in the recovery room prior to 
discharge is necessary to complete the documenta
tion of fetal health. If cholecystectomy has been de
ferred until the end of pregnancy, it is wise if pos
sible to wait until the second or third postnatal 
month to avoid the period of known physiologic hy
percoagulability . 

Cirrhosis 

Chronic liver disease complicates the overall man
agement of gallstones, and laparoscopic cholecys
tectomy offers a safer approach than open chole
cystectomy. The mortality associated with open 
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cholecystectomy in cirrhotic patients may be as high 
as 25-50%. By reducing the size of the abdominal 
wall and intraabdominal wounds, by performing ac
curate hemostasis, and with aggressive supportive 
care, excellent results from laparoscopic cholecys
tectomy can be obtained in cirrhotic patients. Symp
tomatic cholelithiasis can present in a number of set
tings. Acute cholecystitis in the pretransplant 
patient, if not rapidly responsive to aggressive an
tibiotic therapy, should undergo prompt cholecys
tectomy. The ability to complete the procedure la
paroscopically is determined by the size and location 
of intraabdominal varices and the relation of the gall
bladder to the liver. A deeply intrahepatic gallblad
der in a profoundly nodular, hard, contracted liver 
can defy even the most skilled laparoscopist. This 
finding alone should prompt conversion to an open 
approach, perhaps with the help of an experienced 
hepatic or liver transplant surgeon. Moreover, sound 
surgical judgment may dictate the need for a chole
cystostomy under these circumstances. 

Preoperatively, vitamin K and fresh frozen plasma 
should be administered to lower the prothrombin 
time to less than 14-15 seconds. If thrombocytope
nia is present, platelet infusions should be given lib
erally. 

Avoid drains and T-tubes unless strictly necessary. 
Ascites leaks through the drain tract long after the 
drain has been removed. Healing around the T-tube 
is extremely slow, and the risk of bile peritonitis is 
high in cirrhotic patients. If a T-tube is employed, 
leave it in place for 3-4 weeks or more. 

The chief technical difficulties when operating on 
these patients are (1) dense vascular adhesions to 
the gallbladder and liver; (2) a rigid nodular liver that 
cannot be retracted by conventional laparoscopic 
means; and (3) liver parenchyma that bleeds pro
fusely. 

Ultrasonic dissecting shears can be used to great 
effect for dividing structures behind the gallbladder, 
which bleed profusely. The liver should be retracted 
via the epigastric port using the flat shaft of a 
smooth, round-tipped laparoscopic instrument, lit
erally levering the liver up from Morrison's pouch. 
The gallbladder is removed fundus first. There 
should be no hesitation in leaving the infundibulum 
suture-ligated in a mass if dissection in the hepato
biliary triangle becomes difficult. In the face of a 
markedly inflamed, thickened gallbladder that is 
partly intrahepatic, the peritoneal aspect of the gall
bladder wall should be excised, leaving wall adher
ent to the liver in situ. Electrocoagulation or an 
argon beam can be used to ablate the remaining mu
cosa. The cystic duct orifice should be suture-ligated 
with an absorbable purse-string suture. 
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Previous Abdominal Surgery 

Rarely, prior abdominal surgery precludes a laparo
scopic approach to cholecystectomy. It is wise to 
position the first cannula in a nonscarred site using 
the open technique. Only enough adhesions neces
sary to expose the right upper quadrant and elevate 
the liver should be taken down, which allows ade
quate exposure for the rest of the procedure. Lysis 
of adhesions is ideally performed using an angled 
scope oriented to look up to the abdominal wall. 

Patients with Known Coagulopathy 

By reducing the overall surgical wound size, the risk 
of postoperative hemorrhage in patients who are an
ticoagulated or who have a coagulopathy is markedly 
reduced. The use of conical tipped trocars or radi
ally expanding cannulas rather than trocars with a 
cutting blade, reduces the chance of lacerating an 
abdominal wall vessel. 

Hemophiliacs should be observed in hospital for 
48 hours after surgery as delayed hemorrhage is pos
sible. Undue abdominal pain with a falling hemat
ocrit should prompt aggressive factor VIII replace
ment and a return to the operating room to evacuate 
the hemoperitoneum. Commonly, no discrete bleed
ing point is found. Do not forget to inspect the deep 
aspect of each port puncture carefully for the pres
ence of clot, as it is a common source of postoper
ative intraabdominal hemorrhage. 

Complications 

Bile Duct Injuries 

The "Achilles heel" of laparoscopic cholecystectomy 
appears to be inadvertent injury to the common bile 
duct (CBD) or common hepatic duct. Bile duct in
juries seem to be a persistent and inherent problem 
associated with the technique. These injuries can 
occur at any given instance but most commonly are 
noted to happen when patients present acutely, ren
dering precise identification of ductal anatomy dif
ficult at best [3-5]. 

Misidentification of the cystic duct is the most fre
quent culprit, but ill-advised use of cautery in the 
vicinity of the common bile duct may also lead to 
serious ductal damage without actually severing the 
duct. The usual injury is division of the bile duct 
somewhere between the cystic duct and the duo
denum, with excision of a length of duct that in
cludes the confluence of cystic and common hepatic 
ducts. The proximal line of injury can reach as high 
as the confluence of the right and left hepatic ducts 
in the porta hepatis. 

The mechanism of injury is failure to recognize that 

the structure being dissected is not the cystic duct but 
the CBD or an aberrant right hepatic duct. The CBD 
(misidentified as the cystic duct) is clipped and sev
ered, most often below the cystic duct -CBD junction. 
The specimen is retracted cephalad. To remove the 
specimen, the biliary tree must be severed again, re
sulting in clipping of the common hepatic duct. De
pending on the degree of traction the CBD is at times 
severed just at or above the bifurcation of the main 
right and left hepatic ducts. The resultant defect varies, 
but loss of 10-20 mm of duct has been reported. 

Prevention of Common Bile Duct 

The goal of any laparoscopic surgeon is to avoid in
jury to major biliary ductal structures. A number of 
strategies have been suggested to achieve this goal, 
including use of an angled laparoscope. The most 
important dictum is that no structure should be di
vided until its identity has been anatomically con
firmed. This is done by creating an ample window 
between the cystic duct and common hepatic duct. 
No other biliary ductal structure is likely to be en
countered in this region. Fundus-down dissection 
(described above) with lac as the last stage shows 
the best promise for limiting ductal injuries. By stay
ing close to the gallbladder it is often possible to 
avoid ligating the main trunk of the cystic artery. The 
dissection cones down to a single tubular structure, 
the cystic duct, which is then cannulated for cholan
giography, or divided, depending on the surgeon's 
preference. This concept of defensive cholecystec
tomy is not new but is germane given the potential 
for disorientation during laparoscopy. 

Bile Leak after Cholecystectomy 

The prevalence of accessory ducts is around 1-4%. 
These ducts leak bile if divided sharply and not lig
ated. Careful removal of the gallbladder with magni
fication in a bloodless field identifies most ofthe small 
structures frequently close to the cystic duct. Routine 
drainage of the gallbladder bed after uneventful open 
cholecystectomy has not proven to be beneficial, and 
there is no reason to believe that it would be during 
laparoscopic cholecystectomy. Drainage is warranted 
in the following circumstances. 

Severe acute cholecystitis with significant bile and 
stone spillage requiring irrigation 

Denuded hepatic parenchyma 

After placement of a T-tube in the common duct 

Following complicated CBD exploration 

Many bile leaks are due to insecure closure of the 
cystic duct. The endoscopic biliary surgeon must 



have a variety of closure techniques. Clips should be 
reserved for only the most normal cystic duct, 3-4 
mm in diameter, with a pliable wall. Larger or thicker 
ducts should be ligated with an absorbable No. 0 PG 
pretied loop. If the cystic duct stump is short, 
suture-ligature is the safest option. Stacking multiple 
clips across a dilated cystic duct is to be condemned. 
Do not use clips on cystic ducts that are small «2 
mm), large (>5 mm), short, inflamed, thickened, or 
stretched (after transcystic CBD exploration) or in 
patients with poor healing due to cirrhosis, renal fail
ure, or chronic steroid therapy. The latter conditions 
are associated with fragile tissue quality; clips are 
more likely to cut through or fracture, inevitably 
leading to a bile leak. 

Deep Vein Thrombosis Prophylaxis 

Mechanical thromboembolic prophylaxis in the form 
of calf/thigh compression is now commonly em
ployed. Laparoscopic surgery appears to predispose 
to an increased likelihood of deep venous thrombosis 
(DVI) because of the head-up position, positive in
traabdominal pressure, and reduced venous return. Pa
tel and colleagues (1996) performed lower limb duplex 
Doppler examinations before and after laparoscopic 
cholecystectomy. Using accepted Doppler criteria for 
the presence of DVT, they found 11 postoperative 
DVTs in 19 patients studied. None was clinically ap
parent [6]. Despite the alarming potential for venous 
thrombosis we have been impressed by the dearth of 
clinically apparent DVTs in patients undergoing lap
aroscopic cholecystectomy electively and emergently. 
We know of only one pulmonary embolus suffered by 
a patient following cholecystectomy in our database 
of 2000 cases. If patients receive mechanical prophy
laxis and are ambulated early, thromboembolic com
plications can be expected to be rare. 

CHOLEDOCHOLITHIASIS 

Diagnosis 

Common bile duct stones are generally diagnosed 
preoperatively by a combination of ultrasonography 
and blood tests. Elevation of serum alkaline phos
phatase, gamma glutamine transferase, or both sug
gests biliary obstruction. A history of fluctuating 
jaundice is particularly suggestive of stones. Incom
plete obstruction may not cause the serum bilirubin 
to rise, and clinical jaundice is generally not noted 
until the bilirubin reaches 3 mg/dl. Occasionally, 
asymptomatic CBD stones are found during routine 
IOC (more frequently in elderly patients with long
standing calculus biliary tract disease). 
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Management of Choledocholithiasis 

Stones in the CBD almost always originate in the gall
bladder as calculi that are small enough to traverse 
the cystic duct. The stone may then pass unevent
fully through the ampulla, lodge transiently at the 
ampulla, or remain free-floating in the lumen of the 
CBD. Clinically, stones in the CBD may cause biliary 
pancreatitis or obstructive jaundice (with or with
out suppurative cholangitis), or they may be clini
cally silent. Silent free-floating stones grow slowly as 
material continues to precipitate on the stone. In 
time, both the stone and the CBD enlarge. The in
cidence of choledocholithiasis increases with age, 
and occasionally stones are found in the CBD months 
or years after an apparently successful procedure for 
calculous biliary tract disease. 

There are three basic procedural approaches to 
CBD stones, and the choice must be individualized 
according to the time of discovery (before, during, 
or after cholecystectomy), patient circumstances, 
and local expertise. Such procedures are endoscopic 
retrograde cholangiography with papillotomy and 
stone removal, laparoscopic common duct explo
ration (transcystic or via choledochotomy), and 
open common duct exploration. Laparoscopic com
mon duct exploration at the time of laparoscopic 
cholecystectomy has emerged as the most cost
effective approach for routine management. 

Ductal Drainage Procedures 

Ductal drainage procedures-transduodenal sphinc
teroplasty and choledochoduodenostomy-are per
formed when it is likely that retained or residual 
stones will cause postoperative problems. This situa
tion is more likely to occur if large numbers of stones 
are retrieved at the initial procedure or if stones re
cur after apparently successful ductal clearance. 

Transduodenal Sphincteroplasty 
Versus Choledochoduodenostomy 

The transduodenal approach to the common duct is 
occasionally required when an impacted stone cannot 
be removed from above. FashiOning this approach into 
a sphincteroplasty allows formal, controlled drainage 
to be performed. This technique should be part of the 
armamentarium of any surgeon working around the 
biliary tract. It is occasionally used for patients with 
ampuUary stenosis. Careful workup with biliary 
manometry and exclusion of malignancy are required. 

Both transduodenal sphincteroplasty and chole
dochoduodenostomy create a sutured anastomosis 
between the distal bile duct and the duodenum. The 
choice of procedure is based partially on the size of 
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the duct and the ease with which (generally open) 
common duct exploration was performed. If an im
pacted stone has necessitated transduodenal explo
ration for removal, a transduodenal sphincteroplasty 
is a natural option. Similarly, it is a better option for 
a relatively small duct. A large duct is easily managed 
by choledochoduodenostomy. Transduodenal sphinc
teroplasty carries a risk of posterior leakage and 
pancreatitis. The risk of either complication can be 
minimized by careful technique, as described in 
Chapters 66-76. 

BENIGN STRICTURES AND 
DUCTAL INJURIES 

Most bile duct strictures are iatrogenic. The unfor
tunate ductal strictures and injuries that follow lap
aroscopic cholecystectomy are usually seen in pa
tients whose CBD is small in caliber and in relatively 
young patients. An excellent surgical result is re
quired to attain a normal life expectancy. Failure of 
repair may result in secondary biliary fibrosis, cholan
gitis, liver abscess, or other complications. The best 
chance for an excellent outcome is at the time of the 
first repair. Prompt recognition of injury and referral 
to a surgeon or center with expertise managing these 
problems helps maximize the chance of success. 

The Bismuth classification provides a common 
terminology that is in widespread use [7]. 

Bismuth 1: low stricture with hepatic duct stump 
>2 cm 

Bismuth 2: mid-common hepatic duct stricture with 
stump < 2 cm 

Bismuth 3: hilar stricture with no residual hepatic 
duct but with intact hepatic confluence 

Bismuth 4: destruction of hilar confluence with left 
and right ducts completely separated 

Bismuth 5: involvement of aberrant right sectoral 
duct alone or including the common duct 

Injuries during laparoscopic cholecystectomy are 
frequently Bismuth 2 or 5, commonly with excision 
of a segment of duct. When the injury is recog
nized during cholecystectomy, experienced assis
tance should be sought. The duct is tiny, and primary 
repair is not advisable. It may be necessary to tempo
rize by placing a tube for drainage and refer the pa
tient for definitive repair. Generally choledochoje
junostomy or hepaticojejunostomy is required. 

Bismuth type 3 and 4 strictures require explo
ration of the hilum. Good ductal tissue proximal to 
the injury must be identified for anastomosis; oth
erwise the stricture recurs. Occasionally the liver 

must be split or partially resected or the left hepatic 
duct approached in the umbilical fissure to attain ad
equate exposure of normal ducts [8]. 

PERIAMPULLARY AND BILE 
DUCT MAllGNANCIES 

Periampullary Malignancies 

Duodenal, distal bile duct, and pancreatic cancer can 
all cause obstruction of the CBD, which is generally 
diagnosed by endoscopic retrograde cholangiopan
creatography (ERCP) with biopsy or brushing or oc
casionally by choledochoscopy. Radical resection 
with pancreaticoduodenectomy is the preferred 
management wherever possible. Local excision of 
periampullary villous adenomas or small distal bile 
duct malignancies is an alternative to radical resec
tion in selected patients (particularly the frail el
derly). The resulting defect is managed much as a 
sphincteroplasty. Reapproximation of the pancre
atic duct to duodenal mucosa may be required. 

Hepatic Duct Bifurcation 
(Klatskin) Tumors 

Tumors at the hepatic duct bifurcation (Klatskin tu
mors) represent a difficult challenge technically. The 
proximity of these lesions to hepatic inflow vessels 
of the hepatic artery and portal vein render most of 
these lesions unresectable. Modem preoperative 
imaging has vastly improved the ability to determine 
resectability and avoid unnecessary explorations. At 
the tum of this century patients with hilar cholan
giocarcinoma are best evaluated with duplex ultra
sonography and magnetic resonance imaging (MRI) 
with MR cholangiography. These imaging modalities 
are noninvasive and have been shown to be highly 
accurate for assessing local extent of disease, vas
cular involvement, and the presence or absence of 
distant disease [9,10]. The goal of the management 
of hepatic bifurcation tumors is curative surgery, as 
defmed by negative margins of resection grossly and 
microscopically. It has been clear in multiple series 
that achieving negative histologic margins is associ
ated with improved survival [11-14]. What has also 
become evident in these series is that the ability to 
achieve negative histologic margins of resection cor
relates with partial hepatectomy with or without as
sociated caudate lobe resection in addition to bile 
duct resection [11]. Therefore anyone embarking on 
surgery for hilar cholangiocarcinoma must be pre
pared to perform an associated hepatectomy and, 
furthermore, do so liberally as it is the best way to 
guarantee a negative microscopic surgical margin. 



LIVER RESECTION 

Maximizing Safety During 
Major liver Resection 
Controlling inflow with particular attention to the 
segmental vasculature decreases blood loss and al
lows anatomic resection and sparing of liver 
parenchyma. It is also generally good practice to con
trol the major hepatic veins outside the liver 
parenchyma before embarking on the parenchymal 
resection. This is easily accomplished on the right 
side; and although more difficult on the left side, it 
can be done there as well. If this is not possible, 
knowledge of the intraparenchymal course of the 
major hepatic veins is critical, as it facilitates control 
of these vessels intraparenchymally and thereby de
creases blood loss. 

One other useful adjunct to major liver resection 
that can help decrease blood loss is the monitoring 
and maintenance oflow central venous pressure dur
ing mobilization and resection [15]. This technique 
requires good communication between the surgical 
and anesthesia teams. Moreover, although seemingly 
counterintuitive to the management of these patients 
(i.e., a low central pressure is dangerous in a case 
with the potential for blood loss, and it is better to 
have these patients "tanked up"), in fact this approach 
allows easier, safer control of vascular structures dur
ing liver mobilization and resection and ultimately 
lowers blood loss. By careful anatomic resection and 
expert intraoperative anesthetic management, mor
tality associated with major liver resection in experi
enced centers is now less than 5% for the noncirrhotic 
liver [16]. 
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INDICATIONS 

Symptomatic cholelithiasis, when laparoscopic chole
cystectomy is not feasible 

Acute cholecystitis, both calculous and acalculous 

Chronic acalculous cholecystosis and cholesterosis, 
when accompanied by symptoms of gallbladder colic 

Carcinoma of gallbladder 

Trauma 

Incidental removal during laparotomy for another in
dication, either for technical reasons or gallstones 

Failed laparoscopic cholecystectomy ("conversion") 

PREOPERATIVE PREPARATION 

Diagnostic confumation of gallbladder disease 

Peri operative antibiotics 

Nasogastric tube for patients with acute cholecysti
tis or choledocholithiasis 

PITFALLS AND DANGER POINTS 

Injury to bile ducts 

Injury to hepatic artery or portal vein 

Hemorrhage from cystic or hepatic artery, or from 
liver bed 

Injury to duodenum or colon 

OPERATIVE STRATEGY 

Anomalies of the Extrahepatic 
Bile Ducts 

Anomalies, major and minor, of the extrahepatic bile 
ducts are quite common. A surgeon who is not 
aware of the variational anatomy of these ducts is 
much more prone to injure them during biliary 
surgery. The most common anomaly is a right seg
mental hepatic duct that drains the dorsal caudal seg
ment of the right lobe. This segmental duct may 

patic duct (Fig. 66-1a), the cystic duct (Fig. 
66-1b), or the common bile duct (CBD) (Fig. 
66-1c). Division of this segmental duct may result 
in a postoperative bile fistula that drains as much as 
500 ml of bile per day. Ligation, rather than preser
vation, is the appropriate management if a small seg
mental duct is injured. 

Important cystiC duct anomalies (Fig. 66-2) in
clude the entrance of the cystiC duct into the right 
hepatic duct (Fig. 66-2e), a low entrance of the cys
tic duct that occasionally joins the CBD rather close 
to the ampulla (Fig. 66-2c), and a cystic duct that 
enters the left side of the CBD (Fig. 66-20. 

Another extremely important anomaly of which 
the surgeon should be aware is the apparent en
trance of the right main hepatic duct into the cystic 
duct. The latter duct, in tum, joins the left hepatic 

drain into the right hepatic duct, the common he- Fig. 66-1. Anomalous segmental right hepatic ducts. 
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Fig. 66-2. Variations in entry of the cystic duct into the common bile duct. 

duct to form the CBD, as illustrated in Figure 66-3. 
In this case, dividing and ligating the cystic duct at 
its apparent point of origin early in the operation re
sults in occluding the right hepatic duct. If the tech
nique described in the next section is carefully fol
lowed, this accident can be avoided. 

Avoiding Injury to the Bile Ducts 

Most serious injuries of the bile ducts are not caused 
by congenital anomalies or unusually severe patho
logic changes. In most cases iatrogenic trauma re
sults because the surgeon who mistakenly ligates 
and divides the CBD thinks it is the cystic duct. It is 
important to remember that the diameter of the nor
mal CBD may vary from 2 to 15 mm. It is easy to 
clamp, divide, and ligate a small CBD as the first step 
in cholecystectomy under the erroneous impression 
that it is the cystic duct. The surgeon who makes 
this mistake must also divide the common hepatic 
duct before the gallbladder is freed from all its at
tachments. This leaves a 2- to 4-cm segment of com
mon and hepatic duct attached to the specimen 

Fig. 66-3. Anomalous entry of the right hepatic duct into 
the cystic duct. 
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Fig. 66-4 

(Fig. 66-4). Because this is the most common cause 
of serious duct injury, we never permit the cystic 
duct to be clamped or divided until the entire gall
bladder has been dissected free down to its junc
tion with the cystic duct. Division of the cystic duct 
is always the last step in the cholecystectomy. When 
the back wall of the gallbladder is being dissected 
away from the liver, it is important carefully to dis
sect out each structure that may enter the gallblad
der from the liver. Generally, there are only a few 
minor blood vessels that may be divided by sharp 
dissection and then occluded by electrocoagulation. 
Any structure that resembles a bile duct must be 
carefully delineated by sharp dissection. In no case 
should the surgeon apply a hemostat to a large wad 
of tissue running from the liver to the gallbladder, 
as it may contain the common hepatic duct. 

Rarely, an anomalous bile duct enters the gall
bladder directly from the liver bed. Such ducts 
should be suture-ligated or clipped to avoid postop
erative bile drainage. 

ligating the Hepatic 
Artery Inadvertently 
Careful dissection prevents injury or inadvertent lig
ature of one of the hepatic arteries. However, if one 
of these vessels should be ligated accidentally, this 
complication is not ordinarily fatal because hepatic 
viability can usually be maintained by the remaining 
portal venous flow and by arterial collaterals, such 
as those from the undersurface of the diaphragm. 
This is true only if the patient has normal hepatic 
function and there has been no jaundice, hemor
rhage, shock, trauma, or sepsis. Generally, based on 
fmdings from experimental work on animals, an
tibiotics are administered in cases of this type, al
though the need for antibiotic therapy has not been 
fmnly established in humans. 

Although hepatic artery ligation generally has a 
low mortality rate, it is not zero. Consequently, if a 
major lobar hepatic artery or the common hepatic 

artery has been inadvertently divided or ligated, end
to-end arterial reconstruction may be performed if 
local factors are favorable. For other branches of the 
hepatic artery, arterial reconstruction is not neces
sary. Variations in the anatomy of the hepatic arter
ies are shown in Figure 66-5. 

Avoiding Hemorrhage 
In most cases hemorrhage during the course of chole
cystectomy is due to inadvertent laceration of the cys
tic artery. Often the stump of the bleeding vessel re
tracts into the fat in the vicinity of the hepatiC duct, 
making accurate clamping difficult. If the bleeding 
artery is not distinctly visible, do not apply any he
mostats. Rather, grasp the hepatoduodenal ligament 
between the index fmger and thumb of the left hand 
and compress the common hepatic artery. This mea
sure temporarily stops the bleeding. Now check 
whether the exposure is adequate and if the anes
thesiologist has provided good muscle relaxation. If 
necessary, have the ftrst assistant enlarge the incision 
appropriately. After adequate exposure has been 
achieved, it is generally possible to identify the bleed
ing vessel, which is then clamped and ligated. Occa
Sionally the cystic artery is tom off flush with the right 
hepatic artery. If so, the defect in the right hepatic 
artery must be closed with a continuous vascular su
ture such as 6-0 Prolene. On rare occasions it is help
ful to occlude the hepatoduodenal ligament by ap
plying an atraumatic vascular clamp. It is safe to 
perform this maneuver for as long as 15-20 minutes. 

The second major cause of bleeding during the 
course of a cholecystectomy is hemorrhage from the 
gallbladder bed in the liver. Bleeding occurs when 
the plane of dissection is too deep. This complica
tion may be prevented if the plane is kept between 
the submucosa and the "serosa" of the gallbladder. 
If this layer of ftbrous tissue is left behind on the 
liver, there is no problem controlling bleeding. With 
this plane intact, it is easy to see the individual bleed
ing points and to control them by electrocoagula
tion. OccaSionally, a small artery requires a suture
ligature or a hemoclip for hemostasis. With proper 
exposure, hemostasis should be perfect. On the 
other hand, when this ftbrous plane has been re
moved with the gallbladder and liver parenchyma is 
exposed, the surface is irregular and the blood ves
sels retract into the liver substance, making electro
coagulation less effective. Blood may ooze from a 
large area. In this case, apply a layer of topical he
mostatic agent to the bleeding surface and cover it 
with a dry gauze pad; use a retractor to apply pres
sure to the gauze pad. After 15 minutes carefully re
move the gauze pad. The topical hemostatic agent 
may then be carefully removed or left in place. 
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Fig. 66-5. Variations in the anatomy of the hepatic arteries. 

Cystic Duct Cholangiography 

Cystic duct cholangiography is useful for detecting 
CBD stones and delineating biliary anatomy. The ma
jor advantage of cystic duct cholangiography is that 
it has eliminated previously "routine" CBD explo
ration. Because addition of CBD exploration to a sim
ple open cholecystectomy may result in a higher 
mortality rate, the use of routine cystic duct cholan
giography appears valuable. It has the additional 
virtue of delineating the anatomy of the bile ducts, 
which helps prevent inadvertent injury. When 
cholangiography is used routinely, it requires only 
5-10 minutes of additional operating time; over time 
the surgical and radiology teams gain expertise with 
the technique, making the results more accurate. 

Modifications in Operative Strategy 
Due to Acute Cholecystitis 

Decompressing the Gallbladder 

Tense enlargement of the gallbladder due to cystic 
duct obstruction interferes with exposure of adjacent 
vital structures. Insert a trocar or an I8-gauge needle 
attached to suction and aspirate bile or pus from the 
gallbladder, allowing the organ to collapse. After the 
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trocar has been removed, close the puncture site 
with a purse-string suture or a large hemostat. 

Sequence of Dissection 

Although there is sometimes so much edema and fi
brosis around the cystic and common ducts that the 
gallbladder must be dissected from the fundus down, 
in most patients an incision in the peritoneum over
lying the cystic duct near its junction with the CBD 
reveals that these two structures are not intimately 
involved in the acute inflammatory process. When 
this is the case, identify and encircle (but do not lig
ate) the cystic duct with 4-0 silk sutures and dissect 
out the cystic artery. 

If the cystic artery is not readily seen, make a win
dow in the peritoneum overlying Calot's triangle just 
cephalad to the cystic duct. Next, insert the tip of a 
Mixter right-angle clamp into this window and elevate 
the tissue between the window and the liver on the 
tip of this clamp. This maneuver improves exposure 
of this area. By carefully dissecting out the contents of 
this tissue, one can generally identify the cystic artery. 
Ligate it with 2-0 silk and divide the artery. When this 
can be done early in the operation, there is less bleed
ing during liberation of the fundus of the gallbladder. 
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Dissecting the Gallbladder 
Away from the Liver 

Use a scalpel incision on the back wall of the gall
bladder and carry it down to the mucosal layer of the 
gallbladder. If part of the mucosa is necrotic, dissect 
around the necrotic area so as not to lose the proper 
plane. If it has not been possible to delineate the 
proper plane and the dissection inadvertently is be
tween the outer layer of the gallbladder and the he
patic parenchyma, complete the dissection quickly 
and apply a topical hemostatic agent to the oozing 
liver bed. Then apply a moist gauze pad and use a re
tractor over the gauze pad to maintain exposure while 
the dissection is being completed. If the cystic artery 
has not been ligated in the previous step, it is identi
fiable as it crosses from the region of the common he
patic duct toward the back wall of the gallbladder. 

Management of the Cystic Duct 

Cholangiography 

Cholangiography is performed in patients with acute 
obstructive cholecystitis to exclude the presence of 
common duct stones and to delineate anatomy. If 
the cystic duct is not patent, perform cholangiogra
phy through a small scalp vein needle inserted di
rectly into the CBD. 

Occasionally, the cystic duct is so inflamed it is 
easily avulsed from its junction with the CBD. If this 
accident occurs, suture the resulting defect in the 
CBD with a 5-0 Vicryl suture. If the cystic duct has 
been avulsed and its orifice in the CBD cannot be 
located, simply insert a sump or closed-suction 
catheter to a point deep to the CBD in the right re
nal fossa after obtaining a cholangiogram. 

When to Abandon Cholecystectomy 
and Perform Cholecystostomy 

If at any time during the course of dissecting the gall
bladder such an advanced state of fibrosis or in
flammation is encountered that continued dissection 
may endanger the bile ducts or other vital structures, 
all plans for completing the cholecystectomy should 
be abandoned. Convert the operation to a chole
cystostomy (see Chapter 68). If a portion of the gall
bladder has already been mobilized or removed, it 
is possible to perform a partial cholecystectomy and 
to insert a catheter into the gallbladder remnant. 
Then sew the remaining gallbladder wall around the 
catheter. Place additional drains in the renal fossa. 
Remove the gallbladder remnant at a later date, af
ter the inflammation has subsided. Meanwhile, the 
pus has been drained out of the gallbladder. 

procedure occurs in no more than 1 % of all cases of 
acute cholecystitis if the surgeon has experience 
with this type of surgery. Less experienced surgeons 
should not hesitate to perform a cholecystostomy 
when they believe that removing the gallbladder 
may damage a vital structure. 

OPERATIVE TECHNIQUE 

Incision 

We prefer to make a subcostal incision for almost all 
cholecystectomies because of the excellent exposure 
afforded in the region of the gallbladder bed and cys
tic duct. It is important to start the incision at least 1 
cm to the left of the linea alba. Then incise in a lateral 
direction roughly parallel to and 4 cm below the costal 
margin (Fig. 66-6a). Continue for a variable distance 
depending on the patient's body build. This incision 
divides the ninth intercostal nerve, which emerges just 
lateral to the border of the rectus muscle. Cutting one 
intercostal nerve produces a small area of hypoesthe
sia of the skin but no muscle weakness. If more than 
one intercostal nerve is divided, the abdominal mus
culature sometimes bulges. 

In a thin patient with a narrow costal arch, a Kehr 
hockey-stick modification is useful (Fig. 66-6b). 
This incision starts at the tip of the xiphoid, pro-
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The need to abandon cholecystectomy for a lesser Fig. 66-6 



ceeds down the midline for 3-4 cm, and then curves 
laterally in a direction parallel to the costal margin 
until the width of the right belly of the rectus mus
cle has been encompassed. If a midline incision is 
utilized, excellent exposure often requires that the 
incision be continued 3-6 cm below the umbilicus. 

When the liver and gallbladder are high under the 
costal arch and this anatomic configuration inter
feres with exposure, or when necessary in obese pa
tients, add a Kehr extension (up the midline to the 
xiphoid) to a long subcostal incision and divide the 
falciform ligament. This vertical extension of the in
cision often markedly improves exposure. Also, ap
ply an Upper Hand or Thompson retractor to the 
costal arch and draw it upward. 

After the incision has been made, the entire ab
domen is thoroughly explored. Then direct attention 
to the gallbladder, confirming the presence of stones 
by palpation. Check the pancreas for pancreatitis or 
carcinoma and palpate the descending duodenum 
for a possible ampullary cancer. 

Fig. 66-7 
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Dissecting the Cystic Duct 

Expose the gallbladder field by applying a Foss re
tractor to the inferior surface of the liver just medial 
to the gallbladder and a Richardson or a Balfour self
retaining retractor to the costal margin. Alternatively, 
affix a Thompson retractor to the operating table; 
then attach a blade to the Thompson retractor and 
use it to elevate and pull the right costal margin in a 
cephalad direction. Apply a gauze pad over the he
patic flexure and another over the duodenum. Occa
sionally, adhesions between omentum, colon, or 
duodenum and the gallbladder must be divided prior 
to placing the gauze pads. Have the first assistant re
tract the duodenum away from the gallbladder with 
the left hand. This move places the CBD on stretch. 

Place a Kelly hemostat on the fundus of the gall
bladder. With traction on the gallbladder, slide Met
zenbaum scissors underneath the peritoneum that 
covers the area between the wall of the gallbladder 
and the CBD (Fig. 6~ 7). Expose the cystic duct by 



578 Cholecystectomy 

alternately sliding Metzenbaum scissors underneath 
the peritoneum to defme the plane and then cutting 
along the gallbladder wall. If the inferior surface of 
the gallbladder is dissected free and elevated, this 
plane of dissection must lead to the cystic duct, pro
vided the plane hugs the surface of the gallbladder. 
The cystic duct can be easily delineated by inserting 
a right-angle Mixter clamp behind the gallbladder. 
Apply a temporary ligature of 4-0 silk to the cystic 
duct with a single throw to avoid inadvertently milk
ing calculi from the gallbladder into the CBD. Do not 
injure the cystic duct by strangulating it with this 
ligature because this structure, on occasion, proves 
to be a small CBD, not the cystic duct. If you do not 
elect to obtain a cholangiogram, proceed to ligating 
and dividing the cystic artery. Otherwise, at this 
point in the operation perform cystic duct cholan
giography. 

Cystic Duct Cholangiography 

We routinely perform cholangiography during 
cholecystectomy. There are two major impediments 
to catheterizing the cystic duct: (1) the internal di
ameter may be too small for the catheter; and (2) 

the valves of Heister frequently prevent passage of 

Fig. 66-8a 

Fig. 66-8b 

the catheter or needle even for the 4-5 mm neces
sary to properly secure the catheter tip with a liga
ture. Although the valves may be disrupted by in
sertion of a malleable probe or a pointed hemostat, 
this maneuver sometimes results in shredding the 
cystic duct. A method that facilitates intubating the 
cystic duct is isolation of the proximal portion of the 
duct, including its junction with the gallbladder. 
Here the duct is large enough to permit introduc
tion of the catheter at a point proximal to the valves 
of Heister, simplifying the entire task. 

After the cystic duct has been isolated, continue 
the dissection proximally until the infundibulum of 
the gallbladder has been freed. The diameter at this 
point should be 4-5 mm. Then milk any stones up 
out of the cystic duct into the gallbladder and ligate 
the gallbladder with a 2-0 silk ligature (Fig. 66-8a). 
Pass another 2-0 ligature loosely around the cystic 
duct. Make a small transverse scalpel incision in the 
ampulla of the gallbladder near the entrance of the 
cystic duct. 

At this point attach a 2 meter length of plastic 
tubing to a 50 m1 syringe that has been filled with a 
1: 1 solution of Conray /saline. Then check to see that 
the entire system-the syringe, 2 meters of plastic 
tubing, cholangiogram catheter-is absolutely free 

Fig. 66-8c 



of air bubbles. Pass the catheter into the incision 
and then into the cystic duct for a distance of 5 mm 
(Fig. 66--8b). Tie the previously placed 2-0 ligature 
just above the bead at the termination of the cholan
giogram catheter (Fig. 66--8c). Under no condition at
tempt to aspirate bile into the system, as this maneu
ver often results in aspirating air bubbles into the 
tubing. Some surgeons prefer a ureteral or intravenous 
catheter over the Taut cholangiogram catheter to in
tubate the cystic duct. 

Elevate the left side of the patient about 10 cm 
above the horizontal table to prevent the image of 
the CBD from being superimposed on the vertebral 
column with its confusing shadows. This is done by 
having the anesthesiologist inflate a previously po
sitioned rubber balloon under the left hip and flank 
(Fig. 66-6a); alternatively, two folded sheets may be 
placed underneath the patient's left hip and flank. 

Now stand behind a portable lead shield covered 
with a sterile sheet. If a C-arm fluoroscopy unit is 
available, make the injection under fluoroscopic 
control. If not, follow the procedure described here 
and record two exposures in sequence. After the 
film and x-ray tube have been pOSitioned, slowly in
ject no more than 4 ml of contrast medium for the 
first exposure. Although x-ray ftlm is then put into 
position and a second exposure recorded after an 
additional injection of 4-6 ml. When radiographing 
a hugely dilated bile duct, as much as 30-40 ml may 
be required in fractional doses. On rare occasions, 
spasm in the region ofthe ampulla of Vater does not 
permit passage of contrast medium into the duode
num unless a small dose of nitroglycerin is adminis
tered intravenously. We have found nitroglycerin to 
be superior to intravenous glucagon (1 mg) for re
lieving sphincter spasm. If the duodenum is still not 
visualized, choledochotomy and exploration are in
dicated. 

While waiting for the ftlms to be developed, con
tinue with the next step in the operation, ligating 
and dividing the cystic artery, without removing the 
cannula from the cystic duct. Ensure objectivity by 
requesting the radiologist to provide immediate in
terpretation of the cholangiographic films. Inspect 
the ftlms yourself as well. 

When cystic duct cholangiography is performed 
prior to instrumentation of the CBD and ampulla, dye 
almost always enters the duodenum if there is no CBD 
or ampullary pathology. When T-tube cholangiogra
phy is performed after completing the bile duct ex
ploration, spasm often prevents visualization of the 
terminal CBD and ampulla. This problem can be 
averted by routine cholangiography prior to chole
dochotomy, even if you have already decided to ex
plore the CBD. 
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Common Errors of 
Operative Cholangiography 

Injecting too much contrast material. When a large 
dose of contrast material is injected into the ductal 
system, the duodenum is frequently flooded with 
dye, which may obscure stones in the distal CBD. 

Dye too concentrated. Especially when the CBD 
is somewhat enlarged, the injection of concentrated 
contrast material can mask the presence of small ra
diolucent calculi. Consequently, dilute the contrast 
material 1:2 with normal saline solution when the 
CBD is large. 

Air bubbles. Compulsive attention is necessary to 
eliminate air bubbles from the syringe and the plas
tic tubing leading to the cystic duct. Also, never try 
to aspirate bile into this tubing, as the ligature fix
ing the cystic duct around the cholangiography can
nula may not be airtight and air may be sucked into 
the system and later injected into the CBD. It may 
then be impossible to differentiate between an air 
bubble and a calculus. 

Poor technical quality. If the radiograph is not 
of excellent quality, there is a greater chance of a 
false-negative interpretation. It is useless to try to in
terpret a ftlm that is not technically satisfactory. One 
technical error is easily avoided by elevating the left 
flank of the patient about 8-10 cm so the image of 
the bile ducts is not superimposed on the patient's 
vertebral column (Fig. 66-6a). Especially in obese 
patients, it is important to be sure that all the ex
posure factors are correct by using a scout ftlm prior 
to starting the operation. Using an image-enhancing 
ftlm-holder with a proper grid also improves tech
nical quality. If the hepatic ducts have not been filled 
with contrast material, repeat the radiography after 
injecting another dose into the cystic duct. Other
wise hepatic duct stones are not visualized. It is 
sometimes helpful to administer morphine sulfate, 
which induces sphincter spasm. Dye injected into 
the cystic duct then fills the hepatic ducts. 

Performing cystic duct cholangiography routinely 
serves to familiarize the technicians and the surgical 
team with all of the details necessary to provide su
perior ftlms. It also shortens the time required for 
this step to 5-10 minutes. 

Sphincter spasm. Spasm of the sphincter of Oddi 
sometimes prevents passage of contrast medium into 
the duodenum. Although this outcome is far more 
frequent after CBD exploration with instrumentation 
of the ampulla, it does occur on rare occasions dur
ing cystic duct cholangiography. We have found that 
giving nitroglycerin intravenously seems to be more 
effective than using intravenous glucagon to relax the 
sphincter. Simultaneous with sphincter relaxation, 
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there is generally a mild drop in the patient's blood 
pressure. At this time inject the contrast medium into 
the CBD. Nitroglycerin is also useful when perform
ing completion cholangiography when the CBD ex
ploration has been completed. 

Failing to consult with the radiologist. It is not 
reasonable for the operating surgeon to be the only 
physician responsible for interpreting the cholan
giographic films. The surgeon tends to be overopti
mistic, tends to accept poor technical quality, and 
is responsible for an excessive number of false
negative interpretations. Always have a consultation 
with a radiologist familiar with this procedure be
fore forming a ftnal conclusion concerning the 
cholangiogram. 

Ugating the Cystic Artery 

Gentle dissection in the triangle of Calot reveals the 
cystic artery, which may cross over or under the 
common or right hepatic duct on its way to the gall
bladder. It frequently divides into two branches, one 
anterior and one posterior. Conf111llation of the iden
tity of this structure is obtained by tracing the artery 
up along the gallbladder wall and demonstrating the 
lack of any sizable branch going to the liver. Often 
the anterior branch of the cystic artery can be seen 
running up the medial surface of the gallbladder. 
Tracing this branch from above down to its point of 

Fig. 66-9 

origin leads to the cystic artery. ligate this artery in 
continuity after passing a 2-0 silk ligature around it 
with a Mixter right-angle hemostat (Fig. 66-9). Ap
ply a hemoclip to the gallbladder side of the vessel 
and transect the cystic artery, preferably leaving a 
1 cm stump of artery distal to the ligature (Fig. 
66-10). If there is ftbrosis in Calot's triangle and the 
artery is not evident, pass a Mixter clamp underneath 
these ftbrotic structures. While the ftrst assistant ex
poses the structures by elevating the Mixter clamp, 
the surgeon can more easily dissect out the artery 
from the surrounding scar tissue. If the cystic artery 
is torn and hemorrhage results, control it by insert
ing the left index fmger into the foramen of Winslow 
and compressing the hepatic artery between the 
thumb and forefmger until the exact source of bleed
ing is secured by a clamp or a suture. 

Dissecting the Gallbladder Bed 

In no case during cholecystectomy is the cystic 
duct transected or clamped prior to complete mo
bilization of the gallbladder. Mobilization may be 
done by taking advantage of the incision in the peri
toneum overlying Calot's triangle as described 
above and simply continuing this peritoneal dis
section from below upward along the medial bor
der of the gallbladder. Insert a Mixter clamp un
derneath the peritoneum while the ftrst assistant 
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makes an incision using electrocautery (Fig. 
66-11). Alternatively, make a scalpel incision in the 
superficial layer of the gallbladder wall across its 
fundus . Use electrocautery to dissect the mucosal 
layer of the gallbladder away from the serosal layer, 
leaving as much tissue as possible on the liver 
side. This leaves a shiny layer of submucosa on the 
gallbladder. Tiny vessels coming from the liver to 
the gallbladder can be identified and individually 
controlled with electrocautery. When the plane 
of dissection is deep to the serosa, raw liver 
parenchyma presents itself. Oozing from raw liver 
is difficult to control with electrocoagulation. In 
this case, either prolonged pressure with moist 
gauze or application of a small sheet of Surgicel to 
the raw liver surface can provide excellent hemo
stasis after 10-15 minutes of local compression. 

As the dissection proceeds down along the liver, 
do not apply any hemostats, as the vessels in this 
plane are small. Near the termination of this dissec
tion along the posterior wall of the gallbladder, a 
bridge of tissue is found connecting the gallbladder 
ampulla with the liver bed. Instruct the assistant to 
pass a Mixter clamp through the opening in Calot's 
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Fig. 66-12 

triangle that had been made when the cystic artery 
was ligated (Fig. 66-12). This clamp elevates the 
bridge of tissue, and the surgeon dissects out its 
contents by carefully nibbling away at it with Met
zenbaum scissors to rule out the possibility that it 
contains the common hepatic duct. In cases where 
excessive fibrosis has prevented identification and 
ligature of the cystic artery, there is generally, at 
this stage of the dissection, no great problem iden
tifying this vessel coming from the area near the 
hilus of the liver toward the back wall of the gall
bladder. 

With the gallbladder hanging suspended only by 
the cystic duct, dissect the duct down to its junc
tion with the common hepatic duct. Exact determi
nation of the junction between the cystic and 
hepatic ducts is usually not difficult after electroco
agulating one or two tiny vessels that cross over the 
acute angle between the two ducts. Rarely, a lengthy 

cystic duct continues distally toward the duodenum 
for several centimeters. 

The cystic duct may even enter the CBD on its 
medial aspect near the ampulla of Vater. In these 
cases it is hazardous to dissect the cystic duct down 
into the groove between the duodenum and pan
creas; it is preferable to leave a few centimeters of 
duct behind. The anatomy may be confirmed by 
cholangiography. In general, clamp and divide the 
cystic duct at a point about 1 cm from its termina
tion (Fig. 66-13a). Transfix the cystic duct stump 
with a 3-0 PG suture-ligature (Fig. 66-13b). Never 
clamp or divide the cystic duct except as the last 
step during a cholecystectomy. 

Achieve complete hemostasis of the liver bed 
with electrocautery (Fig. 66-14). If necessary, use 
suture-ligatures. In unusual cases, leave a sheet of 
topical hemostatic agent in the liver bed to control 
venous oozing. 
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Palpating the CBD 
Prior to terminating the operation, especially if 
cholangiography has not been performed, it is es
sential to palpate the CBD properly to reduce the 
possibility of overlooked calculi. This is done by in
serting the index froger into the foramen of Winslow 
and palpating the entire duct between the left index 
finger and thumb. Because a portion of the distal 
CBD is situated between the posterior wall of the 
duodenum and the pancreas, it is necessary to in
sert the index finger into the potential space pos
terior to the pancreas and behind the second por
tion of the duodenum. It is not necessary to perform 
a complete Kocher maneuver. Gently insinuate the 
left index froger behind the CBD and continue in a 
caudal direction behind the pancreas and the duode
num. In this fashion, with the index froger behind the 
second portion of the duodenum and the thumb on 
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Fig. 66-15 

its anterior wall, carcinomas of the ampulla and cal
culi in the distal CBD can be detected (Fig. 66-15), 
Do not use force if the index finger does not pass eas
ily; rather, proceed to a formal Kocher maneuver. 

Fig. 66-16 

Drainage and Closure 
We insert a flat Silastic Jackson-Pratt closed-suction 
catheter following cholecystectomy only in cases of 
acute cholecystitis. Bring the catheter out from the 
renal fossa through a puncture wound just lateral to 
the right termination of the subcostal incision (Fig. 
66-16). There is abundant evidence that a patient 
who has undergone a technically precise and un
complicated Simple cholecystectomy does not re
quire insertion of any type of drain. 

Do not reperitonealize the liver bed, as this step 
serves no useful purpose. Close the abdominal wall 
in routine fashion (see Chapter 3). We use No.1 PDS 
suture material for this step. 

POSTOPERATIVE CARE 

After an uncomplicated cholecystectomy, nasogas
tric suction is not necessary. In patients with acute 
cholecystitis, paralytic ileus is not uncommon, so na
sogastric suction may be necessary for 1-3 days. 

After uncomplicated cholecystectomy, antibiotics 
are not required except in the older age group 
(> 70 years). Elderly patients have a high incidence of 
bacteria in the gallbladder bile and so should be given 
perioperative antibiotics prior to and for two or three 
doses after operation. Following cholecystectomy for 
acute cholecystitis, administer antibiotics for 4-5 days, 
depending on the Gram stain of the gallbladder bile 
sampled in the operating room. Unless there is a sig
nificant amount of bilious drainage, remove the drain 
on approximately the fourth postoperative day. 

COMPLICATIONS 

Bile leak. Minor drainage of bile may follow inter
ruption of some small branches of the bile ducts in 
the liver bed. This does not occur if the outer layer 
of the gallbladder serosa is left behind on the liver 
bed. On rare occasions a duct of significant size may 
enter the gallbladder, but we have never encoun
tered such an instance. Bile drainage of 100-200 ml 
occurs if the surgeon has inadvertently transected 
an anomalous duct draining the dorsal caudal seg
ment of the right lobe. If this complication is diag
nosed by a sinogram radiograph, expectant therapy 
may result in gradual diminution of drainage as the 
track becomes stenotic. Endoscopic radiographic 
cholangiopancreatography (ERCP) and papillotomy 
or nasobiliary drainage may hasten resolution. 

If there is any infection in the area drained by the 
duct, recurrent cholangitis or liver abscess may oc
cur. In this case, permanent relief may eventually ne
cessitate resecting the segment of the liver drained 



by the transected duct. If the volume of bile drainage 
exceeds 400 ml/day, suspect transection of the he
patic or the common bile duct. 

Jaundice. Postcholecystectomy jaundice is usu
ally due to ligature ofthe CBn or an overlooked CBn 
stone. If other causes are ruled out, ERCP is indi
cated to identify the obstruction. 

Hemorrhage. If the cystic artery has been accu
rately ligated, postoperative bleeding is rare. Occa
sionally, oozing from the liver bed continues postop
eratively and may require relaparotomy for control. 

Subhepatic and hepatic abscesses. Following 
cholecystectomy these two complications are seen 
primarily in cases of acute cholecystitis. Postopera
tive abscesses are rare in patients whose surgery was 
for chronic cholecystitis unless a bile leak occurs. 
Treatment by percutaneous computed tomography
guided catheter drainage is usually successful. 
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INDICATIONS 

Confirmed diagnosis of symptomatic gallstones 

Acute or chronic cholecystitis 

CONTRAINDICATIONS 

Prior major surgery of the upper abdomen 

Cirrhosis and bleeding disorders (relative con
traindications) 

PREOPERATIVE PREPARATION 

Ultrasonography demonstrating the presence of gall
bladder calculi 

Peri operative antibiotics initiated prior to the in
duction of anesthesia 

Insertion of a nasogastric tube 

Insertion of a Foley catheter (optional) 

In patients whose common bile duct measures 
> 7 mm on ultrasonography examination and whose 
liver chemistry proftle shows abnormalities, endo
scopic radiographic cholangiopancreatography 
(ERCP) is indicated for detection of possible com
mon bile duct (CBD) calculi. If calculi are present 
and a skilled operator is available, endoscopic pa
pillotomy with extraction of the stones is advisable. 
Subsequent to this procedure, a delay of 2-3 days 
permits the surgeon to rule out the complication of 
postpapillotomy acute pancreatitis prior to per
forming laparoscopic cholecystectomy. For a team 
skilled at laparoscopic choledocholithotomy, pre
operative ERCP may not be necessary. 

OPERATIVE STRATEGY 

Avoiding Bleeding 

Meticulous hemostasis is essential for laparoscopic 
cholecystectomy, not only to avoid blood loss but 
because bleeding impairs the visibility necessary to 
perform this operation safely and with precision. 
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Careful use of electrocautery can accomplish this 
end. 

Cautery Versus Laser 
Despite the extensive early publicity concerning the 
use of lasers for laparoscopic cholecystectomy, ran
domized prospective studies have shown no ad
vantage of lasers, and most surgeons now use elec
trocautery. Some anecdotal reports suggest an in
creased danger of injury to vital structures with the 
use of lasers. Great care must be exercised with any 
source of energy, especially in the triangle of Calot, 
as there have been reports of lengthy strictures of 
the common and hepatic ducts presumably due to 
careless application of the laser or electrocautery in 
this area. When employing cautery near the bile 
ducts, use a hook cautery and elevate the tissues 
above any underlying structures in Calot's triangle 
before applying energy. This practice minimizes 
damage to the bile ducts. 

Preventing Bile Duct Damage 
As discussed under Complications at the conclusion 
of this chapter, most serious bile duct injuries result 
from the surgeon's mistaking the CBD for the cystic 
duct, resulting in transection of the CBD and occa
sionally excision of the CBD and most of the com
mon hepatic duct. During laparoscopic cholecystec
tomy, cephalad retraction of the gallbladder fundus 
results in abnormal displacement of the usual path
way of the common and hepatic ducts. Normally the 
CBD and common hepatic duct are aligned essentially 
in a straight line ascending from the duodenum to the 
liver. However, with forceful cephalad retraction of 
the gallbladder fundus, the CBD appears to run in a 
straight line with the cystic duct directly into the gall
bladder, as illustrated in Figure 67-1. In this situa
tion, the common hepatic duct appears to join this 
straight line at a right angle. It is dangerous to initi
ate the dissection in the region of the bile ducts, as 
it may lead to the mistake of assuming that the CBD 
is indeed the cystic duct. A dissection proceeding in 
an ascending direction toward the gallbladder may 
very well transect the common hepatic duct. 



Fig. 67-1 

Two precautions must be taken to avoid this er
ror. First, always initiate the dissection on the gall
bladder and remove all areolar tissue in a downward 
direction so the dissection continuously proceeds 
from the gallbladder ampulla downward toward the 
cystic duct. Second, after the gallbladder ampulla 
and infundibulum have been cleared of areolar tis
sue and fat, retract these structures laterally toward 
the patient's right, as seen in Figure 67-2a. This 
helps restore the normal anatomy of the common 
and hepatic ducts and serves to open up the trian
gle of Calot and the space between the cystic and 
common hepatic ducts. 

The fmal essential component of a technique that 
avoids damaging the common bile duct is creating 
a window behind the gallbladder near the termi
nation on the cystic duct by dissecting the gall
bladder away from the liver. Then, having exposed 
the posterior surface of the gallbladder, continue to 
clear the posterior walls of the infundibulum and the 
cystic duct until there is a 3- to 4-cm window of 
empty space behind the cystic duct, infundibulum, 
and gallbladder ampulla (Fig. 67-2b). If the con
tinuum between gallbladder, infundibulum, and cys
tic duct is clearly identified after elevating the struc
tures, one can then be assured of the identity of the 
cystic duct. If by mistake one had initiated the dis
section by freeing up the CBD caudal to its junction 
with the cystic duct, as the dissection proceeded 
cephalad toward the gallbladder the common he
patic duct would be encountered joining the cystic 
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Fig. 67-2a 

Fig. 67-2b 

duct on its medial aspect (Fig. 67-1). This approach 
puts the hepatic and common ducts at risk of major 
injury. 

Ensuring Good Exposure 

Because excellent visibility is essential to prevent un
necessary damage, do not hesitate to install an 
additional cannula and use a retractor to depress 
the transverse colon or to elevate the liver when 
necessary. 

Intraoperative Cholangiography 
Many experienced laparoscopic surgeons believe 
that an intraoperative cholangiogram, obtained as 



588 Laparoscopic Cholecystectomy 

soon as the cystic duct is identified, is an excellent 
means for ascertaining the exact anatomy of the bil
iary tree. This conftrms identification of the cystic 
duct and detects an anomalous hepatic duct in time 
to avoid operative trauma. 

Conversion to Open Cholecystectomy 
Whenever there is any doubt about the safety of a 
laparoscopic cholecystectomy, whether because of 
inflammation, scarring, poor visibility, equipment 
deftciencies, or any other reason, do not hesitate to 
convert the operation to an open cholecystectomy. 
Every patient's preoperative consent form should ac
knowledge the possibility that an open cholecys
tectomy may be necessary for the patient's safety. 
Conversion to open cholecystectomy is not an ad
mission of failure but an expression of sound judg
ment by a surgeon who gives first priority to the 
safe conduct of the operation. Because conversion 
is generally required only in difficult cases, it is es
sential that the laparoscopic surgeon be familiar 
with the material in Chapter 66 on the open chole
cystectomy even though most cholecystectomies 
are performed laparoscopically. 

PITFAllS AND DANGER POINTS 

Be aware that some patients have a short cystic duct, 
which increases the risk of bile duct damage by 
misidentification. Again, if the dissection is initiated 
to free the posterior wall of the gallbladder and its 
infundibulum, expose the common hepatic duct be
hind the gallbladder early during the dissection (Fig. 
67-3). This should prevent misidentification of the 
anatomy. If one suspects the presence of a short cys-

Fig. 67-3 

tic duct but is not certain, perform intraoperative 
cholecystocholangiography by injecting contrast ma
terial into the gallbladder with a long needle. 

There may be damage to aorta, vena cava, iliac 
vessels, or bowel during trocar insertion (see Chap
ter 8). There may also be damage to the common 
or bepatic duct due to misidentification. 

Bleeding may be due to avulsion of the posterior 
branch of the cystic artery that has not been prop
erly identified. 

OPERATIVE TECHNIQUE 

The room setup, entry into the peritoneal cavity, and 
ftrst steps for any laparoscopic procedure are de
scribed in Chapter 8. 

Initial Inspection of the 
Peritoneal Cavity 
Plan the initial trocar site either just above or below 
the umbilicus in a natural skin crease. Gain access 
to the abdomen via a closed (Veress needle) or open 
(Hassan cannula) technique. Some surgeons prefer 
a 30° angled laparoscope for biliary surgery, but the 
operation can comfortably be performed with a 
straight (0°) laparoscope. 

Insert the laparoscope into the cannula. Ihspect 
the organs of the pelvis and posterior abdominal 
wall. Look for unexpected pathology and evidence 
of trauma that might have been inflicted during 
needle insertion to the vascular structures or the 
bowel. If no evidence of trauma is seen, aim the tele
scope at the right upper quadrant and make a pre
liminary observation of the upper abdominal organs 
and gallbladder. 

Insertion of Secondary 
Trocar-Cannulas 
A second 10- to II-mm cannula is inserted in the epi
gastrium at a point about one-third the distance be
tween the xiphoid process and the umbilicus. It gen
erally is placed just to the right of the midline to 
avoid the falciform ligament. With a ftnger, depress 
the abdominal wall in this general area and observe 
with the telescope to defme the exact location at 
which to insert the trocar. Make a 1 cm transverse 
skin incision at this point and insert the trocar
cannula under direct vision by aiming the telescope
camera at the entry point of the trocar. Apply even 
pressure with no sudden motions. Serious injuries 
of the liver and other organs have been reported fol
lowing vigorous insertions of the trocar. As soon as 
the cannula has entered the abdominal cavity, re-
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move the trocar; this site constitutes the main op
erating port. 

Establish two secondary ports, one in the mid
clavicular line about 2-3 cm below the costal mar
gin and the other in the anterior axillary line at a point 
about level with the umbilicus. These two 5 mm 
ports are mainly used for grasping and retraction. 

Insert a trocar in each of these ports after mak
ing a 5 mm skin incision. Observe and control the 
entry of these trocars carefully by watching the tele
vision monitor. The objective is to position the ports 
so the surgeon can manipulate the dissecting in
struments at a point in front of and roughly at right 
angles to the telescope. Figure 67-4 illustrates a typ
ical arrangement of cannulas. 

Dissecting the Gallbladder to 
Expose the Cystic Duct 

To expose the gallbladder, elevate the head of the 
table to a 30° reverse Trendelenburg position. Ap
ply suction to the nasogastric tube as necessary to 
deflate the stomach. Sometimes moderate upward 
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also helpful for improving exposure. Insert a grasp
ing forceps through the right lateral port and grasp 
the upper edge of the gallbladder. Push the gall
bladder in a cephalad direction anterior to the liver. 
Utilizing the mid-clavicular port, have the assistant 
insert a second grasping forceps to grasp the gall
bladder fundus and apply countertraction while the 
surgeon uses an appropriate dissecting forceps in
serted through the upper midline port. 

The first objective is to expose the gallbladder fun
dus by dissecting away any adherent omentum and 
other structures. Then grasp the areolar tissue and fat 
overlying the fundus with a grasping forceps (Fig. 
67-5), apply a burst of coagulating current, and pull 
the tissue in a caudad direction. While this is being 
done, the assistant's grasping forceps draws the am
pulla of the gallbladder gently toward the patient's 
right, as illustrated in Figure 67 - 2. Hook electrocautery 
or electrified scissors can also be used to divide the 
peritoneal layers that cover the infundibulum of the 
gallbladder and cystic duct. Use the hook dissector to 
liberate the lower portion of the gallbladder from its 
attachment to the liver, both laterally and medially. 
Create a large window of space behind the gall
bladder, the infundibulum, and the cystic duct (Fig. 
67 - 2). The dissection should continuously be directed 
from the gallbladder downward toward the cystic 
duct. Always consider that the CBD and hepatic ducts 
may be closer to the gallbladder than you think, es
pecially in patients who have a short cystic duct (Fig. 
67 -3), Concentrating on the lower portion of the gall
bladder and infundibulum is much safer than initiat
ing the dissection behind what you think is the cys
tic duct but that may indeed be the CBD. 

rotation of the right side of the operating table is Fig. 67-5 
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Fig. 67-6 

After dissecting on both sides of the cystic duct 
by manipulating the ampulla from right to left, pass 
a right-angled Maryland dissector or a hook behind 
the cystic duct and free up several centimeters so 
there is complete exposure of the continuum of the 
posterior cystic duct going up to the infundibulum 
and the lower portion of the gallbladder (Fig. 
67-6). 

Cystic Duct Cholangiogram 

When certain that the cystic duct has been identi
fied, apply an endoscopic clip to the area of the in
fundibulum of the gallbladder and use scissors to 
make an incision in the cystic duct just below the 
clip (Fig. 67-7). For cholangiography we prefer a 
balloon-tipped catheter of the type made by the Ar
row Company. Test the balloon and insert the 

Fig. 67-7 

Fig. 67-8 

catheter into the upper midline or mid-clavicular 
port. Adjust the curvature of the catheter tip by 
pushing or withdrawing the catheter through its 
curved plastic catheter-holder. Thread the catheter 
into the cystic duct incision for no more than 1 cm 
(Fig. 67~), a point marked by two black lines on 
the catheter body. Inflate the balloon and tentatively 
inject some contrast material to determine that leak
age does not take place. Do not insert the catheter 
too far into the cystic duct; otherwise, it enters the 
CBD, and the balloon occludes the CBD at the point 
of injection, resulting in an image of the distal CBD 
only from the catheter tip to the ampulla of Vater. 
This image cannot prove that the common hepatic 
duct is intact. In this case, back out the catheter for 
a short distance and repeat the cholangiogram. Use 
C-arm fluoroscopy to monitor the injection. If fluo
roscopy is not available, obtain two plain radi
ographs. Inject 4 ml of contrast material for the first 
film and an additional 8 ml for the second. If the 
proximal ducts do not fill, assume a CBD injury 
and convert to open laparostomy. 

If the cholangiogram demonstrates satisfactory 
filling of the hepatic duct and CBD as well as the 
duodenum, remove the catheter and continue to the 
next step, which is dividing the cystic duct as de
scribed below. If the cholangiogram demonstrates a 
calculus in the CBD, perform a laparoscopic CBD ex
ploration if the technology and skill are available (see 
References). Otherwise, one has the choice of per
forming an open cholecystectomy and choledo-



cholithotomy or scheduling the patient for a post
operative endoscopic papillotomy for stone extrac
tion. If the stone is exceedingly large (approaching 
2 cm) an open choledocholithotomy is preferable. 
This is also the case if the patient has a large num
ber of stones or has had a previous Billroth II gas
trectomy, making endoscopic papillotomy an un
likely choice. 

There need be no hesitation on the part of the 
surgeon to proceed to open cholecystectomy and 
choledocholithotomy. This is a safe operation that 
generally accomplishes complete clearing of the 
CBD in one procedure. Such clearance may take the 
endoscopist several attempts to accomplish by en
doscopic papillotomy. Remember also that endo
scopic papillotomy for CBD extraction is associated 
with 1% mortality. One advantage of the open chole
docholithotomy in patients who have 10-20 calculi 
is the ability to incorporate into the operation a 
biliary-enteric bypass, such as choledochoduo
denostomy. Because endoscopic papillotomy is fea
sible in only about 90% of patients owing to 
anatomic variability or periampullary diverticula, it 
may be helpful to insert a guidewire through the 
opening in the cystic duct and pass it down the CBD 
into the duodenum. Duodenal placement can be 
confirmed by an abdominal radiograph. In the pres
ence of this guidewire, endoscopic papillotomy can 
be performed in almost 100% of patients. 

In cases where passage of the cholangiogram 
catheter is obstructed by the valves of Heister, the 
obstruction may be corrected by inserting the tip of 
the scissors into the cystic duct. Keep the scissors 
closed upon entering the duct and then open them 
with mild force to dilate the valves. 

Removing the Gallbladder 
Remove the cholangiogram catheter and apply an
other endoscopic clip on the gallbladder side of the 
incision (Fig. 67-9). Then apply two clips on the 
distal portion of the cystic duct. Divide the cystic 
duct with scissors. 

During dissection of the cystic duct, the cystic 
artery is generally identified slightly cephalad to the 
cystic duct. Whenever this structure has been clearly 
identified, elevate it with either a Maryland dissec
tor or a hook so at least 1 cm is dissected completely 
from surrounding structures. Then apply one endo
scopic clip above and two clips below, and divide 
the artery with scissors (Fig. 67-10). Note that the 
point at which the cystic artery divides into its ante
rior and posterior branches can be somewhat vari
able. When you think you have divided the main cys
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Fig. 67-9 

branch. Be alert during the latter part of the dissec
tion for a posterior branch that must often be clipped 
and divided when the infundibulum of the gallblad
der is freed. If this branch is small enough, it may be 
handled by electrocautery instead of clipping. 

Now continue to dissect the gallbladder away 
from the liver. This can be done with electrocautery 
using either a hook or a spatula dissection. Divide 
the peritoneum between the gallbladder and the 
liver on each side of the gallbladder. Then continue 
the dissection on the posterior wall of the gallblad
der. The first assistant maneuvers the two grasping 
forceps to expose various aspects of the gallbladder 

tic artery, you may have divided only the anterior Fig. 67-10 
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Fig. 67-11 

and applies countertraction for the surgeon. Some 
surgeons utilize a two-handed technique: dissection 
with the right hand and manipulating the medial 
grasping forceps with the left hand. 

Before the gallbladder is totally free of its attach
ment to the liver, carefully inspect the liver bed for 
bleeding points. Irrigate the area. If there are any 
bleeding points in the liver bed, they can be oc
cluded by applying a suction-electrocoagulator. 

Finally, elevate and divide the gallbladder from its 
fmal attachment to the liver (Fig. 67-11). Leave the 
gallbladder in position over the dome of the liver be
ing held in the lateral port grasper. 

Remove the laparoscope from the umbilical can
nula and place it through the upper midline sheath. 
Insert a large claw grasper through the umbilical can
nula. Pass the claw along the anterior abdominal wall 
to reach the gallbladder over the dome of the liver. 
Follow the action with the camera. The claw grasps 
the gallbladder at its neck. Then pull the gallbladder 
into the umbilical cannula as far as it will go. Now 
remove the cannula together with the gallbladder. 
As soon as the neck of the gallbladder is seen out- Fig. 67-12 



Fig. 67-13 

side the umbilicus (Fig. 67-12) make an incision in 
the gallbladder (Fig. 67-13) and insert a suction de
vice to aspirate bile (Fig. 67-14). Apply a Kelly he
mostat to the neck of the gallbladder and gradually 

Fig. 67-14 
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extract it from the abdomen while observing the ac
tion on the video monitor (Fig. 67-15). If the gall
bladder is too large to pass through the umbilical in
cision, the incision can be enlarged somewhat by 
inserting a large hemostat and stretching the width 
of the incision. Alternatively, the incision may be 
lengthened by several millimeters in both directions 
using the scalpel until the gallbladder can be re
moved. Sometimes an endoscopic retrieval bag is 
useful, particularly if the gallbladder is inflamed. 

In the patient with a small gallbladder, do not 
move the telescope from the umbilical port. Rather, 
pass the claw grasper through the epigastric port 
and draw the gallbladder through the epigastric in
cision. 

If the laparoscope has been transferred to the epi
gastric port, return it to the umbilical cannula and 
make a last inspection of the abdominal viscera, 
pelvis, and gallbladder bed. If there are any signs of 
retroperitoneal hematomas in the region of the 
aorta, vena cava, or iliac vessels, assume that there 
has been major injury to these vessels and perform 
a laparotomy if necessary to rule out this possibility. 
Remember, even with disposable trocars that have 
plastic shields, forceful collision of the shielded tro
car with the vena cava may result in perforation of 
this vessel. Bleeding from the great vessels consti-

Fig. 67-15 
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tutes the main cause of the rare fatality that follows 
laparoscopic cholecystectomy. Carefully observe the 
withdrawal of each cannula to ascertain the absence 
of bleeding in each case. Finally, permit the escape 
of carbon dioxide from the abdominal cavity and re
move the fmal cannula. Insert sutures of heavy Vicryl 
in the two 10 mm incisions in the midline ofthe ab
domen. The 5 mm incisions do not require closure. 
Close the skin with sterile adhesive tape or subcu
ticular sutures. 

POSTOPERATIVE CARE 

Remove the nasogastric or orogastric tube and uri
nary catheter (if placed) before the patient leaves 
the recovery room. Mild pain medication may be 
necessary. Ambulate the patient as soon as he or she 
awakens. A regular diet may be ordered unless the 
patient is nauseated. 

Discharge patients a day or two following surgery. 
They may resume full activity by the end of 1 week. 

COMPliCATIONS 

Needle or Trocar Damage 

Retroperitoneal bleeding from damage to one of the 
great vessels during insertion of the initial trocar can 
be fatal. A retroperitoneal hematoma noted during 
laparoscopy requires open exploration for great ves
sel injury. 

Bowel injury can result from introducing the Ver
ess needle or a trocar, especially if the trocar is 
passed through adherent bowel. Careful inspection 
of the abdomen by laparoscopy after inserting the 
initial trocar and again before terminating the oper
ation is essential if these injuries are to be detected 
early and then repaired. 

Insufflation-Related Complications 
See Chapter 8. 

Bile Duct Damage; Excision 
of Common and Hepatic Ducts 

The classic laparoscopic biliary injury includes re
section of large sections of the CBD and the com
mon hepatic duct together with the cystic duct and 
the gallbladder (Fig. 67-16). Injury results from mis
taking the CBD for the cystiC duct and applying clips 
to the CBD. The CBD is then dissected in a cepha
lad direction as though it were the cystic duct with 
transection of the proximal hepatic ductal system 
with or without clip ligation. 

Fig. 67-16 

Significant leakage of bile into the operative field 
is a danger sign that should not be ignored. Inade
quate visualization of the surgical field often con
tributes to these errors and to significant bleeding. 

If, in fact, a surgeon divides the common bile duct 
by mistake, there is certainly no excuse for failing 
to detect this error when the dissection encounters 
the common hepatic duct. As seen in Figure 67-16 
(modified from Davidoff et al. (1992)), if one dis
sects the proximal divided end of the CBD in a 
cephalad direction, it is not possible to remove the 
gallbladder without transecting the common hepatic 
duct. With proper surgical dissection, it should be 
obvious that the presence of this duct indicates that 
the operative strategy is wrong and requires an im
mediate course correction. 

Rossi et al. (1992) described the repair of laparo
scopic bile duct injuries in 11 patients referred to la
hey Clinic. They found that fibrosis or scarring in 
Calot's triangle was an important factor contributing 
to the injury in many of their cases. Their conception 
of the mechanism of injury is illustrated in Figure 
67-17. The cystic duct is densely adherent to the 
common hepatic duct for several centimeters above 
the junction of the cystic and common ducts. This in
jury does not occur if the dissection is initiated at 
the distal gallbladder and if the posterior portion of 
the gallbladder infundibulum is dissected away from 
the liver before dissecting the cystic duct. Dissec
tion should always progress from the gallbladder to-



Fig. 67-17 

ward the cystic duct, completely freeing the entire 
circumference of the fundus, the infundibulum of 
the gallbladder, and the cystic duct. 

Davidoff and associates described a variant of the 
classic CBD injury. It is illustrated in Figure 67-18. 
Here, clips were applied to the CBD just below its 
junction with the cystic duct, but the transection took 
place across the distal portion of the cystic duct. In 
this case the patient will have a total biliary fistula 
into the peritoneal cavity. These authors also de
scribed two patients who presented 4-6 weeks after 
surgery with jaundice and extensive strictures of their 
common and hepatic ducts. They hypothesized that 
this pathology resulted from thermal injury in the re
gion of Calot's triangle by laser or electrocoagulation. 

The CBD may also be injured when the clip ap
plied to the proximal portion of the cystic duct also 
encompasses the right hepatic duct. Fibrosis in Calot's 
triangle may contribute to this injury by placing the 
right hepatic duct in close proximity to the cystic 
duct. This injury may be avoided if the surgeon prop
erly dissects the gallbladder infundibulum and cystic 
duct from above down prior to applying the clips. 

In summary, prevention of damage to the bile 
ducts requires good visibility (sometimes facilitated 
by use of a 30° angled laparoscope); lateral traction 
on the fundus and infundibulum of the gallbladder 
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to separate the cystic duct from the common he
patic duct; directing the dissection from the distal 
gallbladder downward toward the cystic duct rather 
than the reverse; using electrocautery with caution; 
applying routine cholangiography early in the oper
ation; and converting to open cholecystectomy 
whenever there is any doubt concerning the safety 
of the laparoscopic cholecystectomy. A satisfactory 
intraoperative cholangiogram must show intact bile 
ducts from the right and left hepatic ducts down to 
the duodenum. When there is doubt concerning 
which duct to use for the cholangiogram, a chole
cystocholangiogram may be obtained by injecting 
30-40 ml of contrast material directly into the gall
bladder. 

Bile Leak 

Leakage of bile into the right upper quadrant fol
lowing laparoscopic cholecystectomy does not nec
essarily indicate an injury to the bile duct. It may 
simply mean that the occluding clips have slipped 
off the cystic duct or that a minor accessory bile duct 
is leaking. Symptoms generally develop a few days 
after laparoscopic cholecystectomy and consist of 
generalized abdominal discomfort, anorexia, fatigue, 
and sometimes jaundice. Sonography can reveal the 
presence of fluid in the subhepatic space. A HIDA 
scan demonstrates the presence of bile outside the 
biliary tree, and ERCP demonstrates the point of leak-

Fig. 67-18 
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Fig. 67-19 

age. In the absence of obstruction in the CBD, these 
leaks generally heal spontaneously. Healing may be 
expedited by percutaneous insertion of a drainage 
catheter into the right upper quadrant and insertion 
of a stent into the CBD following endoscopic papil
lotomy. Of course, major ductal injury requires sur
gical reconstruction, generally by the hepaticoje
junostomy Roux-en-Y procedure. 

Intraoperative Hemorrhage 
from Cystic Artery 

Occasionally brisk bleeding results when the cystic 
artery is cut or tom. It is generally a minor compli
cation during open cholecystectomy because grasp
ing the hepatic artery between two fingers in the 
foramen of Winslow (pringle maneuver) ensures 
prompt if temporary control of bleeding. With la
paroscopic cholecystectomy, however, losing 30-40 
ml of blood may be serious because the blood ob
scures visibility through the laparoscope. 

Frequently it is possible to control cystic artery 
bleeding by grasping the gallbladder ampulla near 
the bleeding vessel and pushing the ampulla firmly 
against the liver (Fig. 67-19), If this maneuver suc
cessfully controls the bleeding, insert one or more 
additional cannulas for suction and retraction and at
tempt to localize and clip the bleeding vessel. It is 
not worth spending much time on occluding this 
bleeder laparoscopically because making a subcostal 
incision affords an opportunity to localize and con
trol the bleeder quickly with no risk. 
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68 Cholecystostomy 
SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Cholecystostomy may be performed in patients suf
fering from acute cholecystitis when cholecystec
tomy may be hazardous for technical reasons, or 
when cholecystectomy has been attempted and is 
too technically difficult. Computed tomography 
(C1)-guided percutaneous catheter drainage may be 
the most pragmatic method for managing acute 
cholecystitis in poor-risk patients. Rarely, it is not 
possible for technical reasons, and open or laparo
scopic (see References) cholecystostomy is an op
tion in these cases. 

CONTRAINDICATION 

Patients with acute cholangitis owing to common 
bile duct (CBD) obstruction 

PREOPERATIVE PREPARATION 

Appropriate antibiotics 

PITFALLS AND DANGER POINTS 

Overlooking acute purulent cholangitis 

Overlooking gangrene of the gallbladder 

Postoperative bile leak 

OPERATIVE STRATEGY 

When Is Cholecystostomy Inadequate? 

Cholecystostomy does not provide adequate drainage 
for an infected bile duct. In most cases it is not diffi
cult to differentiate acute cholecystitis from acute 
cholangitis. When a patient with acute cholangitis 
does not respond immediately to antibiotic treatment, 
prompt drainage of the CBD is lifesaving. Undrained 
acute purulent cholangitis is often rapidly fatal. When 
performing cholecystostomy, one must be alert not 

Gangrene of the gallbladder is another complica
tion of acute cholecystitis, for which cholecys
tostomy is an inadequate operation. The gangrene 
may occur in the deep portion of the gallbladder fun
dus, where it may be hidden by adherent omentum 
or bowel. It is easy to overlook a patch of necrosis 
when operating through a small incision under lo
cal anesthesia. When a necrotic area is found in the 
gallbladder, it is preferable to perform a complete 
cholecystectomy; if this operation is impossible for 
technical reasons, a partial cholecystectomy around 
a catheter with removal of the gangrenous patch can 
be done (Fig. 68-1). 

Choice of Anesthesia 

Because of the danger of overlooking disease of the 
CBD and gangrene or perforation of the gallbladder, 
it is preferable to perform the cholecystostomy 
through an adequate incision under general anes-

to overlook this disease of the bile duct. Fig. 68-1 
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Fig. 68-2 

thesia. With modem anesthesia and monitoring tech
niques, it is safe for most poor-risk patients to un
dergo a biliary operation under general anesthesia. 
Otherwise, perform percutaneous catheter drainage 
of the gallbladder. 

Preventing Bile Leaks 
One distressing complication that occasionally fol
lows cholecystostomy is leakage of bile around the 
catheter into the free peritoneal cavity, resulting in 
bile peritonitis. This complication can generally be 
avoided by using a large catheter and suturing the 
gallbladder around the catheter (Fig. 68-2). It is im
portant also to suture the fundus of the gallbladder 
to the peritoneum around the exit wound of the 
drainage catheter (Fig. 68-3), Adequate drainage is 
also necessary in the vicinity of the gallbladder. 

OPERATIVE TECHNIQUE 

Incision 

Under general anesthesia, make a subcostal incision 
at least 10-12 cm in length. Find the plane between 
the adherent omentum and the inflamed gallbladder. 
Once this plane is entered, the omentum can gen-

Fig. 68-3 

erally be freed from the gallbladder wall by gentle 
blunt dissection. Continuing in this plane, inspect 
the gallbladder and its ampUlla. 

Emptying the Gallbladder 

After ascertaining that there is no perforation of the 
gallbladder or any patch of gangrene, empty the gall
bladder with a 16-gauge needle or a suction trocar in
serted into the tip of the gallbladder. Perform an im
mediate Gram stain. Enlarge the stab wound in the 
gallbladder. Attempt to remove the gallbladder calculi 
with pituitary scoops and Randall stone forceps. It may 
be necessary to compress the gallbladder ampulla 
manually to milk stones up toward the fundus. After 
flushing the gallbladder with saline, insert a 20F 
straight or Pezzar catheter 3-4 cm into the gallblad
der. Close the defect in the gallbladder wall with two 
inverting purse-string sutures of 2-0 PG suture mater
ial (Fig. 68-2). If the gallbladder wall is unusually thick, 
it may be necessary to close the gallbladder around 
the catheter with interrupted Lembert sutures. 

If the patient is in satisfactory condition, attempt 
cholangiography through the gallbladder catheter. It 
is not always possible to extract a stone that is im
pacted in the cystic duct. This circumstance elimi
nates the possibility of obtaining a cholangiogram by 
this route. 

Now make a stab wound through the abdominal 
wall close to the fundus of the gallbladder. Draw the 
catheter through the abdominal wall and suture the 
fundus of the gallbladder to the peritoneum alongside 
the stab wound (Fig. 68-3). Make a stab wound and 



insert two closed-suction catheters: one in the vicinity 
of the cholecystostomy and one in the right renal fossa. 

Close the abdominal incision in routine fashion 
as described in Chapter 3. We use No.1 PDS sutures 
for this closure. 

POSTOPERATIVE CARE 

Connect the cholecystostomy catheter to a sterile 
plastic collecting bag for gravity drainage. 

Continue antibiotic treatment for the next 7-10 
days. Until bacterial culture and sensitivity studies 
have been reported on the gallbladder bile, use an
tibiotics that are effective against gram-negative bac
teria, enterococci, and anaerobes. 

Employ nasogastric suction if necessary. 

Measure the daily output of bile and replace with an 
appropriate dose of sodium. 

Do not remove the gallbladder drainage catheter for 
12-14 days. Obtain a cholangiogram before remov
ing the catheter. 

COMPIlCATIONS 

Bile peritonitis 

Subhepatic, subphrenic, or intrahepatic abscess 
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Septicemia 

Patients with acute cholecystitis generally re
spond promptly to adequate drainage of the infec
tion. If the patient shows persistent signs of sepsis 
and bacteremia, it is likely that this complication 
stems from an undrained focus of infection. It may 
be an obstructed CBD with cholangitis or a sub
hepatic, intrahepatic, or subphrenic abscess. Endo
scopic retrograde cholangiopancreatography (ERCP) 
and CT scanning may be helpful for detecting these 
complications. 
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69 Common Bile 
Duct Exploration 
SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Multiple alternatives have largely superseded open 
common bile duct (CBD) exploration. Endoscopic 
retrograde cholangiopancreatography (ERCP) with 
sphincterotomy provides access to the common 
duct for extraction of stones and biliary decom
pression. Laparoscopic transcystic common duct ex
ploration or laparoscopic choledochotomy are al
ternatives when common duct stones are found at 
laparoscopic cholecystectomy. Open CBD explo
ration is still occasionally needed when these meth
ods are not available or fail. The principles of access 
to the CBD described here are used during the per
formance of advanced biliary tract surgery and must 
be thoroughly understood. 

Chills, fever, and jaundice prior to operation (in more 
than 90% of cases CBD exploration reveals calculi) 

Palpation of a calculus in the CBD 

Acute suppurative cholangitis 

Positive fmding of a calculus on routine cystic duct 
cholangiography, preoperative ERCP, or percuta
neous transhepatic cholangiogram 

Access to the CBD is sometimes required during 
the course of other procedures in this region (e.g., 
to delineate the course of the CBD during a difficult 
ulcer operation). The principles delineated here ap
ply in those situations as well. Adequate cholan
giography can prove or disprove the presence of 
stones in many situations that formerly were listed 
as relative indications for CBD exploration. 

PREOPERATIVE PREPARATION 

Computed tomography (CT) or sonography is used. 
Generally ERCP is performed as the next diagnostic 
maneuver when dilated ducts are seen. 

Correct abnormalities of the serum prothrombin pre
operatively with injections of vitamin K. 
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When CBD exploration is planned, the patient 
should receive perioperative intravenous antibiotics 
beginning 1 hour prior to operation. To ensure an 
adequate antibacterial blood level, repeat the dose 
in 3 hours, during the operation. We use either 
a third- or fourth-generation cephalosporin or a 
penicillin-aminoglycoside combination. 

PITFALLS AND DANGER POINTS 

Injuring the bile ducts 

Creating a false passage into the duodenum when 
probing the CBD; damaging the ampulla or pancreas; 
inducing postoperative pancreatitis 

Perforating a periampullary duodenal diverticulum 

Sepsis 

Failing to remove all of the biliary calculi 

OPERATIVE STRATEGY 

Avoiding Postoperative Pancreatitis 

Postoperative acute pancreatitis can be lethal. Use 
routine cholangiography to minimize the number of 
unnecessary CBD explorations. Explore the distal 
duct with delicacy and meticulous care to avoid 
trauma to the ampulla or pancreas, which may in
duce pancreatitis. 

CBD Perforations 
Another serious and often fatal error is to perfo
rate the distal CBD and penetrate the pancreas with 
an instrument such as the metal Bakes dilator. When 
the surgeon experiences any difficulty negotiating 
the ampulla with an instrument, duodenotomy and 
direct exposure of the ampulla are preferable to re
peated blunt trauma from above. Using a lOF Coude 
or whistle-tipped rubber catheter, rather than a 
metal dilator, lessens the risk of ampullary trauma 
and postoperative acute pancreatitis. Never force-



fully dilate the sphincter of Oddi; this procedure 
serves no useful purpose, and the trauma to the am
pulla not only increases the risk of postoperative 
acute pancreatitis it produces lacerations and 
hematomas of the ampulla. 

If an instrument has perforated the distal CBD and 
the head of the pancreas, it may be detected when 
the CBD is irrigated with saline by noting saline leak
age from the posterior surface of the pancreas. The 
perforation may also be detected by cholangiogra
phy. This type of trauma, which leads to bile flow 
directly into the head of the pancreas, often causes 
fatal pancreatitis. For this reason, when this com
plication is identified divide the CBD just above its 
entry into the pancreaticoduodenal sulcus; transftx 
the distal end of the duct with a suture and anasto
mose the proximal cut end of the CBD to a Roux
en-Y segment of jejunum. When this procedure is 
carried out, diverting the bile from the traumatized 
pancreas may prove lifesaving. Also insert a closed
suction drain behind the pancreatic head to remove 
any leaking pancreatic secretions. 

If the CBD has been perforated at an accessible 
point proximal to the head of the pancreas, suture 
the laceration with 5-0 PG or PDS. If the laceration 
is not accessible, simply insert a large-caliber T-tube 
into the CBD for decompression proximal to the lac
eration. Then place a closed-suction catheter drain 
down to the region of the laceration. 

Locating and Removing Biliary Calculi 
To avoid overlooking biliary calculi, obtain a cystic 
duct cholangiogram before exploring the CBD. Be 
sure that the radiograph clearly shows the hepatic 
ducts and the distal CBD. If the hepatic ducts can
not be seen because the dye runs into the duode
num, administer morphine to induce spasm of the 
ampulla; alternatively, open the CBD, insert an SF 
Foley catheter into the proximal CBD, and use this 
device to obtain a radiograph of the intrahepatic radi
cles. This cholangiogram can provide an estimate of 
size, number, and location of calculi. 

Always perform a Kocher maneuver before ex
ploring the CBD. It permits the surgeon to place the 
fmgers of the left hand behind the ampullary region 
with the thumb on top of the anterior wall of the 
duodenum. This allows the instrument to be di
rected more accurately while palpating its distal tip. 

Once the CBD has been opened, the safest, most 
effective device for extracting stones is the pituitary 
scoop with a malleable handle. Available with vari
ous size cups, this device can be bent to the exact 
curvature required to pass through the CBD down 
to the ampulla. By delicate maneuvering, the sur-
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geon can remove most stones with the scoop. Also, 
it is often easy to palpate a stone against this metal
lic instrument. 

Other methods that are helpful for retrieving 
stones are the Randall stone forceps, the Fogarty bal
loon, and thorough saline irrigation. On rare occa
sions a Dormia basket can retrieve a stone that is 
otherwise inaccessible. Choledochoscopy, dis
cussed below, is another excellent means for help
ing to identify residual biliary calculi in the operat
ing room. 

When the ampullary region contains an impacted 
stone that cannot be removed with minimal trauma 
by the usual methods, do not hesitate to perform a 
sphincteroplasty for the purpose of extracting the 
stone under direct vision. Otherwise, excessive 
trauma to the ampullary region may cause serious 
postoperative acute pancreatitis. 

A completion cholangiogram through the T-tube 
after the exploration has been concluded is the ft
nal maneuver required to minimize the number of 
stones overlooked at operation. It is important to use 
a T-tube that is 16F or larger following choledo
cholithotomy. Otherwise, the track remaining when 
the T-tube is removed may not be large enough to 
admit the instruments required to remove residual 
stones by Burhenne's method. Even small ducts ad
mit a 16F T-tube if the tube is trimmed by the' tech
nique described below (see Fig. 69-5, p. 606). 

OPERATIVE TECHNIQUE 

Cholangiography 
If for some reason the cystic duct is not a suitable 
route for cholangiography, insert a 21-gauge scalp 
vein needle into the CBD. Aspirate bile to conftrm 
that the needle is in the duct lumen. Use a structure 
to flX the needle to the CBD. Attach a 2 meter length 
of sterile plastic tubing filled with the proper con
trast medium. The remaining details of cholangiog
raphy are the same as those described in Chapter 66. 

Kocher Maneuver 
After the gallbladder has been removed and it is de
termined that CBD exploration is indicated, per
form a Kocher maneuver (see Figs. 11-14 through 
11-16) by inCising the lateral peritoneal attach
ments along the descending duodenum. Then in
cise the layer of avascular ftbrous tissue that at
taches the posterior duodenum to Gerota's fascia 
and to the foramen of Winslow. Elevate the duo
denum and head of the pancreas by sharp and blunt 
dissection in the areolar plane until the inferior 
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vena cava is seen. With the left index and middle 
fingers situated behind the pancreas and duodenum 
and the thumb applied to the anterior wall of the 
duodenum, palpate the distal CBD and the ampUlla. 
Pay special attention to the ampullary region so as 
not to overlook a small ampullary carcinoma, which 
is often felt as a hard protrusion into the lumen 
from the back wall of the duodenum. An adequate 
Kocher maneuver allows the surgeon to palpate the 
distal duct and head of pancreas and makes it pos
sible to straighten the distal duct by gentle down
ward traction. 

Choledochotomy Incision 

Incise the peritoneum overlying in CBD to identify 
the duct's anterior wall. Select an area for the chole
dochotomy preferably distal to the entrance of the 
cystic duct. Insert two guy sutures of 4-0 PG or PDS, 
one opposite the other on the anterior wall of the 
duct. If there are any obvious blood vessels located 
in this area, transfix them with 5-0 PG or PDS 
suture-ligatures or apply careful electrocautery. Use 
a No. 15 scalpel blade to make a short incision in 
the anterior wall of the CBD while the assistant holds 
up the guy sutures. Then use Potts angled scissors 
to enlarge the incision in both directions. Pay at
tention to the possibility that the cystic duct may 
share a wall with the CBD for a distance of 2 cm or 
more. If the incision is made in the vicinity of this 
common wall, it is possible to open the cystic duct 
instead of the CBD, which would cause considerable 
confusion. It is even possible to make an incision 
along the common wall and not encounter the lu
men of either the cystic duct or the CBD and to ex
pose the portal vein. If the anteromedial aspect of 
the CBD is used for the choledochotomy incision, 
this problem is avoided. 

Exploring the CBD 

As soon as the CBD has been opened, take a sample 
of the bile for bacteriologic culture and Gram stain. 
During passage of the instruments, maintain the left 
hand behind the duodenum and head of pancreas. 
Gentle downward traction can be used to straighten 
the distal duct, and the sense of touch facilitates pass
ing the instruments through the ampUlla. 

Using the left thumb and index finger, milk down 
any possible stones from the common hepatic duct 
into the choledochotomy incision. Perform the same 
maneuver on the distal CBD. This maneuver often 
delivers several calculi into the choledochotomy. 
Take care not to push stones up into the intrahep
atic biliary tree where subsequent extraction may be 

Pass a pituitary scoop of the appropriate size up 
into the right and left main hepatic ducts to remove 
any possible calculi (Fig. 69-1). Then, with the left 
index fmger placed behind the ampulla, use the right 
hand to pass a pituitary scoop down to the region of 
the ampulla and remove any calculi encountered with 
this maneuver. It is helpful simultaneously to palpate 
with the left index fmger behind the distal CBD while 
the scoop is being passed. Avoid excessive trauma to 
the ampulla. A Randall stone forceps (Fig. 69-2) may 
be inserted into the CBD for the purpose of removing 
stones, but we have not found this instrument to be 
particularly valuable compared to the pituitary scoop. 
Following these maneuvers, use a small, straight 
catheter to irrigate both the hepatic ducts and the dis
tal CBD with normal saline solution (Fig. 69-3), 

Now try to pass a lOF Coude tipped catheter 
through the ampulla. Inject saline through the 
catheter. The saline is seen to flow back out through 
the choledochotomy so long as the catheter is in the 
duct. When the catheter passes into the duodenum, 
the flow of saline ceases. If metal Bakes dilators are 
used instead to determine the patency of the am
pulla, perform this maneuver with great delicacy as 
it is easy to perforate the distal CBD and to make a 

difficult. Fig. 69-1 



Fig. 69-2 

false passage through the head of the pancreas. It is 
not necessary to pass any instrument larger than a 
No. 3 Bakes dilator through the ampulla. 

If there appears to be a calculus in the distal end 
of the CBD and it is not easily removed by means of 
the scoop, insert a biliary Fogarty catheter down the 
CBD into the duodenum. Blow up the balloon, 
which helps identify the ampulla by affording a 
sense of resistance as the catheter is pulled back. 
Gradually deflate the balloon as the catheter is with
drawn until it traverses the ampulla. As soon as the 
balloon is inside the CBD, reinflate and withdraw it. 
This occasionally removes a stone that has been 
overlooked. Repeat the same maneuver in the right 
and left hepatic ducts. It is for retrieval of hepatic 
duct stones that the Fogarty catheter has its greatest 
usefulness. 

Another maneuver that occasionally removes a 
stone is use of a 16F rubber catheter. Cut most of 
the flared proximal end of the catheter off and in
sert this end down the CBD to make contact with 
the stone. Amputate the tip of the catheter and at
tach a syringe to the catheter's distal tip; apply suc
tion while simultaneously withdrawing the catheter. 
The suction sometimes traps the calculus in the end 
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If an impacted stone in the distal CBD cannot be 
removed in a nontraumatic fashion by these various 
maneuvers, do not hesitate to perform a sphinc
teroplasty (see Chapter 71). This choice is safer than 
traumatizing the ampulla. 

Choledochoscopy 

We believe that choledochoscopy is an integral part 
of the CBD exploration. This procedure can detect 
and retrieve stones or detect and biopsy ductal tu
mors, in some cases when all other methods have 
failed. Both rigid and flexible fiberoptic choledo
choscopes are available. The rigid right-angle chole
dochoscope (Storz Endoscopy), which contains a 
Hopkins rod-lens system that is illuminated by a 
fiberoptic channel, gives the best image quality. It is 
simpler to operate and less expensive than the flex-

of the catheter, after which it is easily removed. Fig. 69-3 
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ible fiberoptic endoscopes. Both rigid and flexible 
choledochoscopes must be sterilized by ethylene ox
ide gas, precluding repeated utilization of the same 
scope on the same day. Although flexible instru
ments have a higher initial cost, more expensive up
keep, shorter life-span, much greater susceptibility 
to damage, and somewhat inferior optical proper
ties, they have one important advantage over the 
rigid scopes: The flexible scope can be passed for 
greater distances up along the hepatic radicles for 
extraction of an otherwise inaccessible stone in this 
location. Similarly, the flexible scope can be passed 
right down to the ampulla and in about one-third of 
cases into the duodenum to rule out the presence 
of stones in the distal ampulla. Even if the scope 
does not enter the duodenum, when it is passed 
down to the ampullary orifice and the flow of saline 
enters the quodenum without refluxing back up into 
the CBD it constitutes good evidence that the distal 
duct is free of calculi. The rigid scopes are not gen
erally of sufficient length to accomplish this mission. 
Another area in which the flexible scope is occa
sionally useful is extraction of retained calculi via 
the T-tube track subsequent to CBD exploration. 

Because of their lower cost and greater durabil
ity, the rigid scopes have been adopted more widely 
than have the flexible scopes despite the handicap 
mentioned above. The horizontal arm of the Storz 
choledochos~ope comes in two lengths: 40 and 60 
mm. The vertical limbs of the two models are iden
tical. The cross section of the horizontal limb, which 
must pass into the bile duct is 5 X 3 mm, approxi
mately the diameter of a No. 5 Bakes dilator. If the 
CBD does not admit a No. 5 dilator, choledo
choscopy by this technique is contraindicated. 

Rigid and flexible choledochoscopes operate in a 
liquid medium, which requires that a continuous 
stream of sterile saline under pressure be injected 
into the sidearm of the scope. The saline then flows 
into the bile du<;ts. By crossing the two guy sutures 
over the choledochotomy incision, the CBD can be 
maintained in a state of distension by the flow of 
saline, providing optimal visualization. If the CBD is 
large enough, a metal instrument channel can be at
tached to the choledochoscope. Through this chan
nel can be passed a flexible biopsy punch, a flexi
ble forceps (7F size), a Dormia stone basket, or a 
Fogarty biliary catheter (5F caliber). 

To use the choledochoscope, stand on the left 
side of the patient. Make the choledochotomy inci
sion as far distal in the CBD as pOSSible, and insert 
the choledochoscope toward the hepatic duct (Fig. 
69-4), Initiate the flow of saline, and cross over the 
two guy sutures to reduce the loss of saline from the 
choledochotomy incision. Enclose the 1 liter bag of 

Fig. 69-4 

sterile saline in a pressure pump (Fenwall) and use 
sterile intravenous tubing to connect the bag of 
saline to three-way stopcock. Insert the stopcock 
into the saline channel on the side of the choledo
choscope. 

Pass the horizontal limb of the scope up the com
mon hepatic duct; the bifurcation of the right and left 
ducts is soon seen. Occasionally the first branch of 
the right main duct opens into the bifurcation so it 
resembles a trifurcation. Generally the left duct ap
pears to be somewhat larger and easier to enter than 
the right. By properly directing the scope, it is pos
sible to see into the orifices of many of the secondary 
and tertiary ducts. Withdraw the scope until the bi
furcation is again seen and then pass the instrument 
into the right main duct using the same technique. 



Before passing the scope down into the distal 
CBD, be sure the duodenum has been completely 
Kocherized. By placing slight traction with the left 
hand on the region of the ampulla, the surgeon helps 
elongate and straighten the course of the CBD. This 
step is important because the scope then visualizes 
the duct with clear focus to infmity. What the sur
geon really wants to learn from the choledochoscopy 
is whether there are residual calculi between the 
scope and the ampulla. It requires exact knowledge 
of the appearance of the ampulla, which has been 
described as an inverted cone with a small orifice 
that opens and closes intermittently to permit the 
passage of saline. However, we have found that us
ing these landmarks as the only criterion for identi
fying the ampulla may lead to error. Occasionally, 
this type of error permits a stone in the distal CBD 
to go undetected. Consequently, we believe there are 
only two positive methods for identifying the distal 
termination of the CBD. One is passage of the 60 mm 
choledochoscope through a patulous ampulla (rarely 
possible). When it is possible and if the duodenum 
is inflated with saline, one can see quite clearly the 
duodenal mucosa, which is markedly different from 
the smooth epithelium of the CBD. If the duodenum 
is not filled with saline, the mucosa is not seen. If 
the scope does not pass into the duodenum sponta
neously, make no attempt to pass it forcibly. A sec
ond method for positively identifying the termination 
of the CBD is to pass a Fogarty balloon catheter along
side the choledochoscope into the duodenum. In
flate the balloon and draw back on the catheter. By 
following the catheter with a choledochoscope 
down to the region of the balloon one can be more 
certain that the entire CBD has been visualized and 
that there are no residual calculi. 

Occasionally, the view of the distal CBD is im
peded by what appear to be shreds of fibrin or duc
tal mucosa, which may hang as a partially obscuring 
curtain across the lumen of the duct. Despite some 
of these difficulties while interpreting choledocho
scopic observations, this procedure does indeed de
tect stones that were missed by all other methods. 
In the hands of an experienced observer, choledo
choscopy is probably the most accurate single 
method for detecting CBD stones. Calculi are easily 
identified. It may at first be confusing to fmd that a 
calculus 3 mm in diameter looks as big as a chunk 
of coal through the magnifying lens system. It is im
portant to note that the Storz-type choledochoscope 
achieves a clear focus at distances of about 5 mm to 
infinity, and that any object within 0-5 mm of the 
tip of the scope is not in focus. 

If stones are seen, remove the choledochoscope 
and extract the stones by the usual means. If this is 
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not possible, reinsert the choledochoscope and use 
a flexible alligator forceps, a Fogarty catheter, or the 
Dormia stone basket, all under direct visual con
trol of the choledochoscope. 

If a suspicious mucosal lesion is identified, insert 
a flexible biopsy punch and obtain a sample. Some
times an ampullary or distal bile duct carcinoma is 
diagnosed in this manner. Bile duct cancers can be 
multicentric, and a second lesion may be found in 
the common duct or the hepatic duct. Under direct 
visual control, accurate biopsy is not difficult 
through the choledochoscope. 

Routine CBD exploration and removal of calculi 
is accompanied by a 3% incidence of retained stones. 
Choledochoscopy decreases the incidence of resid
ual stones to 0-2%. Using choledochoscopy rou
tinely during CBD exploration adds no more than 10 
minutes to the procedure and, in our experience, 
occasionally detects a stone that has been missed by 
all other modalities. Because it appears to be devoid 
of dangerous complications, we have adopted 
choledochoscopy as a part of routine CBD explo
ration. We have experienced one complication that 
was pOSSibly related to the saline flush under pres
sure during choledochoscopy, namely, a mild case 
of postoperative pancreatitis. However, we have no 
data to indicate that the incidence of postoperative 
pancreatitis is increased by the use of choledo
choscopy. 

Sphincterotomy for Impacted Stones 
Perform a complete Kocher maneuver down to the 
third part of the duodenum and insert a folded gauze 
pad behind the duodenum and the head of the pan
creas. Pass a stiff catheter or a No.4 Bakes dilator 
into the choledochotomy incision and down to the 
distal CBD. Do not pass it into the duodenum. By 
palpating the tip of the catheter or the Bakes in
strument through the anterior wall of the duode
num, ascertain the location of the ampulla. Make a 
4 cm incision in the lateral wall of the duodenum 
opposite the ampUlla. Insert small Richardson re
tractors to expose the ampulla. Often the impacted 
stone is not in the lumen of the CBD but partially 
buried in the duct wall. This permits the Bakes dila
tor to pass beyond the stone and distend the am
pulla. If this is the case, make a 10 mm incision with 
a scalpel through the anterior wall of the ampulla 
down to the metal instrument at 11 o'clock, a loca
tion far away from the entrance of the pancreatic 
duct. A 10 mm incision allows the dilator to enter 
the duodenum. Remove the Bakes dilator through 
the choledochotomy incision and explore the distal 
CBD through the sphincterotomy incision. Use the 
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smallest size pituitary scoop. Often the stone can be 
easily removed in this fashion. If the papillotomy in
cision must be extended a significant distance to pro
vide adequate exposure, a complete sphinctero
plasty should be undertaken, which is described in 
Chapter 71. If the sphincterotomy is less than 10 
mm in length, it is generally not necessary to suture 
the mucosa of the CBD to that of the duodenum. 
Rather, if there is no bleeding, leave the papillotomy 
undisturbed after the impacted stone has been re
moved. Repair the duodenotomy by the same tech
nique as described following sphincteroplasty (see 
Chapter 71). Then insert the T-tube into the CBD in
cision. 

Checking for Ampullary Stenosis 

Before completing the CBD exploration, the diame
ter ofthe ampulla of Vater may be calibrated by pass
ing a catheter or a Bakes dilator. If a 10F rubber 
catheter passes through the ampulla, no further cal
ibration is necessary. If this device is too soft, try a 
Coude tipped catheter. If the catheters fail to pass, 
insert the left hand behind the region of the ampulla 
and pass a No.3 Bakes dilator gently through the 
ampulla. Failure to pass through the ampulla with 
ease is more often due to pushing the instrument in 

A 

Fig. 69-5 

the wrong direction than to an ampullary stenosis. 
In the absence of malignancy, we have found it rare 
to be unable to pass a catheter or dilator through 
the ampulla using gentle manipulation. If the pre
exploration cystic duct cholangiogram showed dye 
passing through the duodenum, failing to pass a 
3 mm instrument through the ampulla is not by it
self an indication for sphincteroplasty or biliary
intestinal bypass. 

In any case, never use excessive force when pass
ing these instruments. Penetration of the intrapan
creatic portion of the CBD may produce fatal com
plications, especially if the damage is not recognized 
during the operation. 

Insertion of the T -Tube 

Although it is possible in some cases to avoid drain
ing the CBD following stone removal, we believe 
that a T-tube should be inserted routinely to de
compress the CBD and to facilitate cholangiography 
7 -8 days following surgery. Do not use a silicone T
tube, as this substance is nonreactive. Consequently, 
there may be no well organized tract from the CBD 
to the outside, and bile peritonitis may occur when 
the silicone tube is removed. Use a 16F rubber tube 
to facilitate extraction of any residual stones post-



Fig. 69-6 

operatively through the T-tube track. If the duct is 
small, excise half the circumference from the hori
zontallimb of the 16F tube as illustrated in Figures 
69-5a and 69-5h. After inserting the T-tube, close 
the choledochotomy incision with a continuous 4-0 
atraumatic PG or PDS suture (Fig. 69-6), Make this 
closure snug around the T-tube to avoid leakage dur
ing cholangiography and subsequent leakage of bile. 

Completion Cholangiogram 
Eliminate the air in the long limb of the T-tube by 
inserting the long cholangiogram catheter that was 
used for the cystic duct cholangiogram down into 
the vertical limb of the T-tube for its full distance. 
Then gradually inject the contrast medium into this 
limb while simultaneously removing the plastic 
catheter. This maneuver fills the vertical limb with 
contrast material and displaces the air. Then attach 
the T-tube directly to a long plastic connecting tube, 
which in tum is attached to a 30 ml syringe. 

Elevate the left flank about 10 cm above the hor
izontal operating table . Stand behind a lead screen 
covered with sterile sheets and obtain the cholan
giogram by injecting 4 ml of diluted contrast medium 
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for the first radiograph and an equal amount for the 
second and third pictures. Fluoroscopy with a C-arm 
(if available) allows the surgeon to watch the flow 
of contrast and facilitates the procedure. We use a 
mixture of one part Conray and one or two parts 
saline. The larger the duct, the more dilute is the so
lution. 

If the contrast material has not entered the duo
denum, repeat the sequence after giving nitroglyc
erin intravenously. If the contrast material still does 
not enter the duodenum but the radiograph is oth
erwise negative, discontinue the study. Severe 
sphincter spasm often follows ampullary instru
mentation and cannot be overcome during comple
tion cholangiography. 

Drainage and Closure 

Bring the T-tube out through a stab wound near the 
anterior axillary line. Place a closed-suction drain 
through a separate stab wound and bring it down 
near the CBD. Place omentum over the CBD and un
der the incision. Suture the T-tube to the skin, leav
ing enough slack between the CBD and the abdom
inal wall to allow for some abdominal distension. 
Close the abdominal wall in the usual fashion. 

POSTOPERATIVE CARE 

Attach the T-tube to a sterile plastic bag. Permit it 
to drain freely by gravity until cholangiography is 
performed through the T-tube in the radiology de
partment on postoperative day 5. Do not permit con
trast material to be injected into the T-tube under 
pressure, as it may produce pancreatitis or bac
teremia. Injection by gravity flow is preferable. If the 
cholangiogram is negative and shows free flow into 
the duodenum, clamp the T-tube. Unclamp it if the 
patient experiences any abdominal pain, nausea, 
vomiting, shoulder pain, or leakage of bile around 
the T-tube. Remove the T-tube on postoperative 
day 21. 

Following choledocholithotomy, continue antibi
otics for at least 3 days, depending on the results of 
the Gram stain, the bacteriologic studies, and the pa
tient's clinical response. Continue nasogastric suc
tion for 1-3 days. Remove the closed-suction drain 
4-7 days following surgery unless there has been sig
nificant bilious drainage. 

Observe the patient carefully for possible devel
opment of postoperative acute pancreatitis by de
termining the serum amylase levels every 3 days. If 
there is significant elevation, continue nasogastric 
suction and intravenous fluids. Some patients with 
postoperative acute pancreatitis do not have pain or 
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significantly elevated serum amylase, but they do 
have intolerance for food, with frequent vomiting af
ter nasogastric suction has been discontinued. In 
these cases a sonogram or CT scan showing an en
larged pancreas is enough to conftrm the diagnosis. 
In general, do not feed the patient following biliary 
tract surgery if the serum amylase level is signifi
cantly elevated or if there is any other strong suspi
cion of acute pancreatitis, as this complication may 
be serious. 

COMPIJCATIONS 

Bile Leak and Bile Peritonitis 
T-Tube displacement. The T-tube is ftxed at two 
points: (1) the CBD and (2) the point on the skin 
where the T-tube is sutured in position. Enough 
slack must be left in the long limb of the T-tube be
tween the CBD and the skin so an increase in ab
dominal distension does not result in the tube being 
drawn out of the CBD. Occasionally, the T-tube is 
inadvertently partially withdrawn from the CBD 
even before the abdominal incision is closed. When 
bile leaks around the choledochotomy incision, bil
ious drainage from the drain track alongside the T
tube is noted. If this leak occurs during the ftrst few 
days following the operation, upper abdominal pain 
and tenderness may appear, indicating bile peri
tonitis. A localized bile leak is fairly well tolerated in 
the postoperative patient who has adequate 
drainage, whereas when bile spreads diffusely over 
a large part of the abdominal cavity it may produce 
generalized bile peritonitis if the bile is infected. Dif
fuse abdominal tenderness generally demands either 
immediate laparotomy for replacement ofthe T-tube 
or insertion of an ERCP stent into the CBD. 

Ductal injury. When a completion cholan
giogram through the T-tube is obtained in the op
erating room, a major ductal injury is apparent on 
the film, whereas an injury to an accessory duct may 
not be. If the latter manifests by continuous drainage 
of small to moderate amounts of bile along the drain 
tract and the cholangiogram is persistently normal, 
remove the T-tube and insert a small Foley catheter 
into the drain tract. Two weeks after surgery per
form cholangiography through this catheter after the 
balloon has been inflated. The most frequently in
jured anomalous bile duct is that which drains the 
dorsal caudal segment of the right lobe. 

Postoperative Acute Pancreatitis 
Acute pancreatitis following choledocholithotomy 
accounts for about half the postoperative fatalities. 

It is often caused by instrumental trauma to the am
pullary region owing to excessive zeal when dilat
ing the ampulla or when extracting an impacted 
stone. In the latter case, if the impacted stone can
not be removed with ease through the choledo
chotomy incision, approach it via a duodenotomy 
and papillotomy. Treatment of acute pancreatitis 
calls for prolonged nasogastric suction, fluid re
placement, and respiratory support when indicated. 
Antibiotics are probably also indicated. 

Frequent determinations of the serum amylase 
level in patients following choledocholithotomy are 
necessary because some patients with postoperative 
pancreatitis do not complain of an unusual degree 
of pain. Their only symptom may be abdominal dis
tension and vomiting unless shock and hypoxia su
pervene. The mortality rate following postoperative 
acute pancreatitis is reported to be quite high, ap
proaching 30-50%. Total parenteral nutrition is in
dicated because many of these patients require 3-6 
weeks of nasogastric suction before the amylase re
turns to normal, at which time food may be given 
by mouth. Premature feeding in these cases may 
cause a severe, even fatal exacerbation. 

Increasing Jaundice 
After choledocholithotomy in the jaundiced patient, 
it is common for the serum bilirubin concentration 
to increase by 4-6 mg/dl during the first postoper
ative week. This does not mean that the patient nec
essarily has a CBD obstruction. Rather, imposition 
of major surgery and anesthesia on the liver already 
damaged by a period of ductal obstruction tem
porarily aggravates the hepatic dysfunction. By post
operative days 10-12, the bilirubin level has peaked 
and has started on its way down toward normal, un
less there is another cause for the postoperative jaun
dice, possibly a blood clot or an overlooked carci
noma in the main hepatic duct. Obstruction of the 
distal CBD by a retained stone does not produce 
postoperative jaundice if the T-tube is functioning 
properly. Obtain a routine cholangiogram through 
the T-tube by postoperative day 7. It can clarify the 
cause of the persistent jaundice. 

Hemorrhage 

Intraabdominal hemorrhage. Intraabdominal hem
orrhage often manifests as red blood coming 
through the drainage track. If it is not accompanied 
by systemic symptoms or abdominal signs, one may 
suspect that the bleeding arises from a blood vessel 
in the skin or the abdominal wound. Bleeding of suf
ficient magnitude to require one or more blood 
transfusions invariably originates from the operative 



area. The cause may be a defective ligature on the 
cystic artery or oozing from the liver or some in
traabdominal blood vessel. These patients require 
prompt reexploration through the same incision, 
complete evacuation of the blood clots, and identi
fication of the bleeding point. 

Hemobilia. Bleeding through the T-tube indicates 
hemobilia. It may arise from intrahepatic trauma dur
ing attempts to extract an intrahepatic calculus. 
Generally, expectant therapy is sufficient in any vi
tamin K deficiency has been corrected preopera
tively. In case of persistent hemobilia, perform he
patic arteriography, as iatrogenic trauma to a specific 
branch of the hepatic artery during the hepatic duct 
exploration may be the source of bleeding. This is 
a rare complication, with a reported incidence of 
less than .1 %. Treatment consists of transcatheter 
embolization in the angiography suite. If open ex
ploration is required, a T-tube cholangiogram plus 
the hepatic arteriogram may help the surgeon iden
tify the appropriate vessel to ligate. 

Residual CBD Stone 

Early postoperative treatment. Most often a resid
ual CBD stone is detected when postoperative T
tube cholangiography is performed. When this study 
is read as positive for calculi by the radiologist, care
fully review the ftlms. Request a repeat study to rule 
out the possibility that the shadow is due to an air 
bubble. Shadows that are odd in shape may not be 
calculi but may be due to residual blood clot or de
bris. There is no need for early operative interven
tion aimed at removing a residual CBD stone so long 
as the T-tube is draining well. This is true because 
the nonoperative methods of extracting calculi are 
extremely effective and have a low complication 
rate. Also, some of the radiographic shadows, inter
preted as calculi, may indeed be artifacts that dis
appear without treatment. 

If the radiographic evidence is convincing and a 
stone less than 1 cm in diameter is seen in the lower 
portion of the CBD, a saline flush with or without 
heparin solution may be indicated if tolerated by the 
patient. This should not be performed before the 
12th postoperative day. Infuse 1000 ml of normal 
saline with 5000 units of heparin through the T-tube 
over a 24-hour period, provided it does not produce 
excessive pain. If the calculus completely blocks the 
distal CBD, this technique is contraindicated. Repeat 
this therapy every day for 4-5 days if tolerated. Then 
repeat the cholangiogram. If the radiographic ap
pearance of the stone shows a reduction in size, re
peat the series of saline flushes the following week. 
Otherwise, send the patient home with the T-tube 

Complications 609 

in place. If the stone is not obstructing and the pa
tient tolerates clamping of the T-tube, keep the tube 
clamped. Prescribe a choleretic such as Decholin to 
dilute the bile. Otherwise, have the patient inject 
30-60 ml of sterile saline into the T-tube daily. Ask 
the patient to return to the hospital about 6 weeks 
following operation. 

Subsequent postoperative treatment. When the 
patient returns for examination 6 weeks after the op
eration, repeat the T-tube cholangiography to con
fum the persistence of the residual stone because in 
a number of cases the calculus spontaneously passes 
into the duodenum. The simplest, safest method for 
extracting residual calculi is that described by 
Burhenne. With this method it is necessary that the 
long arm of the T-tube be at least the size of a 14-16F 
catheter. After cholangiography is completed and 
confums the presence of stones, remove the T-tube 
and insert a flexible catheter that can be manipu
lated, such as the one available from Medi-Tech. 
With a continuous flow of contrast medium through 
the catheter, insert the device down the T-tube track 
until the CBD has been entered. Then, directing the 
tip of the catheter toward the calculus, insert a 
Dormia stone basket device through the Medi-Tech 
catheter. Under fluoroscopic control, trap the stone 
in the stone basket and withdraw the basket, the 
stone, and the catheter through the T-tube track. 
Experienced radiologists such as Burhenne have re
ported a success rate better than 90% with this tech
nique. If the stone is quite large, it may not fit into 
the T-tube track. Large stones are not commonly left 
behind by competent surgeons, so almost all resid
ual stones can be removed by this technique. It is 
even possible to cannulate the right and the left he
patic ducts to remove stones. Another method for 
accomplishing the same end is to pass a flexible 
fiberoptic choledochoscope into the CBD via the T
tube track. 

If these methods have failed, endoscopic papillo
tomy by ERCP should be tried if an expert is avail
able. Experience endoscopists have reported per
forming ERCP-papillotomy and extraction of 
retained stones with 1-2% mortality. If expertise 
with this technique is not available, a stone block
ing the flow of bile to the CBD requires relaparo
tomy and choledochotomy for removal. A CBD stone 
that is not symptomatic when the T-tube is clamped 
presents a more difficult problem. Some surgeons 
elect to remove the T-tube, continue to observe the 
patient, and reserve reoperation for patients who 
later become symptomatic. Alternatively, it may well 
be argued that it is safer to perform an elective op
eration to remove the stone than an urgent proce
dure in the presence of cholangitis. In most cases 
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elective choledocholithotomy is indicated (see 
Chapter 70). 
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70 Secondary 
Choledocholithotomy 

SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Retained or recurrent common bile duct (CBD) 
stones subsequent to previous cholecystectomy that 
cannot be removed by endoscopic retrograde 
cholangiopancreatography (ERCP) 

See Chapter 69 

PREOPERATIVE PREPARATION 

Generally, ultrasonography has demonstrated ductal 
dilatation and may show CBD stones. 

Most retained stones are currently extracted endo
scopically. It is only the failed cases that come to 
surgery. If ERCP was performed, these ftlms can help 
guide the surgical approach. 

Computed tomography (Cn of the abdomen is of
ten performed to exclude other causes of jaundice, 
such as pancreatic cancer. 

Obtain a copy of the operative report and any 
cholangiograms, as for any reoperative surgery. 

Give vitamin K if necessary to restore the pro
thrombin time to normal. 

Perform routine measures to prepare a patient for 
major surgery. 

Perioperative antibiotics are indicated. 

PITFAllS AND DANGER POINTS 

Trauma to adherent duodenum, colon, or liver 

Trauma to CBD hepatic artery or the portal vein 

OPERATIVE STRATEGY 

If the patient's first operation was not followed by 
any significant collection of bile, blood, or pus in 
the right upper quadrant, secondary choledo-

cholithotomy is not generally a difficult dissection. 
On the other hand, occasionally the right upper 
quadrant is obliterated by dense adhesions requiring 
a carefully planned sequential dissection. First, dis
sect the peritoneum of the anterior abdominal wall 
completely free from underlying adhesions. Carry 
this dissection to the right as far as the posterior ax
illary line, which exposes the lateral portion of the 
right lobe of the liver and the hepatic flexure of the 
colon. 

The strategy now is to free the inferior surface 
of the liver from adherent colon and duodenum. Ap
proach this from the lateral edge of the liver and 
proceed medially. After 3-6 cm of the undersurface 
of the lateral portion of the liver has been exposed, 
start to dissect the omentum and colon away form 
the anterior border of the undersurface of the liver. 
The dissection now goes from lateral to medial and 
from anterior to posterior. If this dissection be
comes difficult and there is a risk of perforating the 
duodenum or colon, enter the right paracolic gut
ter and incise the paracolic peritoneum at the he
patic flexure. Placing the left hand behind the colon 
gives the surgeon entry into a virgin portion of the 
abdomen, which aids in freeing the colon from the 
liver. The maneuver uncovers the descending por
tion of duodenum, also in virgin territory. Perform 
a Kocher maneuver and bring the left hand behind 
the duodenum, which helps guide the dissection to
ward the CBD. If the foramen of Winslow is acces
sible at this point, inserting the finger into this fora
men permits palpation of the hepatic artery with 
the thumb against the forefinger. The CBD can be 
found to the right of the pulsation of the hepatic 
artery. 

Now, resume the lateral to medial and anterior to 
posterior dissection until the undersurface of the 
liver has been cleared down to the CBD and the he
patic artery. It is not necessary to free the under
surface of the liver for a large area medial to the CBD 
for adequate exposure. 
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OPERATIVE TECHNIQUE 

Incision 

Use a subcostal incision (see Chapter 66) if the pre
vious operation was performed laparoscopically. If 
the patient has had a previous open subcostal inci
sion, we prefer a long vertical midline incision. If 
the patient has previously been operated on through 
a vertical incision, a long subcostal incision, about 
two fingerbreadths below the costal margin, is pre
ferred. Placing the incision at a site away from the 
previous operative field makes it easier for the sur
geon to enter the abdominal cavity expeditiously. 
Once the peritoneum and falciform ligament have 
been identified, free the abdominal wall from all un
derlying adhesions over the entire right side of the 
upper abdomen. 

Freeing Subhepatic Adhesions 

In the usual case, initiate the dissection on the right 
lateral edge of the liver, clearing its undersurface 
from right to left. If this dissection goes easily, it may 
be a simple matter to use Metzenbaum scissors to 
divide filmy adhesions by the techniques described 
in Chapter 38. When it is difficult to differentiate 
colon or duodenum from scar tissue, identify the as
cending colon in the right gutter. Incise the para
colic peritoneum and slide the left hand behind the 
ascending colon. Liberate the hepatic flexure up to 
the undersurface of the liver, and then free the colon 
from the liver. 

If similar difficulties are encountered when iden
tifying or dissecting the duodenum, perform a 

Kocher maneuver and slide the left hand behind the 
duodenum, dissecting this organ away from the re
nal fascia, vena cava, and aorta. Now start dissecting 
the omentum, colon, and duodenum from the un
dersurface of the liver, going from anterior to pos
terior until the hepatoduodenal ligament has been 
reached. Confirm the identity of the hepatoduode
nal ligament by inserting the left index finger into 
the foramen of Winslow and palpating the hepatic 
artery, which should be just to the left of the CBD. 
Confirm the position of the CBD, if necessary, by as
pirating bile with a 25-gauge needle and syringe. 

Exploring the CBD 

After the CBD has been identified, a cholangiogram 
may be obtained by inserting a 21-gauge scalp vein 
needle into the duct and starting cholangiography. 
The technique for CBD exploration is no different 
from that described in Chapter 69. Choledo
choscopy and postexploratory cholangiography 
should be included in the operative procedure. 

Draining the CBD 

Insert a 16F T-tube trimmed as in Figure 69-5, and 
close the choledochotomy with 5-0 Vicryl sutures, 
continuous or interrupted. The indications for 
sphincteroplasty or biliary-intestinal bypass are dis
cussed in Chapter 71. That the common duct is 
thick-walled or dilated does not itself constitute an 
indication for additional surgery other than chole
docholithotomy. The abdomen is drained and closed 
as in Chapter 69. Postoperative care and complica
tions are similar to those discussed in Chapter 69. 



71 Sphincteroplasty 
SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Failed previous surgery for common bile duct (CBD) 
stasis with sludge, primary, or recurrent stones 

Doubt that all CBD stones have been removed; he
patic duct stones that cannot be removed 

Ampullary or pancreatic duct orifice stenosis with 
recurrent pain or pancreatitis (rare) 

PREOPERATIVE PREPARATION 

Perioperative antibiotics 

Vitamin K in the jaundiced patient 

Endoscopic retrograde cholangiopancreatography 
(ERCP) to identify CBD calculi or ampullary steno
sis and to visualize the pancreatic duct 

PITFALLS AND DANGER POINTS 

Trauma to the pancreatic duct or pancreas resulting 
in postoperative pancreatitis 

Postoperative duodenal fistula secondary to a leak 
from sphincteroplasy or duodenotomy suture line 

Postoperative hemorrhage 

OPERATIVE STRATEGY 

Protecting the Pancreatic Duct 

Make the incision in the ampulla on its superior wall 
at about 10 or 11 o'clock. After making the initial in
cision about 5-6 nun in length, locate the orifice of 
the pancreatic duct. In 80% of cases it can be identi
fied at about 5 o'clock where it enters the ampulla just 
proximal to the ampulla's termination. Wearing tele
scopic lenses with a magnification of about 2.5 X for 
this operation helps a great deal. If the orifice of the 
pancreatic duct cannot be identified, inject secretin to 
stimulate flow of the watery pancreatic secretion and 
facilitate identification of the ductal orifice. Insert a 
lacrimal probe or a No.2 Bakes dilator into the orifice 

to confirm that it is indeed the pancreatic duct. Some 
surgeons prefer to insert a 6F or 8F pediatric feeding 
tube into the duct to protect it while suturing the 
sphincteroplasty. We agree with Jones that keeping a 
tube in the duct is not necessary if one keeps the duc
tal orifice in view during the suturing process. 

When the indication for sphincteroplasty is am
pullary stenosis, abdominal pain, or recurrent pan
creatitis, it is essential to add a "ductoplasty" of the 
pancreatic ductal orifice by incising the septum that 
forms the common wall between the distal pancre
atic duct and the ampulla of Vater. After the pan
creatic duct's orifice has been enlarged, it should 
freely admit a No.3 Bakes dilator. 

Preventing Hemorrhage 

The long sphincterotomy incision used for sphinc
teroplasty cuts across the anterior wall of the distal 
CBD and the back wall of the duodenum for a dis
tance of 1.5-2.0 cm. This "blind" incision may lac
erate an anomalous retroduodenal or an anomalous 
right hepatic artery arising from the superior mesen
teric artery and crossing in this region. It is impor
tant to palpate the area behind the ampulla to de
tect pulsation of an anomalous artery. If such a 
vessel is behind the ampulla, sphincteroplasty by the 
usual technique may be contraindicated. We are 
aware, by anecdote, of two patients who died sub
sequent to a classic sphincteroplasty by the Jones 
technique owing to massive postoperative hemor
rhage despite reexploration. In one case, autopsy 
demonstrated laceration of an anomalous right he
patic artery. The laceration had apparently been tem
porarily controlled by the 5-0 interrupted silk sutures 
that had been used to fashion the sphincteroplasty. 

Using Jones's technique, initially small straight he
mostats grasp 3-4 mm of tissue on either side of the 
contemplated ampullary incision. The tissue be
tween the hemostats is then divided. Next, a 5-0 silk 
suture is inserted behind each of the two hemostats, 
and two additional hemostats are inserted. The 
sphincterotomy incision is lengthened, and silk su
tures again are placed behind each hemostat. In this 
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way it is possible to divide a large anomalous vessel 
partially and achieve temporary control, first by the 
hemostat and then by the 5-0 silk suture. During the 
postoperative period the artery may escape from the 
5-0 stitch, and serious hemorrhage may follow. Al
though hemorrhage is a rare complication, it appears 
prudent to omit this prior application of hemostats. 
By first making a 3- to 4-mm incision with Potts scis
sors, one should become immediately aware of any 
laceration of a major vessel at a time when proper 
reparative measures can be effectively undertaken. 
Otherwise, inflammation that occurs 5-6 days after 
the operation may make accurate identification of 
the anatomy difficult during any relaparotomy for 
hemorrhage. For this reason, we recommend mak
ing the incision first for a short distance, next in
serting sutures, then lengthening the incision and in
serting additional sutures sequentially until the 
proper size sphincteroplasty has been achieved. 

Avoiding Duodenal Fistula 

Leakage from the duodenum can occur from the 
apex of the sphincteroplasty because at this point 
the CBD and duodenum no longer share a wall. Here 
accurate suturing is necessary to reapproximate the 
incised CBD to the back wall of the duodenum. 

A second potential source of leakage is the suture 
line closing the duodenotomy. A longitudinal duo
denotomy is preferred because it may be extended 
in either direction if the situation requires more ex
posure. Close this longitudinal incision in the same 
direction in which the incision was originally made. 
Otherwise, distortion of the duodenum takes place, 
and linear tension on the suture line may impair suc
cessful healing. Precise insertion of sutures, one 
layer in the mucosa and another in the seromuscu
lar layer, can be accomplished without narrowing 
the duodenum. Leaks from incisions in the second 
portion of the duodenum cause serious if not lethal 
consequences; therefore take special care when re
suturing the duodenotomy incision. 

OPERATIVE TECHNIQUE 

Incision and Exploration 

Make a long right subcostal or midline incision, free 
any adhesions, anti perform a routine abdominal ex
ploration. If satisfactory preoperative ERCP has not 
been accomplished, perform cholangiography. 

Kocher Maneuver 
Perform a complete Kocher maneuver and gently el-

anterior abdominal wall, facilitating exposure of the 
ampulla (see Figs. 78-2, 78-3). Place the left hand 
behind the head of the pancreas and elevate it fro 
the flimsy attachments to the vena cava and poste
rior abdominal wall. Place a gauze pack behind the 
pancreatic head. 

CBD Exploration 

Make an incision in the anterior wall of the CBD as 
close to the duodenum as possible because, if for 
some reason sphincteroplasty is not feasible, it may 
prove desirable to perform a choledochoduodenos
tomy. For the latter operation, an incision in the dis
tal portion of the CBD allows the surgeon to make 
an anastomosis to the duodenum under less tension 
than an incision made at a higher level. If CBD ex
ploration for calculi is indicated, follow the proce
dure described in Chapter 69. Then pass a No.4 
Bakes dilator into the CBD down to, but not through, 
the ampulla of Vater. Palpating the tip of the dilator 
through the anterior duodenal wall facilitates place
ment of the duodenal incision accurately with ref
erence to the location of the ampulla. 

evate the duodenum up almost to the level of the Fig. 71-1 



Fig. 71-2 

Duodenotomy and Sphincterotomy 
Make a 4 cm scalpel incision along the antimesen
teric border of the duodenum (Fig. 71-1). Center 
this incision at the estimated location of the am
pulla, as judged by palpating the tip of the Bakes 
dilator (Fig. 71-2). Control bleeding points by 
careful electrocoagulation and an occasional 5-0 PG 
suture. Achieve exposure of the ampulla by insert
ing appropriately sized Richardson retractors at the 
proximal and distal extremities of the duodenal in
cision. 

Make a 5 mm incision at 10 or 11 o'clock along 
the anterior wall of the ampulla using a scalpel 
blade against the large Bakes dilator impacted in 
the ampulla or Potts scissors with one blade inside 
the ampulla (Fig. 71-3). Insert one or two 5-0 
Vicryl sutures on each side of the partially incised 
ampulla (Fig. 71-4). Place small hemostats on the 
tails of the tied sutures and use them to apply gen
tle traction. 

Identify the orifice of the pancreatic duct, which 
enters the back wall of the ampulla at about 5 
0' clock near its termination. If the exposure of this 
portion of the ampulla is inadequate, extend the 
sphincterotomy by another 3-4 mm and insert an 
additional suture on each side. If the ductal orifice 
still has not been located, inject secretin (1 unit/kg 
body weight) intravenously to stimulate the flow 
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Fig. 71-3 

of pancreatic juice into the duodenum. Verify the 
location of the ductal orifice by inserting either a 
lacrimal probe or a No.2 Bakes dilator. Then make 
a mental note to avoid traumatizing this area by in
accurate dissecting or suturing. Continue the se
quence of incising the ampulla for about 3 mm at 
a time and inserting interrupted sutures (Fig. 

Orifice of Wir ung' duct 

Fig. 71-4 



616 Sphincteroplasty: Surgical Legacy Technique 

Fig. 71-5 

71-5). To incise the entire sphincter of Oddi, the 
sphincterotomy must be almost 2 cm in length. Ad
ditionally, if residual calculi are possible and the 
CBD is large, the length of the sphincterotomy in
cision should at least equal the diameter of the 
CBD. Biopsy any area suspicious for cancer and ob
tain a frozen section evaluation. 

It is important to insert a figure-<:lf.eight suture at 
the apex of the sphincterotomy to minimize the pos
sibility of leakage. Carefully inspect the sutures at the 

Od Ii sphinclcl'Opla l 

conclusion of this step. They should be close together, 
and bleeding should be completely controlled. 

When the indication for sphincteroplasty is re
current pancreatitis or recurrent abdominal pain, 
pancreatography is a vital part of the operation un
less this step has been done preoperatively by means 
of ERCP. Insert a suitable plastic tube such as an an
giocath or a ureteral or small whistle-tip rubber 
catheter into the pancreatic duct. Use only 2-3 ml 
of diluted Conray or Hypaque and make the injec-



tion without pressure. Most patients with chronic 
recurrent pancreatitis have multiple areas of nar
rowing and dilatation of the pancreatic duct, mak
ing sphincteroplasty a useless therapeutic proce
dure. If the pancreatic duct is dilated and the ductal 
orifice is narrowed so it does not admit a No.3 Bakes 
dilator, enlarging this orifice by ductoplasty may 
prove beneficial, although this combination of con
ditions occurs only rarely. 

Ductoplasty for Stenosis of 
the Pancreatic Duct Orifice 

Magnify the orifice of the pancreatic duct by wear
ing telescopic lenses. Insert Potts scissors into the 
pancreatic duct orifice and incise the septum, which 
constitutes the common wall between the anterior 
surface of the pancreatic duct and the posterior wall 
of the ampUlla. Sometimes the orifice is too narrow 
to admit the blade of the Potts scissors. In that case, 
insert a metal probe into the ductal orifice and cut 
the anterior wall of the duct by incising for 3-4 mm 
using a scalpel against the metal of the probe. Then 
complete the incision with Potts scissors. Generally, 
an 8- to 10-mm incision permits easy passage of a 
No. 3 Bakes dilator into the pancreatic duct. 

Insert several 3-0 PG sutures to maintain the ap
proximation of the pancreatic duct to the mucosa 
ofthe ampulla (Fig. 71-5). We do not insert any type 
of stent through the pancreatic ductoplasty. 

Closing the Duodenotomy 

Close the duodenal incision longitudinally in two lay
ers by the usual method of inverting the mucosa with 
a continuous Connell, Cushing, or seromucosal su
ture. Close the seromuscular layer by carefully in
serting interrupted 4-0 silk Lembert sutures. 

When the diameter of the duodenum appears nar
rower than usual, include only the protruding mu
cosa in the first layer; make no attempt to invert the 
serosa with this suture line. For the second layer, in
sert interrupted Lembert sutures that take small, ac
curate bites ofthe seromuscular coat, including sub
mucosa. If this is done with precision, closing the 
longitudinal incision does not narrow the duode
num. Cover the duodenotomy with omentum. 

Cholecystectomy 

If the gallbladder has not been removed at a previ
ous operation, a sphincteroplasty produces in
creased stasis of gallbladder bile, which may lead to 
stone formation. Consequently, perform a cholecys
tectomy. 
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Abdominal Closure and Drainage 

After irrigating the operative site and the incision 
with a dilute antibiotic solution, drain the area of the 
sphincteroplasty with a closed-suction plastic 
catheter (4-5 mm diameter) brought out through a 
puncture wound in the upper abdomen. Be careful 
to avoid contact between the catheter and the duo
denal suture lines. Suture the tip of the catheter in 
the proper location with fine catgut. 

Place an indwelling 14F T-tube into the CBD for 
drainage and close the CBD around the T-tube using 
a 5-0 PG suture. Then close the abdominal wall in 
the usual fashion. 

POSTOPERATIVE CARE 

Continue nasogastric suction for a few days or until 
evidence of peristalsis is present with the passage of 
flatus. 

Monitor the serum amylase level every 2 days. 

Continue perioperative antibiotics for 24 hours. If 
the bile is infected, continue the antibiotics for 7 
days. 

Perform cholangiography on the 7th postoperative 
day and remove the T-tube on the 14th postopera
tive day if the radiograph shows satisfactory flow 
into the duodenum without leakage. 

Remove the closed-suction drain by the 7th postop
erative day unless there is bilious or duodenal 
drainage. 

COMPLICATIONS 

Duodenal fistula. A suspected duodenal fistula can 
often be confirmed by giving the patient methylene 
blue dye by mouth and looking for the blue dye in 
the closed-suction catheter or by performing T-tube 
cholangiography. For minor duodenal fistulas where 
there is neither significant systemic toxicity nor ab
dominal tenderness, it is possible that a small leak 
will heal when managed by continuing the closed
suction drainage supplemented by systemic antibi
otics and intravenous alimentation. 

A major leak from the duodenum is a life
threatening complication. If systemic toxicity is not 
controlled by conservative management, relaparo
tomy is indicated. Resuturing the duodenum gener
ally fails because of the local inflammation. In this sit
uation, insert a sump-suction catheter into the 
duodenal fistula. Isolate the fistula by performing a 
Billroth II gastrectomy with vagotomy. Divert the bile 
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from the duodenum by dividing the CBD and anasto
mosing the proximal cut end of the duct to a Roux-en
Y segment of jejunum so bile drains into the efferent 
limb of the jejunum distal to the gastrojejunostomy. 

REFERENCES 

Eckhauser FE, Knol ]A, Raper SE, Mulholland M. A sim
plified and reliable method for transduodenal sphinc
teroplasty. Surg Rounds 1991;595. 

Jones SA. The prevention and treatment of recurrent bile 

duct stones by transduodenal sphincteroplasty. World 
] Surg 1978;2:473. 

Moody FG. Surgical applications of sphincteroplasty and 
choledochoduodenostomy. Surg Clin North Am 1981; 
61:909. 

Moody FG, Vecchio R, Calaguig R, Runkel N. Transduo
denal sphincteroplasty with transampullary septec
tomy for stenosing papillitis. Am] Surg 1991;161:213. 

Nussbaum MS, Warner BW, Sax HC, Fischer ]E. Trans
duodenal sphincteroplasty and transampullary septo
tomy for primary sphincter of Oddi dysfunction. Am] 
Surg 1989;157:38. 



72 Choledochoduodenostomy 
SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Common bile duct (CBD) stasis with sludge or pri
mary or recurrent stones (only if the bile duct is 
more than 1.5 cm in diameter) 

Doubt that all CBD stones have been removed (only 
if CBD is >1.5 cm in diameter) 

Constriction of distal CBD because of chronic pan
creatitis (see Chapter 70) 

CONTRAINDICATIONS 

CBD diameter < 1.5 cm 

Acute inflammation or excessive fibrosis in duode
nal wall 

Carcinoma of the pancreatic head (Hepaticojejunos
tomy Roux-en-Y is our preferred bypass procedure for 
pancreatic carcinoma obstructing the CBD. It is a safer 
operation, and the anastomosis is not obstructed by 
the advancing growth of the malignancy.) 

PREOPERATIVE PREPARATION 

Perioperative antibiotics 

Vitamin K in jaundiced patients 

Nasogastric tube 

PITFALLS AND DANGER POINTS 

Anastomotic stoma too small, resulting in postoper
ative recurrent cholangitis 

Diameter of CBD too small 

Anastomotic leak, duodenal fistula 

Postoperative "sump" syndrome 

OPERATIVE STRATEGY 

Size of Anastomotic Stoma 

As the anastomotic stoma after choledochoduo
denostomy permits passage of food from the duode
num into the CBD, it is important that the anasto
mosis be large enough to permit the food to pass back 

freely into the duodenum. Otherwise, food particles 
partially obstruct the anastomotic stoma and produce 
recurrent cholangitis. If the surgeon constructs an 
anastomosis with a stoma 2.5 cm or more in diame
ter, postoperative cholangitis is rare. The size of the 
stoma may be estimated postoperatively by an upper 
gastrointestinal barium radiographic study. 

Obviously, if the diameter of the CBD is small, a 
large anastomotic stoma is difficult to achieve. Trans
duodenal sphincteroplasty (see Chapter 71) is a bet
ter option for the patient with a small CBD. 

Location of the Anastomosis 

There are several alternative locations for incisions in 
the CBD and duodenum. If postoperative anastomotic 
leakage is to be prevented, it is vitally important that 
these incisions be made in tissues of satisfactory qual
ity and that there be no tension on the anastomosis. 

A problem occurs when the surgeon has made one 
incision in the CBD in the vicinity of the cystic duct 
for the CBD exploration and a second (duodenal) in
cision opposite the ampulla for an impacted ampullary 
calculus. Under these conditions, even with an ex
tensive Kocher maneuver, it may not be possible to 
approximate these two incisions by suturing because 
there is too much tension on the anastomosis. In this 
situation a Roux-en-Y choledochojejunostomy or a 
sphincteroplasty is preferable. When the possibility of 
a choledochoduodenostomy is anticipated prior to the 
CBD exploration, make the incision in the CBD near 
the point where it enters the sulcus between the pan
creas and the duodenum. This facilitates constructing 
the anastomosis described in this chapter. 

When the incision in the CBD has been made in a 
more proximal location, test the mobility of the duo
denum after performing a Kocher maneuver. If the 
duodenum is easily elevated to the region of the CBD 
incision, a choledochoduodenostomy by the method 
illustrated in Figures 72-6 and 72-7 is acceptable. 
There must be no tension on the anastomosis. 

Preventing the Sump Syndrome 

Sporadic reports have appeared describing the ac
cumulation of food debris or calculi in the terminal 
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portion of the CBO following choledochoduo
denostomy. Such an accumulation produces inter
mittent cholangitis and has been called the "sump 
syndrome." Several techniques have been advocated 
to prevent it. All are more complex than the tech
nique described here. 

In the simplest variation, the CBO is divided and 
the distal portion oversewn. The proximal portion 
is anastomosed to the duodenum to create an end
to-side, rather than a side-to-side, choledochoduo
denostomy. Alternatively, the proximal CBO may be 
anastomosed to a Roux-en-Y limb of jejunum. This 
construction completely prevents food from enter
ing the CBO and provides the lowest incidence of 
sump syndrome. 

OPERATIVE TECHNIQUE 

Incision 

A right subcostal or a midline incision from the 
xiphoid to a point 5 cm below the umbilicus is suit
able for this operation. Oivide any adhesions and ex
plore the abdomen. Perform a complete Kocher 
maneuver. If the diameter of the CBO is less than 
1.5 cm, do not perform a choledochoduodenostomy. 

Choledochoduodenal Anastomosis 

Free the peritoneum over the distal CBO. Make an 
incision on the anterior wall of the CBO for a dis
tance of at least 2.5 cm. This incision should termi
nate close to the point where the duodenum crosses 
the distal CBO. Make another incision of equal size 
along the long axis of the duodenum at a point close 
to the CBO (Fig. 72-1). Insert the index finger into 
the duodenum and palpate the ampulla of Vater to 
be certain a carcinoma of the ampulla has not been 
overlooked. 

Place guy sutures at the midpoints of the lateral 
and medial margins of the CBO incision. Apply trac
tion to these guy sutures in opposite directions to 
open up the choledochotomy incision (Fig. 72-2). 
One layer of interrupted 4-0 Vicryl sutures is used for 
this anastomosis. Insert the ftrst stitch of the poste
rior layer approximating the midpoint of the duode
nal incision to the distal margin of the choledo
chotomy. Tie the stitch with the knot inside the 
lumen. Insert additional stitches that go through the 
full thickness of the duodenum and the CBO (Fig. 
72-3) until the entire posterior layer has been com
pleted. Cut all of the sutures except the most lateral 
and most medial stitches. Approximate the proximal 
margin of the choledochotomy with the same suture 

Fig. 72-1 

of the duodenum (Fig. 72-4). Continue to insert in
terrupted through-and-through sutures until the an
terior layer has been completed (Fig. 72-5). This 
anastomosis should be completed without tension. 

Alternative Method of Anastomosis 

In some cases the surgeon elects to perform a 
choledochoduodenal anastomosis after making a 

material to the midpOint of the anterior layer of the 
duodenum and tie this stitch so it inverts the mucosa Fig. 72-2 



Fig. 72-3 

choledochotomy incision in a location too far 
proximal on the CBD to accomplish the anasto
mosis by the above technique. In this case, enlarge 
the choledochotomy so it measures at least 2.5 cm 
in length. 

Next, perform a thorough Kocher maneuver to 
increase the mobility of the duodenum. Then move 
the duodenum toward the choledochotomy incision 
and determine which portion of the duodenum is 
most suitable for a side-to-side anastomosis without 

Fig. 72-4 
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Fig. 72-5 

tension. If tension cannot be avoided, perform a 
Roux-en-Yanastomosis. 

Make an incision in the duodenum parallel to the 
choledochotomy and approximately equal in length 
(Fig. 72-6). Approximate the posterior layer with 

Fig. 72-6 
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Fig. 72-7 

interrupted sutures and tie them (Fig. 72-7), with 
the knots inside the lumen. Leave the tails of the 
most cephalad and most distal sutures long, but cut 
all other sutures. Bisect the anterior layer of the anas
tomosis and insert a 4-0 PG Lembert suture to ap
proximate the midpoint of the CBD incision to the 
midpoint of the duodenal incision. Tie this suture so 
the duodenal mucosa is inverted. Insert additional 
sutures of the same type to complete the approxi
mation. The knots are on the outside surface of the 
anastomosis for the anterior layer. Because the CBD 
is quite large in these cases and the duodenal wall 
is free of pathology, no T-tube or other stent is nec
essary. 

Drainage and Closure 
As bile has an extremely low surface tension, there 
is a tendency for a small amount of this substance 
to leak out along the suture holes during the ftrst 
day or two following a biliary tract anastomosis. For 
this reason, insert a closed-suction drainage catheter 
through a puncture wound in the right upper quad
rant and bring the catheter to the general vicinity of 
the anastomosis. 

POSTOPERATIVE CARE 

Continue nasogastric suction if necessary. 

Leave the closed-suction drain in place for 5-7 days. 

COMPilCATIONS 

Duodenal ftstula (see Chapter 71) 

Subhepatic abscess 

Late development of cholangitis owing to the anas
tomotic stoma being too small 

Late development of "sump" syndrome 

REFERENCES 

Akiyama H, Ikezawa H, Kamcya S, et al. Unexpected prob
lems of external choledochoduodenostomy: fiberscopic 
examination in 15 patients. Am] Surg 1980;140:660. 

Bismuth H, Franco D, Corlette MB, et al. Long term results 
of Roux-en-Y hepaticojejunostomy. Surg Gynecol Ob
stet 1978;146:161. 

Degenshein GA. Choledochoduodenostomy: an 18 year 
study of 175 consecutive cases. Surgery 1974;76:319. 

Escudero-Fabre A, Escallon A ]r, Sack], et al. Choledo
choduodenostomy: analysis of 71 cases followed for 5 
to 15 years. Ann Surg 1991;213:635. 

Kraus MA, Wilson SD. Choledochoduodenostomy: impor
tance of common duct size and occurrence of cholan
gitis. Arch Surg 1980;115:1212. 

McSherry CK, Fischer MG. Common bile duct stones and 
biliary-intestinal anastomoses. Surg Gynecol Obstet 
1981;153:669. 

Schein C], Gliedman ML. Choledochoduodenostomy as an 
adjunct to choledocholithotomy. Surg Gynecol Obstet 
1981;152:797. 

Tanaka M, Ikeda S, Yoshimoto H. Endoscopic sphincter
otomy for the treatment of biliary sump syndrome. 
Surgery 1983;93:264. 

White TT. Indications for sphincteroplasty as opposed to 
choledochoduodenostomy. Am] Surg 1973;126:165. 



73 Roux-en-Y Biliary-Enteric 
Bypass 

INDICATIONS 

Biliary reconstruction after major ductal injury. 

Common bile duct obstruction due to nonresectable 
tumor, chronic pancreatitis, or surgical trauma 

PREOPERATIVE PREPARATION 

Perioperative antibiotics 

Vitamin K in jaundiced patients 

PITFALlS AND DANGER POINTS 

Devascularizing the jejunal segment by inaccurate di
vision of the mesentery 

OPERATIVE STRATEGY 

Choice of Bypass 

An isoperistaltic Roux-en-Y segment of jejunum pro
vides a safe way to drain the extrahepatic biliary 
tract. There are several ways to construct the anas
tomosis to the bile duct. Side-to-end or side-to-side 
choledochojejunostomy is equivalent and has the ad
vantage of simplicity. Circumferential dissection of 
the common bile duct (CBD) is not required, and an 
anastomosis is rapidly constructed between the side 
of the CBD and the Roux limb of jejunum. Either the 
end of the Roux limb (as shown in Figs. 73-3 
through 73-5) or the side may be used. Because the 
mesentery of the jejunum tethers the Roux loop, the 
loop tends to curl in such a manner that the anti
mesenteric border lies comfortably in apposition to 
the CBD. This type of anastomosis is commonly per
formed for palliation of carcinoma of the pancreas, 
when endoscopic stenting fails or is not technically 
feasible. 

End-to-side or end-to-end choledochojejunos
tomy eliminates the blind segment of distal CBD 
and the potential for debris, food, and calculi to ac-

cumulate, causing the sump syndrome. It requires 
circumferential dissection of the CBD. The anasto
mosis is commonly performed for operative stric
tures or injuries. 

Preserving Vascular Supply 
to the Jejunal Loop 
Creating a Roux-en-Y loop requires precise division 
of the jejunal mesentery to preserve the blood sup
ply to both segments of jejunum. In most cases the 
marginal artery of the jejunum is divided immedi
ately distal to the artery supplying the second ar
cade. By dividing only one or two additional arcade 
vessels, sufficient jejunum can be mobilized to reach 
the hepatic duct without tension. The jejunum is 
passed through an incision in the avascular portion 
of the transverse mesocolon, generally to the right 
of the middle colic artery. This dissection must be 
done carefully and is facilitated by transilluminating 
the jejunal mesentery by means of a spotlight or a 
sterilized fiberoptic illuminator. 

Create the Roux limb early, as soon as it is de
cided to proceed with this bypass. Then wrap both 
ends in a moist laparotomy pad and return them to 
the abdomen. This allows time for any ischemic re
gions to manifest. If the end of either segment turns 
dusky, resect the darkened portion back to pink, 
bleeding intestine. 

When a Roux-en-Y biliary-intestinal bypass is per
formed for carcinoma of the pancreas, carefully eval
uate the root of the small bowel mesentery before 
dividing it. Some pancreatic tumors extend deeply 
into this mesentery, making it impOSSible to sepa
rate the jejunal blood supply for the Roux-en-Y seg
ment. This operation is contraindicated in these few 
cases, and some other type of bypass must be con
sidered. Under these conditions, anastomosing the 
gallbladder to the side of a loop of jejunum may 
prove adequate palliation for the short life ex
pectancy of these patients. Many of these patients 
are better managed by endoscopic biliary stents 
rather than operative bypass. 
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OPERATIVE TECHNIQUE 

Incision and Biopsy 

If there has been a previous operation on the biliary 
tract that utilized a subcostal incision, make a long 
midline incision. If the previous incision was verti
cal, make a long subcostal incision and enter the ab
domen. In secondary cases the first effort is to free 
the peritoneum of the anterior abdominal wall from 
all its underlying adhesions as far lateral as the mid
axillary line. Then continue to free the structures as 
described in Chapter 70. 

With primary operations for carcinoma of the 
pancreas, make a long midline incision from the 
xiphoid to a point 6-7 cm below the umbilicus. This 
incision is good for a bypass or for partial or total 
pancreatectomy. Conduct the usual exploration to 
arrive at an accurate diagnosis. In patients with in
operable pancreatic carcinoma take biopsy speci
mens from areas of obvious carcinoma with a scalpel 
or biopsy a metastatic lymph node. When these steps 
are not pOSSible, we have generally been successful 
in confirming the diagnosis of carcinoma by insert
ing a syringe with a 22-gauge needle into the hard
est part of the pancreas. As soon as the needle en
ters the suspicious area, apply suction and plunge 
the needle for 1 cm distances in two directions. Then 
release the plunger of the syringe so no further suc
tion is being applied. Remove the syringe and the 
needle. Pass it promptly to the cytopathologist, as 
immediate fixation is necessary for an accurate cy
tologic diagnosis. This method has provided us with 
a higher percentage of positive diagnoses of carci
noma of the pancreas than the tissue techniques. 
The cytologist's report should not take more than 
10-15 minutes. 

Which Type of Bypass? 

For carcinoma of the pancreas, evaluate the local ex
tent of disease and its probable future encroachment 
on the common duct, cystic duct, and root of the 
jejunal mesentery. If extensive disease limits access 
to the common duct or involves the root of the 
mesentery, a dilated Courvoisier gallbladder may be 
simply anastomosed to an omega loop of jejunum. 
Ascertain that the cystic duct -common duct junc
ture is high enough above the tumor that this by
pass remains patent. 

If access to the common duct is good, a choled
ochojejunostomy or hepaticojejunostomy is pre
ferred. Remove the gallbladder, if present. This ac-

complishes two things: It significantly improves ac
cess to the CBD, and it prevents subsequent chole
cystitis due to bile stasis and bacterial contamination. 
A cholangiogram, obtained through the cystic duct, 
may help operative planning and is easy to obtain. 
With operations performed for stricture, the site of 
the stricture determines the level of the anastomosis. 

Creating the Roux-en-Y Jejunal Limb 

Once it is decided to proceed with a Roux-en-Y by
pass, divide the jejunum and its mesentery. Inspect 
the proximal jejunal mesentery and look for the first 
two branches from the superior mesenteric artery 
to the jejunum just beyond the ligament of Treitz. 
Identify the marginal artery at a point 2 cm beyond 
its junction with the second jejunal branch, which 
is generally about 15 cm from the ligament of Tre
itz. Make a light scalpel incision over the jejunal 
mesentery from the jejunum across the marginal 
artery and into the avascular area of the mesentery. 
Divide the mesentery in a distal direction until the 
third vessel is encountered. Divide and ligate this 
vessel and continue the incision in the mesentery 
down to the fourth vessel. This most often does not 
require division (Fig. 73-1). 

Clean the mesenteric margin of the jejunum and 
divide between Allen clamps or with a cutting lin
ear gastrointestinal stapler. Tentatively pass the lib
erated limb of jejunum up toward the hepatic duct 
to determine whether sufficient mesentery has been 
dissected. If this is so, expose the right portion of 
the transverse mesocolon. Find an avascular area, 
generally to the right of the middle colic vessels and 
make a 2- to 3-cm incision through the mesocolon. 
Pass the liberated limb of jejunum through the inci
sion in the mesocolon. It may be necessary to free 
some of the omentum from the area of the hepatic 
flexure to permit free passage of the jejunum up to 
the hepatic duct. The end of the jejunum should 
reach the proximal portion of the common hepatic 
duct with no tension whatever. 

Place both ends of the jejunum in a moist laparo
tomy pad and return them to the abdomen. Reassess 
the color and blood supply before making the anas
tomosis. Do not hesitate to resect a dusky portion 
at either end. 

Side-to-end Choledochojejunostomy 
or Hepaticojejunostomy 

Remove the Allen clamp or staple line by incising 
adjacent jejunum with electrocautery. If the jejunal 
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Fig. 73-1 

mucosa protrudes more than 2 mm beyond the in
cised seromuscular layer, amputate it flush with the 
seromuscular incision or use a continuous suture of 
5-0 PG in an over-and-over fashion to approximate 
the mucosa to the cut end of the seromuscular layer. 

This step is advisable because the hepaticojejunal 
anastomosis is performed with one layer of sutures. 
Clean the mesenteric border of the jejunum for a dis
tance of about 5 mm from its cut end. 

In cases of carcinoma, expose the proximal por-
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tion of the hepatic duct (Fig. 73-2) to place the 
anastomosis as far from the tumor as possible be
cause pancreatic and CBD malignancies grow up
ward along the wall of the CBD. Placing the anas
tomosis at a distance generally avoids occlusion of 
the anastomosis by further growth of the malig
nancy. In the case of benign disease, the anastomo
sis may be made at any convenient location along 
the dilated hepatic or CBD. Incise the layer of peri
toneum overlying the duct. Then make a 2.5- to 
3.5-cm longitudinal incision in the anterior wall of 
the hepatic duct and evacuate the bile. 

Only one layer of seromucosal sutures is neces
sary for this anastomosis (Fig. 73-3). Each bite of 
the suture material should encompass 4 mm of the 
jejunum and the full thickness of the hepatic duct. 
Place the sutures about 4 mm apart. Initiate the anas
tomosis by inserting the first 5-0 PG or PDS suture 
at the caudal end of the anastomosis, which corre-

sponds with the mesenteric border of the jejunum. 
Tie the suture and tag it with a hemostat. Then in
sert the most cephalad stitch and tag it with a he
mostat. Complete the right side of the anastomosis 
with interrupted 5-0 sutures by the technique of 
successive bisection (see also Figs. 4-19, 4-20). Do 
not tie any of these sutures but tag each with a he
mostat. After all the sutures have been placed, tie 
them and complete the right-hand side of the anas
tomosis (Fig. 73-4), All of the mucosa should have 
been inverted. If there is any difficulty inverting this 
mucosa, it is permissible to use an accurate Lembert
type stitch on the jejunum and a through-and
through stitch on the CBD. Cut all the tails of the 
sutures except the most proximal and distal stitches, 
which are retained as guy sutures. Then retract the 
jejunum somewhat toward the patient's right. Now 
initiate the left half of the anastomosis by bisecting 
the area between the proximal and distal stitches. 



Fig. 73-3 

Insert the ftrst stitch at this point (Fig. 73-5). If the 
hepatic duct is large, it is permissible to tie these su
tures as they are inserted. If the duct is small enough 
to cause concern that you may catch the opposite 
wall of the bile duct while inserting stitches, do not 
tie any of them until all of the sutures have been in
serted. The bile duct can then be easily inspected 
prior to tying the stitches. Constructing this anasto
mosis with continuous sutures is also acceptable. 

After all the sutures are tied, it is evident that a 
large end-to-side anastomosis has been accomplished 
with little difficulty. All the knots are tied outside 
the lumen of the anastomosis in this case, although 
the use of synthetic absorbable suture material 
makes it of no importance whether the knots are in
side or outside the lumen. We see no indication at 
this time for the use of nonabsorbable sutures in the 
bile ducts. We have not used a stent, catheter, or 
T-tube in any of the Roux-en-Y biliary-jejunal anas
tomoses unless they were done for posttraumatic or 
iatrogenic bile duct strictures. 

To perform a side-to-side choledochojejunostomy 
or hepaticojejunostomy, close the end of the jeju
num by applying a 55/3.5 mm linear stapler. Cut the 
excess jejunum off flush with the stapler. If the je
junum was divided with the linear cutting stapler 
and the end has retained its viability, it may be pos-
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the mucosa. It is not necessary to invert the staple 
line with sutures. Using 5-0 PG or PDS suture mate
rial, insert through-and-through sutures on the pos
terior layer and tie the knots inside the lumen. On 
the anterior layer of this anastomosis, the knots are 
tied outside the lumen with mucosa being inverted. 
Again, a Lembert suture may be used if necessary be
cause there is little danger of inverting too much je
junum when only one layer of sutures is used and 
the duct is large. 

If an anastomosis is contemplated between the 
divided cut end of the hepatic duct and the side of 

sible simply to use this staple line. Lightly cauterize Fig. 73-5 
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Fig. 73-6 

the jejunum, accomplish oblique division of the he
patic duct. This converts the anastomosis from a cir
cular to an elliptical shape and has the effect of en
larging the diameter of the anastomotic stoma. 

In cases of bile duct strictures, it is imperative to 
dissect out and remove the portion of the bile duct 
that consists largely of scar tissue and has no mu
cosa, so the anastomosis is constructed with nor
mal, unscarred duct. Make an incision on the an
timesenteric side of the jejunum. This incision 
should be a millimeter or two larger than the di
ameter of the transected hepatic duct. Use 5-0 PG 
or PDS to place interrupted sutures and create the 
posterior suture line first. Excise any redundant pro
truding jejunal mucosa to facilitate a one-layer anas
tomosis. Take a bite of hepatic duct and then of je
junum, encompassing only 2-3 mm of tissue with 
each bite, but penetrate the entire wall of the bile 

duct and the jejunum. Tie the knots on the inside 
of the lumen for the posterior half of the anasto
mosis. For the anterior half of the anastomosis, in
sert the sutures so the knots are tied outside the lu
men, spaced 3-4 mm apart. After the anastomosis 
has been completed, inspect the back side and the 
anterior wall for possible imperfections. To avoid 
linear tension on the anastomosis by gravity, insert 
a few seromuscular sutures into the jejunum and at
tach the jejunum to the undersurface of the liver or 
to adjacent peritoneum. 

Gastrojejunostomy 
Because patients with pancreatic carcinoma may de
velop duodenal obstruction before succumbing to 
their malignancy, we generally invest a few addi
tional minutes to perform a stapled side-to-side gas-



trojejunostomy. This anastomosis is created 60 cm 
distal to the hepaticojejunostomy. 

Pass the jejunal limb antecolic and lay it in a com
fortable position adjacent to the greater curvature of 
the gastric antrum. Divide and ligate the branches 
of the gastroepiploic arcade along the greater cur
vature of the antrum so a 5- to 7-em area is free. 

Use electrocautery to make a stab wound on the 
greater curvature aspect of the stomach and on the 
antimesenteric side of the jejunum. Insert the linear 
cutting stapling device in a position where it does 
not transect any blood vessels. Lock the device (Fig. 
73-6), Fire the stapler and remove it. Inspect the 
suture line for bleeding, which should be controlled 
with cautious electrocoagulation or 3-0 PG suture
ligatures. Then grasp the two ends of the staple line 
with Allis clamps and apply additional Allis clamps 
to the gap between stomach and jejunum. Then 
close this gap with a single application of a 55/4.8 
mm linear stapler. With Mayo scissors amputate the 
redundant tissue and lightly electrocoagulate the mu
cosa. Remove the stapling device and inspect the 
anastomosis for any possible defects or bleeding (see 
Figs. 28-5, 28-6). 

Fig. 73-7 

Operative Technique 629 

j 

Fig. 73-8 

Stapling the Roux-en-Y 
Jejunojejunostomy 

At a point 10-15 cm distal to the gastrojejunostomy, 
align the proximal cut end of the jejunum with the 
descending limb of jejunum, as depicted in Figure 
73-7. It is important to have the cut end ofthe prox
imal jejunum facing in a cephalad direction, thereby 
facilitating construction of the stapled anastomosis. 
Make a 1. 5 cm longitudinal incision with electro
cautery on the antimesenteric border of the de
scending limb of jejunum 10-15 cm distal to the gas
trojejunostomy. Remove the Allen clamp from the 
proximal end of the jejunum and insert the cutting 
linear stapling device, one limb into the stab wound 
and the other limb into the open end of jejunum 
(Fig. 73-7). Lock the stapler, fire it, and remove it. 
Inspect the staple line for bleeding. 

Place a guy suture at the midpoint of the re
maining defect approximating the descending limb 
of jejunum with the proximal open end of jejunum 
as in Figure 73-8. Apply Allis clamps to the ante
rior and posterior terminations of the staple line 
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Fig. 73-9 

(Fig. 73-9). Close the remaining defects with addi
tional Allis clamps and close the defect by triangu
lation in the usual manner (Figs. 73-10, 73-11). 

Closure of Mesenteric Gaps 

Using 4-0 PG or other suture material, place inter
rupted sutures to attach the transverse mesocolon 
to the limb of jejunum, which has been brought up 
to the incision in the mesocolon. This maneuver 
eliminates any gaps through which small bowel 
might herniate. Use the same technique to close the 
gaps in the mesentery of the jejunum in which the 
Roux-en-Y jejunojejunostomy has been constructed. 

Abdominal Closure and Drainage 

Close the abdomen in routine fashion. Because bile has 
extremely low surface tension, a small amount of bile 

Fig. 73-10 

may escape from the anastomosis during the first cou- Fig. 73-11 



pIe of days following the operation. For this reason, in
sert a closed-suction drainage catheter through a punc
ture wound in the lateral abdominal wall. Bring the 
catheter up to the region of the hepaticojejunostomy. 

POSTOPERATIVE CARE 

Continue nasogastric suction for 1-2 days. 

Acid-reducing therapy with H2-blocking agents or 
proton pump inhibitors is prudent. 

Remove the closed-suction drain after drainage has 
essentially ceased. 

COMPUCATIONS 

Bile leak. Although occasionally bile drainage per
sists for as long as 5-7 days, it invariably ceases in 
our experience and has never constituted a signifi
cant problem following the Roux-en-Y anastomosis. 

Stenosis of the anastomosis. Late stenosis of the 

Fig. 73-12 
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anastomosis, signaled by cholangitis or jaundice, 
may occur. Patients should be followed with peri
odic checks of liver chemistry tests (bilirubin, alka
line phosphatase, ,),-glutamyl transferase) to detect 
this complication early. Sometimes endoscopic or 
transhepatic dilatation is feasible. 

Cholangitis. Cholangitis is rare following a Roux
en-Y hepaticojejunostomy unless the anastomosis 
becomes stenotic. In patients who have had multi
ple hepatic duct calculi, there may be transient 
cholangitis while a calculus is in transit from the he
patic duct down to the hepaticojejunostomy. 

Postoperative duodenal ulcer. Patients with 
chronic pancreatitis already have minimal flow of al
kaline pancreatic juice into the duodenum; thus with 
all the bile diverted into the Roux-en-Y hepaticoje
junostomy, there may be an increased tendency for 
duodenal ulcer formation. These patients should be 
warned to return for prompt medical attention if 
they develop symptoms of peptic ulceration. Alter
natively, hepaticojejunoduodenostomy (Fig. 73-12) 
may be performed in patients known to have an ul-
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cer diathesis, although it is rarely needed with the 
current methods of treating duodenal ulcer disease. 

Delayed gastric emptying. Following choledo
chojejunostomy with or without concomitant gas
trojejunostomy, 10-20% of patients develop delayed 
gastric emptying. All of our patients with this prob
lem responded to a period of nasogastric suction, 
sometimes with the assistance of bethanecol or 
metocIopramide. 
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74 Transduodenal 
Diverticulectomy 

INDICATIONS 

Perforation 

Hemorrhage 

PREOPERATIVE PREPARATION 

Perioperative antibiotics 

PITFALlS AND DANGER POINTS 

Injury to pancreas, resulting in postoperative acute 
pancreatitis 

Injury to distal common bile duct (eBD) 

OPERATIVE STRATEGY 

The strategy of managing patients operated on for 
perforation depends on the degree of surrounding 
inflammation. If the neck of the diverticulum is free 
of inflammation, it may be possible to accomplish 
primary closure of the neck of the sac with inter
rupted sutures. More often, leakage of duodenal con
tent through a perforated periampullary diverticu
lum produces a violent inflammatory reaction. One 
cannot expect primary suture of the duodenal wall 
to be secure under these conditions. Consequently, 
as a lifesaving measure it may be necessary to divert 
both bile and gastric contents and to insert mUltiple 
suction drains to the area of perforation. 

In elective cases where the diverticulum is free 
of inflammation, the technique of transduodenal di
verticulectomy described here works well. The sac 
of the diverticulum is inverted through an incision 
in the second portion of the duodenum. The diver
ticulum is excised, and the defect in the duodenal 
wall is closed from inside the lumen. 

An alternative technique involves dissecting the 
duodenal diverticulum from surrounding pancreas 
and duodenal wall down to its neck near the am
pulla. The terminal eBD must be identified as it en
ters the posterior wall of the duodenum. Place a 
catheter in the eBD. Then transect the diverticulum 
at its neck and repair the defect in the duodenal 
wall. This technique may be facilitated by inflating 
the duodenal diverticulum with air injected through 
a nasogastric tube. It requires meticulous dissection 
of the pancreas away from its attachments to the 
posterior duodenal wall. As the pancreas is dis
sected away from the duodenum, the terminal por
tion of the eBD and the diverticulum may be ex
posed. This dissection is tedious and sometimes 
difficult. It carried a greater risk of inducing post
operative acute pancreatitis than does the trans
duodenal approach. 

OPERATIVE TECHNIQUE 

Incision 

Make a midline incision from the xiphoid to a point 
about 5 cm below the umbilicus or, alternatively, a 
long subcostal incision. 

Kocher Maneuver 
Incise the lateral peritoneal attachments of the de
scending duodenum and mobilize the duodenum 
and the head of the pancreas as shown in Figures 
11-14 to 11-16. Place a gauze pad behind the head 
of the pancreas to elevate the duodenum. 

Duodenotomy and Diverticulectomy 

Make a 4- to 5-cm longitudinal incision near the an
timesenteric border of the descending duodenum 
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Fig. 74-1 

(Fig. 74-0. Identify the ampulla by palpation or vi
sualization (Fig. 74-2). If there is any difficulty iden
tifying the ampulla in this fashion, do not hesitate to 
make an incision in the CBD and pass a Coude 
catheter gently down to the ampulla through the 
CBD incision. Identify the orifice of the peri
ampullary diverticulum, and insert forceps into the 
diverticulum. Grasp the mucosal wall of the diver
ticulum (Fig. 74-3) and gently draw the mucosa into 

Fig. 74-2 

Fig. 74-3 

the lumen of the duodenum until the entire diver
ticulum has been inverted into the lumen of the duo
denum (Figs. 74-4, 74-5). Transect the neck ofthe 
diverticulum about 2-3 mm from its junction with 
the duodenal wall. 

Inspect the bed of the diverticulum through the ori
fice in the duodenum to check for bleeding. Then 
close the duodenal wall by suturing the seromuscular 
layer with interrupted 4-0 PG and invert this layer into 
the lumen of the duodenum. Close the defect in the 
mucosa with inverting sutures of interrupted 5-0 PG 
(Fig. 74-6). This provides a two-layered closure of the 
diverticulum, performed from inside the duodenum. 

Close the duodenotomy incision in two layers. 
Use interrupted or continuous inverting sutures of 
5-0 PG for the mucosal layer and interrupted 4-0 
atraumatic silk Lembert sutures for the seromuscu
lar coat. 

Fig. 74-4 



Fig. 74-5 

Closure and Drainage 
Bring a closed-suction drain out from the region of 
the head of the pancreas through a puncture wound 
in the right upper quadrant of the abdomen. Close 
the abdominal wall in routine fashion. 

POSTOPERATIVE CARE 

Continue nasogastric suction for 3-5 days. 

Give the patient perioperative antibiotics. 

Check postoperative levels of serum amylase to de
tect postoperative pancreatitis. 

COMPliCATIONS 

Acute pancreatitis 

Duodenal leakage 
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75 Operations for 
Carcinoma of Hepatic 
Duct Bifurcation 

INDICATIONS 

Carcinoma of hepatic duct bifurcation 

PREOPERATIVE PREPARATION 

Computed tomography (Cn scan 

Percutaneous transhepatic cholangiography (PTC) 
to demonstrate the proximal extent of the tumor 

Peri operative antibiotics 

Nasogastric tube 

PITFALlS AND DANGER POINTS 

Trauma to liver during transhepatic intubation at lap
arotomy 

Trauma to portal vein or hepatic artery during tu
mor excision at hilus 

Failure to achieve adequate drainage of bile 

OPERATIVE STRATEGY 

Resection 

Resection of malignant tumors at the bifurcation of 
the hepatic duct is safe when the surgeon can 
demonstrate that there is no invasion of the under
lying portal vein or liver tissue and if the proximal 
extent of the tumor does not reach the secondary 
divisions of the hepatic ducts. Resecting hepatic 
parenchyma is generally not necessary unless it fa
cilitates exposure of the ducts for anatomosis. 

Patients who do not meet these criteria of re
sectability should undergo transhepatic intubation of 
the ducts and not resection. Most of these cases 
should be identified before surgery and be stented 
by the interventional radiologist or endoscopist. 

Avoiding hemorrhage during the operation de
pends on careful dissection of the common hepatic 
duct and the tumor away from the bifurcation of the 
portal vein. This is best done by dividing the com
mon bile duct (CBD), mobilizing the gallbladder, and 
elevating the hepatic duct together with the tumor 
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to expose the portal vein and its bifurcation. In bor
derline cases, remove the gallbladder and make a 
preliminary assessment regarding invasion of the 
portal vein by dissecting underneath the common 
hepatic duct toward the tumor before dividing the 
CBD. This dissection may be facilitated if a radiolo
gist has passed percutaneous transhepatic catheters 
into both the right and left main ducts. Because bi
furcation of the common hepatic duct occurs out
side the liver in almost all cases, palpation of these 
catheters helps identify the position of the ducts. 

Dilating Malignant Strictures of 
the Hepatic Duct Bifurcation 

When the tumor is nonresectable, dilatation and 
stenting may provide good palliation. With improved 
endoscopic and radiographic methods of determin
ing resectability and passing stents, operative intu
bation is rarely needed. This procedure is included 
for its occasional use in difficult circumstances. 

Most tumors of the hepatic duct involve the bifur
cation. When nonoperative stenting is not feasible, 
these tumors may be dilated and stented in the oper
ating room after they are found to be nonresectable. 
Silastic stents are fashioned, preferably so they are 6 
rum outer diameter and fairly thick-walled to prevent 
the tumor from occluding them. Because it is desirable 
to catheterize both the right and left hepatic ducts, two 
such stents are required. These two stents rarely fit into 
the CBD, so it is generally necessary to perform a Roux
en-Y hepaticojejunostomy to permit the two stents to 
enter the jejunum and drain the bile in this fashion. If 
the occlusion of the left hepatic duct cannot be dilated 
from below, it is often possible to identify the left he
patic duct above the tumor and pass a stent through 
an incision in the hepatic duct above the tumor. 

OPERATIVE TECHNIQUE 

Resection of Bifurcation Tumors 
Incision 

In most cases a midline incision from the xiphocostal 
angle to a point about 5-8 cm below the umbilicus 



is suitable. It is helpful to apply a Thompson or an 
Upper Hand retractor to the right costal margin to 
improve the exposure at the hilus of the liver. 

Determination of Operability 

Perform a cholecystectomy by the usual technique. In
cise the layer of peritoneum overlying the common he
patic duct beginning at the level of the cystic duct 
stump and progressing cephalad. Unroof the peri
toneum overlying the hepatic artery so the common 
hepatic duct and the common hepatic artery have been 
skeletonized (Fig. 75-1). Now dissect along the lateral 
and posterior walls of the common hepatic duct near 
the cystic stump and elevate the hepatic duct from the 
underlying portal vein. Try to continue the dissection 
along the anterior wall of the portal vein toward the 
tumor so a judgment can be made as to whether the 
tumor has invaded the portal vein. A more accurate de
termination is made later during the dissection after 
the CBD has been divided and elevated. If there are no 
signs of gross invasion, identify the anterior wall of the 
tumor and try to palpate the Ring catheters if they have 
been placed in the right and the left hepatic ducts prior 
to operation. This maneuver gives the surgeon some 
idea of the cephalad extent of the tumor. Frequently, 
this judgment can be made based on the preoperative 
transhepatic cholangiogram. If the tumor has grossly 
invaded the hepatic parenchyma, it may be considered 
a relative contraindication to resection. Operative ul
trasonography may be a useful adjunct. 

Fig. 75-2 

Operative Technique 637 

Fig. 75-1 

For a final determination of the advisability of re
secting the tumor, divide the CBD (Fig. 75-2) dis
tal to the cystic duct stump. Oversew the distal end 
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of the CBD with continuous 4-0 PG suture material. 
Dissect the proximal stump of the CBD off the un
derlying portal vein by proceeding in a cephalad di
rection (Fig. 75-3). Skeletonize the portal vein and 
sweep any lymphatic tissue toward the specimen. 
Carefully identify the bifurcation of the portal vein 
behind the tumor. 

Perform this portion of the dissection with great 
caution because lacerating a tumor-invaded portal 
vein bifurcation produces hemorrhage that is diffi
cult to correct if one side of the laceration consists 
of tumor. During this dissection, pay attention also 
to the common hepatic and the right hepatic arter
ies that course behind the tumor. Bifurcation tumors 
occasionally invade or adhere to the right hepatic 
artery. 

After demonstrating that the tumor is clear of the 
underlying portal veins and hepatic arteries, con
tinue the dissection along the posterior wall of the 
tumor. The right and left hepatic ducts and even sec
ondary branches can often be identified without re
secting hepatic parenchyma. It is sometimes difficult 
to determine the proximal extent of the tumor by 
palpation. If preoperative catheters have been 
placed, palpate the right and left ducts for the pres
ence of the catheters. After adequate exposure has 
been obtained, transect the ducts and remove the 
tumor (Fig. 75-4), Perform frozen-section exami
nation of the proximal portions of the right and left 
ducts in the specimen to determine if the tumor has 
been completely removed. If the report is positive 
for tumor, determine whether removing a reason
able additional length of duct is feasible. If this ad-
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ditional duct is resected, it may be necessary to anas
tomose three or four hepatic ducts to the jejunum. 
Although some adjacent hepatic parenchyma may be 
left attached to the duct during blunt dissection, it 
may be necessary to perform a major hepatic re-



section for some tumors at the bifurcation. Insert 
Silastic tubes into each severed duct by one of the 
techniques described below. 

Anastomosis 

Construct a Roux-en-Y jejunal limb as described in 
Chapter 73 and bring the dosed end of jejunum to 
the hilus of the liver. Make an incision in the an
timesenteric border of the jejunum equal to the di
ameter of the open left hepatic duct. Anastomose 
the end of the left hepatic duct to the side jejunum 
with a single layer of interrupted 5-0 PG or PDS su
tures. Perform the same type of anastomosis be
tween the right hepatic duct and a second incision 
in the jejunum. Pass each Silastic catheter through 
the anastomosis into the jejunum so it projects for 
a distance of 5-6 cm into the jejunum (Fig. 75-5). 
These catheters may then be left in as stents. If no 
Ring catheters were placed before surgery, pass a 
small Silastic tube across each biliary enteric anas
tomosis as a stent and bring these tubes out through 
a jejunostomy. 

Drainage and Closure 

At the site where the Silastic tube enters the left 
hepatic duct at the dome of the liver, insert a mat
tress suture of 3-0 PG into the liver capsule to min
imize the possibility of bile draining around the 
tube at this point. Tie the two tails of this suture 
around the Silastic tube to anchor it in place. Per
form an identical maneuver at the point where the 
second tube enters the anterior surface of the right 
lobe of the liver. Then make a puncture wound 
through the abdominal wall in the right upper 
quadrant. Pass the Silastic tube through this punc
ture wound, leaving enough slack to compensate 
for some degree of abdominal distension. Suture 
the Silastic tube to the skin securely using 2-0 ny
lon. Perform an identical maneuver to pass the 
other Silastic tube that exits from the liver through 
a puncture wound in the left upper quadrant of the 
abdominal wall. In addition, place dosed-suction 
drains near each of the exist wounds in the right 
and left lobes of the liver and bring them through 
abdominal stab wounds. Place a third dosed
suction drain at the hilus of the liver near the hep
aticojejunal anastomoses. Close the abdominal in
cision in routine fashion. 
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Intubation of Hepatic Duct 
Without Resecting Tumor 

Incision 

Make a midline incision from the xiphOid to a point 
4-5 cm below the umbilicus. 

Dilating the Malignant Structure 

Identify the common hepatic duct below the tumor. 
Make a 1.5- to 2.O-cm incision in the anterior wall of 
the duct. If the patient has previously undergone 
percutaneous transhepatic catheterization of the 
right and left hepatic ducts and if both catheters have 
passed into the CBD, use these catheters to draw 
Silastic tubes into each hepatic duct. In the absence 
of intraductal catheters, pass a Bakes dilator into the 
common hepatic duct and try to establish a channel 
leading into the right hepatic duct. After the chan
nel has been established, dilate the passageway by 
sequentially passing No.3, 4, 5, and 6 Bakes dilators 
if possible. Once this has been achieved, pass a Silas-
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Fig. 75-6 

tic catheter into the right hepatic duct by the tech
nique shown in Figure 75-6. 

Try to identify the channel leading from the com
mon hepatic duct into the left hepatic duct with a 
No.2 or 3 Bakes dilator (Fig. 75-7). If this channel 
cannot be established, try to identify the left hepatic 
duct just above the tumor. Having accomplished 
this, incise the duct and pass a Silastic tube through 
the duct and out the parenchyma of the liver on the 
anterior surface of the left lobe. It is necessary to 
anastomose a Roux-en-Y limb of jejunum to this 
opening in the left hepatic duct. Pass the Silastic tube 
through the anastomosis into the jejunum. 

As previously discussed, the CBD may be too 
small to accommodate two Silastic tubes, and a 
Roux-en-Y hepaticojejunostomy to the divided right 
and left hepatic ducts may be needed. Then pass 
each tube down into the jejunum for a distance of 
at least 6 cm (Fig. 75-8). Perform the end-to-side 
jejunojejunostomy for completing the Roux-en-Y 

anastomosis at a point 60-70 cm distal to the he
paticojejunostomy using the method illustrated in 
Chapter 73. 

Other Intubation Techniques 

There are many techniques aimed at mlrumlzmg 
trauma when passing a tube through the liver into 
the hepatic ducts. It is helpful to keep the hole in 
Glisson's capsule as small as possible to minimize 
leakage of bile around the tube. If the patient has al
ready undergone preoperative transhepatic catheter
ization of the hepatic duct, and if the point at which 
this catheter penetrates the liver capsule is in a sat
isfactory location, one may suture a urologic ftliform 
to the end of the intraductal catheter. Then by with
drawing the catheter through the liver, the ftliform 
is brought through the opening in the liver capsule. 
Urologic ftliform-followers may then be attached to 
the end of the ftliform so the path of the catheter 



Fig. 75-7 

Fig. 75-8 
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can be dilated about 6 mm. The Silastic tube can 
then be inserted into the open end of the follower 
from below and sutured securely in place. By with
drawing the follower, the Silastic tube catheter can 
be brought through the liver with minimal trauma 
and then out through the skin. 

In the absence of an intraductal catheter, pass a No. 
2 or 3 Bakes bile duct dilator through the cut end of 
the right or left hepatic duct. Pass the dilator through 
the duct until it reaches a point about 1.0-1.5 cm from 
Glisson's capsule in an appropriate location on the an
terior surface of the liver. The tip of the dilator can 
frequently be felt under the capsule of the liver. Then 
make a tiny incision in the capsule and push the metal 
dilator through the hepatic parenchyma. Suture the 
tip of the 10F straight rubber catheter to the Bakes 
dilator (Fig. 75-6). This step may be simplified if a 
small hole has been drilled in the tip of the Bakes dila
tor to accept the suture. After drawing the Bakes dila
tor downward, the catheter is led into the hepatic duct 
at the hilus of the liver. Then insert a Silastic tube, 6 
mm in outer diameter, into the flared open end of the 
French catheter and suture it securely in this location 
(Fig. 75-7). By drawing the catheter out of the hepatic 
duct at the hepatic hilus, the Silastic tube moves to 
the proper location. Make certain that holes have been 
punched in the Silastic tube prior to its insertion. 
These holes should be situated above and below the 
site of the tumor, so bile can flow into the catheter 
above and exit from the catheter below the tumor. A 
convenient source of this Silastic multiperforated tub
ing is a round Jackson-Pratt drain. 

Bring the Silastic catheters out through puncture 
wounds in the abdominal wall. Then insert closed
suction drains into the sites from which the cath
eters exit from the right and left hepatic lobes. Place 
one drain to the hilus of the liver. 

POSTOPERATIVE CARE 

Attach the Silastic catheters to plastic bags for grav
ity drainage. Leave them in place until there is no 
bile drainage along any of the closed-suction drains. 
Then occlude the Silastic catheters with a stopcock. 
Instruct the patient to irrigate each catheter twice 
daily with 25 ml of sterile saline. The nylon suture 
fIXing the catheter to the skin must be replaced ap
proximately every 4-6 weeks. 

Instruct the patient to return to the radiology de
partment every 3 months to have the catheters re
placed, as sludge tends to occlude the openings over 
time. The catheters are replaced by passing a sterile 
guidewire through the Silastic tube; the Silastic tube 
is then removed with sterile technique and replaced 

with another tube of the same type. Remove the 
wire and obtain a cholangiogram to confirm that the 
tube has been accurately placed. Then suture the 
tube to the skin. If the patient develops cholangitiS, 
it may be necessary to replace the tube earlier than 
3 months. Remove the closed-suction drains when 
there is no further drainage of bile. 

Continue peri operative antibiotics until the 
closed-suction drains have been removed. Maintain 
nasogastric suction for 3-5 days. Prescribe an Hz-
blocker or proton pump inhibitor intravenously to 
lower the incidence of postoperative gastric "stress" 
bleeding. Maintain this regimen until the patient has 
resumed a regular diet. 

Modem methods of brachytherapy permit inser
tion of radioactive pellets into the Silastic catheters 
in such fashion that a large dose of radiation can be 
administered precisely to the bed of the tumor post
operatively. The range of radiation is limited to a pre
cise, shallow depth. 

COMPilCATIONS 

Sepsis, subhepatic or subphrenic. Cholangitis gen
erally does not occur unless something obstructs the 
drainage of bile. If the ducts draining only one lobe 
of the liver have been intubated, leaving the oppo
site hepatic duct completely occluded but not 
drained, cholangitis or even a liver abscess fre
quently appears over time. Consequently, in the 
presence of a tumor at the bifurcation of the hepatic 
duct that occludes both right and left hepatic ducts, 
drainage of each duct is necessary. If drainage of 
both ducts cannot be accomplished in the operat
ing room, request the radiologist to insert a catheter 
into the undrained duct percutaneously via the trans
hepatic route after operation. Routine replacement 
of the Silastic tubes at intervals of 2-3 months pre
vents most cases of postoperative cholangitis. 

Bile may leak around the Silastic tube eady if the 
puncture wound in Glisson's capsule is larger than 
the diameter of the Silastic tube. If leakage occurs 
late during the postoperative course, attempt to re
place the tube around which the bile is leaking with 
a tube of somewhat larger diameter. If leakage oc
curs during the immediate postoperative course, 
check the position of the Silastic tubes by perform
ing cholangiography to ascertain that none of the 
side holes in the tubes is draining freely into the peri
toneal cavity. 

Upper gastrointestinal hemorrhage may occur af

ter procedures that divert bile from the duodenum. 
Patients should be alerted to this possibility and treated 
promptly with antacid therapy and cimetidine. 
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INDICATIONS 

Isolated liver metastases 

Symptomatic benign liver lesions 

Primary hepatic malignancies 

Parasitic or bacterial infections, hepaticolithiasis, 
and trauma (infrequent indications) 

The major contraindications to hepatic resec
tions are hepatic insufficiency and advanced stage 
of malignancy. 

PREOPERATIVE PREPARATION 

Prescribe mechanical and antibiotic bowel prepara
tion. 

Correct coagulopathy, if present. 

Provide adequate blood and blood product support. 

Correct malnutrition. 

Defer resection temporarily for diffuse fatty inftltra
tion of the liver and attempt to improve nutritional 
parameters. 

PITFALLS AND DANGER POINTS 

Hemorrhage from hepatic or portal veins or hepatic 
arteries 

Air embolism from hepatic venous injury 

Injury to the bile ducts, with postoperative ob
struction or fistula 

Portal or hepatic vein compromise with subsequent 
ischemia or postsinusoidal portal hypertension 

Dr. David M. Nagomey authored this chapter in the pre
vious edition. The current version was informed by Dr. 
Nagomey's previous contribution. 
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Prolonged vascular inflow occlusion leading to re
fractory liver ischemia 

Injury to the diaphragm, inferior vena cava, or in
testine (especially after prior gastric, hepatobiliary, 
or colon surgery) 

OPERATIVE STRATEGY 

Anatomic Basis for Liver Resection 

There are three major hepatic veins: left, right, and 
middle. Each delineates a plane (termed a hepatic 
scissura) that divides the liver into functional 
anatomic units (Fig. 76-1). 

The middle hepatic vein defines the main scis
sura. This anatomic plane divides the liver into two 
roughly equal units, the left and right liver. The 
terms left and right liver are used to avoid confusion 
with older terminology in which left and right he
patic lobes were defmed by surface anatomy, rather 
than deep anatomy. The location of this plane can 
be approximated by a plane running through the 
gallbladder fossa anterior to the left margin of the 
inferior vena cava posteriorly. In modem terminol
ogy, a right hepatic lobectomy consists of removing 
all of the right liver, and left hepatic lobectomy re
moves the entire left liver. 

The portal pedicles contain major branches of the 
hepatic artery, portal vein, and bile ducts running 
together. These pedicles interdigitate with the he
patic veins. The territory served by the portal pedi
cles and their major branches defme the sectors and 
segments of the liver (Fig. 76-2; see also Fig. 76-1). 

Segments 1-4 comprise the left liver and seg
ments 5-8 the right liver. Each segment has an iden
tifiable portal pedicle. Segmental hepatic venous 
drainage is variable and anatomically separate from 
the portal pedicles because of the manner in which 
the hepatic veins interdigitate with and cross these 
portal pedicles inside the liver (Fig. 76-1). 
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5 

Fig. 76-3 

At the hilum the portal pedicles branch into the 
right and left pedicles (Fig. 76-3), A continuation 
of peritoneum termed the cystic plate covers the 
right pedicle, and the left pedicle is invested by the 
umbilical plate. This peritoneum fuses with Glisson's 
capsule, and the falciform ligament attaches at the 
cephalad aspect of the umbilical plate. Adequate ex
posure of this area requires upward mobilization of 
segment 4 and incision of Glisson's capsule. 

Extent of Resection 
The need to achieve a clean resection with an ade
quate margin must always be balanced against the 
need to preserve an adequate mass of functioning 
liver parenchyma. Because the liver has a remark
able capacity for regeneration, patients without un
derlying liver disease can tolerate resection of up to 
six of the eight liver segments. The situation is far 
different when resection is contemplated in the set
ting of acute or chronic liver disease. Careful pre
operative assessment and judiciOUS treatment of the 
underlying liver disease are needed. Hence patients 
with known chronic liver disease or cirrhosis are 
best evaluated in centers performing orthotopic liver 
transplantation. 

Excise benign lesions completely whenever pos
sible. The specific resection strategy (enucleation 
versus wedge versus formal anatomic resection) de
pends on the size, location, and relation to the tu
mor of the major afferent and efferent vasculature 

Segment 
4 

Hilar plale 

Umbi lical 
plale 

and bile ducts. Enucleation is effective for encap
sulated or sharply demarcated lesions. Wedge re
sections are typically sub segmental and performed 
without reference to anatomic boundaries. These 
nonanatomic resections generally are undertaken for 
peripheral liver masses that are not adjacent to the 
hilus or hepatic veins. Wedge resections are easiest 
for small «4 cm) tumors arising within anterior liver 
segments 3-6. Formal anatomic resection should be 
considered for large or deeply seated lesions or those 
with indistinct margins, such as hepatic adenomas 
or some cavernous hemangiomas. This resection 
may be a standard right or left anatomic lobectomy, 
or it may be tailored along segmental boundaries in 
such a manner as to maximize residual functioning 
hepatic mass and preserve vital vascular and ductal 
structures to the liver remnant. 

Malignant hepatic tumors, primary or metastatic, 
require resection with a margin of normal liver. Ide
ally, a 1- to 2-cm margin is preferred to reduce the 
risk of recurrence. Protect the afferent and efferent 
vasculature of the anticipated postresection liver 
remnant scrupulously to prevent postoperative liver 
failure. Use preoperative imaging studies to exclude 
patients with multicentric tumor arising in both 
lobes and those with distant disease. Additional in
traoperative fmdings that preclude resection are 
peritoneal metastases, extensive regional lymph 
node involvement, unexpected pulmonary metas
tases discovered during a thoracoabdominal ap
proach, or malignant thromboses extending into the 



main portal vein or inferior vena cava. Formal 
anatomic resection is preferred for malignancies un
less the malignancy is small and located peripher
ally. Intraoperative ultrasonography is a useful ad
junct. 

Anatomic liver Resections 

Resection of a single liver segment or multiple con
tiguous segments requires identification and ligation 
of the segmental vasculobiliary pedicle and paren
chymal division through anatomic intersegmental 
planes. Resection along intraoperatively defmed 
anatomic boundaries is the major difference be
tween nonanatomic wedge resections and anatomic 
segmental resections. In general, anatomic resec
tions are preferable for primary malignancies be
cause they remove segmental intraportal metastases 
and enhance preservation of function in adjacent 
segments in cirrhotic livers. 

Resection of segments 2 and 3 is commonly 
termed left lateral lobectomy. It consists of remov
ing the hepatic parenchyma to the left of the falci
form ligament. This deceptively easy resection is 
fraught with hazard, as the left hepatic vein is large 
and may be encountered in the plane of dissection. 
A second danger comes from recurring or feedback 
branches of the vasculobiliary pedicle to segment 4, 
which must be preserved. Maintaining the plane of 
dissection 1-2 cm to the left of the falciform liga
ment is crucial for safe resection. 

Lobar resections have also been termed right and 
left hemihepatectomy, lobectomy, or hepatectomy. 
Lobar resections are actually polysegmental resec
tions based on the main right or left vasculobiliary 
pedicles. Operative risk of significant blood loss is 
reduced by ligation of the appropriate lobar hepatic 
artery and portal vein branch prior to parenchymal 
transection. Subsequent ligation of the correspond
ing hepatic vein, if technically pOSSible, further re
duces operative blood loss. ligation of the respec
tive bile duct is deferred until it is unequivocally 
identified (Starzl et al. 1980, 1982). 

Major lobar resections may be extended anatomi
cally or nonanatomically. Anatomic extensions are 
performed by removing the liver segments adjacent 
to the principal plane. For example, a right hepatec
tomy (polysegmentectomy of 5-8) may be extended 
anatomically to include segment 4 (polysegmentec
tomy of 4-8); or a left hepatectomy (polysegmentec
tomy of 1-4) can be extended anatomically to include 
segments 5 and 8 (polysegmentectomy of 1-5 and 
8). Anatomic extensions imply formal ligation of the 
appropriate segmental pedicle and transection of the 
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liver along intersegmental planes other than the 
principal plane. Nonanatomic extensions are self
explanatory. 

Principles of Safe liver Resection 
liver resection can be conceptualized as involving 
three phases: parenchymal transection, vascular con
trol, and identification and preservation of the bile 
duct to the liver remnant. The order in which these 
phases are performed varies. For simple enucle
ations and wedge resections, only parenchymal tran
section is required. For major anatomic resections, 
vascular control is obtained first. The parenchyma is 
then divided, and the bile ducts are divided only 
when the surgeon has ascertained the preCise 
anatomy and ensured that drainage to the remnant 
is preserved. 

Parenchymal Transection 

Embedded in the soft liver parenchyma are vascular 
and ductal structures of greater mechanical strength. 
Most methods of parenchymal transection use this 
difference in tissue strength to surgical advantage. 
Conceptually, the surgeon Simply disrupts the paren
chyma along the planned transection plane to ex
pose bile ducts and vessels for ligation. Because all 
branches of the portal pedicle are enveloped by ex
tensions of the vasculobiliary sheath, the portal veins 
are less fragile than branches of the hepatic vein. 
Disruption of the small hepatic veins «1-2 mm) 
during parenchymal transection is common. Hem
orrhage from small hepatic veins is easily controlled 
by parenchymal compression, electrocautery, or a 
suture-ligation. 

Liver parenchyma can be disrupted by compres
sion methods such as fmger fracture, contact meth
ods [Cavitron ultrasonic aspirator (CUSA), waterjetl, 
or thermal methods (electrocautery or laser). Each 
method has its advantages and disadvantages. Al
though the zone of parenchymal damage adjacent to 
the transection plane varies among these methods, 
the clinical significance of these microscopic zones 
of devitalized parenchyma is negligible unless the 
transection results in major damage to the vascula
ture of the liver remnant and significant regional 
ischemia occurs. We prefer finger fracture for small 
wedge resections and CUSA for large parenchymal 
transections. 

The first step is always to score the capsule of the 
liver along the line of the planned transection with 
electrocautery. Parenchymal transection is most con
veniently begun at a free edge, where the liver is rel
atively thin. 
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Finger fracture simply involves pinching and com
pressing about 1 cm of liver parenchyma between 
thumb and forefInger. A pill-rolling back-and-fourth 
motion of thumb and fmger while squeezing the 
liver disrupts normal liver easily yet preserves most 
vascular and ductal structures. As the fracture plane 
develops, the surgeon and fIrst assistant work to
gether to compress the parenchyma on both sides 
of the developing cleft and to open the cleft to ex
pose the deeper portions. The inside part of a pool
tip sucker can be used as an adjunct to fmger frac
ture. The CUSA is more precise but somewhat 
slower (Fig. 76-4). It should be set to disrupt rather 
than cauterize, and in this mode it functions as a me
chanical disruptor with suction. It is particularly use
ful for delicate dissection in the region of the hilum. 

Typically, any structures >2 mm require ligation. 
Near-circumferential exposure of intraparenchymal 
structures optimizes secure ligation. Intraparenchy
mal portal pedicle branches and hepatic veins can 
be ligated between fme silk sutures, metal clips, or 
a combination of the two. Avulsion of small hepatic 
vein branches from a major hepatic vein can be par-

Fig. 76-4 
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ticularly troublesome. Hemorrhage from the oriftce 
of an avulsed hepatic vein branch of an exposed ma
jor hepatic vein is best controlled by a fme vascular 
suture material (5-0 or 6-0 Prolene) while carefully 
maintaining blood flow through the main hepatic 
vein. If bleeding results from a small hepatic vein 
without exposure of its major hepatic vein, a single 
fIgure-of-eight suture ligature is adequate. Concep
tualize a transection plane during parenchymal tran
section. Transection along the plane without devia
tion results in a reduced risk of hemorrhage and 
elimination of partial devascularization of the adja
cent liver segment at the interface. 

Vascular Control 

Safe major hepatic resection primarily depends on 
avoiding and controlling hemorrhage. Early during 
the dissection obtain circumferential access to the 
hepatoduodenalligament. This permits total hepatic 
vascular inflow occlusion (pringle maneuver) to 
control hemorrhage from the high-pressure afferent 
vasculature at any time during resection. Control he-



morrhage from the low-pressure hepatic venous sys
tem temporarily by digital pressure, parenchymal 
compression, or packing. 

Exposure of the hepatic veins at the junction of 
the inferior vena cava requires complete division of 
the ligamentous attachments to the liver. In partic
ular, the retrocaval ligament bridging segments 6 and 
7 must be completely divided to expose the right 
hepatic vein. Approach the hepatic veins only after 
controlling the afferent vessels. If tumor obscures 
the hepatic venous anatomy at its junction with the 
inferior vena cava, consider total hepatic vascular 
isolation to permit safe exposure and control. Cir
cumferentially expose the inferior vena cava above 
(infradiaphragmatic) and below (suprarenal) the 
liver and apply large vascular clamps. No lumbar 
veins enter the retrohepatic inferior vena cava. Li
gation of the right adrenal vein combined with in
fra- and suprahepatic inferior vena cava clamping 
and inflow vascular occlusion of the hepatoduode
nalligament results in total hepatic vasculature iso
lation. The hepatic veins can then be exposed in a 
controlled fashion (Delva and associates). 

Preservation of Bile Ducts 

Bile duct injury is a potential source of major mor
bidity following hepatic resection. Identify the duc
tal confluence unequivocally before ligating any ma
jor lobar branches during formal or extended 
lobectomy. If ductal anatomy is in question, two op
tions exist. First, major lobar branches can always 
be clearly identified by deferring ductal ligation un
til parenchymal transection exposes the major ducts 
at the level of the hilar plate. With the surrounding 
parenchyma transected, the major ducts can be 
traced from the parenchyma to the confluence and 
ligated or preserved accordingly. Parenchyma 
around the major ducts can be excised by CUSA if 
necessary. Division of the ducts within the paren
chyma and probe cannulation distally allows un
equivocal confirmation of patency of the ductal con
fluence. Alternatively, a choledochotomy permits 
cannulation of the proximal ducts with Bakes dila
tors or other intraluminal devices, which in tum al
lows tactile and visual identification of the major 
ducts for appropriate management. 

Operative Technique 649 

Fig. 76-5 

OPERATIVE TECHNIQUE 

Incision and Exposure 
A bilateral subcostal incision affords wide exposure 
for most hepatic resections (Fig. 76-5). We use a 
vertical midline extension with a partial or complete 
sternotomy if necessary for additional exposure in 
difficult situations. Some surgeons prefer a right tho
racic extension for this purpose. 

For limited resections of segments 2 through 6, a 
vertical midline incision may provide sufficient ex-
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Fig. 76-6a Fig. 76-6c 

Fig. 76-6b Fig. 76-6d 



posure. Tumor involving segments 7 and 8 or ex
tended lobar resections are approached more safely 
through a bilateral subcostal incision with an upper 
midline extension if necessary. 

Divide any perihepatic adhesions. Fully mobilize 
the liver by dividing the ligamentous attachments 
(Fig. 76-6a-d). Divide the gastrohepatic omentum 
and expose the foramen of Winslow for inflow vas
cular occlusion. Use an Upper Hand or Thompson 
retractor to elevate the rib cage cephalad, and place 
additional retractors as needed to retract the hollow 
viscera caudally. 

Wedge (Nonanatomic, Subsegmental, 
or Peripheral) Resection 
For a wedge resection, after mobilizing the liver, place 
laparotomy pads posteriorly between the liver and di
aphragm to enhance exposure by anterior displace
ment. Estimate the planned margin of resection by pal
pation and score the liver capsule with cautery to 
outline the margin. Transect the parenchyma with 
cautery, finger fracture, or CUSA (Fig. 76-4). Clip or 
ligate bile ducts or vessels > 2 ffiffi. After obtaining lo
cal bile stasis and hemostasis, close the abdomen. 
Drainage is generally not necessary for simple wedge 
resections within a single segment or adjacent seg
ments unless concurrent biliary tract disease is present. 

Anatomic Unisegmental and 
Polysegmental Resections 
For anatomic uni- or polysegmental resections, de
fme the segmental location of the tumor with intra
operative ultrasonography. Identify the portal pedi
cle(s) supplying the segment(s). These structures 
must be ligated for accurate anatomic segmental re
section. They may be accessed by proximal dissec
tion from the hilar bile ducts and vasculature to the 
appropriate pedicle or by direct rapid parenchymal 
transection along an estimated intersegmental plane 
with ultrasound guidance. Dissection from the hilus 
is most applicable for anterior segments 3-6. The 
parenchymal transection approach is more appro
priate for ligation of the posterior segmental pedicles 
to segments 7 and 8. Both approaches are greatly fa
cilitated by using temporary vascular inflow occlu
sion to reduce hemorrhage and using CUSA for rapid 
exposure of the pedicle through the intervening 
parenchyma. Alternatively, methylene blue injection 
of the segmental or portal pedicle using ultrasound 
guidance can provide accurate segmental or sectoral 
definition. Once the appropriate portal venous 
branch is injected, segmental boundaries are defmed 
by parenchymal staining, and resection proceeds ac
cording to the defmed boundaries. Although preCise, 
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this approach is more technically demanding and re
quires expertise in operative ultrasonography. 

To approach anterior liver segments 3, 4, 5, and 8 
for resection, mobilize the liver and incise the hilar 
plate. Identify the appropriate lobar pedicle. Dissec
tion proceeds proximally until the segmental pedicle 
is exposed. ConfIrm accurate segmental pedicle iden
tifIcation by ultrasonography. Temporarily occlude 
the pedicle to (1) outline the segmental boundaries 
with cautery, (2) ensure that the tumor is included 
within the segmental demarcation, and (3) confmn 
that the pedicle provides adequate margins. If ap
propriate, ligate the segmental pedicle with a silk su
ture. Transect the parenchyma by cautery, finger frac
ture, or CUSA. Use temporary inflow vascular 
occlusion during dissection of the pedicle and 
parenchymal transection as needed. Few vessels or 
ducts require ligation if the resection is truly along in
tersegmental planes. Hepatic veins do require liga
tion, and they are individually ligated with silk. If the 
margins are narrow, extend the resection either 
nonanatomically into contiguous liver segments or 
anatomically by adjacent segmentectomy. After se
curing bile stasis and hemostasis, place a single suc
tion drain in the resection bed and close the abdomen. 

Polysegmentectomy is performed in a manner 
similar to unisegmentectomy except that each seg
mental pedicle is ligated sequentially before ex
tending the parenchymal transection. Once all ap
propriate pedicles are ligated, the contiguous liver 
segments are removed en bloc. 

Resection of Segments 2 and 3 
(Left Lateral Lobectomy) 

For a left lateral lobectomy, mobilize the left lobe of 
the liver by dividing the left triangular ligament (Figs. 
76-6a, 76-6b). Take care to avoid the left hepatic 
vein. Identify and separately ligate the vasculobiliary 
pedicles to segments 2 and 3. Seek and preserve any 
recurring or feedback structures that drain and sup
ply segment 4 (Fig. 76-3). Divide the parenchyma, 
taking care to remain to the left of and preserve the 
left hepatic vein by remaining well to the left of the 
falciform ligament. 

Anatomic Right Hepatectomy 
(Right Hepatic Lobectomy) 
For right hepatic lobectomy, fully mobilize the liver 
and perform cholecystectomy to enhance exposure 
of the hilar vasculature. First ligate the right hepatic 
artery, which generally traverses the triangle of Calot. 
Excise the pericholedochal lymph nodes to further 
expose the bile duct, portal vein, and hepatic artery. 
Incise the right lateral aspect of the hepatoduodenal 



652 Hepatic Resection 

Fig. 76-7 

Fig. 76-8a 
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Fig. 76-8c 

ligament longitudinally just posterior to the bile duct 
(Fig. 76-7). The hepatic arteries are always found 

Devascularized 

lateral to the common hepatic duct, at the point Fig. 76-9 
where they enter the liver parenchyma. Ligate lym
phatic vessels around the hepatic arteries before di
viding them to reduce postoperative lymph drainage. 
Temporarily occlude the right hepatic artery while 
palpating the artery to the opposite lobe to ensure 
patency of the arterial supply to the liver remnant. 
Having conflrmed this, double-ligate the right hepatic 
artery with heavy silk and divide it (Fig. 76-8a). 

Retract the bile duct anteriorly with a vein re
tractor to expose the portal vein bifurcation. Expose 
the right portal vein from the right of the hepato
duodenal ligament. The two major branches of the 
right portal vein (anterior and posterior) may arise 
separately without a common trunk, resulting in a 
portal vein trifurcation. Free the right portal vein 
branch from surrounding lymphoareolar tissue and 
ligate it with a vascular stapler or a running vascular 
suture after division between clamps (Fig. 76-8b). 
Do not use a simple ligature because dislodgement 
risks life-threatening hemorrhage. The bile duct to 
the right lobe may be ligated and divided at this time 
if the anatomy is clear (Fig. 76-8c), or this step may 
be deferred until further dissection has been com
pleted. A clear line of vascular demarcation along the 
principal liver plane between lobes confums appro
priate and complete lobar ligation (Fig. 76-9). 

After the afferent vessels are controlled, approach 
the hepatic veins. Multiple small short hepatic veins 
between the inferior vena cava and segments 1, 6, 
and 7 must be ligated as the liver is retracted ante
riorly and to the left (Fig. 76-10). Ligation starts in
frahepatically and proceeds cephalad. Occasionally Fig. 76-10 
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R, hepalic vein 
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Fig. 76-11 
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Fig. 76-12 
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a large, right inferior hepatic vein enters the inferior 
vena cava from the posterior aspect of segment 6. 
Staple or suture closure for secure ligation is pre
ferred. 

To expose the main right hepatic vein, divide the 
retrocaval ligament bridging segments 1 and 7 (Fig. 
76-11). A moderate-sized vein frequently traverses 
the ligament and requires ligation. Then dissect the 
main right hepatic vein from the inferior vena cava 
and liver. Unless a large tumor precludes access, 
transect the right hepatic vein with a vascular sta
pler (McEntee and Nagorney, 1991) and ligate the 
paren-chymal side with a running vascular suture be
fore parenchymal transection (Fig. 76-12). Alterna
tively, ligate the right hepatic vein as the fmal step 
of a formal lobectomy after parenchymal transection. 

Transect the parenchyma on the line of vascular 
demarcation along the principal plane by fmger frac
ture, cautery, or CUSA (Fig. 76-13). Clip bile ducts 
or vessels on the resection side of the liver and li
gate them on the remnant side to reduce artifact im
age distortion on postoperative follow-up computed 
tomography (CT) scans. Ligate the middle hepatic 
vein during the parenchymal phase as encountered. 
As the hilus is approached, the bile ducts to the lobe 
being resected are exposed. Again, ligation is per
formed only when patency of the remaining lobar 



Fig. 76-13 
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duct can be ensured. Look for the smaller ducts to 
segment 1 posterior to the main ductal confluence 
and ligate them if encountered. Next, transect the 
parenchyma of the caudate process, or that liver sub
stance between the posterior aspect of the portal 
vein and the inferior vena cava, to expose the ante
rior surface of the inferior vena cava. Continue 
parenchymal transection along the principal plane 
until the main hepatic veins are encountered. If the 
major hepatic vein has been ligated, simply remove 
the lobe. If not, clamp or divide the hepatic veins 
with a vascular stapler. Use inflow vascular occlu
sion during parenchymal transection to reduce in
traoperative hemorrhage if necessary. 

Obtain hemostasis and bile stasis but avoid large 
interlocking parenchymal liver sutures. Figure 
76-14 shows the appearance of the hepatic remnant 
after right hepatic lobectomy. A suction drain is 
placed adjacent to the transected liver surface and 
bought out dependently through the abdominal 
wall. Occasionally the divided falciform is reap- Fig. 76-14 
proximated to prevent torsion of the liver remnant 
and postoperative vascular compromise. The omen-
tum is not attached to the parenchyma. The ab-
domen is closed in standard fashion. 
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iJ------ L. hepatic a. 

Fig. 76-15a 

L. ponal v. 

Fig. 76-15b 

Anatomic Left Hepatectomy 
(Left Hepatic Lobectomy) 

For anatomic left hepatectomy, in a manner analo
gous to that used for the anatomic right hepatic 
lobectomy fIrst identify and divide the left hepatic 
artery and portal vein. After division of the gastro
hepatic omentum, approach the left hepatic artery 
through the lesser sac via the left lateral aspect of 
the hepatoduodenalligament. The main left hepatic 
artery is generally found just inferior to the base of 
the round ligament as it enters the left lobe between 
segments 3 and 4 (Fig. 7~15)' An accessory left he
patic artery, arising from the left gastric artery, al
ways courses through the gastrohepatic omentum 

L. hepatic duct 

Fig. 76-15c 

hepatic omentum. ConfIrm the patency of the arte
rial supply to the right liver by temporarily occlud
ing the left hepatic artery before clamping, ligating, 
and dividing the vessel (Fig. 76-15a). 

and is often divided during division of the gastro- Fig. 76-16 

) 



Fig. 76-17 

While retracting the bile duct with a vein retrac
tor, identify the left portal vein at the left aspect of 
the hepatoduodenal ligament. The main left portal 
vein branch always bifurcates from the right main 
branch at approximately 90° and courses anterolat
erally. Divide it with a vascular stapler (Fig. 76-15b) 
or running suture as previously described. Note the 
developing line of transection, as the left liver lobe 
should now be completely devascularized. If the 
ductal anatomy is clear, double-ligate and divide the 
left hepatic duct (Figure 76-15c); if the anatomy is 
in doubt, defer this step until later in the dissection. 

The main left hepatic vein frequently joins the 
middle hepatic vein. In cuntrast to ri~ht hepatic 
lobectomy, postpone ligation of the main left he
patic vein until parenchymal transection is complete 
because extrahepatic exposure is generally not fea
sible. Ligate the short, direct, hepatic veins between 
the inferior vena cava and segment 1 (caudate lobe) 
initially from the right of the hepatoduodenal liga
ment until segment 1 is mobilized inferiorly (Fig. 
76-16). As the veins are ligated and divided, seg
ment 1 can be retracted anteriorly, and the remain
der of the hepatic veins between the inferior vena 
cava and caudate lobe can be divided safely. Divi
sion of the retrocaval ligament from the left side of 
the inferior vena cava allows complete mobilization 
of segment 1. 

The remainder of the resection proceeds much 
as previously described. The completed operative 
field is shown in Figure 76-17. 
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POSTOPERATIVE CARE 

Postoperative care requires appropriate fluid ad
ministration, using colloids in addition to crystalloid 
to reduce postoperative weight gain and maintain 
adequate urine output. Mild acidosis and coagulation 
abnormalities are common and need not be treated 
unless symptomatic. Nasogastric intubation is con
tinued overnight to prevent the risk of aspiration. 
Epidural analgesia postoperatively markedly im
proves pulmonary function and pain control. 

COMPLICATIONS 

The major complications of hepatic resection are hem
orrhage, biliary fistula, intraabdominal infection, and 
liver failure. All complications are best treated by 
careful intraoperative prophylaxis. Hemostasis is se
cured meticulously, as is bile stasis. Hepatic insuffi
ciency is treated as clinically indicated. Hepatic fail
ure may require orthotopic liver transplantation. 
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of the Pancreas 
William H. Nealon 

CARCINOMA OF THE PANCREAS 

Diagnosis 
The standard description of a patient above the age 
of 55 with a complaint of "painless jaundice" belies 
the significant pain that develops as carcinoma of 
the pancreas progresses. Because some patients first 
come to medical attention with advanced disease, 
the presence or absence of pain should never be 
used to eliminate this diagnosis. Early symptoms 
consist of dyspepsia and weight loss. Jaundice is of
ten initially absent. Recognition of jaundice fre
quently triggers the use of abdominal ultrasonogra
phy or computed tomography (Cn. Since the last 
edition of this text, there has been considerable de
velopment in the area of imaging of the pancreas. 

Imaging 

In the past, abdominal ultrasonography did not 
yield sufficient detail to evaluate pancreatic carci
noma routinely. It was useful for documenting he
patic metastasis, but overlying gas in the intestine 
made clear evaluation of the pancreas problematic. 
Similarly, early-generation CT scans of the abdomen 
could deflue a mass effect in the head of the pancreas 
but were unable clearly to delineate the boundary be
tween a carcinoma and the surrounding desmoplas
tic reaction that is characteristic of this disease. For
tunately, new generation spiral CT scanners can now 
clearly deflue the boundaries of a carcinoma in the 
midst of the otherwise enlarged head of the pancreas. 
This single development has greatly enhanced our 
ability to defme exact sizes of tumors preoperatively 
and greatly facilitates CT -directed flue-needle and core 
biopsies of a pancreatic cancer, which may be nec
essary prior to operation. Thus, even though a patient 
may have had a conventional CT scan before coming 
to the surgeon, it is advised that a spiral CT scan be 
obtained to provide additional and more precise in
formation regarding the tumor. 

Endoscopic ultrasonography (EUS) is now being 
used to evaluate carcinoma of the pancreas. There 

are a number of advantages for this modality and cer
tain limitations. The added detail in the images ob
tained with the proximity of the probe to the pan
creas has been considerable. Abnormal lymph nodes 
may be identilled and biopsied even when not sig
nillcantly enlarged. The accuracy of these biopsies 
has been established at 80-90% [1]. Similarly, iden
tillcation of vascular structures, particularly the su
perior mesenteric artery and the splenic vein, por
tal vein, and superior mesenteric vein, is excellent 
with EUS. Clear planes between structures can nor
mally be identilled; hence invasion into the walls of 
any of these structures is clearly delineated using 
EUS. All layers of the intestinal wall can be demar
cated and any invasion into one of these layers iden
tilled. The actual pancreatic tumor may be biopsied 
as well. The biopsy device can be easily seen with 
the linear probe, and biopsies obtained using si
multaneous EUS have a high likelihood of yielding a 
confirmatory diagnosis. It has not yet reached the 
point where one could say that EUS would replace 
the spiral CT scan as a form of evaluation, but for 
local and regional disease one might argue that EUS 
gives comparable or superior information. The one 
limitation worth mentioning with EUS is failure to 
evaluate the liver fully. The decision regarding re
sectability of the carcinoma of the pancreas depends 
on a number of issues, but clearly hepatic metasta
sis is an important one. Thus in the absence of an
other form of imaging, the EUS is unlikely to give a 
full evaluation of resectability. 

Mesenteric arteriography, routinely used in the 
past to evaluate vascular involvement, has been 
abandoned by most experienced pancreatic sur
geons in favor of less invasive methods. The spiral 
CT scan shows the vascular anatomy clearly and is 
now established as the more appropriate imaging 
technique for evaluating the resectability of carci
noma of the pancreas. 

Magnetic resonance imaging (MRI) and mag
netic resonance cholangiopancreatography (MRCP) 
are related technologies that have gained attention 
since the last edition. Clear anatomic features of the 
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main pancreatic duct (MPD) and the common bile 
duct (CBD) allow stones and tumors to be easily de
fmed with MRCP. Vascular anatomy can be delin
eated with MR angiography (MRA). If the signal 
weighting is altered, an adequate view of the liver 
and of peripancreatic lymph nodes can be obtained. 
These studies can be obtained quickly and noninva
sively. Although no data have yet been developed to 
establish its superiority, one might argue that this 
procedure is capable of defining all of the necessary 
features to establish both diagnosis and resectabil
ity. If one flaw exists regarding this modality, it is 
that the fine anatomy of the MPD and the CBD may 
be less clear than that obtainable with EUS or en
doscopic retrograde cholangiopancreatography 
(ERCP). Finally, specialized MR studies are not yet 
universally available. 

There has been controversy about ERCP for eval
uating patients with carcinoma of the pancreas. This 
lesion originates in the ducts, so it should not be sur
prising that 94-96% of patients with this diagnosis 
have an abnormal pancreatogram. If preoperative 
biliary drainage is desired, ERCP can help accom
plish it. Unfortunately, there are no data to suggest 
the therapeutic value of this strategy. Prospective 
studies of preoperative transhepatic cholangio
graphic drainage failed to show an advantage, and 
some complications (hemorrhage, bile leak, cholan
gitis) arose from the procedure [2]. It is our opinion 
that preoperative drainage of the biliary tree is un
necessary and may have a negative impact on the 
outcome of operative therapy. In reality many of 
these patients are referred from gastroenterology 
speCialists, who have often placed a stent in the bile 
duct prior to referring the patient for resection. In 
some regards, such stent placement may be un
avoidable if ERCP is performed. During ERCP the in
strument traverses the (contaminated) intestinal 
tract before injecting contrast into an obstructed bile 
duct, placing the patient immediately at risk for 
cholangitis. Once this entity is recognized the en
doscopist has no choice but to place a stent to pre
vent the development of cholangitis. We believe that 
ERCP, if used at all, should be implemented within 
24 hours of operation, so any information that helps 
with the diagnosis is obtained when the risk of sep
sis is extremely low. The procedure is of potential 
value in patients in whom the diagnosis is equivocal 
or if choledocholithiasis is suspected, as choledo
cholithiasis can be diagnosed and treated by ERCP 
by simply adding endoscopic sphincterotomy and 
stone extraction. Again I stress that it is our belief 
that preoperative biliary decompression is unneces
sary and probably increases the complications in 
these patients. 

Percutaneous transhepatic cholangiography 
(PTC) may establish a diagnosis and an access point 
for biliary decompression but is rarely needed in cur
rent practice. PTC was initially favored by many be
cause of its relative ease in patients with dilated in
trahepatic biliary trees, and the technique remains an 
option. Its applicability to the management of pan
creatic carcinoma has become negligible for two 
main reasons: (1) ERCP gives adequate access to the 
biliary tract in most cases where it is needed; and (2) 
preoperative biliary decompression is not uniformly 
favored. PTC is a highly invasive procedure that is as
sociated with a risk of bleeding or bile leak. It is dif
ficult to use in patients with small or even normal in
trahepatic biliary systems. In this case, ERCP would 
be the better choice. When obstructive jaundice is 
diagnosed by PTC, a transhepatic stent must be 
placed to avoid bile leak and bile peritonitis. 

Finally, it should be stressed that for an experi
enced pancreatic surgeon tissue documentation of 
the diagnosis of pancreatic carcinoma is not con
sidered mandatory. In major centers as many as half 
of the resections in these patients are performed 
without the benefit of tissue confirmation [3]. This 
should not convey the message that pancreatico
duodenectomy is an operation undertaken lightly. A 
mass in the head of the pancreas, obstructive jaun
dice, weight loss, and nonspecific dyspeptic symp
toms in a patient over the age of 55 form a constel
lation of signs and symptoms highly suspicious for 
the diagnosis of carcinoma of the pancreas. In this 
Situation, I believe that one must have rather com
pelling reasons not to proceed to resection. The dis
tinction between cancer and chronic pancreatitis is 
almost always clear; and when there is controversy, 
tissue confirmation is increasingly available. 

Preoperative biopsies are required in patients 
who are enlisted for neoadjuvant chemoradiation. 
This modality has been primarily championed by the 
investigators at M. D. Anderson Cancer Center in 
Houston [4]. Patients undergo 8-12 weeks of ther
apy before operation. The diagnosis must be con
firmed by fine-needle aspiration or core biopsy un
der CT or EUS guidance before initiating therapy. 
Because of the delay prior to operative therapy, pa
tients enlisted in this program also routinely undergo 
biliary decompression. Thus patients enlisted in 
neoadjuvant chemoradiation require two treatment 
modalities not routinely used when operation is per
formed first. 

Determination of Resectability 

Many of the same modalities used for diagnosis can 
also be employed to determine resectability. Three 



categories of factors determine resectability: local in
vasion of the tumor into contiguous structures that 
should be preserved (e.g., vascular structures); tu
mor spread in the abdomen to sites remote from the 
primary tumor; and hepatic metastasis. Each is dis
cussed separately. 

Vascular Invasion 

Invasion, encasement, or obliteration of the superior 
mesenteric artery or the celiac trunk precludes re
section. Invasion into the portal vein or the superior 
mesenteric vein/splenic vein confluence mayor may 
not represent an unresectable lesion because resec
tion and reconstruction of the portal vein is an es
tablished modality. A segmental resection of part of 
the circumference of the vein with a patch graft or 
complete vein resection can be performed. These 
operative procedures are longer in duration than 
conventional pancreaticoduodenectomy, and blood 
loss is higher. Survival appears to be considerably 
better with segmental resection and the patch graft 
than with complete resection of the vein, possibly 
reflecting the extent of invasion required to proceed 
to complete vein resection versus a simple patch 
graft [5]. As previously mentioned, vascular invasion 
may be judged by spiral CT, MRA, or EUS. 

Tumor Extension Remote from 
the Primary Tumor 

Local extension may be paraaortic disease, extension 
into the colon or stomach, or carcinomatosis. Spiral 
CT, EUS, MRI, or laparoscopy may defme this entity, 
but often it is established only at laparotomy. 

Hepatic Metastasis 

Spiral CT scan and MRI may be helpful for detecting 
hepatic metastases; ERCP and PTC are not. Transab
dominal ultrasonography sometimes demonstrates 
hepatic metastases more clearly than routine spiral 
CT. We have had considerable success with the por
tal enhanced CT scan. This imaging modality involves 
celiac arteriography performed simultaneously with 
the CT scan of the liver. As many as 25% of hepatic 
metastases are not seen by conventional or spiral CT 
scan but are clearly delineated on portal enhanced CT 
scans [6]. Perhaps more important, a single hepatic 
metastasis may be seen on a spiral CT scan, when in 
fact a much larger number of undetected metastases 
may be seen on the portal enhanced CT scan. This 
invasive procedure provides no additional informa
tion regarding the pancreas. 

Resectability may be further evaluated intraopera
tively. Using laparoscopic or mini-laparotomy tech-
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niques, it is possible to utilize intraoperative ultra
sonography or laparoscopic ultrasonography to eval
uate the resectability of the tumor. Sadly, with all the 
modalities previously mentioned, the rate of finding 
an unresectable tumor at the time of exploration is 
still 40-50%. One can only hope that EUS and some 
of the other recently developed modalities can lower 
this rate, but all major reports on management of car
cinoma of the pancreas continue to report this high 
rate of unresectability at the time of exploration. 

To reduce this rate, Warshaw is credited with 
proposing laparoscopy even before the over
whelming developments in laparoscopic applica
tions for general surgeons. Warshaw and colleagues 
recommend lavage of the peritoneal cavity to per
mit cytologic evaluation and visual evaluation of the 
peritoneal cavity [7]. This modality also permits 
biopsy. Peritoneal seeding or small peripheral he
patic metastases are recognized immediately upon 
visual or tactile inspection, whereas they may have 
eluded all other imaging modalities. If they are seen 
at laparoscopy or mini-laparotomy, palliation can be 
achieved without operation in most patients. 

Treatment 
Neoadjuvant Chemoradiation 

Because neoadjuvant chemoradiation requires a sep
arate set of standards for the approach, I present this 
subject first. Neoadjuvant chemoradiation has been 
proposed to improve overall survival, although no 
data have yet confirmed it. Thirty-five percent of pa
tients enlisted in such a program are found to have 
advanced disease and therefore are unacceptable for 
resection after they have completed their 8-12 
weeks of neoadjuvant chemoradiation. It is the opin
ion of these investigators that this is advantageous 
because these patients clearly would have had poor 
outcomes after operative intervention had they un
dergone operation prior to their neoadjuvant care. 
If we accept this proposal, one would expect that 
the outcomes would be better for those who un
dergo resection because the patients with more ad
vanced disease have been eliminated. Unfortunately, 
this has not been the case. Patients are generally 
offered a course of combined radiotherapy and 
5-fluorouracil (5FU)-base chemotherapy or radio
therapy and gemcitabine-based chemotherapy. Pa
tients are reevaluated after their course of therapy 
to determine the resectability of their lesion [8]. 

Down-staging of Carcinoma 

Down-staging is a relatively new concept applicable 
to patients with carcinoma that is unresectable by 
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current standards. The theory behind this practice 
is that aggressive combined chemotherapy and irra
diation may be sufficiently effective to clear those 
areas in which a lesion was deemed unresectable 
and thereby down-stage the disease to a level that is 
considered resectable. Several centers have evalu
ated this concept. Unfortunately, success rates have 
rarely exceeded 10%, and long-term outcomes have 
not proved favorable [9]. 

Carcinoma of the Body and 
Tail of the Pancreas 

Whereas at the time of the last edition of this book 
the historically dismal outcomes for carcinoma of 
the body and tail of the pancreas were thought to 
preclude considering resection in this subgroup, it 
is now considered acceptable to at least evaluate 
these patients. A large series from the Memorial 
Sloan-Kettering Cancer Center in New York sug
gested that the outcomes were not particularly fa
vorable but were essentially not different from the 
outcomes for resection in the head ofthe gland [10]. 
Resectability criteria are essentially the same in this 
subgroup. Evaluation for local and locoregional 
spread and for liver metastasis is required before 
considering resection. It is generally believed that 
the absence of jaundice permits this disease to 
progress much farther before diagnosis, which may 
well explain why the overall outcomes have been 
less favorable in this group of patients. Many of the 
lesions are unresectable at the time of diagnosis. 

Operative Management 

Surgical resection provides the only hope for cure 
of this disease. Most patients are treated with a 
pylorus-preserving pancreaticoduodenectomy. A 
number of important margins are considered in this 
resection. As a routine, the bile duct is divided above 
the cystic duct entry and the common hepatic duct 
is a margin, which is sent for frozen section analy
sis. The body of the pancreas is typically divided at 
or slightly to the left of the area that overlies the por
tal vein and the superior mesentery vein/splenic vein 
confluence. The duodenum is divided just past the 
pylorus. Each of these margins should be sent for 
frozen section pathologic analysis during the opera
tive procedure; a report of positive margins is an in
dication for further resection. Perhaps the most 
problematic margin is that at the uncinate process 
as it abuts the superior mesenteric artery. This and 
the radial margin of the uncinate process extending 
down into the retroperitoneum are commonly found 
to be unexpectedly involved in tumor at final pathol
ogy. In some regard, these margins are not cor-

rectable because we would not consider resecting 
the superior mesenteric artery, and a deeper dis
section into the retroperitoneum is not considered 
reasonable because of the proximity of the vena cava 
and the aorta. 

Total pancreatectomy has been proposed to treat 
cancer of the pancreas. It appears to be a rare pa
tient whose lesion is considered resectable yet re
quires total pancreatectomy. In most cases resection 
of the body and tail with a distal pancreatectomy or 
resection of the head and body with a pancreatico
duodenectomy are sufficient to achieve cure. There 
are no data to suggest that total pancreatectomy en
hances survival [10]. Multicentricity of carcinoma of 
the pancreas is rarely described. 

Essentially all pancreatic surgeons agree that a 
truncal vagotomy is not necessary after pancreati
coduodenectomy. As many as 65% of patients com
plain of delayed gastric emptying early after Whip
ple resection, a concern that dictates omitting 
vagotomy, which might potentiate the problem. It 
was hoped that this complication would be less com
mon when the pylorus is preserved. Unfortunately, 
pylorus-preserving pancreatic head resection is still 
associated with a reasonable rate of delayed gastric 
emptying. Some surgeons routinely employ a proki
netic agent during the immediate postoperative pe
riod after this procedure. Fortunately, long-term de
layed gastric emptying is reported far less frequently. 
Pharmacologic acid suppression may be necessary. 

Complications 

Any pancreatic resection carries an associated risk of 
pancreatic fistula. In the past, this complication was 
considered to be the cause of the high mortality rate 
associated with these resections. Pancreaticoduo
denectomy adds the risk of bile and gastrointestinal 
anastomotic leakage. Because of the rich vascular 
anatomy in the area of the head of the pancreas, ma
jor bleeding can also occur. Somewhat less recog
nized are the vascular accidents seen with this pro
cedure. The dissection planes include the superior 
mesenteric vein, portal vein, common hepatic artery, 
and superior mesenteric artery. In a worst case sce
nario it is possible to interrupt completely the vas
cular supply to the liver (portal vein and hepatic 
artery) or the vascular supply or venous drainage to 
the intestine (superior mesenteric artery and portal 
vein). Thus necrosis of the liver and necrosis of in
testine are known risks of this procedure. 

Most pancreatic surgeons now place closed
suction drainage in the area of the pancreaticoje
junostomy and the hepaticojejunostomy. Some be
lieve this practice is responsible for the higher rate 



of reported pancreatic fistula than was seen in the 
past. This might be viewed with alarm were it not 
for the fact that the overall mortality for this proce
dure has now reached well below 5% and in capa
ble hands may be 2-3%. In this regard, there appears 
to be conflicting data for the high rates of pancre
atic fistula and low mortality rates. Most believe that 
the correlation of pancreatic fistula to mortality in 
the past was related to the coexistence of abdomi
nal sepsis. Abdominal sepsis in the presence of the 
pancreatic fistula can be devastating because the mi
croorganisms activate pancreatic enzymes and con
vert a benign pancreatic fistula to a lethal compli
cation. There is consensus that pancreatic fistulas 
are far more common when the texture of the pan
creas is essentially normal and soft; it is consequently 
poorly prepared to hold a stitch. With chronic pan
creatitis or pancreatic carcinoma, the parenchyma is 
firm and holds sutures quite well. Technical faults 
may account for some of these fistulas. It should be 
stressed that a well drained pancreatic fistula in most 
series is a relatively meaningless complication, and 
spontaneous closure of such fistulas can be antici
pated in more than 98% of patients. 

Bile fistula may be more lethal than pancreatic 
fistula. Controlled bile fistula should be a fairly be
nign event when managed with closed-suction 
drainage. Spontaneous closure again should be an
ticipated in more than 98% of patients. An uncon
trolled bile fistula, however, can result in bile peri
tonitis and sepsis and may represent an extremely 
morbid complication. 

Dehiscence of the gastrointestinal anastomoses 
represents the least frequent of all complications. 
Prevent this problem by following the normal pre
cepts of intestinal anastomotic technique. 

Prevention of vascular accidents depends en
tirely on recognition of these structures, particularly 
the hepatic artery and the superior mesenteric 
artery. Each of these vessels may be unintentionally 
ligated. For that reason clear dissection of these 
structures is recommended. Unfortunately, superior 
mesenteric vein and portal vein injuries may occur 
simply because of dense adhesion to these structures 
due to chronic pancreatitis or to invasion of these 
structures by carcinoma. 

ISLET CELL TIJMORS 

Islet cell tumors, which are rare, are well known to 
be diagnostically elusive. Their clinical presentation 
may be subtle; and localization of the tumor once 
the endocrinopathy has been defmed is even more 
challenging. A number of modalities are utilized. Ul-
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trasonography or spiral CT scans comprise a good 
initial approach. As with other potentially malignant 
lesions of the pancreas, ultrasonography is more ef
fective for evaluating the liver for metastatic lesions; 
and spiral CT scanning is much more effect for eval
uating the pancreas. Unfortunately, neither of these 
modalities is typically associated with significant suc
cess. Selective venous sampling (portal and splenic 
veins and venous tributaries from the pancreas), 
sometimes combined with the use of secretagogues 
such as secretin, has been used in the past with vary
ing success. 

The innovation of a radioisotope scan using oc
treotide as the marker has had some success for de
tecting all known islet cell tumors. It has been 
known for years that immunocytochemistry evalua
tion of islet cell tumors routinely yields the presence 
of various other islet cell products in addition to the 
primary one associated with the endocrinopathy in 
individual patients. In other words, a patient with 
an insulinoma is likely to have somatostatin and pos
sibly glucagon or gastrin in the islets present within 
the insulinoma. In view of the added specificity of 
octreotide scanning, most recommend that it be per
formed early in the diagnostic workup of patients 
with suspected islet cell tumors. 

The role of EUS and of laparoscopic ultrasonogra
phy remains uncertain. These modalities may reveal 
lesions not found using conventional imaging tech
niques. An advantage for both procedures is their abil
ity to access the duodenal wall, which is the most 
common site of extrapancreatic gastrinoma. 

Finally, one may be left with the challenge of es
tablishing the location of these tumors intraopera
tively and here intraoperative ultrasonography 
continues to playa major role. The so-called gastri
noma triangle is bounded by a vertical line drawn 
between the pylorus and the third portion of the 
duodenum. The apex of the triangle is the hilum of 
the liver, which is a reasonable starting point for as
sessing the possible locations of this entity. For all 
other islet cell tumors the primary site is almost al
ways within the pancreatic parenchyma. In this re
gard, we simply advise careful evaluation of the un
cinate process and the inferior border of the 
pancreas as the superior mesenteric vein progresses 
underneath it. Each of these sites is somewhat re
mote until adequate dissection has been performed. 

Where pOSSible, we recommend enucleation in 
almost all patients. If there is any evidence of ex
tension beyond the capsule or if lymph node in
volvement (and certainly hepatic involvement) is ev
ident, one must consider the malignant character or 
these lesions and undertake more extensive resec
tion. It is important to realize that gastrinoma 
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metastatic to the liver may be present in a patient 
for decades. We also advocate resection when le
sions are strongly suspected in a particular location 
but are not easily defined in the operating room. In 
this case, a formal resection is preferable to blind 
excavation of the pancreas. One exception to the 
operative approach to islet cell tumors is when a gas
trinoma is associated with multiple endocrine neo
plasia type I. These patients have multiple sites of 
gastrinoma, and it is the general consensus that com
plete resection of each of these multiple lesions is 
unreasonable. 

CHRONIC PANCREATITIS 

Diagnosis 

The diagnosis of chronic pancreatitis depends on a 
combination of episodic or daily moderate to severe 
upper abdominal pain radiating to the back associ
ated with structural or functional derangements in 
the pancreas. Such derangements distinguish this en
tity from recurring acute pancreatitis or from acute 
relapsing pancreatitis. The functional derangements 
are endocrine or exocrine. 

Endocrine dysfunction is reflected in insulin
dependent diabetes. This form of diabetes has been 
termed pancreatogenic diabetes or type III diabetes. 
Interesting studies have evaluated the differences be
tween this form of diabetes and standard insulin
dependent diabetes known as type I diabetes. Vascu
lar and neuropathic complications appear to be less 
common with pancreatogenic diabetes. Exocrine in
suffiCiency presents clinically as pancreatic malab
sorption, commonly manifested by fat malabsorp
tion and steatorrhea. Both endocrine and exocrine 
dysfunction may be treated with replacement ther
apy even after near-complete loss of function. Much 
has been made of the challenging form of glucose 
hemostasis seen with end-stage chronic pancreatitis 
whereby glucose levels may fluctuate between a 
level as high as 900 mg/dl and, after insulin injec
tion, as low as 30 mg/dl. This is attributed to the 
absence of the modulating effects of glucagon. 
These functional abnormalities may help establish 
the diagnosis. 

Delineating structural derangements in the pan
creas has become the mainstay for the diagnosis of 
chronic pancreatitis. For years the simple presence 
of calcification on an abdominal radiograph was the 
extent of the imaging capabilities. With the intro
duction of abdominal ultrasonography, some addi
tional definition was obtainable. Abdominal CT 
scans greatly furthered this imaging detail. Conven-

tional CT scanning is variable in its ability to define 
the main pancreatic duct. The nearly simultaneous 
development of ERCP offered the opportunity to de
fme all of the fme details of ductal structure. In ad
dition, coexistent abnormalities in the bile duct can 
be evaluated. By combining the spiral CT scan with 
ERCP, one may define sequentially the structural ab
normalities associated with this disease. 

The earliest abnormalities are known as sec
ondary ductular ectasia. This entity suggests ab
normalities seen only in the side branches of the 
main pancreatic duct with no significant abnormal
ities in the main pancreatic duct. Defining this spe
cific abnormality remains the domain of ERCP, and 
none of the more advanced imaging has yet to com
pare with this sort of precision. EUS may prove com
petitive in this area, but as yet this subtle early struc
tural change in chronic pancreatitis is seen only by 
ERCP. 

Calcification in the parenchyma of the pancreas 
occurs in approximately 60% of patients with 
chronic pancreatitis. There is a greater prevalence 
of this fmding in certain geographic areas, as there 
is clearly clustering of this disease in specific areas. 
It should be mentioned that it has been repeatedly 
observed that this disease may have differing pre
sentations in different geographic areas. A dominant 
mass associated with chronic pancreatitis appears 
to be far more common in middle Europe than in 
the United States. Surgical management of this dis
ease has been affected by this characteristic, and re
sectional therapy is correspondingly more routine in 
Europe. The variant of chronic pancreatitis with 
nondilated ducts, the so-called "small duct variant" 
of chronic pancreatitis, appears to be more common 
in Great Britain; and resectional therapy predomi
nates there. Dilated ducts with a variably significant 
mass and head of the pancreas appears to be more 
common in the United States. Thus U.S. reports tend 
to include more of a mix of drainage procedures and 
resectional therapy. 

After the initial signs of secondary ductular ecta
sia, the next anatomic abnormalities are associated 
with the main pancreatic duct. Typically, there is 
irregularity of the duct with areas of narrowing and 
areas of dilatation. In some, the main pancreatic duct 
may dilate to as much as 30 mm in diameter, whereas 
others may never be Significantly dilated. Some may 
have such significant dilatation that it is interpreted 
as cystic structures within the pancreas. A mass ef
fect is common and may reach the extreme of a mass 
in the head of the pancreas measuring 10 cm in di
ameter. The term dominant mass in the head of the 
pancreas is generally reserved for patients with a 



mass >5 cm in diameter. Segmental chronic pan
creatitis may be seen in patients who have ductal 
obstruction from prior episodes of acute pancreati
tis complicated by ductal disruption or in those who 
sustained injury to their pancreas after trauma. At 
some point in the development of this disease, some 
element of narrowing of the common bile duct may 
also be anticipated. This abnormality is found in 
30-50% of patients with chronic pancreatitis. Sig
nificant dilatation of the common bile duct coexists 
with markedly elevated alkaline phosphatase levels 
and normal bilirubin. Only rarely does a patient with 
chronic pancreatitis present with true obstructive 
jaundice and Significantly elevated serum bilirubin 
levels. This is one important means by which 
chronic pancreatitis can be distinguished from car
cinoma of the pancreas, a distinction that has his
torically been considered challenging. 

Pseudocysts are often associated with chronic 
pancreatitis. They are not Significantly different from 
pseudocysts associated with acute pancreatitis and 
are not in themselves managed differently. It is our 
belief, however, that the approach to an incidentally 
found pseudocyst unassociated with a discrete 
episode of acute pancreatitis should include a review 
and determination of the coexistence of chronic 
pancreatitis. Many data, including our own, have 
shown that a patient presenting with abdominal pain 
and a pseudocyst and who has coexisting chronic 
pancreatitis experiences persistent pain after simple 
draining of a cyst. We advocate simultaneous man
agement of the chronic pancreatitis and the cyst to 
achieve a successful outcome. 

Thus from the point of view of imaging, the sec
ondary ductular ectasia and defmed changes in the 
ductular anatomy of the main pancreatic duct and 
of bile duct are by far best evaluated by ERCP. One 
should mention that MRCP has gained considerable 
attention as an alternative. It appears from early eval
uations that many features are similar and that this 
procedure may well serve as an alternative if locally 
available. Although the fme detail of the main pan
creatic duct is not as well seen, the general infor
mation is comparable. Information is gained about 
the common bile duct, and the study may be per
formed quickly and noninvasively. Spiral CT scan
ning provides considerably more detailed informa
tion regarding the main pancreatic duct than does 
conventional CT scan. It is also able to defme the 
biliary tree in cross section, which can be helpful 
for defming biliary dilatation. Interestingly, the pres
ence of calcification in the pancreas is found in an 
additional 10-15% of patients when evaluated by CT 
scanning compared to conventional radiography. 
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EUS also holds promise as a means of obtaining more 
precise detail of the parenchyma of the pancreas and 
of ductular abnormalities. Evaluating perioperative 
fluid collections is most clearly performed using spi
ral CT, MRCP, and EUS. It should be mentioned that 
it is rarely necessary to use all of these measures. We 
have obtained data suggesting that the associated 
ductal anatomy and communication or noncommu
nication with a pseudocyst may be helpful for es
tablishing a treatment strategy; thus we advocate 
routine use of preoperative ERCP. The presence of 
ductal disruption or of communication between the 
cyst and the main pancreatic duct are aspects par
ticularly helpful when choosing lesions best treated 
by percutaneous or endoscopic drainage. Laparo
scopic and intraoperative ultrasonography should be 
included in the armamentarium of a pancreatic sur
geon and can be helpful in the management of 
chronic pancreatitis and the cystic structures asso
ciated with chronic pancreatitis. A pseudocyst that 
is obvious on preoperative imaging may not be as 
obvious at operation. 

To provide some insight into sequencing an eval
uation, we currently apply spiral CT as a first modal
ity and then ERCP immediately prior to operation. In 
general, the spiral CT scan provides information re
garding masses in the pancreas and cystic structures 
surrounding the pancreas, and ERCP provides pre
cise details of the ductal anatomy. It is sometimes 
necessary to perform a biopsy to confirm or disprove 
a possible diagnosis of carcinoma of the pancreas. 
EUS with simultaneous biopsies certainly offers this 
capability, as does CT-directed fme-needle aspiration. 

Medical Management 

The typical patient with chronic pancreatitis gener
ally requires a period of intensive medical therapy 
before any consideration for surgery. Narcotic de
pendence is common owing to the chronic abdom
inal pain present in 95% of patients. This is compli
cated by the alcohol dependence or abuse that 
usually causes the disease. Nutritional depletion is 
common owing to exocrine or endocrine failure or 
to severe postprandial pain. Thus the immediate 
steps reqUired are an evaluation of the nutritional 
status and the pancreatic functional status. Supple
menting with insulin or enzymes is a signiftcant first 
step. Textbooks could be written on the nuances of 
managing the narcotics needs of these patients, who 
have the challenging combination of chronic pain 
syndromes superimposed on a personality pre-dis
posed to addiction as reflected in their alcohol de
pendence. 
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Two kinds of abdominal pain are commonly seen 
with this disease. Unrelenting abdominal pain may 
occur daily, requiring chronic narcotic use. Episodes 
of exacerbation of pain unassociated with enzyme 
elevations or other signs may nonetheless be mis
taken for an episode of acute pancreatitis. Some pa
tients have daily pain without exacerbations; many 
have both; and certain patients have intermittent at
tacks only. 

Octreotide, the somatostatin analog, has been in
vestigated as an alternative to narcotics for pain man
agement. Unfortunately, the studies using this modal
ity were mixed at best, and there is no consensus on 
the use of this agent for this purpose [11]. Anti
cholinergic medications have been evaluated in the 
past without success. For years, oral enzyme supple
ments were used based on the theory that lack of di
gestive enzymes in the intestine results in the feed
back signaling to cholecystokinin (CCK)-containing 
cells in the jejunum, which cause chronic stimulation 
of the pancreas and ongoing pain. Administration of 
enzyme supplements would theoretically reverse this 
feedback and reduce the CCK levels circulating in the 
blood, reduce chronic stimulation of the pancreas, 
and so reduce the pain associated with this disease. 
All clinical studies have failed to show an improve
ment using this mechanism; in practice, many still em
ploy enzymes in the hope of reducing or abolishing 
the chronic unrelenting abdominal pain. We do not 
advocate this modality. 

Finally, one may include endoscopy under the cat
egory of medical management. It should be noted 
that recent articles suggest that endoscopic place
ment of pancreatic ductal stents may ameliorate or 
abolish the pain associated with chronic pancreati
tis. No prospective analysis has been performed, and 
suggestions have been made about the possible com
plications of these procedures, including stent fail
ure and infectious complications in the pancreas. 
This entity continues to be explored. It can be 
viewed only as a temporary measure unless one 
wishes to replace the stents at intervals throughout 
this person's life. It is possible that successful pain 
relief by a stent may predict the success of opera
tive decompression. 

Surgical Management 

One may infer from the data presented in the prior 
section that medical management has not been met 
with significant success; therefore most regard surgi
cal management as the only reasonable option for pa
tients sufficiently troubled by this disease. The indi
cations for surgery are severe, unrelenting abdominal 

pain, in most cases resulting in narcotic dependence. 
Hence one would expect that in most cases it results 
in significant alteration of life style and quality of life 
based on the chronic pain and the narcotics require
ments. The need for intermittent hospitalization is an
other important indicator supporting the use of in
vasive, potentially lethal treatments. 

It is our belief that patients must be advised at 
the outset that some form of detoxification of their 
narcotic use is necessary after operation. The prac
titioner must be especially careful when evaluating 
drug-seeking behavior in regard to the patient's ab
dominal pain. Even in patients without addictive per
sonalities, the chronic requirement of narcotics is 
likely to result in some element of dependence; and 
the success of the operative procedure can be es
tablished only after the patient has been completely 
weaned from narcotic usage. 

Choice of Operation 

In general terms the operative procedures for chronic 
pancreatitis include resection, drainage or decom
pression, and nerve ablation. The primary goal of 
each of these operative procedures is pain relief. 
Pancreaticoduodenectomy, typically performed as 
pylorus-preserving resection of the pancreatic head, 
is the classic resection. Indications for pancreatico
duodenectomy are the symptoms previously de
scribed combined with a dominant mass in the head 
of the pancreas. Resection is further indicated in any 
patient in whom there remains the suspicion of ma
lignancy based on imaging studies or the relatively in
accurate CA 19-9 tumor marker. Resection is also con
sidered reasonable after failure of a previous drainage 
procedure and is advocated in patients with a so
called small duct variance of chronic pancreatitis. 

A variation of the classic Whipple resection 
known as the duodenum-preserving pancreatic 
head resection has been devised. This procedure 
was designed and has been championed by Hans 
Beger from UIm, Germany; and further data have ac
crued through the work of Marcus Buchler in Berne, 
Switzerland [12]. In prospective studies, both the 
conventional Whipple operation and the duodenum
preserving pancreatic head resection achieve long
lasting pain relief in 75-95% of patients. The specific 
advantages suggested for duodenum preservation 
including enhanced nutritional status and better gas
tric emptying. The body of the pancreas is divided 
in a manner similar to that for the Whipple resec
tion, and pancreatic tissue is excavated from the C
loop of the duodenum, preserving the floor of this 
dissection plane and leaving a small remnant of pan-



creas along the edges of the duodenum. Recon
struction is performed by placing a Roux limb of je
junum over the excavated head of the pancreas and 
similarly into the remnant of the body and tail of the 
pancreas after it has been divided. 

This innovation forms the basis for a number of 
modifications that appear to be intermediary be
tween drainage procedures and resections. They in
clude the so-called Frey procedure, in which more 
limited excavation of the head of the pancreas is 
combined with longitudinal drainage of the main 
pancreatic duct. No division of the body of the pan
creas is performed during this procedure [13]. After 
Frey's original description many have explored the 
effectiveness of the procedure, and the results have 
been favorable. The indications for this modification 
include a dilated main pancreatic duct throughout 
the gland associated with the mass and the head of 
the pancreas. A more recent innovation by Izbicki 
focuses on small duct disease treated with a V
shaped excavation along the body of the pancreas 
down to the main pancreatic duct [14]. The concept 
behind this procedure is to extract the inflammatory 
tissue surrounding the duct and created an opera
tive equivalent of a Puestow-type drainage proce
dure. Unfortunately, the only data available regard
ing this procedure are those developed by Izbicki, 
who reported a high level of persistent pain relief 
after this procedure with apparent preservation of 
function. One important precept of surgery for 
chronic pancreatitis is that preservation of the pan
creatic parenchyma is a goal, and all efforts to pre
serve function while providing adequate pain relief 
are desirable. Near-total or 95% pancreatectomy is 
almost never utilized, and we have no enthusiasm 
for this procedure. 

Drainage Procedures 

The classic drainage procedure is the Puestow pro
cedure. In view of the prior discussion of the mod
ifications of resection, it should be noted that the 
Puestow procedure is in fact just such a modifica
tion. It was developed as a modification of the Du
val procedure: resection of the tail of the pancreas 
and Roux-en-Y jejunal drainage of the distal duct. 
Puestow modified the Duval procedure by combin
ing resection of the tail of the pancreas with a lon
gitudinal incision along the main pancreatic duct. 
This procedure has been evaluated extensively in 
clinical series and achieves 85-95% clearance of 
pain. Many give credit to Partington and Rochell for 
modifying the Puestow procedure by simply ex
cluding resection of the tail of the pancreas, but the 

Chronic Pancreatitis 669 

true innovation was addition of a longitudinal inci
sion along the pancreatic duct [15]. 

The Puestow procedure allows no loss of 
parenchymal tissue and provides persistent relief of 
pain. We have recently shown that the rate at which 
patients with chronic pancreatitis continue to lose 
function appears to be Significantly delayed after the 
drainage procedure. Thus we suggest that the ad
vantages of the Puestow-type drainage procedure are 
preservation of parenchyma and some protection 
from the inevitable loss of function seen with this dis
ease. Mortality and morbidity rates for this procedure 
are also considerably lower than those for resective 
procedures, particularly the Whipple resection. Mor
tality rates of less than 1 % and morbidity rates of less 
than 10% have been achieved with the Puestow pro
cedure [16]. These figures compare favorably with 
the 2-5% mortality rate and the 25-40% morbidity 
rate associated with the Whipple resection. 

The indication for operation is a dilated duct. Suc
cessful outcomes appear to be limited to ducts >6 
mm in diameter. The diameter of a normal pancre
atic duct is 2-3 mm. Ducts that have been less di
lated have been associated with a higher failure rate 
in terms of achieving pain relief. It is conceivable 
that the rate improves when the modification pre
viously described by Izbicki is used. 

Biliary Decompression 

Biliary stenosis and dilatation occur in 30-50% of pa
tients with chronic pancreatitis. The problems vary 
from obvious narrowing seen by an imaging study 
with normal blood chemistries to a massively dilated 
common bile duct associated with significant eleva
tions in the serum alkaline phosphatase levels (often 
above 1000 U/dl). Because the narrow area of the 
common bile duct is elongated, extending well be
yond the wall of the duodenum, neither sphinctero
tomy nor long-term stenting is generally useful. There 
is some concern that prolonged obstruction of the 
bile duct results in ongoing fibrosis of the liver and 
fmally leads to biliary cirrhosis. We generally reserve 
consideration of a simultaneous biliary drainage pro
cedure for patients with significant dilatation of the 
common bile duct (> 10 mm in diameter) associated 
with a chronically elevated alkaline phosphatase level 
(>400 U/dl). Although the purported advantage of 
biliary bypass is protecting the patient from biliary cir
rhosis, the risk of developing biliary cirrhosis in this 
setting is not known. Supporting evidence comes 
from a study in which liver biopsies were done be
fore and after biliary decompression in patients with 
chronic pancreatitis. Regression in hepatic fibrosis 
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was noted [17]. Further support comes from the pos
sibility that the chronic abdominal pain associated 
with chronic pancreatitis is due in part to biliary ob
struction, and relieving this obstruction may also al
leviate some of the pain. 

Nerve Ablation 

The concept of nerve ablation for chronic pancre
atitis has been present for decades. In its first in
carnation, operative celiac ganglionectomy was 
proposed. The success rates for this procedure was 
relatively low, and it was supplanted by percuta
neous chemical ablation of the celiac ganglion 
with alcohol. When performed somewhat blindly, 
this procedure had an exceedingly low success rate. 
CT or EUS guidance achieves somewhat higher suc
cess rates. The relative indications for proceeding 
with nerve ablation have never been adequately es
tablished, but certainly this modality is ideal for pa
tients who are not surgical candidates or who have 
failed resective procedures. We have had some suc
cesses with attempting repeat nerve ablation when 
the initial nerve ablation has failed. 

Division of the thoracic sympathetic chain has 
also been suggested as a possible method for re
lieving abdominal pain associated with chronic pan
creatitis. This method was further evaluated after the 
development of thoracoscopic techniques. Unfortu
nately, no large series have evaluated the success 
rates for this modality, and in general there is no en
thusiasm for it. 

CYSTIC LESIONS OF THE PANCREAS 

Pseudocysts of the pancreas occur with both acute 
and chronic pancreatitis. As stated previously, it is 
our belief that this distinction is vital for proper man
agement of patients with these lesions. Failure to 
recognize the coexistence of chronic pancreatitis 
may result in persistence of pain after treatment of 
an obvious pseudocyst. We therefore advocate com
bined decompression of the cyst and the main pan
creatic duct when appropriate. We have developed 
data sufficient to establish a grading system for pan
creatic pseudocysts [IS]. In general, patients may be 
placed in three categories. First, patients may pre
sent with obvious chronic pancreatitis and a cystiC 
structure. Second, some patients present with an 
episode of moderate to severe acute pancreatitis 
with peripancreatic fluid collections that fmally co
alesce into a pseudocyst. Finally, patients may pre
sent at an intermediate stage where the date of on
set of the cyst is not apparent, and during workup 
for abdominal pain the patient is found to have the 

cyst in the pancreas. The importance of these three 
categories is that patients associated with a clear 
episode of acute pancreatitis have an approximately 
SO% rate of spontaneous resolution. In contrast, pa
tients with a known diagnosis of chronic pancreati
tis have only a 4% spontaneous resolution rate. Thus 
operative intervention in our experience may pro
ceed fairly promptly in patients with known chronic 
pancreatitis, whereas a minimum 4-week observa
tion period is reasonable in patients with a cyst as
sociated with acute pancreatitis because of the like
lihood of spontaneous resolution. Patients in the 
intermediate stage are evaluated for the possibility of 
coexisting chronic pancreatitis. The rate of sponta
neous resolution in this group is approximately 35%. 

There is an area of pseudocyst management in 
which several proper treatment modalities overlap. 
In general, the choices include operative decom
pression of a cyst, percutaneous decompression of 
the cyst by interventional radiologists, and endo
scopic transluminal decompression of a pseudocyst 
or endoscopic endoluminal transpapillary decom
pression of the cyst by placing a stent in the main 
pancreatic duct. Long-term success rates for percu
taneous endoscopic and endoluminal decompres
sion have been approximately 70%. These data are 
comparable to the known operative success rates for 
external drainage of pseudocysts established 
decades ago, which typically were about 70% as 
well. Although some endoscopic and some inter
ventional studies have reported slightly higher suc
cess rates, long-term follow-up has been scant. 

Infectious complications have been common af
ter percutaneous or endoscopic drainage proce
dures. This is not altogether surprising, as many cysts 
contain solid or semisolid material that is unlikely to 
be adequately drained through passive drainage with 
relatively small catheters. It poses a risk for sec
ondary infection· after being exposed to microor
ganisms via drainage tubes. Despite this problem, 
we support the use of these alternative nonopera
tive methods when appropriate. We have explored 
the possibility of predicting who is best suited for 
each of these modalities based on the anatomy of 
the main pancreatic duct and the presence or ab
sence of communication with the cyst. 

The options for providing operative drainage in
clude cystgastrostomy and Roux-en-Y cyst jejunos
tomy. Resection of the pancreatic pseudocyst is also 
an option and is generally reserved for cysts in the 
body and tail of the pancreas. At all times we favor 
obtaining an intraoperative frozen section biopsy 
specimen of the wall of the cyst to rule out the pres
ence of a cystic neoplasm. An overall operative mor
tality rate of less than 3% should be achieved for 



pseudocyst drainage. Although many have reported 
morbidity rates of about 30%, our rates have been 
much lower when a Roux-en-Y cyst stage jejunos
tomy is done. 

With regard to cystic neoplasms, the presence of 
a cystadenoma in a cyst surrounding the pancreas 
has been recognized as a possibility for decades. 
More recently, the important distinction between 
serous and mucinous adenomas has been estab
lished. The premalignant potential of serous adeno
mas is considered to nil. In contrast, mucinous ade
noma is a recognized premalignant lesion. These 
lesions are more common in women, and cystade
nocarcinoma is more common in older women. Pa
tients with recognized mucinous adenomas are can
didates for resection at all times. 

Preoperative establishment of this diagnosis de
pends on a number of features. It is possible to as
pirate fluid and measure mucin levels in the fluid. In 
addition, several investigators have suggested mea
suring tumor markers including carcinoembryonic 
antigen (CEA) , CA 19-9, and pancreatitis-associated 
peptide (PAP). The presence of mucin is conftrma
tory, but the markers are not. Cytology may also be 
undertaken, and some studies have looked at CA 72-
4 in cyst fluid levels. They concluded that pancre
atic cysts with high serum CA 19-9 levels, positive 
cytology, or high CA 72-4 levels in the fluid should 
be considered for resection. 

Accompanying the recent interest in cystic neo
plasms of the pancreas has been a relative explosion 
in the variety of diagnoses. Mucinous ductal ecta
sia was recently defmed, for example. A retrospec
tive evaluation was performed at the Mayo Clinic in 
which lesions previously presumed to be conven
tional ductal adenocarcinoma were identifted by 
retrospective analysis as mucinous ductal ectasia
associated ductal adenocarcinoma. This lesion is as
sociated with massive dilatation of the ducts and 
ductules, signiftcant dilatation of the ampulla, and 
thick viscous pancreatic fluid. This lesion has been 
recognized as premalignant, and resection is indi
cated whenever it is diagnosed. The term intraduc
tal papillary mucinous tumor of the pancreas was 
subsequently established. Seeming to extend from 
this diagnosis are the cystic papillary neoplasms of 
the pancreas. Although rare, these entities must be 
considered in patients with cystic lesions of the pan
creas, particularly in patients without a clear history 
of pancreatitis. I would caution that even with a rea
sonable suspicion for pancreatitis, these lesions may 
be present; and unfortunately, aspiration ofthe fluid 
may yield high levels of pancreatic enzymes, ex
cluding this test as a means of distinguishing neo
plasms from cysts associated with pancreatitis. Each 
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of these lesions is considered to be premalignant, 
and resection is recommended. 
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Pancreatoduodenectomy 

INDICATIONS 

Carcinoma of ampulla, head of pancreas, distal bile 
duct, or duodenum 
Select patients with chronic pancreatitis and in
tractable pain whose disease is limited to the head 
of the pancreas (see Chapter 77) 

CONTRAINDICATIONS 

Distant metastases (liver or peritoneal surfaces) 

Distant lymph node metastases (celiac axis) 
More than minimal invasion of portal vein, superior 
mesenteric vessels, or root of small bowel mesentery 

In the absence of a surgical team experienced in 
pancreatoduodenectomy, when a patient suffering 
from obstructive jaundice has been found to have 
operable ampullary or pancreatic cancer refer the 
patient to an appropriate center of expertise. 

PREOPERATIVE PREPARATION 

Correct hypoprothrombinemia with vitamin K. 

Accomplish nutritional rehabilitation, if necessary. 
Perform diagnostic procedures. Selective use of com
puted tomography (C1), endoscopic retrograde 
cholangiopancreatography (ERCP), magnetic reso
nance imaging (MRI), endoscopic ultrasonography 
(EUS) , and preoperative laparoscopy helps with ac
curate staging and minimizes nontherapeutic lap
arotomy for cancer of the pancreas. 
Prescribe perioperative antibiotics. 
Preoperative biliary decompression, formerly advo
cated, has not been shown to be beneficial and is 
rarely employed. 

PITFAllS AND DANGER POINTS 

Intraoperative hemorrhage 

Trauma to or inadvertent ligation of superior mesen
teric artery or vein, an anomalous hepatic artery, or 
the portal vein 

Failure of pancreaticojejunal anastomosis with leakage 

Failure of choledochojejunal anastomosis with leak
age (rare) 

Postoperative hemorrhage 

Postoperative sepsis 

Postoperative acute pancreatitis 

Postoperative marginal ulcer with bleeding 

OPERATIVE STRATEGY 

The operation may be conceptualized as consisting 
of three stages: assessment of pathology to determine 
resectability, resection, and reconstruction. Standard 
pancreaticoduodenectomy, described first, includes a 
gastric resection. Pylorus-preserving pancreaticoduo
denectomy avoids this resection, decreasing the op
erating time and producing a more physiologic result. 
This procedure is described second. 

Assessment of Pathology to 
Determine Resectability 

Better preoperative staging has decreased the prob
ability of finding unexpected peritoneal metastases 
at laparotomy. Obvious disease outside the surgical 
field precludes resection; if none is found, the pan
creas is mobilized to determine if local invasion 
(most commonly into the portal vein) precludes re
section. Full mobilization is performed before com
mitting to resection. 

A generous Kocher maneuver is performed to 
confirm that the pancreas is not adherent to the in
ferior vena cava. The lesser sac is entered and the 
stomach elevated to display the pancreas. The most 
hazardous part of the operation occurs next, when 
the pancreas is gently elevated from the portal vein. 

Avoiding and Managing 
Intraoperative Hemorrhage 

The greatest risk of major intraoperative hemorrhage 
occurs when the surgeon is dissecting the portal 
vein away from the neck of the pancreas. This is es
pecially true when an inexperienced pancreatic sur-
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geon has misjudged the resectability of a carcinoma 
of the pancreas. In this case, while injudiciously try
ing to separate the portal vein from an invading car
cinoma one can produce a major laceration of the 
portal vein before achieving sufficient exposure to 
effect a repair. Freeing the portal vein is the most 
dangerous step in this operation. 

Temporary control of hemorrhage is generally 
possible in this situation if the surgeon compresses 
the portal and superior mesenteric veins against the 
tumor by passing the left hand behind the head of 
the pancreas. An experienced assistant then divides 
the neck of the pancreas anterior and just to the left 
of the portal vein. In some cases it is necessary to 
isolate and temporarily occlude the splenic, inferior 
mesenteric, superior mesenteric, coronary, and por
tal veins to achieve proximal and distal control. If 
tumor has indeed invaded the portal vein, a patch 
or a segment of vein may have to be excised to be 
replaced by a saphenous vein patch or, in some 
cases, a vein graft. An end-to-end anastomosis of the 
portal vein to the superior mesenteric vein is possi
ble when the segment to be resected is short. To re
place longer segments of resected portal vein, in
terpose a saphenous vein graft. ligating the portal 
vein is often fatal unless the superior mesenteric vein 
is preserved and is free to drain into the intact 
splenic and then into the short gastric veins. 

Avoiding Postoperative Hemorrhage 

Postoperative hemorrhage is a preventable and po
tentially lethal complication. It stems from one of four 
major causes: (1) gastric stress ulcers or gastritis; (2) 
marginal ulcer; (3) digestion of the retroperitoneal 
blood vessels by combined leakage of both bile and 
pancreatic juice; or (4) inadequate ligature of the in
numerable blood vessels divided during surgery. 

Gastric stress ulcers or gastritis. After surgery, use 
an H2-blocker or proton pump inhibitor to maintain 
the gastric pH at ~ 5.0. Follow the protocol in the 
intensive care unit for surgical patients who are at 
risk of developing stress bleeding. 

Marginal Ulcer 

With the standard pancreaticoduodenectomy, the in
cidence of marginal ulcer is decreased by perform
ing an adequate antrectomy and/or adding truncal 
vagotomy. This is less of a concern with current 
methods of pharmacological control of ulcer diathe
sis. Preservation of the pylorus may reduce the in
cidence of postoperative ulcers. 

Hemorrhage secondary to the digestion of retro
peritoneal tissues by activated pancreatic juice is 
best prevented by observing the operative strategy 

(outlined below) aimed at minimizing the chance of 
pancreaticojejunal anastomotic leak. Hemorrhage 
that results from a ligature slipping off the gastro
duodenal or right gastric artery is a result of careless 
operative technique. During pancreatectomy care
fully skeletonize each of these two arteries prior to 
ligating them. Use nonabsorbable ligature material 
and always leave an adequate stump of vessel dis
tal to the ligature to prevent slipping. The same 
principles apply to the branches of the portal and 
superior mesenteric veins. 

Avoiding Leakage from the 
Pancreaticojejunal Anastomosis 

Failure of the pancreaticojejunal anastomosis has in 
our experience been the most common serious tech
nical complication of pancreatoduodenectomy. Fail
ure of the anastomosis is more common in patients 
who have carcinoma of the distal portion of the com
mon bile duct (eBD) or the duodenum because 
many of these patients do not develop obstruction 
of the pancreatic duct, which is frequently accom
panied by some degree of pancreatitis. Both ob
struction and pancreatitis produce thickening of the 
pancreatic duct and the pancreatic parenchyma. 

In the absence of this thickening, sewing a small 
thin-walled duct to the jejunum produces a high fail
ure rate. When a small duct and soft pancreatic 
parenchyma are encountered, some surgeons be
lieve that total pancreatectomy is the safest alterna
tive, even though it produces postoperative dia
betes. This option is rarely needed. If the patient has 
a soft pancreas and a pancreatic duct that is not 
markedly enlarged, do not try to construct a duct
to-mucosa anastomosis. Rather, invaginate the pan
creatic remnant into the lumen of the jejunum for a 
depth of at least 2 cm with two layers of sutures, as 
described later in the chapter. When the remaining 
pancreas is thickened with fibrosis and the duct has 
been markedly enlarged by the chronic obstruction, 
careful construction of an anastomosis between the 
pancreatic duct and the jejunal mucosa has a high 
likelihood of success. Rossi and Braasch insert a 
small catheter into the pancreatic duct in most pa
tients and then lead the catheter through a puncture 
wound in the wall of the jejunum and out through 
the abdominal wall to drain the pancreatic secretions 
away from the healing anastomosis into a drainage 
bag. When we use this type of drainage, we leave 
the catheter in at least 2 weeks. 

If leakage of pancreatic juice occurs, it is impor
tant to have adequate drains in the area of the anas
tomosis. Leakage of pure pancreatic juice that has 
not been activated does not damage the surround-



ing tissues, and the pancreatocutaneous fistula gen
erally closes spontaneously without damaging the 
patient. On the other hand, if leakage from the pan
creaticojejunostomy is accompanied by simultane
ous seepage of bile into the same region, the pan
creatic enzymes become activated and begin to 
digest the surrounding retroperitoneal tissues, lead
ing to sepsis and bleeding-complications that con
stitute the chief causes of death following pan
creatoduodenectomy. Consequently, make every 
attempt to divert the flow of bile from the area of 
the pancreaticojejunostomy, allowing an adequate 
length of jejunum to separate these anastomoses. 
This may help prevent the bile from refluxing up 
into the pancreaticojejunal anastomosis. 

Treating a Pancreatic Fistula by 
Removing the Pancreatic Stump 

When a patient suffers a pancreatocutaneous fistula 
that leaks clear pancreatic juice, only expectant 
therapy is necessary. If the clear, watery secretion 
turns green after a few days, indicating bile admix
ture, the situation is much more serious. A major 
leak of bile and pancreatic juice is associated with a 
high mortality rate. If the patient's condition begins 
to deteriorate despite adequate drainage, serious 
consideration should be given to exploration and re
moving the remnant of pancreas together with the 
spleen. Under certain conditions converting the 
Whipple operation to a total pancreatectomy con
stitutes a life-saving operation. Trede and Schwall re
ported success with this reoperation. 

Avoiding Trauma to an Anomalous 
Hepatic Artery Arising from the 
Superior Mesenteric Artery 

About 18-20% of individuals have an anomaly in 
which the common hepatic artery or right hepatic 
artery arises from the superior mesenteric artery, 
generally running posterior to the pancreas into the 
hepatoduodenal ligament. Such a vessel is encoun
tered in the operative field and may be injured. 
Sometimes this anomaly is identified on preopera
tive imaging studies. In 1 % of the cases in the 
anatomic study, the common hepatic artery arose 
from the superior mesenteric and passed through 
the head of the pancreas on its way to the liver; in 
this case pancreaticoduodenectomy necessitates di
viding and ligating this vessel. The adequacy of the 
collateral circulation determines the effect on he
patic perfusion and ultimately on liver function. 
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process with alert palpation of the posterior pan
creas allows the surgeon to identify this anomaly if 
it is not demonstrated on preoperative studies. 

OPERATIVE TECHNIQUE 

Standard pancreaticoduodenectomy 

Incision 

Make a midline incision from the xiphoid to a point 
10 cm below the umbilicus. In stocky patients with 
a broad subcostal arch, a bilateral subcostal incision 
is an excellent alternative. 

Evaluation of Pathology: 
Confirmation of Malignancy 

If no tissue diagnosis has been obtained preopera
tively, attempt to confirm the diagnosis by biopsy or 
fine-needle aspiration cytology (FNAC). Divide the 
omentum between hemostats to expose the anterior 
surface ofthe pancreatic head (Fig. 78-1). If a stony
hard area of tumor is visible on the anterior or pos-

Proper anatomic dissection of the superior 
mesenteric vessels away from the superior uncinate Fig. 78-1 
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Fig. 78-2 

Fig. 78-3 

terior surface of the pancreas, shave the surface of 
the tumor with a scalpel or remove a wedge of tis
sue. If the tumor appears to be deep, perform FNAC 
by inserting a 22-gauge needle into the tumor. Use 
a 10 ml syringe containing 4-5 ml of air. Aspirate 
and then expel the sample on a sterile slide; spray 
the slide promptly with a fIxation solution and sub
mit the slide for immediate cytologic study. In most 
cases we have found FNAC both safe and accurate. 

If the results are not confIrmatory for cancer, per
form a biopsy by passing a cutting biopsy needle 
through both walls of the duodenum on its way to 
the pancreas. This technique helps avoid a postop
erative pancreatic fIstula. When lesions of the distal 
common duct are suspected, obtain a tissue sample 
by passing a small curet through a cholodochotomy 
incision and scrape the region of the suspected ma
lignancy. Choledochoscopy is an excellent means 
for obtaining a biopsy of common duct tumors. If a 
tumor is palpable in the region of the ampulla, make 
a longitudinal or oblique duodenotomy incision over 
the mass and excise a sample under direct vision. 
Close the duodenotomy. Discard all instruments that 
have come into contact with the tumor during the 
biopsy and redrape the fIeld. Occasionally it is nec
essary to proceed without confIrmation of malig
nancy. 

If malignancy has not been confIrmed and there 
is not excellent preoperative radiographic visualiza
tion of the CBD, perform operative cholangiography 
or choledochoscopy to rule out an impacted com
mon duct stone as the cause of the patient's jaun
dice. Next, evaluate the lesion for operability. Check 
for metastatic involvement of the liver, the root of 
the small bowel mesentery, and the celiac axis 
lymph nodes. Metastasis to a lymph node along the 
gastrohepatic or gastroduodenal artery adjacent to 
the malignancy does not contraindicate resection. 

Determination of Resectability; 
Dissection of Portal and Superior 
Alesenteric Veins 

Perform an extensive Kocher maneuver by incising 
the peritoneal attachment (Fig. 78-2) along the lat
eral portion of the descending duodenum. Divide 
the lateral duodenal ligament to the point where the 
superior mesenteric vein crosses the transverse duo
denum (Fig. 78-3), Avoid excessive upward trac
tion on the duodenum and pancreas, as it may tear 
the superior mesenteric vein. Liberate the duode
num superiorly as far as the foramen of Winslow. 

If the head of the pancreas is replaced by a rela
tively bulky tumor, it may be diffIcult to expose the 
superior mesenteric vein. In such cases, after divid-
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Fig. 78-4 

ing the omentum to expose the anterior surface of 
the pancreas, identify the middle colic vein and trace 
it to its junction with the superior mesenteric vein 
(Fig. 78-4). Although this junction may be hidden 
from view by the neck of the pancreas, one can gen
erally identify the superior mesenteric vein without 
difficulty by following the middle colic vein. Gentle 
dissection is important in this area as there are of
ten large fragile branches joining both the middle 
colic and the superior mesenteric veins with the in
ferior pancreaticoduodenal vein. If these branches 

are torn, control of bleeding behind the neck of the 
pancreas is difficult. 

Gross invasion of the vena cava or the superior 
mesenteric vein contraindicates resection. Identify 
the hepatic artery medial to the lesser curvature of 
the stomach after incising the ftlmy avascular por
tion of the gastrohepatic omentum. Incise the peri
toneum overlying the common hepatic artery and 
sweep the lymph nodes toward the specimen. Con
tinuing this dissection toward the patient's right re
veals the origin of the gastroduodenal artery. Dissect 
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Fig. 78-5 

Fig. 78-6 

this artery free using a Mixter clamp (Fig. 78-5) and 
divide the vessel between two ligatures of 2-0 silk, 
leaving about 1 cm beyond the proximal tie to pre
vent the possibility of the ligature slipping off. Con
tinue the dissection just deep and slightly medial to 
the divided gastroduodenal artery and identify the 
anterior aspect of the portal vein (Fig. 78-6). In the 
presence of carcinoma near the head of the pancreas 
there are often numerous small veins superficial to 
the portal vein. Do not use hemostatic clips in this 
area because they would be inadvertently wiped 
away during the subsequent dissection and manip
ulation. Individually divide and ligate each vessel 
with 3-0 or 4-0 silk ligatures. 

After identifying the shiny surface of the portal 
vein, gently free this vein from the overlying pan
creas using a peanut sponge dissector. If there is no 
invasion of the portal vein by tumor, there is no at
tachment between the anterior wall of the portal 
vein and the overlying pancreas; thus a fmger can 
be passed between this vein and the neck of the pan
creas (Fig. 78-7). Maximize the distance from the 
tumor by staying slightly on the left, rather than the 
right, as this dissection is performed. Occasionally, 
this is easier to accomplish by inserting the fmger 
from below the pancreas between the superior 
mesenteric vein and the overlying gland. With one 
fmger inserted between the neck of the pancreas 

a. 
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and the superior mesenteric vein, pass the other 
hand behind the head of the pancreas and try to de
termine if the tumor has invaded the uncinate 
process, the posterior side of the portal vein, or the 
superior mesenteric vessels. If all of the above con
ditions have been fulfilled, the tumor is probably re
sectable; and one may proceed now with pancrea
tectomy. Execute this dissection carefully, as it is the 
most hazardous during the entire procedure. If the 
tumor has invaded the portal vein and the fmger dis
section produces laceration of the vein, controlling 
the hemorrhage is extremely difficult. (See discus
sion above under Operative Strategy.) 

Continue the dissection of the hepatic artery by 
dividing and ligating the right gastric artery. Incise 
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the peritoneum over the common hepatic artery as 
far as the porta hepatis. Unroof and expose the CBD 
and sweep the lymphatic tissue from the porta he
patis down to the specimen, thereby skeletonizing 
the hepatic artery and CBD. 

Cholecystectomy 

Perform a cholecystectomy in the usual manner (see 
Chapter 66 and Fig. 79-12). Encircle the common 
hepatic duct just proximal to the point where it is 
joined by the cystic duct. Apply an occluding tem
porary ligature or clamp to the hepatic duct and di
vide it distal to the ligature or clamp, sweeping lym
phatic tissue toward the specimen. 
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Fig. 78-8a 

Fig. 78-8b 

Fig. 78-9 



Vagotomy and Antrectomy 

Proceed with vagotomy (if desired) and antrectomy 
(see Chapters 25 and 29; see also Fig. 79-11). Swing 
the divided stomach to the right to expose the body 
of the pancreas fully. 

Division of Pancreas 

In patients with periampullary or distal CBD tumors 
there may be no obstruction of the pancreatic duct. 
Place the line of division of the pancreas 3 cm to 
the left of the superior mesenteric vessels. This 
leaves a remnant of pancreatic tail that is suitable for 
implanting into the open end of the jejunum when 
the pancreatic duct is too small for a good anasto
mosis. If this method is elected, carefully free the 
neck and body of the pancreas from the underlying 
splenic vein by working from above and from be
low. A few small branches from the pancreas to the 
splenic vein may require division. 

After the neck and body of the pancreas have 
been elevated, apply a 35/3.5 mm linear stapler 
across the pancreas (Fig. 78-8a). Fire the stapling 
device and divide the pancreas to the left of the sta
pling device (Fig. 78-8b). Identify the pancreatic 

r y 
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duct and insert a plastic catheter into the duct to 
prevent its being occluded by sutures (Fig. 78-9). 

In patients who have an ampullary carcinoma that 
obstructs the pancreatic duct, the thickened, dilated 
duct together with the secondary pancreatitis pro
duced by this obstruction makes both the duct and 
the pancreas suitable for accurate suturing. The 
same technique of division is used. Generally, it is 
necessary to suture-ligate a superior and an inferior 
pancreatic artery in the pancreatic stump. 

Dissection of Uncinate Process 

Retract the cut, stapled end of pancreas and the di
vided stomach toward the patient's right, exposing 
the anterior surface of the superior mesenteric and 
portal veins (Fig. 78-10). Two or three arterial 
branches of the superior mesenteric artery pass deep 
to the superior mesenteric vein and into the head of 
the pancreas and are generally easy to identify. Di
vide and ligate each with 3-0 silk. Several branches 
from the pancreas drain into the superior mesenteric 
vein from the patient's right. These too are divided 
and ligated. The superior mesenteric vein may now 
be gently retracted to the patient's left, revealing the 
superior mesenteric artery. The uncinate process 
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Fig. 78-11 Fig. 78-12 

Fig. 78-13 



may terminate at this point in some fibroareolar tis
sue. Divide it under direct vision. More often a 
tongue of uncinate process is attached to the pos
terior surface of the superior mesenteric artery. First 
pass the left hand behind the uncinate process to 
check again that there is no major anomalous he
patic artery coming from the superior mesenteric. 
Use electrocautery to divide the uncinate process 
(Figs. 78-11, 78-12). Another convenient method 
is to apply a 55/3.5 mm linear stapler across the un
cinate process prior to dividing it. Be certain to avoid 
injuring the superior mesenteric vein and artery. At 
the end of this dissection the gastric antrum, duo
denum, and head of the pancreas are attached only 
at the duodenojejunal junction (Fig. 78-13). 

It is possible to save 10-12 minutes of operating 
time by applying a cutting linear stapler across the 
fourth portion of duodenum and dividing the duo
denum, thereby releasing the specimen from all of 
its attachments. The proximal and distal segments 
of divided duodenum are thus closed by staples, 
which avoids the need to divide the proximal jeju
nal mesentery and free the duodenojejunal junction 
from the ligament of Treitz. The stomach, hepatic 
duct, and pancreas can each then be anastomosed 
end-to-side to the jejunum. Most surgeons do free 
the duodenojejunal junction from the ligament of 
Treitz, divide the mesentery in this region, and di
vide the jejunum a few centimeters beyond the lig
ament of Treitz. This procedure is described in the 
next section. 

Dissection and Division of 
Proximal Jejunum 

Expose the ligament of Treitz under the transverse 
mesocolon and divide it so the duodenojejunal junc
tion is completely free. Serially clamp, divide, and 
ligate each of the mesenteric branches from the su
perior mesenteric vessel to the proximal 6-8 cm of 
the jejunum. This maneuver releases the proximal 
jejunum. Unless it is planned to implant the pan
creatic tail into the open end of jejunum, apply a 
55/3.5 mm linear stapling device across the proxi
mal jejunum and fire it (see Fig. 79-14). Then using 
a scalpel divide the jejunum flush with the stapler. 
Lightly electrocoagulate the everted mucosa and re
move the stapling device (see Fig. 79-15). It is not 
necessary to invert this staple line with a row of su
tures. Remove the specimen. 

Pancreaticojejunal Duct-to
Mucosa Anastomosis 

Pass 12-13 cm of proximal jejunum through the aper
ture in the transverse mesocolon. Construct an end-
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to-side pancreaticojejunostomy along the antimesen
teric aspect of the jejunum, beginning at a point about 
3 cm from the staple line. Use interrupted 4-0 Pro
lene stitches to suture the posterior capsule of the 
pancreas to the seromuscular layer of jejunum (Fig. 
78-14). Then make a small incision slightly larger 
than the diameter of the pancreatic duct (Fig. 78-15), 
Approximate the pancreatic duct to the full thickness 
of the jejunal wall using interrupted 6-0 Prolene or 

Fig. 78-15 
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Fig. 78-16 

PDS sutures (Fig. 78-16). Wearing telescopic lenses 
with 2.5X magnification is helpful for ensuring an ac
curate anastomosis. After the posterior half of this 
anastomosis has been completed, insert an 8-lOF pe
diatric feeding tube into the pancreatic duct. Thread 
the long end of the catheter into the jejunum. Make 
no holes in the catheter on the jejunal side of the 
anastomosis. The catheter is brought out from the je
junum about 10 cm beyond this anastomosis and 
passed through a stab wound in the abdominal wall 
for drainage to the outside. Insert a 4-0 silk purse
string suture around the hole in the jejunum through 
which the catheter exits. Then complete the duct-to
jejunum anastomosis with 6-0 Prolene or PDS sutures 

Fig. 78-18 

Fig. 78-17 

(Fig. 78-17). Carefully buttress the remainder of the 
pancreas into the anterior wall of jejunum with ad
ditional 4-0 sutures (Fig. 78-18). It is important to 
suture the catheter to the pancreas by means of a sin
gle 5-0 PG stitch; otherwise it is easily dislodged dur
ing subsequent steps of the operation. Also suture the 
jejunostomy site to the stab wound of the abdominal 
wall if possible. 

Pancreaticojejunal Anastomosis 
by Invagination 

An alternative method for anastomosing pancreas to 
jejunum is to invaginate 2-3 cm of the pancreatic 



stump into the lumen. First insert a catheter into the 
pancreatic duct as described above. Suture the 
catheter into the duct with fme PG. Pass 3 cm of the 
pancreatic stump into the open proximal end of the 
jejunum, which is easily accomplished by inserting 
guide sutures at the superior and inferior margins of 
the anastomosis. Use 4-0 Prolene and insert the nee
dle into the superior aspect of the jejunum 3 cm 
away from its proximal margin (Fig. 7S-19a). 

Using the same needle, take a bite of the supe
rior margin of the pancreas. Then return the same 
suture from the lumen out through the open end of 
the jejunum, emerging 3 cm from the cut edge. Place 
an identical suture at the inferior margin of the je
junum and pancreas. By putting traction on these 
two sutures, the pancreas can be brought into the 
open end of the jejunum. If the jejunum does not 
accommodate the pancreas because the pancreatic 
stump is too large, inject glucagon (l mg) intra
venously to relax the jejunum. If the jejunum still 
cannot accommodate the pancreatic stump after 

Fig. 78-19a 

Fig. 78-19b 
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glucagon injection, utilize the techniques described 
below where the pancreatic stump is invaginated 
into the jejunum through an incision in the jejunum 
along its antimesenteric margin. Bring the catheter 
out of the jejunum through a small stab wound 6-8 
cm distal to the pancreaticojejunal anastomosis. If 
an external drainage catheter is not used, insert a 
short segment (4-5 cm) of catheter into the pan
creatic duct so about 1-2 cm projects beyond the 
cut edge of the duct. This helps prevent some of the 
sutures used to create the anastomosis from en
compassing the duct and thereby occluding it. This 
tube is ejected into the intestinal stream sponta
neously at a later date. Now insert additional 4-0 Pro
lene sutures to flx the cut edge of the pancreas to 
the circumference of the jejunum (Fig. 7S-19b). If 
the sutures are inserted but not tied, this step can 
be accomplished under direct vision to avoid dam
age to the pancreatic duct. When the sutures have 
been inserted, the pancreas is readjusted in its new 
location inside the jejunal lumen, and each of the 
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Fig. 78-20 

Fig. 78-21 

Fig. 78-22 

sutures is tied. A second layer of Lembert sutures is 
inserted from the proximal cut edge of the jejunum 
to the periphery of the pancreas in such fashion that 
the jejunal mucosa is inverted (Fig. 78-20). 

Another method for intussuscepting the pancre
atic stump into the jejunum is described beginning 
with Figure 78-21. Using interrupted 4-0 Prolene 
or silk, insert Lembert-type stitches to approximate 
the pancreas to the jejunum at a point 2.5 cm from 
their proximal margins, as shown. After completing 
this seromuscular layer of sutures, insert a second 

Fig. 78-23 



Fig. 78-24 

layer, approximating the proximal margin of the pan
creas to the full thickness of jejunum, as demon
strated in Figure 78-22. If the pancreatic duct is 
large enough, include the posterior wall of the pan
creatic duct in the suture line as shown. The first 
layer in the anterior suture line is demonstrated in 
Figure 78-23. Use Lembert sutures to invert the mu
cosa of the jejunum into the parenchyma of the pan
creas. The final anterior row of sutures between the 
seromuscular coat of jejunum to the pancreas com
pletes the intussusception of the pancreas into the 
jejunum, as shown in Figures 78-24 and 78-25. 

When the stump of the pancreas is too large to 
be invaginated into the lumen of the jejunum even 
after administration of glucagon, another method 
may be employed. As shown in Figure 78-26, close 
the cut end of the jejunum with a 55/3.5 mm linear 
stapling device. This need not be inverted by a layer 
of sutures. Approximate the cut edge of the pan
creas to the antimesenteric border of the jejunum to 

Fig. 78-25 
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Fig. 78-26 

complete an end-to-side anastomosis, leaving 1-2 cm 
of jejunum hanging freely beyond the anastomosis. 
Insert 4-0 sutures of the Lembert type, approximat
ing the seromuscular coat of the jejunum to the pan
creas. The pancreatic sutures should be inserted 
about 1.5 cm away from its cut edge. When this layer 
is complete, make an incision along the antimesen
teric border of the jejunum slightly shorter than the 
diameter of the pancreas, as seen in Figure 78-27. 
Then insert sutures between the posterior edge of 

Fig. 78-27 
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Fig. 78-28 

the pancreas, taking the full thickness of the jejunum 
in interrupted fashion to constitute the second pos
terior layer. If the pancreatic duct is large enough, 
include the posterior wall of the pancreatic duct in 
the sutures (Fig. 78-28). Again, use interrupted 
4-0 sutures to approximate the anterior edge of the 
pancreas to the full thickness of the jejunum, as in 
Figure 78-29. The ftnal anterior layer of sutures 
complete the invagination of the pancreas by ap
proximating the anterior wall of the pancreas to the 
seromuscular coat of the jejunum, as in Figure 
78-30. 

Fig. 78-29 

Fig. 78-30 

Hepaticojejunal Anastomosis 

Before anastomosing the hepatic duct to jejunum, 
make a tiny stab wound in the anterior wall of the 
hepatic duct about 3 cm proximal to its cut end. In
sert a Mixter clamp into the hepatic duct through 

Fig. 78-31 



Fig. 78-32 

the stab wound. Grasp the long arm of a 16F or 18F 
T-tube (Fig. 78-31) and draw it through the stab 
wound (Fig. 78-32). The purpose of this T-tube is 
to drain bile to the outside until the pancreaticoje
junostomy has completely healed. 

Make an incision on the antimesenteric border of 
the jejunum (Fig. 78-33) about 15-20 cm distal to 
the pancreaticojejunostomy. The jejunal incision 
should be approximately equal to the diameter of 
the hepatic duct. Use one layer of interrupted 5-0 
PDS or PG sutures to approximate the full thickness 
of hepatic duct to the full thickness of jejunum (Fig. 
78-34). Tie the knots of the posterior layer of su
tures in the lumen. The anterior knots are placed on 
the serosal surface of the hepaticojejunal anastomo
sis. On the jejunal side of the anterior layer use a 
seromucosal-type stitch (see Fig. 4-13). Leave only 
3-4 mm of space between sutures (Fig. 78-35). We 
have not found it necessary to insert two layers of 
sutures. If the diameter of the hepatic duct is small, 
enlarge the ductal orifice by making a small Cheatle 
incision in the anterior wall of the duct. 

Gastrojejunostomy 

Identify the proximal jejunum and bring it to the gas
tric pouch in an antecolic fashion. Place the antime
senteric border of jejunum in apposition with the 
posterior wall of the residual gastric pouch for the 
gastrojejunal anastomosis. Leave 10-20 cm between 
the hepaticojejunostomy and the gastric anastomo-
sis. Insert a guy stitch approximating the antimesen-
teric wall of the jejunum to the greater curvature of 
the stomach at a point about 3 cm proximal to the 
previously placed staple line. Then, with electro-
cautery make small stab wounds in the posterior wall 

Fig. 78-33 

Fig. 78-34 
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of the stomach and the jejunum. Insert the linear cut- Fig. 78-35 
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ting stapling device, one fork in the gastric lumen 
and one in the jejunum (see Fig. 29-44). Be certain 
there is no extraneous tissue between the walls of 
the stomach and the jejunum. After locking the sta
pler, insert a single Lembert stitch to approximate 
the stomach and jejunum at the tip of the stapler; 
then fire and remove it. Carefully inspect the staple 
line for bleeding, which should be corrected by cau
tious electrocoagulation or insertion of 4-0 PG su
tures. Apply Allis clamps to the anterior and poste
rior terminations of the staple line. Use additional 
Allis clamps to close the remaining aperture in the 
gastrojejunal anastomosis. Apply a 55 mm linear sta
pler deep to the line of Allis clamps and fire the sta
ples. (fhe details of this technique are described in 
Chapter 29.) 

Close the defect in the mesocolon at the region 
of Treitz's ligament by means of continuous and in
terrupted sutures of 4-0 PG around the jejunum and 
its mesentery. Try to isolate the hepaticojejunal anas
tomosis from the pancreatic anastomosis by sutur
ing the free edge of the omentum to the remaining 

Location ofjejunos· 
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Fig. 78-36 

hepatoduodenal ligament overlying the hepatic 
duct. Intermittently during the entire operation a di
lute antibiotic solution is used to irrigate the opera
tive field . Figure 78-36 illustrates the completed 
operation. 

Insertion of Drains 

Insert a closed-suction drain through a stab wound 
in the right upper quadrant down to the vicinity of 
the hepaticojejunostomy. Allow the T-tube to exit 
through a separate stab wound in the right upper 
quadrant. 

Bring the pancreatic catheter through a tiny stab 
wound in the antimesenteric wall of the jejunum 
about 10 cm distal to the pancreatic anastomosis. 
Place a 4-0 silk purse-string suture around this tiny 
stab wound; then make a stab wound in the appro
priate portion of the abdominal wall, generally in the 
right upper quadrant, and bring the catheter through 
this stab wound. If feasible , fix the jejunum to the 
abdominal wall around the catheter's exit point us
ing four sutures of interrupted 3-0 PG, one suture to 
each quadrant. This prevents intraperitoneal leakage 
of jejunal contents. Connect this catheter to a plas
tic collecting bag. Alternatively, bring the catheter 
through a stab wound in the proximal jejunum as 
depicted in Figure 78-39. Through stab wounds in 
the left upper quadrant, insert Jackson-Pratt closed
suction drains and place them in the vicinity of the 
pancreaticojejunostomy and subhepatic spaces. 

Needle-Catheter Jejunostomy 

Consider performing a needle-catheter jejunostomy 
during all pancreatoduodenectomies. If the patient 
should suffer from delayed gastrointestinal function 
due to leakage of one of the anastomoses, jejunal 
feedings are superior to total parenteral nutrition. 

Closure 

Close the abdominal wall using No.1 PDS sutures 
in the usual fashion. 

Partial Pancreatoduodenectomy with 
Preservation of Stomach and Pylorus 

The important steps of partial pancreatoduo
denectomy are identical with the standard Whipple 
pancreatoduodenectomy except that the pylorus, 
2 cm of duodenum, and all of the vagus nerve 
branches are preserved. In the hope of reducing the 
risk of marginal ulceration, we place the duodeno
jejunal anastomosis closer to the biliary and pancre-



aticojejunal anastomoses than is the case with the 
Whipple operation. 

Included in this operative description is a method 
for bringing the pancreatic catheter to the abdomi
nal wall through a tiny stab wound near the closed 
proximal end of the jejunal segment (Fig. 78-39). 
This has the important advantage that the length of 
the catheter between the pancreatic duct and the 
abdominal wall is much less than that described for 
the Whipple operation (above). 

Operative Technique 

Follow the procedure described in the first part of 
this chapter with the following exceptions. 

1. Do not perform a vagotomy. 
2. Dissect the posterior wall of the duodenum off 

the head of the pancreas for a distance of 2.5 cm 
after dividing and ligating the gastroduodenal and 
right gastric arteries as described above. 

3. Apply the cutting linear stapling device to the 
duodenum at a point about 2.5 cm distal to the 
pylorus. Fire the stapling device. This transects 
the duodenum and staples closed the proximal 
and distal ends of the divided duodenum. 

4. Be careful to avoid injuring the gastroepiploic 
arcade in the greater omentum along the greater 
curvature of the stomach, as much of the blood 
supply to the proximal duodenum now comes 
from the intact left gastroepiploic artery down to 
the pylorus. Beyond this point the duodenum is 
fed by the intramural circulation. Additional 
blood supply comes from the left gastric artery 
along the lesser curve of the stomach. 

4. Anastomose the end of the duodenum to the an
timesenteric side of the jejunum at a point about 
20 cm distal to the hepaticojejunal anastomosis. 
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Bring the jejunum fairly directly from the hepati
cojejunostomy to the duodenum for an end-to
side duodenojejunal anastomosis in the suprame
socolic space. 

5. The first step when preparing for the anastomo
sis is to apply several Allis clamps to the line of 
staples closing the duodenum. Then excise the 
staple line with scissors, leaving the duodenum 
wide open. Observe the cut duodenum for ade
quacy of bleeding. Although pulsatile flow is not 
generally seen and the duodenum may be some
what cyanotic, fairly brisk oozing of red blood is 
an indication of satisfactory circulation. 

6. Do not place the anastomosis close to the pylorus 
because the close proximity of the suture line to 
the pylorus interferes with pyloric function and 
results in gastric retention. Insert a layer of 4-0 
interrupted silk Lembert sutures to approximate 
the posterior seromuscular coat of the duodenum 
to the antimesenteric border of the jejunum. Af
ter this has been done, make an incision in the 
antimesenteric border of the jejunum. Obtain he
mostasis with absorbable sutures or electrocoag
ulation. Then begin the mucosal layer. Use 5-0 
atraumatic Vicryl suture material and place the 
first stitch in the middle of the posterior layer of 
the anastomosis. Run a continuous locked stitch 
from this point to the left-hand termination of 
the posterior layer. Take relatively small bites 
through the full thickness of duodenum and je
junum. If the bites are small, the continuous su
ture does not act as a purse string to narrow the 
anastomosis. 

7. Insert a second 5-0 PG suture adjacent to the first 
one at the midpoint of the posterior layer. Run 
this stitch in a continuous locked fashion toward 
the patient's right. Accomplish closure of the first 
anterior layer of the anastomosis using the same 
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Fig. 78-37 

Fig. 78-38 
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5-0 PG as a Connell, a Cushing, or a seromucosal 
stitch (Fig. 78-37). Terminate this layer by tying 
the ends of the two continuous PG sutures to 
each other in the middle of the anterior layer. 
Complete the anterior layer of the anastomosis 
by inserting interrupted 4-0 silk Lembert sero
muscular sutures (Fig. 78-38). Figure 78-39 il
lustrates the method of draining the pancreatic 

Fig. 78-39 
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duct. Insert the pediatric feeding tube into the 
pancreatic duct after completing the posterior 
layers of the pancreaticojejunostomy. Suture the 
catheter to the pancreas with a 3-0 PG stitch; then 
bring it through a puncture wound in the proxi
mal jejunum. Close the jejunal puncture wound 
around the catheter with a 4-0 silk purse-string 
suture. Bring the catheter through a puncture 
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Fig. 78-40 

wound of the abdominal wall to the left of the 
midline incision and transfix it to the skin with a 
suture. In most cases it is possible to suture the 
jejunum to the parietal peritoneum around the 
puncture wound through which the catheter ex
its. 

Figure 78-40 illustrates the end result of this op
eration without a catheter in the pancreatic duct but 
with the pancreatic stump invaginated into the 
jejunal lumen. Insert a closed-section drainage 
catheter near the pancreatic anastomosis. Bring the 
catheter out through a puncture wound in the up
per abdominal wall. 

Complications 

Delayed gastric emptying. This complication occurs 
if the duodenojejunal suture line abuts the pyloric 
sphincter muscle and thus interferes with this 
sphincter's proper functioning. Most cases of de
layed gastric emptying subsequent to a pancreato
duodenectomy are due to leakage from the pan
creaticojejunal or hepaticojejunal anastomoses or in
traperitoneal sepsis rather than some intrinsic dis
order of gastric function. Evacuation of intraperi
toneal collections or abscesses accelerates the return 
to normal gastric emptying. Most of these abscesses 

can be evacuated by percutaneous CT-guided inser
tion of drainage catheters. 

Pyloroduodenal ulcer. Superficial ulceration may 
follow impairment of the duodenal blood supply. 
Peptic ulcer of the duodenum or jejunum may oc
cur if the gastric acidity following the operation is 
permitted to fall below pH 4-5. With bile diverted 
into the T-tube and all the pancreatic juice draining 
to the outside via the pancreatic duct catheter, one 
of our patients developed gastric pH 1 postopera
tively while receiving cimetidine 100 mg per hour 
intravenously. The patient bled from a superficial py
loroduodenal ulcer that healed when the pancreatic 
secretions were injected into the nasogastric tube 
together with antacids. During the early postopera
tive period it is important to administer enough H2-

blocker to raise the gastric pH to 5.0. 

POSTOPERATIVE CARE 

Peri operative antibiotics, which were initiated prior 
to the operation, are repeated by the intravenous 
route every 4 hours during the procedure and then 
every 6 hours for four doses postoperatively. If the 
bile was infected prior to surgery, administer an
tibiotics until the infection is suppressed. 

Maintain the gastric pH at or above 5.0 with par
enteral agents. Test the intragastric pH on the sample 
of gastric juice aspirated through the nasogastric tube 
every 2 hours. Administer additional antacid, if nec
essary, in doses sufficient to maintain the desired pH. 

Intravenous fluids should be administered in suf
ficient quantities to ensure normal urine output. He
modynamic monitoring is helpful in older cardiac 
patients. Some of our patients have required 8 liters 
of isotonic fluid or more on the day of operation to 
maintain cardiovascular homeostasis even in the ab
sence of signiftcant blood loss. Because it is an ex
tensive operation, one can expect considerable se
questration of fluids into the "third space." By the 
third postoperative day there is frequently a brisk di
uresis, at which time intravenous fluids should be 
limited in volume. 

Initiate enteral feedings by way of the jejunos
tomy catheter after the operation is completed and 
continue these feedings until the patient is able to 
take a full diet by mouth. 

Leave the T-tube and the pancreatic catheter in 
place for 21 days. If there has been no drainage of 
pancreatic juice or bile by the seventh or eighth day, 
mobilize and slowly remove the latex drains. Re
move the Jackson-Pratt drain on day 8-10 unless sig
niftcant amounts of fluid are being aspirated. 

A clear, watery secretion draining from the opera-



tive site represents a pancreatocutaneous fistula, 
which will probably heal with the passage of time. 
Somatostatin analog therapy may decrease the inci
dence and severity of this problem. If this leak. of pan
creatic juice becomes complicated by an admixture 
of bile and pus, the pancreatic enzymes are activated 
and start digesting tissues in the vicinity of the anas
tomosis. This complication can be serious and even 
fatal. Initially, attempt conservative therapy by con
tinuous irrigation of the anastomotic site through the 
catheter using sterile saline containing appropriate di
lute antibiotics. A dosage of 1-2 liters per day seems 
appropriate. If, despite this management, the patient's 
condition continues to deteriorate, relaparotomy to 
remove the remaining tail of the pancreas together 
with the spleen may prove life-saving. 

COMPIlCATIONS 

Leakage from pancreatic anastomosis. 
Leakage from biliary anastomosis. 
Postoperative sepsis. 
Acute pancreatitis. 
Hepatic failure. 
Postoperative hemorrhage. In our experience sep
sis and hemorrhage are most often the result of 
leakage from the pancreaticojejunal anastomosis. In 
some cases this is due to the development of acute 
pancreatitis in the pancreatic tail. As discussed 
above, the only solution to this vicious cycle is some
times surgical removal of the residual pancreas. 

Postoperative gastric bleeding. If the gastric pH is 
kept elevated by antacid therapy, bleeding due to 
gastric ulceration is rare. 

Thrombosis of the superior mesenteric artery or 
vein. Although we have never encountered this 
complication, thrombosis can occur. It can be pre
vented by dissecting these two vital structures with 
care and precision. 

Gastric bezoar. We have had two patients who de
veloped gastric phytobezoars following pancreato
duodenectomy with vagotomy. Each was treated 
with gastric lavage and medication, which included 
papain and cellulose, with satisfactory results. 
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When undrained collections are identified on the 
CT scan, ask the interventional radiologist to insert 
a CT-guided percutaneous drain 
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INDICATIONS 

Carcinoma of the pancreas (see Chapter 77) 

CONTRAINDICATIONS 

Distant metastases 

Absence of an experienced surgical team 

Patient who lacks alertness and intelligence to man
age diabetes 

Invasion of portal or superior mesenteric vein 

Fig. 79-1 
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PREOPERATIVE PREPARATION 

See Chapter 78. 

OPERATIVE STRATEGY 

Complete omentectomy is generally performed as 
part of a total pancreatectomy. Division of the 
splenic, short gastric, right gastric, and gastroduo
denal arteries leaves the gastric pouch dependent on 
the left gastric artery for its blood supply. For this 
reason, do not divide the left gastric artery at its 



point of origin from the celiac axis. Rather, divide it 
along the lesser curvature distal to the point where 
the branches to the proximal stomach and esopha
gus arise. This chapter concentrates on the addi
tional features necessary to complete the pancreatic 
resection and should be read in conjunction with 
Chapter 78. 

OPERATIVE TECHNIQUE 

Incision 

Except for extremely stocky patients, we use a long 
midline incision from the xiphoid to a point 10 cm 
below the umbilicus. 

Fig. 79-2 
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Evaluation of Pathology, 
Determination of Resectability, 
Initial Mobilization 

The technique followed here is identical to that de
scribed in Figures 78-2 through 78-7, except that 
the omentum is detached from the transverse colon 
and is removed with the specimen (Figs. 79-1, 
79-2). 

Splenectomy and Truncal Vagotomy 
With the stomach and omentum retracted in a 
cephalad direction, identify the splenic artery along 
the superior surface of the pancreas. Open the peri
toneum over the splenic artery at a point 1-2 cm 
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distal to its origin at the celiac axis. With a right
angle Mixter clamp, free the posterior surface of the 
artery and apply a 2-0 silk ligature (Fig. 79-3), Lig
ate the vessel but do not divide it at this point. 

Apply a Thompson retractor to the left costal mar
gin to improve the exposure of the spleen. Make an 
incision in the avascular lienophrenic fold of the 
peritoneum (Figs. 79-4a, 79-4b). Electrocoagulate 
any bleeding vessels. Elevate the tail of the pancreas 
together with the spleen. Divide the attachments be
tween the lower pole of the spleen and the colon. 

Fig. 79-3 

Expose the posterior surface of the spleen and iden
tify the splenic artery and veins at this point. If there 
is any bleeding, ligate these vessels. Insert moist 
gauze pads into the bed of the elevated spleen. 

At this time remove the Thompson retractor from 
the left costal margin and place it in the region of 
the sternum. Apply traction in a cephalad and ante
rior direction, exposing the abdominal esophagus. 
Incise the peritoneum over the abdominal esopha
gus. Use a peanut-gauze dissector to separate the 
crus of the diaphragm from the esophagus (Fig. 



Fig. 79-4a 

79-5) and perform a truncal vagotomy as described 
in Chapter 25. 

Mobilizing the Distal Pancreas 
Identify the proximal short gastric vessel, and insert 
the left index finger underneath the gastrophrenic 
ligament. Apply a hemostatic dip to the distal por
tion of the vessel. Ligate the gastric side of the ves
sel with 2-0 or 3-0 silk and divide it (Fig. 79-6), Con-

Fig. 79-5 
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I 

Fig. 79-4b 

Fig. 79-6 
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Fig. 79-7 

Fig. 79-8 



Fig. 79-9 

tinue the dissection in this manner until all of the 
short gastric vessels have been divided (Fig. 79-7). 

Now redirect attention to the tail and body of the 
pancreas, which is covered by a layer of posterior 
parietal peritoneum. Incise this avascular layer fIrst 
along the superior border of the pancreas and then 
again along the inferior border of the pancreas after 
elevating the tissue with an index fmger (Fig. 79-8). 
As the pancreas is elevated from the posterior ab
dominal wall, follow the posterior surface of the 
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splenic vein to the point where the inferior mesen
teric vein enters; then divide this vessel between 
2-0 silk ligatures (Fig. 79-9). Follow the splenic artery 
to its point of origin, where the previous ligature can 
be seen. Double-ligate the proximal stump of the 
splenic artery and apply a similar ligature to the dis
tal portion of the splenic artery. Divide between these 
ties. Carefully dissect the junction of the splenic and 
portal veins away from the posterior wall of the pan
creas. After 2 cm of the terminal portion of the splenic 
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Fig. 79-10 

vein has been cleared (Fig. 79-10), divide the splenic 
vein between 2-0 silk ligatures. 

Antrectomy 

Divide the stomach as previously described (Fig. 
79-11). 

Cholecystectomy and Division 
of the Hepatic Duct 
The hepatic duct, portal vein, and hepatic artery 
have already been stripped of overlying peritoneum 
and lymph nodes. At this time, divide and ligate the 
cystic artery. Remove the gallbladder by dissecting 

enteric a. 
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it out of the liver bed from above down (Fig. 
79-12). Obtain complete hemostasis in the liver bed 
with electrocautery. ligate the cystic duct. Divide it 
and remove the gallbladder. 

Dissect the hepatic duct free from the portal vein 
at a point just above its junction with the cystic duct. 
Free about 1.5 cm of hepatic duct. Apply a ligature 
to the distal end and an atraumatic bulldog clamp to 
the proximal end and divide the duct. 

Freeing the Uncinate Process 

Retract the spleen, pancreas, and duodenum to the pa
tient's right. Gentle dissection discloses three or four 
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Fig. 79-11 

Fig. 79-12 
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proce 

Fig. 79-13 

venous branches between the posterior surface of the 
pancreatic head and the portal-superior mesenteric 
veins (Fig. 79-13). ligate each of these vessels with 
3-0 silk and divide them. It is now possible gently to 
retract the portal vein to the right. At this point the su-
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mcsenLeric a. 

perior mesenteric artery can generally be clearly iden
tified. In some cases it is easy to identify several arter
ial branches that can be dissected free, divided, and in
dividually ligated (Fig. 79-14). Divide the uncinate 
process as previously described (see Chapter 78). 
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Fig. 79-14 
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Fig. 79-15 

Mobilizing the 
Duodenojejunal Junction 

Expose the ligament of Treitz by elevating the trans
verse colon. Divide the jejunum as previously de
scribed and remove the specimen (Fig. 79-15; see 
also Fig. 79-14). 

Hepaticojejunostomy 
Reconstruction is simpler because no pancreatic 
anastomosis is needed. The hepaticojejunostomy is 
performed first, as described in Chapter 78. 

At a point about 50 cm downstream from the he
paticojejunal anastomosis, construct a stapled gas
trojejunostomy (Figs. 79-16, 79-17). Bring the T
tube out through a stab wound in the right upper 
quadrant. Irrigate the entire operative field with a 
dilute antibiotic solution. Be certain that hemostasis 
is complete. Insert a large Jackson-Pratt suction
drainage catheter in the right upper quadrant of the 
operative field and bring it out through a stab wound 
in the abdominal wall. Close the midline incision in 
routine fashion. Close the skin with interrupted ny
lon sutures or staples. 

POSTOPERATIVE CARE 

The principles of postoperative care described in 
Chapter 78 apply to total pancreatectomy except there 
is no possibility of a pancreatic fistula. The suction
drainage catheter is removed sometime after the fourth 
postoperative day unless a significant amount of 
drainage persists. The T-tube is left in place for 21 days. 

The most important element of postoperative 
care following total pancreatectomy is regulation of 
the resulting diabetes. The greatest danger is hypo
glycemia due to administration of too much insulin. 
Perform blood glucose determinations every 3-4 
hours for the first few days. Do not try to keep the 
blood glucose level below 200 mg/dl. Especially dur
ing the early postoperative period the diabetes is 
quite brittle, and an overdose of only a few units of 
insulin may produce hypoglycemic shock. There is 
much more danger from hypoglycemia than from di
abetic acidosis. Administer regular insulin in doses 
of 2-5 units every few hours as necessary. Fre
quently no more than 10-20 units are required per 
day. After patients begin to eat, they may be 
switched to one of the longer-acting insulin prod-
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Fig. 79-16 

Fig. 79-17 
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ucts. Patients and their relatives should be carefully 
instructed about the symptoms of hypoglycemia. 

Repeated measurements of the gastric pH are vi
tal to prevent postoperative gastric hemorrhage. Use 
intravenous H2-blockers to keep the gastric pH at 5 
or above. 

A sufficient dose of pancreatic enzymes must be 
given to prevent steatorrhea. It may require three 
tablets of Pancrease before each meal. 

COMPliCATIONS 

Hypoglycemia or hyperglycemia 

Postoperative gastric bleeding due to stress ulcera
tion or a marginal ulcer 

Postoperative hemorrhage 

Postoperative sepsis 

Leakage from biliary anastomosis 

Mesenteric venous thrombosis 

Hepatic failure 
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INDICATIONS 

Resectable malignant tumors located to the left of 
superior mesenteric vessels 

Benign tumors that cannot be locally excised (e.g., 
insulinoma) 

Pseudocysts of the tail (selected) 

Chronic pancreatitis localized to the body and tail 

Trauma 

PREOPERATIVE PREPARATION 

Localization maneuvers are required for small tu
mors such as insulinomas: computed tomography 
(CI), magnetic resonance imaging (MRl), angiogra
phy, and endoscopic or intraoperative ultrasonogra
phy. 

Operations for insulinoma require careful monitor
ing of the blood glucose at frequent intervals prior 
to and during operation. 

In patients suspected of having a gastrinoma the di
agnosis should be confirmed by serial serum gastrin 
levels before and after administration of intravenous 
secretin. 

PITFAllS AND DANGER POINTS 

Lacerating splenic or portal vein 

OPERATIVE STRATEGY 

Choice of Operative Approach 

Splenic preservation is feasible in selected patients 
with benign tumors or stable trauma patients. Care
ful dissection of the splenic artery and vein are re
quired (see References). Laparoscopic distal pan
createctomy is being performed in some centers. 

Avoiding Damage to Blood Vessels 

Once the decision has been made to proceed with 
distal pancreatectomy and splenectomy, locate the 
splenic artery a few centimeters beyond its origin at 
the celiac axis. Ligate the vessel in continuity to re-

duce the size of the spleen and the volume of blood 
loss if the splenic capsule is ruptured during the dis
section. 

The greatest danger when resecting the body and 
tail of the pancreas arises when a malignancy in the 
body obscures the junction between the splenic and 
portal veins. Invasion of the portal vein by the tu
mor is an indication of inoperability. If elevation of 
the tail and body of the pancreas together with the 
tumor should result in a tear at the junction of the 
splenic and portal veins and this accident occurs be
fore the tumor has been completely liberated, it may 
be extremely difficult to repair the lacerated portal 
vein. If an accident of this type should occur, it is 
necessary to fmd the plane between the neck of the 
pancreas and the portal vein and then divide the pan
creas across its neck while manually occluding the 
lacerated vein. With the portal and superior mesen
teric veins exposed after the neck of the pancreas 
has been divided, occluding vascular clamps may be 
applied and the laceration repaired. This complica
tion can generally be avoided by careful inspection 
of the tumor after elevating the tail of the pancreas 
and by observing the area where the splenic vein 
joins the portal vein. If the tumor extends beyond 
this junction, it is probably inoperable. 

Avoiding Pancreatic Fistula 

We have used the 55 mm linear stapling device for 
years to accomplish closure of the cut end of the re
maining pancreas after resecting the body and tail 
of this organ. When the stapler is used across the 
neck of a pancreas of average thickness, the staples 
seem to occlude the cut end of the pancreatic duct 
successfully; no supplementary sutures are needed 
to prevent a fistula. If the stapler is not used, be cer
tain to occlude the cut pancreatic duct by inserting 
a nonabsorbable mattress suture. 

OPERATIVE TECHNIQUE 

Incision and Exposure 

In the average patient a long midline incision from 
the xiphOid to a point about 6-10 cm beyond the 
umbilicus provides adequate exposure for mobiliz
ing the spleen and the tail of the pancreas. In an 
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Fig. 80-1 

obese or a highly muscular individual with a wide 
costal angle, a long transverse or left subcostal inci
sion is a suitable alternative. 

Exploration; Liberating the Omentum 

After thoroughly exploring the abdomen, expose the 
body and tail of the pancreas by liberating the omen
tum from its attachments to the transverse colon. An 
alternative method is to divide the omentum be
tween hemostats, which exposed the anterior sur
face of the pancreas. To palpate the posterior sur-

face of the pancreas, it is necessary to incise the layer 
of peritoneum that covers the pancreas and then 
continues down to the transverse colon, forming 
one leaflet of the transverse mesocolon. Incise this 
layer along the inferior border of the tail of the pan
creas (Fig. 80-1). The only major blood vessel deep 
to this layer of peritoneum is the inferior mesenteric 
vein, which travels from the transverse mesocolon 
to join the inferior border of the splenic vein just 
before the splenic vein joins the portal vein. After 
completing this incision, insert the index fmger be
hind the pancreas and use the fingertip to elevate 



Fig. 80-2 

the peritoneum along the superior margin of the 
pancreas (Fig. 80-2). Incise this layer of peritoneum 
with scissors, avoiding the sometimes convoluted 
splenic artery that runs along the superior border of 
the pancreas deep to the layer of peritoneum. After 
these two peritoneal incisions have been made, pal
pate the tail and body of the pancreas between the 
thumb and forefinger to evaluate the pathology. In
traoperative ultrasonography is a useful adjunct. 

If seeking a gastrinoma, perform a Kocher maneu
ver and palpate the descending duodenum and the 
head of the pancreas. Some non-beta-cell tumors of the 
pancreas can be palpated as small projections from the 
pancreas into the posterior wall of the descending duo
denum. Many of the benign tumors can be excised lo
cally or may be shelled out by gentle dissection. 

Identifying Splenic Artery 

Palpate the splenic artery along the upper border of 
the neck of the pancreas at a point a few centimeters 
from its origin. If there is some confusion as to the 
identity of the artery, occlude it with the fingertip and 
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palpate the hepatoduodenal ligament to determine 
whether the hepatic artery (rather than the splenic 
artery) has been occluded. If hepatic artery pulsation 
is normal, open the peritoneum overlying the splenic 
artery. Encircle it with a right-angle clamp and ligate 
it in continuity with 2-0 silk (see Fig. 84-3). 

Mobilizing the Spleen and Pancreas 

Retract the spleen to the patient's right, placing the 
splenorenalligament on stretch. Incise this ligament 
(see Fig. 85-1) with Metzenbaum scissors or elec
trocautery. Continue this incision up to the di
aphragm and down to include the splenocolic liga
ment. Now elevate the spleen and the tail of the 
pancreas from the renal capsule by fingertip dissec
tion. The greater omentum may be attached to the 
lower portion of the spleen; dissect it away from the 
spleen. It should now be possible to elevate the 
spleen and the tail and body of the pancreas up into 
the incision, leaving the kidney and adrenal gland 
behind. Cover these structures with a large moist 
gauze pad. 
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The spleen remains attached to the greater cur
vature of the stomach by means of the intact left gas
troepiploic and short gastric vessels. Divide each of 
these structures individually between hemostats and 
then ligate each with 2-0 silk (see Figs. 84-2, 84-4). 
Inspection of the posterior surface of the pancreas 
reveals the splenic vein. Dissecting along the infe
rior border of the pancreas unroofs the inferior 
mesenteric vein on its way to join the splenic vein. 

\ 
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Fig. 80-3 

Identify, encircle, and divide the inferior mesenteric 
vein between 2-0 silk ligatures. 

Dividing the Splenic Artery and Vein 

Gently elevate the splenic vein by sweeping the areo
lar tissue away from this vessel with a peanut dissec
tor until the junction between the splenic and portal 
vein is identified. At this point encircle the splenic vein 
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Fig. 80-4 

with a right-angle clamp at a point about 2 cm proxi
mal to its junction with the portal vein. Pass two liga
tures of 2-0 silk around the splenic vein and tie the lig
atures about 1.5 cm apart. Divide the vein between the 
two ligatures (Fig. 80-3) and identify the previously 
ligated splenic artery. Tie a second ligature around this 
artery and divide the vessel distal to the two ligatures. 
This leaves the specimen attached only by the neck of 
the pancreas in the region of the portal vein. 

Dividing the Pancreas 
If the pancreas is of average thickness, simply apply 
a 55 nun linear stapler across the neck of the pan
creas. Using 3.5 nun staples in most cases, flre the 
staples and divide the pancreas flush with the sta
pler using a scalpel. Remove the specimen. Then re
move the stapling device and inspect the cut edge 

Operative Technique 713 

" 4'i /1 ( . VI ' N, ' 

of the pancreas carefully for bleeding points (Fig. 
80-4). It is frequently necessary to suture-ligate a su
perior pancreatic artery near the upper border of 
the remaining pancreas. We have not found it nec
essary to identify or suture the pancreatic duct when 
using a stapled closure of the transected pancreas. 

Alternatively, one may occlude the transected 
pancreas with interlocking interrupted mattress su
tures of 3-0 nonabsorbable suture material. If the 
pancreatic duct is identifIed, occlude this duct with 
a separate mattress suture. 

Closure and Drainage 
Place a flat closed-suction drainage catheter down 
to the site of the divided pancreas and bring the 
catheter out through a puncture wound in the ab
dominal wall. Close the incision in routine fashion 
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after ascertaining that complete hemostasis in the 
pancreatic and splenic beds has been achieved. 

POSTOPERATIVE CARE 

Attach the drainage catheter to a closed-suction sys
tem. Leave the drain in place 4-6 days. If a pancre
atic duct fistula is suspected, leave the drain in place 
for a longer time. Occasionally check the serum amy
lase and blood glucose levels to detect postopera
tive pancreatitis and diabetes. 

COMPllCATIONS 

If pancreatic fistula develops, it generally resolves 
spontaneously in 3-4 weeks. If it does not resolve 
during that time, obtain a radiographic sinogram 
with aqueous contrast medium. 

Acute pancreatitis in the residual pancreas is a pos
sible but uncommon complication. 

Diabetes mellitus of mild degree sometimes occurs 
after an extensive distal pancreatectomy. 
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81 Operations for 
Pancreatic Cyst 

INDICATIONS 

Mature pseudocyst> 5 cm seen by ultrasonography 
or computed tomography (Cl). 

PREOPERATIVE PREPARATION 

Visualize the cyst by sonogram or CT scan with con
trast. 

Rule out the presence of gallstones or bile duct ob
struction by sonography, oral cholecystography, or 
endoscopic retrograde cholangiopancreatography 
(ERCP). 

Consider angiography of the splenic artery and pan
creas for all chronic pseudocysts prior to surgery (CT 
with contrast may given equivalent information). 

Administer perioperative antibiotics. 

Insert a nasogastric tube preoperatively. 

PITFALLS AND DANGER POINTS 

Anastomotic leak 

Postoperative hemorrhage 

Mistaken diagnosis (cystadenocarcinoma) 

Overlooking an associated pseudoaneurysm 

OPERATIVE STRATEGY 

Avoiding Anastomotic Leakage 

Cystogastrostomy or cystoduodenostomy are appro
priate only if the cyst is firmly attached to the wall 
of the stomach or duodenum. The anastomosis is 
simply completed through the area of attachment. 
If the cyst is not adherent, perform a Roux-en-Y cys
tojejunostomy because leakage from this anastomo
sis is far less dangerous to the patient than is leak
age from the stomach or duodenum. 

The wall of the pseudocyst must be thick enough 
for a safe anastomosis, particularly if a cystojejunos
tomy is performed. If there is doubt about the ade
quacy of the cyst wall, perform an external drainage 
operation. 

Avoiding Diagnostic Errors 

Always palpate the cyst for pulsation before any ma
nipulation. A pulsatile cyst may contain a free rup
ture of a splenic artery pseudoaneurysm. Aspirate 
the cyst before opening it to confirm pancreatic 
juice without blood. Biopsy the cyst wall to rule out 
cystadenocarcinoma. 

Pseudoaneurysm 

When arteriography has demonstrated a leaking 
pseudoaneurysm of the splenic artery in a large 
pseudocyst, ask the angiographer to perform pre
operative occlusion of the splenic artery. Sometimes 
the area of inflammation extends close to the origin 
of the splenic artery, making proximal control in the 
operating room, under emergency conditions, quite 
difficult. It is preferable to resect a cyst containing 
a pseudo aneurysm to prevent postoperative rupture 
and hemorrhage, rather than drain it. 

Jaundiced Patient 

Although jaundice in the presence of a pseudocyst 
may well be the result of extrinsic pressure by the 
cyst against the distal common bile duct, it is also 
important to rule out the presence of calculi or 
periductal pancreatic fibrosis as the cause of bile 
duct obstruction. Preoperative ERCP is helpful, but 
performing operative cholangiography after the cyst 
has been drained determines whether further 
surgery of the bile duct is necessary. If the jaundice 
is due to chronic fibrosis in the head ofthe pancreas, 
endoscopic stenting or a bypass operation is re
quired. It may be necessary to perform a side-ta-side 
choledochojejunostomy to the defunctionalized 
limb of the Roux-en-Y distal to the cystojejunostomy. 

OPERATIVE TECHNIQUE 

External Drainage 

Make a long midline incision. Explore the abdomen 
and identify the pseudocyst. After making an inci
sion in the greater omentum to expose the anterior 
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Fig. 81-1 

wall of the cyst, insert a needle into the cyst to rule 
out the presence of fresh blood; then incise the cyst 
wall and evacuate all of the cyst contents. Take a 
sample for bacteriologic analysis. If the cyst wall is 

Fig. 81-2 

too thin for anastomosis, insert a soft Silastic catheter 
and bring it out through an adequate stab wound in 
the left upper quadrant. 

If the cyst wall is thick enough to permit sutur
ing but the contents of the cyst appear to consist of 
pus and to resemble a large abscess, prepare a Gram 
stain. Sometimes what appears to be pus is only gru
mous detritus. If the Gram stain does not show a 
large number of bacteria, it is still possible to per
form an internal drainage operation. Close the ab
dominal incision in the usual fashion after lavaging 
the abdominal cavity with a dilute antibiotic solu
tion. 

Cystogastrostomy 
Make a midline incision from the xiphoid to the um
bilicus. Explore the abdomen. If the gallbladder con
tains stones, perform cholecystectomy and cholan
giography. Explore the lesser sac by exposing the 
posterior wall of the stomach from its lesser curva
ture aspect. If the cyst is densely adherent to the 
posterior wall of the stomach, cystogastrostomy is 



the operation of choice. If the retrogastric mass is 
pulsatile, consider seriously whether the mass rep
resents an aortic aneurysm or a contained rupture 
of a splenic artery pseudoaneurysm. Expose the 
aorta at the hiatus of the diaphragm and prepare a 
suitable large vascular clamp for emergency occlu
sion of this vessel should it be necessary. If the sur
geon has had no previous experience with this ma
neuver, he or she should request the presence of a 
vascular surgeon. A preoperative CT scan should ac
curately identify the nature of the mass. 

Make a 6- to 8-cm incision in the anterior wall of 
the stomach (Fig. 81-1) opposite the most promi
nent portion of the retrogastric cyst. Obtain hemo
stasis with electrocautery or ligatures. Then insert 
an IS-gauge needle through the back wall of the 
stomach into the cyst and aspirate. If no blood is ob
tained, make an incision about 3-6 cm in length 
through the posterior wall of the stomach and carry 
it through the anterior wall of the cyst. Excise an ad
equate ellipse of tissue from the anterior wall of the 
cyst for frozen-section histopathology to rule out the 
presence of a cystadenoma or cystadenocarcinoma 
(Fig. 81-2). 

Approximate the cut edges of the stomach and 
cyst by means of continuous or interrupted 3-0 PG 
sutures (Fig. 81-3). Close the defect in the anterior 
wall of the stomach by applying four or five Allis 
clamps and then perform a stapled closure using the 
90 mm stapler. If the gastric wall is not thickened, 
use 3.5 mm staples. Lightly electrocoagulate the 
everted gastric mucosa. Suture-ligate any arterial 
bleeders with 4-0 PG. 

Roux-en-Y Cystojejunostomy 

Make a long midline incision and explore the ab
domen. Check the gallbladder for stones. Expose the 
anterior wall of the cyst by dividing the omentum 
overlying it. Prepare a segment of jejunum at a point 
about 15 cm beyond the ligament of Treitz. Divide 
the jejunal mesentery as illustrated in Figure 81-4. 
Then divide the jejunum between two Allen clamps. 
Liberate enough of the mesentery of the distal jeju
nal segment to permit the jejunum to reach the cyst 
without tension. 

Make a small window in an avascular portion of 
the transverse mesocolon and delivery the distal je
junal segment into the supramesocolic space. Excise 
a window of anterior cyst wall about 3-4 cm in di
ameter. Send it for frozen-section histopathologic ex
amination. Perform a one-layer anastomosis between 
the open end of jejunum and the window in the an-
terior wall. Insert interrupted 3-0 or 4-0 PG Lembert 

Fig. 81-3 

sutures. Then use 4-0 PG sutures to attach the meso- Fig. 81-4 

Operative Technique 717 



718 Operations for Pancreatic Cyst 

Fig. 81-5 

colon to the jejunum at the point where it passes 
through the mesocolon. 

Anastomose the divided proximal end of the je
junum to the antimesenteric border of the de
scending limb of the jejunum at a point 60 cm be
yond the cystojejunal anastomosis. Align the open 
proximal end of jejunum so its opening points in a 
cephalad direction. Make a 1.5 cm incision in the 
antimesenteric border of the descending jejunum us
ing electrocautery (see Fig. 73-7) and complete the 
Roux-en-Y reconstruction by performing a jejunoje
junostomy in the usual manner (see Figs. 73-7 
through 73-12). 

Use 4-0 PG sutures to close the defect in the je
junal mesentery. The completed cystojejunostomy is 
illustrated in Figure 81-5. 

If the cyst wall is of adequate quality, no drains 
need be used. Close the incision in the usual fash
ion. 

Pancreatic Resection 

The techniques of pancreatic resection are de
scribed in Chapters 78-80. 

POSTOPERATIVE CARE 

Apply nasogastric suction for 1-3 days. 

Perioperative antibiotics are indicated. If the culture 
report of the cyst contents comes back positive, ad
minister the appropriate antibiotics for 7 days. In 
cases of external drainage, administer antibiotics de
pending on the culture reports. 

Use external drainage. Leave the drain in place un
til the amount of fluid obtained is minimal and a ra
diographic study with aqueous contrast material 
shows that the cyst has contracted to the size of the 
drain. It may be helpful to instill a dilute antibiotic 



solution into the drain at intervals if the cyst is in
fected. 

COMPIJCATIONS 

Acute pancreatitis 

Persistent fistula following external drainage 

Abscess 

Postoperative bleeding into gastrointestinal tract 
(rare if pseudoaneurysms have been excised) 
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82 Pancreaticojejunostomy 
(Puestow) for Chronic 
Pancreatitis 

INDICATIONS 

Chronic pancreatitis producing intractable pain not 
responsive to medical treatment, with a dilated 
(;:::5-7 mm) pancreatic duct 

PREOPERATIVE PREPARATION 

Evaluate hepatic function. 

Rule out portal hypertension. 

Establish nutritional rehabilitation if necessary. 

Order endoscopic retrograde cholangiopancreatog
raphy (ERCP). 

Rule out biliary calculi by radiography or sonogra
phy. 

PITFALLS AND DANGER POINTS 

Failure to rule out portal hypertension. 

Overlooking pancreatic carcinoma. Before deciding 
on an operative procedure, biopsy suspicious areas. 
Aspiration cytology in the operating room may be 
helpful in this situation. 

OPERATIVE STRATEGY 

Because the dilated pancreatic ducts are thick-walled 
and fibrotic, pancreaticojejunal anastomosis is a safe 
procedure. One layer of sutures generally suffices. 

OPERATIVE TECHNIQUE 

Exposure 
Make a midline incision from the xiphoid to a point 
4-5 cm below the umbilicus. Separate the greater 
omentum from the middle of the transverse colon 
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for a distance sufficient to expose the pancreas. Di
vide the peritoneal attachments between the pan
creas and the posterior wall of the stomach. 

Incising the Pancreatic Duct 

The main pancreatic duct is generally located about 
one-third the distance of the cephalad to the caudal 
margin of the pancreas. If the duct cannot be pal
pated, inserting a 22-gauge needle and attempting to 
aspirate pancreatic juice may serve to locate the pan
creatic duct. If the duct has not been successfully 
visualized by preoperative ERCP, perform a duc
togram in the operating room by aspirating 2 ml of 
pancreatic juice with a 22-gauge needle; then inject 
an equal amount of dilute Hypaque into the duct. If 
there is suspicion that the common duct is ob
structed by chronic pancreatitis, perform cholan
giography in the operating room. Once the pancre
atic duct has been identified, open it by making an 
incision along its anterior wall. The incision should 
open the entire duct from the head to the tail of the 
pancreas. This may be done with Potts scissors or a 
scalpel (Fig. 82-1). Continue the duct incision far
ther into the head of the pancreas than is shown 
here. Secure hemostasis with electrocautery. Occa
sional bleeding points may require a fine PG suture
ligature. If a stricture of the pancreatic duct is en
countered, insert a probe through the strictured area 
and incise the anterior wall of the duct with a scalpel 
over the probe. Remove any calculi or debris that 
may have collected in the ductal system. 

Constructing the 
Roux-en-Y Jejunostomy 

Prepare the proximal jejunum for a Roux-en-Y op
eration as illustrated in Figure 73-1. Select a suitable 
point about 12-15 cm beyond the ligament of 
Treitz. After a sufficient amount of mesentery has 
been divided, apply the 55/3.5 mm linear stapling 



Fig. 82-1 

device to the jejunum and fire it. Apply an Allen 
clamp just proximal to the stapling device. Divide 
the jejunum flush with the cephalad side of the sta
pler with a scalpel. Lightly electrocoagulate the 
everted mucosa and remove the stapler. 

Make a 3 cm incision in an avascular area of the 
transverse mesocolon. Pass the limb of jejunum 
through this incision and position it side-to-side to 
the open pancreatic duct. The stapled cut end of the 
jejunum should be approximated to the tail of the 
pancreas and the distal jejunum to the head. Now 
incise the antimesenteric border of jejunum over a 
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length approximately equal to the incision in the 
pancreatic duct using a scalpel or electrocautery. Be
cause the fibrotic pancreas accepts sutures easily, 
one layer of sutures is sufficient. For the posterior 
layer of the anastomosis, approximate the full thick
ness of the jejunum to the incision in the pancreatic 
duct. Use 4-0 PG interrupted sutures. Insert the nee
dle through both the mucosal and seromuscular por
tions of the jejunal wall. Then pass the needle 
through the fibrotic parenchyma of pancreas and 
through the pancreatic duct. Tie the suture with the 
knot inside the lumen of the pancreatic duct (Fig. 
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Fig. 82-2 

Fig. 82-3 



Fig. 82-4a 

82--2). For the anterior layer of the anastomosis use 
a seromucosal or Lembert stitch on the jejunum. Then 
pass the needle through the full thickness of the duct 
including some of the pancreatic parenchyma (Figs. 
82--3, 82-4a, 82-4b). Close the defect in the mesa
colon by inserting fine interrupted sutures between 
the mesocolon and the serosa of the jejunum. 

At a point at least 60 cm distal to the pancreati
cojejunostomy, construct an end-ta-side jejunoje
junostomy to complete the Roux-en-Y anastomosis. 
We generally accomplish this anastomosis by sta
pling as described in Figures 73-7 to 73-12. 

If desired, make a puncture wound in the left up
per quadrant and insert a Jackson-Pratt closed
suction silicone drainage catheter down to the re
gion of the pancreaticojejunal anastomosis. Close 
the abdomen in routine fashion. 

POSTOPERATIVE CARE 

Discontinue nasogastric suction in 1-3 days. 

Administer perioperative antibiotics for 24 hours. 

COMPLICATIONS 

Pancreatic fistula 

Abdominal or wound infection 
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Fig. 82-4b 
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SPLENECTOMY FOR DISEASE 

Although the decision to perform splenectomy for 
hematologic disease is generally made by the treating 
hematologist, the surgeon must be conversant with 
the hematologic disorders to ensure that the patient: 
(1) has been preoperatively immunized with pneu
mococcal, meningococcal, and (when indicated) He
mophilus vaccine; (2) is hematologically optimized 
for surgery; and (3) is fit for conventional open 
splenectomy, as laparoscopic splenectomy may re
quire prompt conversion to control hemorrhage. 

Common hematologic indications for splenec
tomy are idiopathic thrombocytopenic purpura 
(lTP), hereditary spherocytosis, and other forms of 
hemolytic anemia. Elective splenectomy is also 
sometimes performed to palliate myelofibrosis or as 
part of a staging laparotomy for Hodgkin's disease. 

Preoperative Evaluation 

Standard hematologic parameters are measured. Pre
operative radiologic imaging [computed tomography 
(Cn, ultrasonography] do not reliably detect acces
sory splenic tissue and are rarely indicated during the 
first operation. When a hematologic disorder recurs 
owing to a missed accessory spleen, the combined 
use of damaged red blood cell scintigraphy and CT 
scanning can be helpful for localizing accessory 
splenic tissue. Although radiologic embolization has 
been employed immediately prior to splenectomy to 
reduce the size and vascularity of the spleen, this ap
proach has not achieved widespread use. 

Choice of Surgical Approach: Open 
Versus Laparoscopic Procedure 

The ideal surgical approach for splenectomy would 
have the following features. 

Provide excellent surgical exposure of the splenic 
hilum, ligaments, and perisplenic tissues 

Cause minimal disturbance of the abdominal wall 
muscles 

Permit precise dissection of the splenic vessels and 
avoid splenic parenchymal injury 

Avoid injury to the pancreas, stomach, and adjacent 
structures 

Laparoscopic splenectomy fulfills these criteria in 
many instances and is rapidly becoming the method 
of choice for all forms of splenic pathology when 
the spleen is mildly to moderately enlarged. 

If the spleen is significantly enlarged, is the la
paroscopic approach truly feasible, or would a gen
erous open incision increase the margin of safety? 
Massive splenectomy with myelofibrosis in which 
the spleen is hard, tethered, and supplied by large 
collateral vessels is not appropriate for minimal ac
cess surgery. The surgeon's experience determines 
the point at which the enlarged spleen is "too large" 
to remove laparoscopically. 

Technical Considerations for Safe 
Laparoscopic Splenectomy 

The spleen develops from buds in the dorsal meso
gastrium that subsequently coalesce. This provides the 
conceptual framework for understanding the layers 
and contents of the splenic ligaments. The configura
tion of these ligaments and blood vessels is used to 
the surgeon's advantage during the laparoscopic ap
proach. Until the surgeon is familiar with mobilizing 
and handling the organ, it is best that the ligaments of 
the spleen be left undisturbed until the vessels in the 
hilum have been divided. Dissection should occur 
about 10 mm away from the hilum where the vessels 
are less well fixed and safer to dissect. If the splenic 
artery is accessible above the pancreas, it can be 
clipped or tied in continuity. If a stapler is to be used 
to divide hilar vessels, do not place clips where the 
stapler is to be positioned to avoid stapler misfires. 
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Laparoscopic Management 
of Splenic Cysts 

Thick-walled and thin-walled splenic cysts can be un
roofed laparoscopically and the cyst wall removed 
in a retrieval bag. Care must be taken to excise a suf
ficient portion of the cyst wall to prevent recur
rence. 

Recurrent Symptoms after Splenec
tomy for Hematologic Disease 

Overlooked accessory splenic tissue may hypertro
phy, subsequently causing recurrence of the hema
tologic symptoms for which the splenectomy was 
initially performed. Some have questioned whether 
accessory spleens are more likely to be overlooked 
during laparoscopic splenectomy than open splenec
tomy [1]. Park et al. reported a 12.3% incidence of 
accessory splenic tissue in their series of 203 la
paroscopic splenectomies, with one patient requir
ing reexploration for a missed accessory spleen [2]. 
They attributed this to their ability to visualize the 
perisplenic tissues better laparoscopically than at 
open splenectomy. In our experience, the incidence 
of accessory spleens seen at laparoscopy is 20%, 
eqUivalent to the rate generally cited in the litera
ture. A small subset of patients with ITP may ulti
mately require a subsequent open or laparoscopic 
procedure to remove an accessory spleen that has 
caused recurrence of the ITP [3]. It seems unrea
sonable to impose a major abdominal wound and 
prolonged hospitalization on the other 80% of pa
tients who do not have accessory spleens. 

Splenic implantation is another cause of recur
rence. Care must be taken not to fracture the spleen 
during dissection or to spill splenic tissue during the 
"morcellation" process. The surgical team must be 
prepared for an accurate, bloodless splenectomy. All 
steps should be taken to protect the abdominal cav
ity from contamination by splenic tissue. This means 
gentle handling of the spleen and its attachments 
and use of a strong, impervious extraction bag. 

SPLENIC TRAUMA 

Splenectomy renders patients susceptible to the 
lifelong risk of infectious complications. Over
whelming postsplenectomy infection (OPSD is rare 
(occurring in only 0.25-5.0% of adult splenec
tomized patients); but it can occur rapidly and re
sults in a more than 50% mortality rate [4]. Recog
nition of this syndrome has led to the development 
and now universal acceptance of splenic preserva-

tion as the treatment modality of choice whenever 
it is safe and feasible. 

The importance of splenic preservation has been 
recognized for more than 20 years. The method of 
splenic preservation, however, has undergone a re
markable evolution from operative splenorrhaphy to 
nonoperative management [5]. Advances in modem 
imaging techniques (CT scanning, ultrasonography) 
along with technically adept interventional radiolo
gists has established the primacy of the nonopera
tive approach to splenic trauma [6,7]. Nonetheless, 
instances arise where operative intervention is re
qUired-hence the need for familiarity with tech
niques such as safe splenectomy, splenorrhaphy, 
and splenic autotransplantation [8]. 

When operative intervention has been dictated by 
a patient's inability to maintain hemodynamic sta
bility despite adequate fluid resuscitation or having 
sustained multiple injuries, splenectomy should be 
undertaken without hesitation. When splenectomy 
is necessary and conditions permit, it seems prudent 
to use the removed spleen as a source for het
erotropic splenic autotransplantation. The benefits 
derived from heterotopic splenic autotransplanta
tion seem to be, theoretically at least, associated 
with its ability to restore partially the host's reticu
loendothelial function. Whether such partial restora
tion of reticuloendothelial function is sufficiently 
protective against specific antigenic challenges is 
presently unknown. As splenic autotransplantation 
can be performed with relative ease and has not 
to date been associated with significant complica
tions, it seems reasonable to continue employing this 
technique. 

In patients with splenic injuries who remain he
modynamically stable but require operative inter
vention, a variety of techniques can be used to 
achieve splenic salvage. Included in these tech
niques is splenorrhaphy, partial splenectomy, mesh 
splenorrhaphy, topical hemostatic agents, and lib
eral use of the argon beam laser. The current litera
ture suggests that splenorrhaphy can be achieved in 
at least 75% of patients with a cumulative success 
rate of 98%. 

Nonoperative Splenic Salvage 

In the past splenic salvage was most often achieved 
00-75%) by operative splenorrhaphy, partial splenec
tomy, electrocautery, and the use of adjunctive he
mostatic agents. Nonoperative management was, at 
best, applicable to only 15-20% of patients with blunt 
injuries. Current data suggest an almost mirror-image 
reversal, with at least 50-65% of patients with blunt 



injuries and a small group of select patients with pen
etrating injuries being managed nonoperatively with 
success rates exceeding 90%; only 17-20% undergo 
splenorrhaphy. The most recent data suggest that 
even splenic injuries are being managed operatively. 
Splenorrhaphy techniques are detailed in Chapter 85. 

Nonoperative Management 
of Splenic Trauma 
An algorithm for nonoperative splenic preservation 
is given in Figure 83-1. The following criteria for 
nonoperative management have proven safe and ef
fective in our hands. 

Hemodynamic stability 

CT scan documentation of the injury 

No other intraperitoneal or retroperitoneal injuries 
requiring operative intervention (documented by CT 
scan) 

Limited need for spleen-related transfusions (usually 
1 unit) 
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The almost exponential rise in the number of pa
tients managed nonoperatively since the early 1990s 
has been a direct result of including the following 
patients who in the past would have been excluded 
from nonoperative management: all hemodynami
cally stable patients regardless of CT grade of splenic 
injury, patients with intraperitoneal blood accumu
lation exceeding 250 ml (delineated by CT scan or 
ultrasonography), patients with pathologically dis
eased spleens (human immunodeficiency virus, 
leukemia, mononucleosis), selected patients with 
isolated stab wounds to the spleen, and neurologi
cally impaired patients. 

Prognostic Indicators of Failure 
of Nonoperative Management 
There are certain instances where more active in
tervention is indicated despite the patient meeting 
all "conventional" criteria for nonoperative manage
ment. Irrespective of the patient's hemodynamic sta
bility, a shattered spleen enveloped by a significant 

Algorithmic Approach to Nonoperative 
Management of Blunt Splenic Injury 

No intra-abdominal injuries 
requiring operative intervention 

Observe I 

'Contrast Blush" 
within the spleen 

Celiotomy 

Fig. 83-1. Reproduced, with permiSSion, from Pachter HL, Guth AA, Hofstetter SR, et aI. Changing patterns in the man
agement of splenic trauma. Ann Surg 1998;227:708. 
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Fig. 83-2 

perisplenic hematoma (Fig. 83-2), in our experi
ence eventually bleeds. It must be remembered that 
nonoperative management of hepatic and splenic in
juries differs greatly. Hepatic injuries rarely rebleed. 
In contrast, even when bleeding has initially 
stopped, splenic injuries have a propensity to bleed 
late. Shattered spleens are particularly vulnerable to 
this complication. Prompt surgical intervention and 
expeditious splenectomy, preferably with splenic 
autotransplantation, is warranted. 

Another instance where there is a high degree of 
sure failure of nonoperative management is when 
the initial CT scan reveals a "contrast blush." Figure 
83-3 shows a CT scan from a patient who was in
jured in a motor vehicle collision, demonstrating a 
contrast "blush" and a large perisplenic hematoma. 
Such a finding indicates extravasation of contrast ma
terial, signifying active bleeding in the splenic 
parenchyma. One should not be lulled into a false 

Fig. 83-3 

Fig. 83-4. Reproduced, with permission, from Pachter HL, 
Grau ]. The current status of splenic preservation. Adv 
Surg 2000;34:137. 

sense of security by the patient's stable physiologic 
proftle, however, as rapid hemodynamic deteriora
tion can occur at any time. Failure rates of nonop
erative management may well be related in part 
to underestimation of the Significance of this find
ing. The hemodynamically stable patient with CT
demonstrated "contrast blush" should undergo im
mediate angiographic embolization of the bleeding 
vessel. Figure 83-4 shows selective subtraction 
splenic angiography revealing free extravasation of 
contrast from the lower pole of the spleen (same 
patient as in Fig. 83-3). The patient underwent suc
cessful angioembolization with a combination of au
tologous clot and Gelfoam (Fig. 83-5). Angioem
bolization has become one of the cornerstones in 

Fig. 83-5. Reproduced, with permission, from Pachter HL, 
Grau ]. The current status of splenic preservation. Adv 
Surg 2000;34:137. 



the successful multidisciplinary approach to the non
operative management of splenic injuries. 

Followup Imaging 

Most follow-up imaging studies with CT or ultra
sonography in patients with stable postobservation 
courses seem to be superfluous. The role of repeat 
CT scanning or ultrasonography should be limited to 
specific circumstances. Imaging may be used as a cri
terion for moving stable patients out of critical units 
sooner. All parameters being equal, an ultrasound 
scan showing at least "no worsening" of the injury al
lows some patients to move out of the intensive care 
unit early. Follow-up imaging may also be helpful for 
determining which patients may return to contact 
sports, particularly those who initially sustained an 
American Association for the Surgery of Trauma 
(AASn grade III or greater injury. There would be un
derstandable reluctance to allow a patient with a large 
intrasplenic hematoma to play tackle football without 
documenting complete resolution of the injury. 

In summary, recognition of the pivotal role of the 
spleen in the immune response has resulted in almost 
universal policy of avoiding splenectomy when pos
sible. Splenectomy continues to be associated with 
an increased need for transfusion and excessive peri
operative sepsis. Splenic preservation for both blunt 
injuries and select penetrating injuries has become 
the accepted treatment protocol of choice. Splenor
rhaphy, once the mainstay of splenic preservation, is 
rarely performed today, having been replaced for the 
most part by nonoperative observation alone or in 
conjunction with angioembolization. Nevertheless, 
operative splenorrhaphy, partial splenectomy, and 
heterotopic splenic autotransplantation must be in 
the trauma surgeon's armamentarium. 

Laparoscopy for Management 
of Splenic Trauma 

Laparoscopy is another tool available to the trauma 
surgeon dealing with the diagnosis and management 
of splenic trauma. Its role in elective splenic surgery 
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is well established, and there is interest in applying 
the lessons learned to select trauma cases, thereby 
facilitating splenic salvage while obviating the need 
for open laparotomy. 

The role of diagnostic laparoscopy in the assess
ment of patients with penetrating thoracoabdominal 
trauma is well established. Concerns about poten
tially missed intraperitoneal injuries or the ability to 
treat discovered injuries has limited the application 
of diagnostic and therapeutic laparoscopic tech
niques in this setting. However, multiple case re
ports have described successfullaparoscopic splenic 
repair and salvage utilizing techniques of intracor
poreal suture placement, application of fibrin glue, 
and absorbable mesh splenorrhaphy. 
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INDICATIONS 

Hematologic disorders. Splenectomy may be indi
cated for patients with hereditary anemias (sphero
cytosis, elliptocytosis, nonspherocytic hemolytic 
anemia), primary hypersplenism, and idiopathic 
thrombocytopenic purpura. Patients with autoim
mune hemolytic anemia, secondary hypersplenism, 
thalassemia, myelofibrosis, chronic lymphatic 
leukemia, and lymphoma also benefit from splenec
tomy in selected situations. Splenectomy may be 
part of the staging procedure for patients with 
Hodgkin's disease. Because the specific therapy for 
diseases that require splenectomy is often in a state 
of flux and many of the conditions are complicated 
by problems of coagulation, it is important that the 
indications and timing for surgery be worked out 
in close cooperation with an experienced hematol
ogist. 

Primary splenic tumor. 

Splenic abscess. 

Splenic cysts, parasitic and nonparasitic. 

Gastric varices due to splenic vein thrombosis. 

Under unusual circumstances, a large number of 
other diseases may be benefited by splenectomy, 
such as Gaucher's disease, sarcoidosis, Felty syn
drome, Niemann-Pick's disease, and Fanconi syn
drome. 

PREOPERATIVE PREPARATION 

Consult with an experienced hematologist con
cerning blood coagulation factors in the patient and 
arrange for careful cross-matching of an adequate 
quantity of blood. 

Immunize the patient against pneumococcus, 
meningococcus, and Hemophilus inf/uenzae at 
least 2 weeks prior to surgery. 

Perform gastric decompression. 

Administer perioperative antibiotics. 

Preoperative transcatheter embolization of the 
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splenic artery is a rarely used option in highly se
lected patients. Splenectomy should be performed 
promptly after completion of the splenic artery oc
clusion; otherwise pain, necrosis of the spleen, and 
sepsis are likely to occur. 

PITFAllS AND DANGER POINTS 

Intraoperative hemorrhage 

Postoperative hemorrhage 

Injuring the greater curvature of the stomach 

Injuring the pancreas 

Postoperative sepsis, especially in immunologically 
impaired patients 

Failure to remove an accessory spleen 

OPERATIVE STRATEGY 

Choice of Approach: Open 
or Laparoscopic? 

Laparoscopic splenectomy is an excellent alternative 
for properly selected patients. It is easiest in those 
with small spleens, such as individuals with idio
pathic thrombocytopenic purpura (ITP). Advanced 
laparoscopy skills are required. The technique is de
scribed briefly at the end of Operative Strategy. See 
References for further technical information. 

Avoiding Intraoperative Hemorrhage 
First, ensure that exposure is adequate for each step 
of the operation. Removing a large spleen requires 
a long incision. It is rarely necessary to perform a 
thoracic extension. Elevating the left costal margin 
with a Thompson retractor greatly improves expo
sure. 

Next, meticulously dissect and individually ligate 
each major vessel to avoid lacerating the splenic vein 
or a major branch. When performing splenectomy 
for hematologic disorders, we prefer to isolate the 
splenic artery as the first step. This frequently allows 



a large spleen to diminish considerably in size and 
thus makes the dissection safer. 

Patients with portal hypertension, such as with 
myelofibrosis, have collateral veins in the normally 
avascular splenophrenic and splenorenal ligaments. 
These vessels must be individually clamped and lig
ated. 

Preventing Postoperative Hemorrhage 
At the conclusion of the splenectomy, it is impor
tant to achieve complete hemostasis in the bed of 
the spleen, especially along the tail of the pancreas, 
the left adrenal gland, and the posterior abdominal 
wall. Some of the bleeding points can be controlled 
by electrocautery; others require clamping. Bleeding 
from the tail of the pancreas almost always necessi
tates insertion of fme suture-ligatures on atraumatic 
needles because the blood vessels tend to retract 
into the pancreatic tissue. If there is diffuse oozing 
due to thrombocytopenia or other coagulation defi
ciencies, administer platelets, fresh frozen plasma, 
and other coagulation factors as needed after re
moving the spleen. Then continue to observe the 
operative site until the bleeding stops. Do not sim
ply insert a few drains and close the abdomen, as it 
often leads to the development of a large hematoma 
in the left upper quadrant, a major cause of sub
phrenic abscess. 

Avoiding Pancreatic Injury 
The greatest risk of injuring the tail of the pancreas 
occurs when the splenic blood supply is being lig
ated and divided at the hilus of the spleen. Avoid 
this by clearly identifying the tail of the pancreas and 
individually ligating vessels rather than masses of tis
sue. If each clamp contains only a blood vessel and 
not other tissue, the pancreas is not crushed by a 
large hemostat or inadvertently transected. 

Avoiding Trauma to the Stomach 
During the course of clamping and dividing the 
short gastric vessels it is easy, especially when a 
large spleen is being removed, to include the wall 
of the gastric greater curvature in a hemostat aimed 
at a short gastric vessel. In other situations the 
serosa of the stomach may be denuded during the 
process of dissecting out these blood vessels. In ei
ther case, the injury may result in a gastric fistula, 
which is a serious, life-threatening complication. 
Consequently, take care to identify clearly each of 
the vessels and to achieve hemostasis and division 
of the short gastric vessels without damaging the 
stomach. 
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Extra security may be obtained by imbricating the 
greater curvature with a continuous or interrupted 
layer of seromuscular Lembert sutures. In this way 
the ligated stumps of the short gastric vessels and 
any possibly traumatized gastric wall are inverted to
gether. If the short gastric vessels have been divided 
with great care under conditions of good visibility 
and well away from the greater curvature, it may not 
be necessary to invert this region of the stomach. 

Preventing Postoperative Sepsis 
Prevent subphrenic abscess by achieving good he
mostasis and avoiding injury to adjacent structures. 
We believe that the use of prophylactic antibiotics 
administered intravenously at the induction of anes
thesia and repeated at intervals for the next 24 hours 
is an important means to help prevent this compli
cation. This is especially true if there is any danger 
that the stomach or colon may be entered during a 
difficult dissection. Routine drainage of the splenic 
bed appears to increase the incidence of postoper
ative subphrenic abscess. Selective use of closed
suction drainage in patients with pancreatic injury 
may be appropriate. Removing the drain within 5 
days appears to lower the risk of infection. 

Accessory Spleen 

Accessory spleens are common and, if overlooked, 
may in time impair the therapeutic effect of a 
splenectomy. Seek out and remove accessory 
spleens before closure. 

The most common location of accessory spleen 
is in the hilus of the spleen and the gastrosplenic, 
splenocolic, and splenorenalligaments. Also search 
the perirenal area, the tail of the pancreas, the small 
bowel mesentery, and the presacral region for ac
cessory spleens, although these locations are less 
commonly the site of an accessory spleen than is the 
area around the splenic hilus. 

Laparoscopic Splenectomy 
Laparoscopic splenectomy is performed with the pa
tient in the right lateral position. The spleen hangs 
suspended by its peritoneal attachments, which are 
divided last. The splenic flexure of the colon is mo
bilized, and the short gastric vessels are divided to 
expose the hilum. The splenic artery and vein are 
ligated or secured with endoscopic vascular staplers. 
Diaphragmatic attachments are then divided, and the 
spleen is placed in a large bag. It is morcellated in 
the bag and sent to the pathologist in small frag
ments or in the suction cannister. 
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Fig. 84-1 

Fig. 84-2 
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OPERATIVE TECHNIQUE 

Incision 

In the patient who has a small spleen, as is often the 
case with ITP, a long left subcostal incision reach
ing at least to the anterior axillary line provides ex
cellent exposure. In some cases the subcostal inci
sion may be improved by a Kehr extension up the 
middle to the xiphocostal junction, as illustrated in 
Figure 84-1. A long midline incision may be prefer
able in patients with marked splenomegaly, espe
cially if the patient has a narrow costal arch. Use 
electrocautery to incise the abdominal wall. To pro
vide adequate exposure, a midline incision must ex
tend a considerable distance below the umbilicus. 
Apply a Thompson retractor to elevate the left costal 
margin and to draw it in a cephalad and lateral di
rection. 

Ligating the Splenic Artery 

Incise the avascular portion of the gastrohepatic liga
ment along the middle of the lesser curvature portion 
of the stomach and elevate the stomach to expose the 
upper border of the pancreas. Palpate the splenic 
artery as it courses along the upper border of the pan
creas toward the spleen. If it appears that ligating the 
splenic artery near the pancreatic tail will be difficult, 
identify the pancreas behind the lesser curvature of 
the stomach and incise the peritoneum over the 
splenic artery where it loops above the body of the 
pancreas. Carefully pass a blunt-tipped right-angle Mix

ter clamp around the splenic artery. Temporarily oc
clude this artery with a vascular clamp or by double
encircling it with a Silastic loop or a narrow umbilical 
tape fixed in place with a small hemostat. 

In most cases approach the splenic artery by 
opening the gastrocolic omentum outside the gas
troepiploic arcade, applying clamps, and dividing 
and ligating the gastroepiplOic vessel (Fig. 84-2). 
Identify the splenic artery by palpating along the su
perior border of the pancreatic body or tail. Open 
the peritoneum over the artery and encircle the 
artery with a 2-0 silk ligature (Fig. 84-3). Then tie 
the ligature. 

Sometimes identifying the splenic artery requires 
division of the lower short gastric vessels. If this 
step has not already been accomplished, identify, 
clamp, divide, and ligate these structures with 2-0 
silk (Fig. 84-4). Continue the division of the short 
gastric vessels in a cephalad direction so long as the 
exposure is satisfactory. If the upper short gastric 
vessel is not long enough to be divided easily at this 
time, delay it until the spleen has been completely 
mobilized. 
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Mobilizing the Spleen 

With the left hand, retract the spleen in a medial di
rection to expose the splenophrenic and splenore
nalligaments, which are generally avascular. Divide 
the ligaments with Metzenbaum scissors or electro
cautery. Only in the presence of portal hypertension 
is it necessary to ligate a number of bleeding vessels 
in these ligaments. Insert the left index fmger be
hind the incised splenorenalligament and continue 
the incision by both sharp and blunt dissection un
til the spleen has been freed from the capsule of 
Gerota and the diaphragm (Figs. 84-5, 84-6). 

In the same plane, slide the hand behind the pos
terior surface of the pancreas and elevate the tail of 
the pancreas and the attached spleen into the ab
dominal incision. Tearing the splenic capsule by rough 
maneuvering during this step produces unnecessary 
bleeding and possible postoperative peritoneal spleno
sis. Apply a number of moist gauze pads to the bed of 
the spleen in the posterior abdominal wall. 

Slide the index fmger behind the splenocolic lig
ament and divide it, releasing the colon and its at-

Operative Technique 737 

tached omentum from the lower pole of the spleen. 
This dissection leaves the spleen attached only by 
the splenic artery and vein and perhaps one or two 
remaining short gastric vessels. 

Ligating the Splenic Vessels 

With the spleen elevated out of the abdominal cav
ity, search the posterior aspect of the splenic hilus 
for the tail of the pancreas. Gently separate the tail 
of the pancreas from the posterior wall of the splenic 
artery and vein. Carefully divide and ligate small 
branches of the splenic vessels entering the tail of 
the pancreas. Identify the previously ligated splenic 
artery. Ligate the artery again near the hilus and di
vide it, leaving a sufficient stump (l cm). Further dis
section reveals the splenic vein, which may be a 
large structure, or it may have divided into several 
branches by the time it reaches the splenic hilus. 
Carefully encircle either the main splenic vein or 
each of its branches with 2-0 silk ligatures (Fig. 
84-7). Tie the ligatures, divide the veins between 
ligatures, and remove the spleen. 

Divided short ga lri \. 

Fig. 84-7 
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Fig. 84-8 

Search for Accessory Spleens 

Pack the splenic bed to encourage any minor ooz
ing to stop. Use this time to search the area of the 
pancreatic tail, kidney, gastrosplenic ligament, 
omentum, small and large bowel mesentery, and 
pelvis for accessory spleens. Remove the gauze pads 
from the splenic bed and accomplish complete he
mostasis utilizing electrocautery and ligatures. 

Inverting the Greater 
Curvature of Stomach 

Carefully inspect the greater curvature of the stom
ach. If there is the slightest suspicion of any damage 
to the tissue in this area, tum in the greater curva
ture together with the ligated stumps of the short 
gastric vessels. Use continuous or interrupted Lem-

Fig. 84-9 

Fig. 84-10 

bert sutures of 4-0 atraumatic PG suture material to 
accomplish this step, which avoids a possible gas
tric fistula (Figs. 84-8 to 84-11). 

Abdominal Closure 

Irrigate the upper abdomen with a dilute antibiotic so
lution. After aspirating this solution with a suction de
vice, close the abdomen in routine fashion. Do not in
sert any drains unless there has been an injury to the 
pancreas or complete hemostasis has not been possi
ble. In either case, insert one or two medium-size plas-

Fig. 84-11 



tic closed-suction drains of the Hemovac or Jackson
Pratt type through one or two puncture wounds in 
the area of the splenic bed and apply suction. 

POSTOPERATIVE CARE 

Continue nasogastric suction for 1-2 days. 

Continue perioperative antibiotics for 24 hours. 

Continue steroid medication in patients who were 
on this therapy prior to and during operation. 

Monitor the patient's blood coagulation status and 
check for postoperative bleeding. Frequently, the 
platelet count rises postoperatively, but it does not 
generally require treatment except in patients with 
myelofibrosis. Patients with this disease have been 
reported to suffer postoperative portal and mesen
teric vein thrombosis. 

The leukocyte count may also rise markedly follow
ing splenectomy, but it does not necessarily indicate 
sepsis. 

If a patient has undergone total splenectomy, be cer
tain the patient and the family are aware of the risks 
of overwhelming postsplenectomy sepsis. The pa
tient should wear a Medic-Alert bracelet recording 
the fact that he or she has undergone splenectomy. 
If the patient was not immunized preoperatively, ad
minister Pneumovax and meningococcal and H in
Jluenzae vaccines. Young children should receive 
prophylactic penicillin throughout childhood. It is 
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not clear if prophylactic antibiotics are indicated 
during adult life. 

COMPilCATIONS 

Bleeding 

Subphrenic abscess 

Acute pancreatitis 

Gastric fistula 

Venous thrombosis 
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INDICATIONS 

Nonoperative management is appropriate in many 
cases of isolated splenic or hepatic trauma (see Chap
ter 83). 

Perform splenectomy if the patient's condition is un
stable, there are multiple injuries or gross fecal con
tamination, the spleen is fragmented beyond repair, 
or the spleen has been separated from its blood sup
ply. Do not risk the patient's life at any time to pre
serve an injured spleen, especially in patients over 
age 50. 

Splenorrhaphy or partial splenectomy is indicated in 
good-risk patients who do not have the above indi
cations for splenectomy. 

PREOPERATIVE PREPARATION 

Resuscitate the patient by means of adequate fluid 
and blood replacement. 

Insert a nasogastric tube. 

If the diagnosis is in doubt, perform computed to
mography (Cn. 

PITFALLS AND DANGER POINTS 

Failure to control bleeding 

Traumatizing the pancreas 

OPERATIVE STRATEGY 

Splenectomy 
Unlike the technique described for removing the dis
eased spleen in Chapter 84, initiate the dissection 
by dividing the splenorenal and splenocolic liga
ments as the first step. This permits delivery of the 
spleen and the tail of the pancreas into the incision. 
Hemostasis can be maintained by compressing the 
splenic artery between the thumb and index fmger 
during the rest of the dissection. In the rare case 
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where a giant spleen has been traumatized, it may 
be advantageous to identify the splenic artery (see 
Fig. 84-1) and ligate it before delivering the enlarged 
spleen. 

Iatrogenic Injuries 

Most spleens injured during dissection may now be 
salvaged. Commonly, the spleen is injured when the 
stomach or the transverse colon is retracted away 
from the spleen, and a small piece of splenic cap
sule is avulsed. Because the splenic pulp has not 
been damaged in most of these injuries, it is a sim
ple matter to control the bleeding by applying a top
ical hemostatic agent, such as oxidized cellulose or 
Avitene, and then applying pressure with a large 
gauze pad. Before closing the abdomen, remove the 
gauze pad carefully and inspect the area for bleed
ing. This technique is not effective if the injury oc
curs at the hilus of the spleen. 

Splenic Fracture 

The splenic artery and vein divide into two to four 
trunks prior to entering the spleen. The intrasplenic 
branches generally travel in a horizontal direction. 
Because most splenic fractures also travel in a trans
verse direction, often only one or two small blood 
vessels have been tom. Hemostasis may require only 
that a hemostatic agent, hemostatic clips, or suture
ligatures be applied; that the laceration be sutured; 
or that a partial splenectomy be performed. Partial 
splenectomy is indicated if a portion of the spleen 
has been separated from its blood supply, which is 
suggested by cyanotic discoloration of the devascu
larized segment compared to the remainder of the 
spleen. 

Principles basic to all splenic suturing are ade
quate exposure combined with complete mobiliza
tion of the spleen into the abdominal incision. This 
step is followed by temporary occlusion of the 
splenic artery by means of a Silastic loop and 
debridement of the devitalized tissue. Only by di
viding the splenorenal and splenocolic ligaments 
and delivering the spleen together with the tail of 



the pancreas into the incision can adequate repair 
of a ruptured spleen be undertaken. The best suture 
material appears to be 2-0 chromic catgut on an 
atraumatic straight or curved needle. 

After replacing the repaired spleen into its nat
ural bed, always wait 10-15 minutes and reinspect 
the spleen to be sure the bleeding has indeed been 
completely controlled. In some cases a narrow pedi
cle of viable omentum is placed in a fracture and su
tured in place with chromic catgut. 

After removing a portion of the spleen, it is not 
necessary to apply sutures to close the cut end of 
the spleen if good hemostasis can be achieved by 
means of hemoclips and suture-ligatures in the 
splenic pulp. When sutures are inserted, they should 
penetrate the capsule and then be returned as a mat
tress stitch. When tying the sutures, take care not to 
tie them so tightly they rupture the capsule. If proper 
tension is applied to the knot, bolsters of Teflon, 
omentum, or Surgicel are often not necessary. 

OPERATIVE TECHNIQUE 

Incision 

In the unstable patient, make a midline incision from 
the xiphoid to a point well below the umbilicus. In 
the stable patient, a midline incision is suitable for 
the patient with a narrow costal arch. For the wide
bodied patient, make a long left subcostal incision, 
dividing the muscular layers with electrocautery to 
speed the operation. A Kehr extension, which ex
tends up the midline from the medial tip of the sub
costal incision and divides the linea alba to the 
xiphocostal junction, provides excellent exposure. 
In both the midline and the subcostal incisions, ex
posure is further enhanced by retracting the left 
costal margin anterolaterally and in a cephalad di
rection by means of the Thompson retractor. 

Splenectomy 
When the spleen is shattered, the hilus has sustained 
sufficient damage to separate the spleen from its 
blood supply, or the patient's condition is unstable, 
emergency splenectomy is the operation of choice. 
When performing splenectomy for trauma, it is not 
necessary to isolate and ligate the splenic artery as 
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Fig. 85-1 

a fIrst step (as described in Chapter 84) unless the 
traumatized spleen is greatly enlarged owing to a 
preexisting disease. 

Take a position on the patient's right and retract 
the spleen in a medial direction with the left hand. 
Create a working space by pulling the spleen gently 
in a medial direction. Then divide the splenorenal, 
splenophrenic, and splenocolic ligaments (Fig. 
85-1). In an emergency situation the experienced 
surgeon can often perform much of this by blunt fm
ger dissection. After the ligaments have been divided, 
slide the right hand behind the tail of the pancreas 
and elevate the tail of the pancreas together with the 
damaged spleen into the incision. Achieve rapid he
mostasis by compressing the splenic artery and vein 
between the thumb and index fInger in the space be
tween the tip of the pancreas and the hilus of the 
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Fig. 85-2 

spleen (Fig. 85-2). Pack the posterior abdominal 
wall with moist gauze pads. Expose the posterior as
pect of the splenic hilus and identify the splenic 
artery and vein. It is generally simple to divide these 
structures between hemostats or ligatures (Fig. 
85-3), which controls most of the bleeding. Now de
liberately dissect out each of the short gastric vessels 
and divide each vessel between Adson hemostats. Re
move the spleen and then ligate each of the vessels 
held by hemostats with 2-0 or 3-0 silk. Be sure to ap
ply a second ligature to the splenic artery for added 
security and to control the minor bleeding points 
around the tail of the pancreas with fme suture
ligatures. Finally, remove the gauze pads from the 
splenic bed and achieve complete hemostasis with 
ligatures and electrocautery. With this technique 
there need not be any haste to obtain hemostasis be
cause early in the operation the surgeon can control 
most of the bleeding by fmger compression at the 
hilus of the spleen. This avoids hasty dissection, 
which may traumatize the tail of the pancreas. 

Carefully inspect the greater curvature of the 
stomach. If there is any suspicion that the stomach 
wall has been injured during the dissection or the 

sutures to invert this area of stomach as shown in 
Figures 84-8 to 84-11. 

Selecting the Optimal Technique 
for Splenic Preservation 

Avulsion of Capsule; Superficial Injuries 

Iatrogenic injury to the spleen during the course of 
gastric surgery, hiatus hernia repair, or colon resec
tion has constituted the most common single indi
cation for splenectomy in past years. Most of these 
injuries have involved avulsion of a relatively small 
patch of splenic capsule. Superficial injuries of this 
type are best treated by application of topical he
mostatic agents (see below) rather than splenec
tomy. A large subcapsular hematoma, on the other 
hand, is best treated by incising the capsule, expos
ing the bleeding points, and applying topical hemo
static agents. 

The argon beam coagulator is a noncontact de
vice for applying thermal energy. It is highly affec
tive in controlling minor splenic injuries. 

ligation of the short gastric vessels, insert Lembert Fig. 85-3 



Partial Transverse Fracture 

The transverse fracture that does not penetrate the 
entire thickness of the spleen is a common injury 
because of the transverse distribution of the splenic 
blood supply. It is eminently suitable for repair by 
suturing after hemostasis has been obtained. This 
technique is described under Splenorrhaphy, below. 

Complete Transverse Fracture 

When a transverse fracture of the spleen has divided 
the organ into two or more segments, it is necessary 
to determine the viability of each segment. This is 
easily done because the nonviable spleen develops 
a purple discoloration. Remove the nonviable seg
ments and retain the viable portion of the spleen af
ter achieving hemostasis. Preserving one-third to 
one-half of the normal spleen is likely to prevent sig
nificant diminution of the patient's immune re
sponse to infection. The technique for hemis
plenectomy is given below. Be sure to identify and 
ligate the hilar artery that supplied the amputated 
segment of spleen. 

Longitudinal Fracture 

Severe blunt injuries may produce a longitudinal frac
ture in the long axis of the spleen (Fig. 85-4), Be
cause this fracture may lacerate a large number of the 
transverse branches of the splenic artery and vein, he
mostasis is more difficult than is the case with trans
verse injuries. After controlling the arterial bleeders 
with hemoclips and suture-ligatures, the residual ooz
ing can generally be managed by inserting a narrow 
pedicle of viable omentum and fixing it in place with 
a series of capsular sutures (Fig. 85-5), 

Fig. 85-4 
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SteUate Fracture 

After exploring the depths of the fracture and re
moving clotted blood, treat the superficial fractures 
by suturing the capsule. Closing the capsule in this 
fashion generally controls bleeding from superficial 
fractures. Alternatively, applying Avitene to the stel
late fracture may successfully control all but the ar
terial bleeders. The efficiency of this topical agent 
may be enhanced by also inserting capsular sutures. 
Absorbable mesh wrap is an alternative. Any splenic 
fracture that Significantly involves the hilus of the 
spleen generally requires partial splenectomy to con
trol hilar bleeding, rather than capsular sutures. 

Applying Topical Hemostatic Agents 

Most topical hemostatic agents provide a framework 
for deposition of platelets, which accelerates for
mation of a blood clot. None of these agents con
trols rapid bleeding. Consequently, it is necessary to 
slow down the bleeding from the surface of a dam
aged spleen by local pressure for a few minutes. If 
the oozing surface is fairly smooth, apply a double 
sheet of oxidized cellulose gauze and cover it with 
a dry gauze pad. Apply even pressure with the gauze 
pad for 10 minutes. Then gently remove the gauze 
pad while taking care not to dislodge the sheet of 
oxidized cellulose, which should now be adherent 
to the raw surface. 
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If the bleeding surface is irregular in nature, 
Avitene is a much better choice than hemostatic 
sheets. It is highly effective for oozing surfaces due 
to traumatized capillaries and venous sinusoids. 
When applying Avitene, make certain to use only ab
solutely dry instruments. Use a forceps to apply 
enough Avitene to cover the entire bleeding surface 
for a thickness of 3-4 mm. Apply the Avitene quickly 
and cover it with a dry gauze pad. Apply constant 
pressure for at least 5 minutes. If bleeding breaks 
through one portion of the Avitene, apply an addi
tionallayer of dry Avitene. If bleeding continues to 
break through, remove the Avitene and pursue fur
ther efforts to reduce the rate of bleeding by apply
ing hemostatic clips or suture-ligatures. Rapid bleed
ing causes the Avitene to gel prematurely, making it 
useless as a hemostatic agent. 

Splenorrhaphy 
Mobilizing the Spleen 

Do not try to repair the spleen without completely 
mobilizing the spleen and the tail of the pancreas by 
the technique described above (Fig. 85-1). Be sure 
to free any attachments between the spleen and 
omentum. Adequate exposure may also require di
vision of the lower short gastric vessels. Be careful 
not to cause further injury to the spleen when di
viding the splenic ligaments. Evacuate liquid and 
clotted blood from the area. Place a large gauze pad 
against the posterior abdominal wall in the area of 
the dissection and elevate the spleen and tail of the 
pancreas into the incision. If any of these maneuvers 
initiates brisk bleeding, compress the splenic artery 
and vein between the thumb and index fmger at the 
hilus (Fig. 85-2). Ligate any of the small vessels at 
the hilus that may have been lacerated by the trauma. 

Suturing the Splenic Capsule 

For fractures that have not penetrated the full thick
ness of the spleen, remove devitalized tissue and 
blood clot from the traumatized areas. Use a narrow
tipped suction device to provide exposure and oc
clude bleeding arteries by accurately applying small 
or medium-size hemostatic clips. use 4-0 or 5-0 vas
cular sutures to control bleeding veins or arteries 
that have retracted. Control residual oozing of blood 
from the sinusoids by closing the capsule with in
terrupted sutures of 2-0 chromic catgut on a 
medium-size gastrointestinal atraumatic needle, as il
lustrated in Figure 85-6. If necessary, insert these 
sutures in an interlocking fashion. In other cases, a 
continuous suture of the same material may prove 
to be effective. When tying these sutures, take great 

Fig. 85-6 

care not to apply force sufficient to tear the delicate 
splenic capsule. Tie the sutures just tight enough to 
achieve hemostasis without tearing the spleen. If 
necessary, use strips or pledgets of Teflon felt, omen
tal pedicle, or even oxidized cellulose gauze; insert 
the sutures through these pledgets to protect the 
splenic capsule when the suture is being tied. A lin
ear stapling device may also be used to close the 
capsule of a small, normal spleen after partial 
splenectomy. 

Absorbable Mesh Wrap 

When a spleen is the site of several fractures or the 
capsule is stripped from a significant part of the sur
face but the hilum is uninjured, wrapping it with a 
sheet of PG absorbable mesh after tailoring the mesh 
and suturing it so it provides even pressure to the 
damaged spleen may help achieve good hemostasis. 
Select a large sheet of PG mesh and place it behind 
the spleen so the edge of the mesh can be gathered 
around the hilum. Mark the excess, remove it, and 
cut it to size, leaving at least a 2 cm border all around. 
With the mesh on a convenient surface away from 
the operative field, insert a running suture of 2-0 PG 
around the circumference of the mesh. This suture 
serves as a purse string to tighten the mesh around 
the spleen, applying firm, even compression to the 
splenic pulp without occluding the hilar vessels. Re
place the mesh around the spleen. Tie the purse-string 
suture, taking care not to tighten it around the splenic 
artery and vein (Fig. 8~ 7). If the mesh is not tight 
enough, plicate it with additional sutures at a conve
nient location. Confmn that all bleeding has been con
trolled and replace the spleen in its bed. 



Fig. 85-7. Reprinted, with permission, from Scott
Conner CEH, Dawson DL. Operative Anatomy. Philadel
phia, Lippincott, 1993. 

Partial Splenectomy 

Dividing the Spleen 

Temporarily occlude the splenic artery with a Silas
tic loop. Then aspirate all blood clots from the area 
of injury, especially at the splenic hilus. Ligate the 
traumatized vessels at the hilus, preserving the blood 
supply to the portion of the spleen that is to be re
tained. Release the splenic artery, observe for a line 
of demarcation, and mark it with electrocautery 
along the capsule. Secure the splenic artery again if 
necessary to limit blood loss. 

Use a narrow-tipped suction device to expose the 
bleeding points in the line of the fracture. Use the 

Fig. 85-8 
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suction tip to develop a transverse division of the 
spleen. Apply small hemostatic clips to bleeding ves
sels and continue the dissection until the trauma
tized section of the spleen has been entirely severed. 
Remove the specimen. Then release the Silastic loop 
encircling the splenic artery and observe the cut 
edge of the splenic remnant for hemostasis. Gener
ally, some oozing persists, requiring suturing of the 
cut end of the spleen. Use 2-0 chromic catgut on an 
atraumatic needle (Fig. 85-8). Although their use is 
not often necessary, it is possible to protect the del
icate splenic capsule by applying a strip of Teflon 
felt on the anterior surface of the spleen and a sec
ond strip on the posterior surface. Then insert the 
sutures through the Teflon felt as shown in Figure 
85-9). Tie each of these mattress sutures. This ma
neuver achieves satisfactory hemostasis along the 
cut edge of the spleen. 

Replace the splenic remnant in its natural posi
tion after making certain that hemostasis is complete 
in the posterior abdominal wall and the splenic bed. 
Use electrocautery along the posterior abdominal 
wall; but if there are bleeding points in the tail of 
the pancreas, occlude these bleeding points with 4-
o or 5-0 suture-ligatures. 

Do not close the abdominal incision for at least 
10-15 minutes so the splenic remnant can be in
spected after it has been replaced in the abdomen. 
Use this time to double-check for other injuries. If 
there is any bleeding, again deliver the remnant of 
spleen into the abdominal incision and control the 
bleeding. 

Abdominal Closure and Drainage 

Close the abdominal incision in the usual fashion 
without drainage. If continued hemorrhage or injury 
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to the pancreas is suspected, place a closed-suction 
drain in the vicinity of the splenic bed. 

POSTOPERATIVE CARE 

Administer perioperative antibiotics for 12-24 
hours. Observe the patient in an intensive care unit 
or in another area where vital signs can be carefully 
monitored for 2-3 days. Follow the vital signs and 
the hemoglobin or hematocrit to exclude continued 
bleeding. If a drain was placed, remove it by the sec
ond postoperative day. 

Keep the patient at bed rest for the ftrst day or 
two. Thereafter cautiously resume ambulation. Pa
tients who have had a splenorrhaphy or partial 
splenectomy should avoid vigorous athletic activity 
for 4-6 weeks. 

If a patient has undergone total splenectomy, be 
certain that the patient and the family are aware of 
the risks of overwhelming postsplenectomy sepsis. 
The patient should wear a Medic-Alert bracelet 
recording the fact that he or she has undergone 
splenectomy. Administer Pneumovax and vaccines 

for meningococcus and Hemophilus injluenzae. 
Young children should receive prophylactic peni
cillin throughout childhood. It is not clear if pro
phylactic antibiotics are indicated during adult life. 

COMPilCATIONS 

Postoperative bleeding. If proper hemostasis has 
been attained during the operation, this complica
tion is rare. 

Infarction of the splenic remnant. 
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GROIN HERNIA 

We begin with a perspective on one of surgery's 
most ancient and vexing problems in adults. Inguinal 
hernia repair now constitutes 35% of all abdominal 
surgeries submitted to the American Board of 
Surgery by general surgeons applying for recertifi
cation [1]. Rutkow et al., who have a keen interest 
in socioeconomic issues, reported that nearly 
700,000 operations are performed annually [2]. 
Clearly, this mechanical problem has vast associated 
medical and economic costs that fuel an interest in 
this operation that has not abated. Moreover, Smith 
found 3,100 published citations in the MEDUNE lit
erature search over a lO-year period at the end of 
the twentieth century dedicated to one aspect or an
other of groin hernia repair [3]. No wonder surgeons 
remain bemused and skeptical when a new tech
nique is acclaimed as the ultimate solution. Finally, 
and again drawing from the American Board of 
Surgery recertification database, the average number 
of inguinal hernia repairs performed annually by an 
individual surgeon was only 35 [1]. This simple fact 
is important to bear in mind when discussing mu1-
tiple new and vastly different operative approaches, 
each of which may have a different learning curve. 

Next in this concepts chapter we raise a challenge 
to one of the most fundamental of all questions re
garding inguinal hernia and its treatment: Should all 
patients with groin hernia undergo elective repair? 

For generations, the answer to the question re
garding elective hernia repair has been an emphatic 
yes with the exception being patients with signifi
cant medical co-morbidities. The intuitive thOUght 
behind this dictum was that elective repair under 
controlled circumstances was far safer than the al-

ternative, that is, to wait and then operate urgently 
in the face of the potential serious complications of 
bowel incarceration or strangu1ation. In particu1ar, 
with surgery performed on an ambulatory basis and 
in free-standing hernia centers the operation is as
sociated with low morbidity, making elective repair 
even more advisable. This thought is so ingrained 
that few if any studies ever challenged the concept. 

One variation of this question is to base the de
cision for surgery according to symptoms, such as 
evaluation of cholelithiasis. Indeed, this is the focus 
of the recently announced joint Veterans Adminis
tration, American College of Surgeons, and North
western University prospective study. To be con
ducted over a 2.5-year period, the study design 
randomizes men on the basis of symptoms. Men with 
asymptomatic or minimal symptoms of inguinal her
nia undergo a period of observation, whereas stan
dard treatment (open repair with mesh) is offered 
to the symptomatic cohort. An analysis of the med
ical aspects and associated economic factors with 
and without repair are evaluated. Hopefully, this 
landmark study will offer a clearer answer to this 
question with firm data that allow a thoughtful and 
perhaps selective decision in the patient's best in
terest. For the present, however, we remain con
vinced that most patients should undergo elective 
repair unless significant medical co-morbidities are 
present. 

Selection of Anesthesia 

Elective operation in men or women may be per
formed under local, attended (regional or epidural), 
or general anesthesia. Each has its distinct advan
tages or disadvantages and should be tailored to the 
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comfort of the patient and surgeon. In practice, the 
choice tends to be based on community experience. 
Local anesthetics consisting of 1 % lidocaine or Mar
caine are readily available, easy to use, and well tol
erated; they also have a markedly reduced incidence 
of postoperative headache, nausea, and vomiting. In 
particular, when administered using a laryngeal 
mask airway (which does not control the patient's 
respiration), patient comfort is maximized. A gen
eral anesthetic (administered via an endotracheal 
tube) is preferred when faced with an emergent op
eration such as incarceration where the bowel may 
require manipulation. Additionally, a general anes
thetic is necessary when the repair is performed la
paroscopically. After using all three techniques ex
tensively, I have come to prefer general anesthesia 
administered via a laryngeal mask airway. 

Which Operation for Which Hernia? 

Inguinal hernias are broadly classified as direct (i.e., a 
weakness in the transversalis fascia within Hessel
bach's triangle) or indirect (a weakness in the internal 
inguinal ring associated with a patent processus vagi
nalis). Usually this distinction is not readily or accu
rately accomplished preoperatively and is finalized 
during the operation itself. A femoral hernia occurs 
through a defect in the femoral canal, lateral to the la
cunar ligament and medial to the femoral vein. 

In adults the operative repair selected is based on 
the surgeon's experience and training and should be 
individualized as much as is feasible. Additionally, 
hernia repair represents a prime opportunity for 
each surgeon to analyze his or her individual rates 
of recurrence, postoperative complications, and re
sultant disability-key factors consistent with the 
provision of excellent professional advice. 

As implied earlier, the range of operative choices 
available for groin hernia repair is broad. This chap
ter reviews primary repair, mesh or tension-free re
pair, and repair using laparoscopic techniques. 

Primary Repair 

Primary repair remains the preferred technique in 
the presence of contamination from incarcerated or 
strangulated intestine when avoidance of prosthetic 
mesh is desired. In women, when the round liga
ment is removed and the residual defect is small, 
primary repair with interrupted sutures can be read
ily accomplished without mesh. Usually it can be 
performed without a great deal of tension. For an 
adolescent boy, primary suture repair of a weakened 
internal ring is also appropriate. 

Primary repair may be accomplished using the 
Bassini, McVay, or Shouldice technique. The Bassini 

method (which is not described here) is mentioned 
only for its historical context and relative Simplicity. 
It was the first technique that led to a marked re
duction in both operative mortality and recurrence. 
The basic technique involves opening the transver
salis fascia and recreating the floor of the inguinal 
canal. Bassini accomplished this with interrupted su
tures sewing Poupart's ligament to the lateral bor
der of the internal oblique or conjoined tendon. Any 
peritoneal sac underwent high ligation after open
ing to ensure the reduction of its contents and to 
check for a femoral component. 

The Shouldice technique, developed at the 
Shouldice Clinic in Toronto, incorporates complete 
dissection and reconstruction of the inguinal floor. It 
is relatively tension-free as the repair utilizes the 
opened and healthy transversalis fascia imbricated in 
layers over one another. Four layers of suture are 
placed to incorporate the transversalis, iliopubic tract, 
femoral sheath and inguinal ligament. Data from the 
Shouldice clinic attests to the excellent long-term re
sults coupled with minimal postoperative disability. 

McVay's repair is predicated on a detailed study 
of the anatomy of the inguinal region he performed 
as a surgical resident. He postulated that the central 
factor accompanying groin hernia was a weakened 
posterior floor. To remedy this problem, his method 
incorporates suturing the transversus abdominis to 
Cooper's ligament. A transition stitch is placed in 
the femoral sheath. McVay also popularized the con
cept of a relaxing incision created in the external 
oblique aponeurosis at its fusion with the anterior 
rectus sheath. The purpose was to reduce excessive 
tension away from the actual repair. This concept of 
tension and its avoidance is central to all repairs us
ing prosthetic mesh. 

Prosthetic Mesh Repair 

Currently in the United States mesh repair by the 
Lichtenstein technique using a precut piece of Mar
lex mesh or Rutkow's mesh "plug" is increasingly 
becoming the most popular method. Repair of groin 
hernias utilizing any type of prosthetic mesh relies 
on the mesh to first bridge the inguinal defect and 
then to incite a foreign body reaction with the na
tive tissue. Both are straightforward technically and 
associated with low postoperative disability and a 
low (reportedly less than 1 %) incidence of recur
rence. The common strategy with either method is 
the concept of minimal tissue dissection, anchoring 
the mesh with interrupted sutures, and encouraging 
early ambulation and return to employment. The 
Lichtenstein repair is remarkably free of postopera
tive complications, although there have been several 



reports of "plug" migration into the abdominal cav
ity leading to small bowel obstruction. Gore-Tex 
mesh minimizes the foreign body reaction that is use
ful elsewhere in the body but not in the groin, where 
a fIrm scar is welcomed. Gore-Tex also tends to be
come encapsulated rather than incorporated directly 
into the adjacent tissue. Absorbable mesh has no role 
in the repair of inguinal hernia. 

Laparoscopic Technique 

Inguinal hernia may be repaired laparoscopically. 
However, of all laparoscopic techniques, repair of 
groin hernia has the steepest learning curve. The 
anatomy is new (and often confusing), requiring par
ticipation in 40-50 operations before a surgeon be
comes experienced. Reported series consistently 
note a high (approaching 10%) incidence of recur
rence during the surgeon's initial operative experi
ence. 

Two methods are in wide use: the totally ex
traperitoneal approach (TEP) and the transabdomi
nal preperitoneal (TAPP) approach. They are based 
on reconstruction of the weakened posterior ab
dominal wall. This is the one method of repair where 
complications can be catastrophic. Yet in the hands 
of experienced laparoscopic surgeons, excellent re
sults are achieved. Proponents consistently report 
low disability and early return to work or fully nor
mal activities. As the defInition of postoperative dis
ability is expanded, laparoscopic repair may be more 
widely utilized. This approach may evolve into the 
preferred technique for bilateral hernias or for a dif
fIcult recurrence, although issues of increased re
source expenditure remain unresolved. 

Repair of Femoral Hernia 

The femoral hernia should always be repaired, as 
there is a high incidence of incarceration that is sec
ondary to the narrow anatomic defect in the femoral 
canal. When a femoral hernia is diagnosed preoper
atively, the surgeon has three operative approaches: 
low inguinal, high inguinal, or preperitoneal via a 
low midline incision. We favor a preperitoneal ex
posure for the following reasons. First, the anatomy 
is easily and clearly defIned, permitting identillca
tion and reduction of the sack. The repair is straight
forward once this step is accomplished. If the con
tents are strangulated, conversion to a midline 
laparotomy is easily completed, obviating the need 
for two separate incisions. 

Occasionally, however, an incarcerated mass may 
be indistinguishable on physical examination as to 
the origin (Le., inguinal or femoral). In these cases 
a high inguinal incision is best initially. If incarcer-
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ated intestine requires resection, it can be a difficult 
maneuver through a groin incision, as the adjacent 
mesentery may be shortened, thickened, and in
flamed. In this situation, conversion to a midline in
cision is necessary. 

Repair of Recurrent Inguinal Hernia 

When faced with a recurrent inguinal hernia in a 
man, the surgeon must avoid inadvertent transection 
of the vas deferens and devascularization of the 
testis. These problems are best avoided using care
ful slow dissection in a bloodless fIeld. Both the in
ternal inguinal ring and the pubic tubercle should 
be inspected, as recurrence is common in these re
gions. Once identilled, the recurrence may be eas
ily repaired using the mesh "plug" that is carefully 
anchored to the usually rigid surrounding tissues. 
The laparoscopic approach avoids this occasionally 
difficult exposure. 

Repair of Large Ventral Hernias 

Large ventral hernias usually require placement of 
prosthetic mesh as an aid to strengthen the weakened 
abdominal wall. When it is possible to separate the 
repair from the abdominal contents, Marlex mesh is 
preferred because of the same properties we dis
cussed for inguinal hernia repair. When this is not the 
case, Gore-Tex mesh can be employed. The intestines 
can adhere to Gore-Tex, and fIstulization, a dreaded 
complication of Marlex, is uncommon. 

NECROTIZING FASCnTIS 

An unusual but potentially serious and life-threatening 
complication, necrotizing fasciitis requires early de
tection, urgent operation, and fearless debridement 
of any suspected involved tissue. Intraoperative 
Gram stain and cultures are imperative along with 
the administration of broad-spectrum antibiotics. Re
exploration is often necessary. Temporary closure of 
the abdominal wall using absorbable mesh can pro
vide an excellent bridge until resolution is complete. 
We are reluctant to place permanent mesh in the 
acute situation. 

SUBPHRENIC ABSCESS 

Most subphrenic abscesses are amenable to image
guided percutaneous drainage. If this technique is 
technically not feasible or is unsuccessful, an oper
ative approach becomes necessary. The key points 
emphasized in Chapter 95 (a surgical legacy tech
nique chapter) remain salient. 
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87 Shouldice Repair of 
Inguinal Hernia 

INDICATIONS 

All indirect and sliding inguinal hernias should be re
paired because of the significant incidence of stran
gulation. 

With the use of local anesthesia, systemic disease is 
rarely so serious it constitutes a contraindication to 
operating. Small, nonsymptomatic direct inguinal 
hernias in elderly patients do not require surgery be
cause they almost never produce strangulation. Di
rect hernias that produce symptoms, on the other 
hand, should be repaired. 

PREOPERATIVE PREPARATION 

Persuade obese patients to lose weight prior to 
surgery. (Fat interposed between sutured layers of 
fascia impedes healing.) 

PITFAllS AND DANGER POINTS 

Injury to femoral vessels during suturing 

Injury to bladder (especially with a sliding hernia) 

Injury to colon (especially with a sliding hernia) 

Injury to deep inferior epigastric vessels with post
operative retroperitoneal bleeding 

Injury to ilioinguinal nerve 

OPERATIVE STRATEGY 

Anesthesia 
For inguinal hernia repair, local field block anesthe
sia is preferred. Patients are ambulatory the afternoon 
of operation and are able to resume a normal diet the 
same evening. Overdistension of the anesthetized 
bladder by intravenous fluids often follows the use of 
general anesthesia and is a major cause of postoper
ative urinary retention. Relief requires bladder 
catheterization, which in some cases of borderline 
prostatism necessitate prostatectomy after the hernia 
repair. Urinary retention is avoided with local anes-

thesia because it does not obtund the patient's sen
sation of a full bladder or the ability to urinate. 

Local anesthesia does not mean that no attention 
is paid to the patient by anyone other than the oper
ating team. We require that either an anesthesiologist 
or a nurse sit at the head of the table to monitor vi
tal signs. Although local anesthesia allows us to man
age most incarcerated hernias successfully, general 
anesthesia with endotracheal intubation is indicated 
whenever strangulation of bowel is suspected. 

Avoiding Injury 
The iliac or femoral vein may be injured by blindly 
inserting a suture too deeply through the iliopubic tract 
or the inguinal ligament during the lateral portion of 
the repair. If this should occur, cut the needle off and 
remove the suture. Then apply pressure to the vein for 
5-10 minutes. This maneuver often avoids the need to 
expose the iliac vein and suture the bleeding point. 

Occasionally, serious postoperative preperi
toneal hemorrhage has been produced by injuring 
one of the deep inferior epigastric vessels with a 
deep suture. During the Shouldice technique pre
vent this problem by completely dissecting the trans
versalis fascia away from these structures after di
viding the external spermatic vessels. 

The bladder may be injured when attempting to 
amputate a sac in a sliding inguinal hernia. Overen
thusiastic dissection on the medial aspect of an indi
rect sac for the mistaken notion that the higher the 
ligation the better may also traumatize the bladder. If 
a laceration of the bladder has been identified, close 
the defect by suturing the full thickness of the blad
der wall with a continuous 3-0 PG atraumatic suture. 
Then invert this layer of stitches with a second con
tinuous or interrupted layer of 3-0 PG Lembert-type 
sutures. Be sure the bladder remains decompressed 
for the next 8-10 days by means of constant drainage 
with an adequate indwelling Foley catheter. 

Colon and bladder may be injured if the sliding 
nature of an inguinal hernia is not diagnosed early in 
the course of operation. Whenever a bulky indirect 
inguinal hernia is not accompanied by a thin-walled, 
transparent sac, suspect a sliding component. 

753 
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All of these inadvertent injuries can be avoided by 
taking advantage of the extensive exposure that may 
be attained by a long incision in the transversalis fas
cia when using the Shouldice method. The deep in
ferior epigastric vessels and their branches, the iliac 
vessels, the peritoneum, and in case of a sliding her
nia the colon are all easily identified. Visualizing these 
structures is the best way to prevent damage. 

Avoiding Postoperative 
Wound Infections 

Among the patients who suffer a postoperative 
wound infection, 40-50% develop a recurrent her
nia. The rate of infection can be minimized during 
hernia repair if the entire operation is performed 
with careful, sharp dissection. Meticulous hemosta
sis is also important. Irrigate the operative site to re
move any blood or debris before closure. Some sur
geons add topical antibiotics to the irrigation. 
Wound infection should be rare after this operation. 

OPERATIVE TECHNIQUE 

Local Anesthesia 

Use a mixture of equal parts of 0.5% Marcaine and 
2% Nesacaine. Create a field block by injecting into 
the subcutaneous tissues along the lines shown in 
Figure 87-1a. Inject also along the line of the inci
sion. A total of 40 ml of anesthetic solution is 
required. 

a ________ __________ -w 

b 

Fig. 87 -la,b 

After making the skin incision and exposing the 
external oblique aponeurosis, inject another 10 ml 
just underneath this layer (Fig. 87-1b). Also inject 
the abdominal musculature along a line 5 cm cepha
lad to the inguinal canal. This step improves muscle 
relaxation for the repair. Inject 5 ml around the in
ternal ring (Fig. 87-2a). When the peritoneal sac is 
exposed, inject 5 ml into the sac (Fig. 87-2b) and 
around the neck of the sac. Not only does this tech
nique of local block eliminate pain, it produces sur
priSingly good muscle relaxation. 

Incision 

Start the incision in the skin at a point 2.5 cm me
dial to the anterosuperior spine of the ilium. Con
tinue in an oblique fashion to the point where the 
external ring adjoins the public tubercle. 

Exposure 

Clear the external oblique aponeurosis of fat and are
olar tissue by sharp scalpel dissection; continue in
feriorly beyond the point where the external oblique 
aponeurosis becomes the inguinal ligament and 
curves posteriorly in the upper thigh. Expose the ex
ternal inguinal ring and the spermatic cord emerg
ing from this ring. Secure any bleeding points with 
4-0 PG ligatures or electrocautery. Incise the exter
nal oblique aponeurosis along the line of its fibers 
so the incision joins the external inguinal ring at its 
cephalad margin (Fig. 87-3). 

Identify the ilioinguinal nerve and dissect it free. 



Fig. 87-2a 

Occasionally, the ilioinguinal nerve runs with the 
spermatic cord, in close approximation to the cre
master muscle. Retract the lateral leaflet of the ex
ternal oblique in a caudal direction and expose its 
junction with the pubic tubercle. It is important now 
to elevate the medial leaflet of external oblique 
aponeurosis from the underlying transversus muscle 
for a distance of at least 3-4 cm. Retract the medial 
leaflet cephalad by inserting one fork of the self
retaining Farr retractor underneath this leaflet; the 
other fork is inserted in the subcutaneous tissue of 
the lateral skin flap. 

Fig. 87-3 
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Fig. 87-2b 

Excising Cremaster Muscle 

Incise the cremaster muscle sharply in the direction 
of its fibers before encircling the cord (Fig. 87-4). 
Then ligate and divide excess cremaster muscle, tak
ing care that no cord structures have inadvertently 
been included in the ligature. Free the spermatic cord 
from surrounding attachments at a point medial to 
the public tubercle. An attempt to encircle the cord 
lateral to this point may result in traumatizing the 
structures enclosed in a direct hernia, or it may dam
age the floor of the inguinal canal. There is much less 
difficulty freeing the cord from surrounding struc
tures in the medial location. Remember that in pa
tients with a direct hernia the hernial sac remains be-

Fig. 87-4 
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Fig. 87-5 

hind when the spermatic cord is elevated from the 
floor of the canal. Ensure that the posterior gen
itofemoral nerve and associated structures are in
cluded and not injured (Fig. 87-5). Encircle the cord 
with a latex drain for purposes of traction. 

Transect attachments between the spermatic cord 
and the underlying tissues with electrocautery. Resect 
lipomas and adipose tissue. To reduce the diameter 
of the cord, excise the entire cremaster muscle from 
the portion of the spermatic cord that remains in the 

Fig. 87-6 

Fig. 87-7 

Fig. 87-8a 

Fig. 87-8b 
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Fig. 87-9 

inguinal canal. This minimizes the diameter of the in
ternal inguinal ring when it is reconstructed. Be sure 
to remove all the cremaster muscle fibers from their 
attachments to the iliopubic tract, the femoral sheath, 
and the transversalis fascia (Fig. 87-6). Only after re
moving all these fibers is there clear visualization of 
these important structures. Clearly identify the vas 
deferens and the internal spermatic vessels before re
secting the cremaster. 

Excising Indirect Sac 

At this point, place the left index finger behind the 
cord near the internal ring and dissect out the cord 
structures to rule out the presence of an indirect sac 
in the cord. If the patient has a combined indirect 
and direct hernia, deal with each sac individually. 
Simply free the indirect sac to its neck; then explore 
the sac (Fig. 87-7), transfix it with a single suture
ligature (Fig. 87-8a), and amputate the redundant 
portion (Fig. 87-8b). It is important to free the neck 
of the sac from surrounding structures so the stump 
of the ligated sac can retract into the abdomen. Now 
remove the hemostat retracting the lateral leaflet of 
the external oblique aponeurosis. Place the cord and 
ilioinguinal nerve lateral to this leaflet and replace 
the hemostat (Fig. 87-9). 

Transversalis Dissection 

A bulge or weakness in Hesselbach's triangle consti-

vessels, which branch off the deep inferior epigastric 
artery and vein and lie superficial to the transversalis 
fascia (Fig. 87-9). Resect the external spermatic ves
sels between two ligatures of 2-0 PG: one at their junc
tion with the deep inferior epigastric vessels and the 
other at the pubic tubercle (Fig. 87-10). Often a small 
branch of the genitofemoral nerve runs along the floor 
of the inguinal canal together with the external sper-

tutes the direct "sac." Identify the external spermatic Fig. 87-10 



758 Shouldice Repair of Inguinal Hernia 

Fig. 87-11 

J igated external 
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matic vessels. Excise this nerve together with the ves
sels. These steps clear the entire floor of Hesselbach's 
triangle. Make a scalpel incision through the bulging 
attenuated transversalis fascia from the pubic tubercle 
to a point just medial to the deep inferior epigastric 
vessels (Fig. 87-11). When lobules of preperitoneal 
fat bulge through the scalpel incision, extend the in
cision with Metzenbaum scissors if preferred. If one is 
in the proper plane of dissection, the deep inferior epi
gastric vessels have been entirely cleared of areolar tis-

sue; Cooper's ligament is clearly visible laterally, and 
the preperitoneal fat is easily separated from the deep 
surface of the transversalis fascia in a cephalad direc
tion (Fig. 87-12). If any branches of the deep inferior 
epigastric vessels join the deep surface of the trans
versalis fascia, carefully divide and ligate them so the 
epigastric vessels can be pushed down away from the 
repair. OthelWise, retroperitoneal bleeding may be 
caused by inadvertently piercing these vessels with a 
needle while suturing the transversalis layer. Excise the 
attenuated portions of transversalis fascia and apply 
straight hemostats to the free cut edge of the medial 
leaflet of the transversalis fascia for purposes of trac
tion. Apply a moist gauze sponge in a sponge-holder 
to the preperitoneal fat and bladder to push these 
structures posteriorly. 

Shouldice Repair 

Layer 1 

Anchor the initial stitch (3-0 Tevdek on a C-5 atrau
matic needle) by catching the lacunar ligament and 
pubic periosteum in one bite and the undersurface 
of the medial flap of transversalis with overlying rec
tus fascia in the other. Tie this stitch. Apply upward 
traction on the straight clamps holding the medial 
leaflet of transversalis fascia; this maneuver reveals a 
"white line" of fibrous tissue on the undersurface of 
the transversalis fascia. The "white line" represents 
the aponeurosis of the transversus muscle as seen 
through the transversalis fascia. This aponeurosis of 

~~I--_- Deep inf. epiga lric a. and v. 

\.<-+-~~~~~~- Preperitoneal fin 

H---"Whit line" 

/~~F.:-,_rII-1l....-I--- I1iopubic tract 

helving edge of Poupan' lig. 

Fig. 87-12 
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the transversus abdominis muscle is thought by Mc
Vay and Halverson and by Nyhus and Condon to be 
the most important tissue involved in inguinal her
nia repair. This arch of aponeurotic tissue becomes 
muscular as it approaches the internal inguinal ring. 
Include the "white line" in the continuous stitch that 
attaches the cut lateral edge of the transversalis fas
cia to the undersurface of the medial leaf of the trans
versalis (Fig. 87-12). Insert the needle into the lat
eralleaflet of transversalis fascia near the point where 
this layer appears to attach to the inguinal ligament 
(Fig. 87-13). This condensation of the caudal mar
gin of the transversalis fascia is also termed the il
iopubic tract. Be sure to remove all the cremaster 
muscle fibers that cover the iliopubic tract and 
femoral sheath. Otherwise it is not possible to iden
tify these structures accurately for proper suturing. 

Weak ponion of trans ersa li fa cia 

Fig. 87-14 

Fig. 87-15 

Each stitch should contain 4-6 mm of tissue. Con
tinue the suture in a lateral direction until the newly 
constructed internal ring has been closed snugly 
around the spermatic cord so only the tip of a Kelly 
hemostat fits loosely between the cord and the in
ternal ring. 

Layer 2 

Excise the attenuated portion of the transversalis fas
cia and any fatty tissue adherent to the internal 
oblique muscle layer. Then use the same continuous 
strand of suture material as in layer 1 and sew the 
free cut edge of the medial leaflet of transversalis fas
cia with adjacent internal oblique muscle to the an
terior aspect of the iliopubic tract. Include 2-3 mm 
of the shelving edge of the inguinal ligament in the 
continuous suture going medially (Figs. 87-14, 
87-15). Continue this suture to the pubic tubercle. 

Shelving edge or Poupan' lig. 
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Fig. 87-16 

Anchor the last stitch by inserting it into the pubic 
periosteum. At this point, terminate the suture by 
knotting it to its tail. A worthwhile modification of 
the Shouldice technique is to excise the lower 2 em 
of the internal oblique muscle to expose the under
lying aponeurosis of the transversus muscle. This 
step is in fact an integral part of McVay's method of 
hernia repair as shown in Figure 88-1. After ac
complishing this step, one can invert the sutures for 
Shouldice's layer 3 into the transversus aponeurosis 
instead of into the fleshy, internal oblique muscle. 

Layer 3 
Use a new strand of 3-0 Tevdek to begin layer 3. 
Take a bite of internal oblique muscle or "conjoined 
tendon" and another of the shelving edge of the in
guinal ligament and tie the suture, beginning this 
time at the medial margin of the newly constructed 
internal ring. If the internal oblique muscle is flimsy, 
resect the muscle and sew to the underlying aponeu-

Fig. 87-17 

Fig. 87-18 

rosis of the transversus muscle. Insert this suture 
continuously in a medial direction (Figs. 87-16, 
87-17) as far as the pubic tubercle. Do not leave 
any gap in the suture line near the pubic tubercle 
as this oversight is a common cause of recurrent her
nia adjacent to the pubis. 

Layer 4 

Use the same continuous suture to create a fourth 
layer by taking first a bite of internal oblique mus
cle just cephalad to the previous layer and then a 4 
mm bite of the undersurface of external oblique 
aponeurosis just anterior to the previously inserted 
layer (Figs. 87-18, 87-19). Continue this suture un
til it approaches its point of origin at the internal 
ring, where the suture is terminated by being tied 
to its tail. Although the classic Shouldice repair calls 
for the four layers as described, we have frequently 
found that the width of available external oblique 
aponeurosis was inadequate to construct the fourth 
layer. Most often we do three layers and occasion-

Fig. 87-19 



Fig. 87-20 

ally two layers. Berliner found no differences in the 
incidence of recurrence between the two-layer, 
three-layer, and four-layer Shouldice repairs. 

Closure of External Oblique Aponeurosis 

Meticulously inspect the cord and obtain complete 
hemostasis with a combination of fine ligatures and 
electrocoagulation. Replace the cord in the canal, 
which is now displaced slightly cephalad. Elevate 
the medial portion of the external oblique aponeu
rosis to provide adequate space for the spermatic 
cord. Close the two leaflets of the external oblique 

Fig. 87-21 
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aponeurosis with a continuous 3-0 PG suture (Fig. 
87-20). At the new external inguinal ring include in 
the last bite of this suture the proximal cut edge of 
the cremaster muscle (Fig. 87-21). This move pre
vents the testis from descending to an abnormally 
low point in the scrotum as a consequence of re
secting the cremaster muscle. There is no virtue in 
creating a tight external ring. Rather, allow a 2 cm 
opening for the spermatic cord. 

Approximate Scarpa's fascia with several 4-0 PG 
sutures. Close the skin with a continuous subcutic
ular suture of 4-0 PG or PDS supplemented by strips 
of sterile adhesive to the skin (Steri-Strips). 

POSTOPERATIVE CARE 

Begin active ambulation the afternoon of the opera
tion. Terminate the intravenous infusion in patients 
who have undergone local anesthesia when they 
leave the recovery room. Laxatives may be given on 
the night of the first postoperative day to avoid pa
tient discomfort at defecation. Generally the patient 
needs a prescription for pain medication for the first 
few days. 

COMPIlCATIONS 

Systemic complications of a pulmonary, cardiac, or 
urologic nature are rare. 

Wound infections are rare. Treat them promptly 
by opening the skin and subcutaneous tissues for ad
equate drainage and by prescribing appropriate an
tibiotics. 

Hematomas may occur in the wound and are gen
erally treated expectantly. Some degree of superfi
cial ecchymosis may be secondary to injecting 
agents for local anesthesia. 

Testicular swelling is generally due to venous ob
struction. Although it is sometimes due to excessive 
constriction of the newly reconstructed internal 
ring, it is more often the result of trauma, hematoma, 
or inadvertent ligature of the internal spermatic 
veins in the inguinal canal. Although this complica
tion may lead to testicular atrophy or necrosis, in 
most cases satisfactory results may be anticipated 
from expectant therapy. 

Persistent pain in the area innervated by the il
ioinguinal or genitofemoral nerves is a rare but dis
turbing complication of inguinal hernia repair. Star
ling and Harms reported on 19 patients with 
iliOinguinal neuralgia and 17 patients with gen
itofemoral neuralgia. Most of the pain followed in
guinal hernia repair and was attributed to entrap-
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ment of the nerve in a stitch or scar tissue. These 
authors described the diagnostic studies they be
lieved necessary to diagnosis nerve entrapment. In 
most but not all of their cases, relief of pain was 
achieved by reexploring the hernia incision and re
secting the ilioinguinal nerve. In the case of the gen
itofemoral nerve, a retroperitoneal lumbar approach 
was used to transect the genital branch of the gen
itofemoral nerve. 

Recurrent inguinal hernia is possible. See Chap
ter 91 for a discussion of the incidence, causes, and 
treatment of this problem. 
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88 Cooper's Ligament 
(McVay) Repair of 
Inguinal Hernia 

INDICATIONS 

Symptomatic direct or indirect inguinal hernia 

Femoral hernia 

OPERATIVE STRATEGY 

The McVay repair uses autogenous tissue to close 
the floor of the canal. Because the femoral canal is 
also closed, this is a good repair to use when an as
sociated femoral hernia is found at repair of an in
guinal hernia. This repair can succeed only if the fas
cia is strong. If exploration of the groin reveals 
tenuous fascia, a prosthetic mesh repair is required 
(see Chapter 89). 

OPERATIVE TECHNIQUE 

Incision and Exposure 
Make a skin incision over the region of the external 
inguinal ring and continue laterally to a point about 
2 cm medial to the anterosuperior iliac spine. Open 
the external oblique aponeurosis with an incision 
along the line of its fibers from the external inguinal 
ring laterally for a distance of about 5-7 cm (see Fig. 
87-3). Mobilize the spermatic cord. Excise the en
tire cremaster muscle from the area of the inguinal 
canal (see Fig. 87-4) and remove any lipomas of the 
cord. Explore the cord carefully for the presence of 
the indirect sac. If a sac is present, dissect it from 

the cord. Open the sac, explore it, close it at its neck 
with a suture-ligature, amputate it, and permit the 
stump to retract into the abdominal cavity. Identify 
the external spermatic vessels at the point where 
they emerge from the transversalis fascia (see Fig. 
87-9). Divide and ligate them at this point, and re
move about 4-5 cm of the vessels; ligate them again 
at the pubic tubercle (see Fig. 87-10). 

In patients with an indirect inguinal hernia, iden
tify the margins of the transversalis fascia around the 
internal inguinal ring. If the internal inguinal ring is 
only slightly enlarged, close it with several sutures 
between the healthy transversalis fascia along its 
cephalad margin and the anterior femoral sheath at 
its caudal margin. If the hernia has eroded more than 
2 cm of posterior inguinal wall, complete recon
struction is necessary. In this case, incise the trans
versalis fascia with a scalpel beginning at a point just 
medial to the pubic tubercle (see Fig. 87-11). Carry 
the incision laterally with a scalpel or Metzenbaum 
scissors, taking care not to injure the underlying 
deep inferior epigastric vessels. Continue the inci
sion all the way to the internal inguinal ring. Sweep 
the preperitoneal fat away from the undersurface of 
the transversalis fascia. Free the deep inferior epi
gastric vessels so they may be retracted posteriorly 
together with the preperitoneal fat. A few small 
branches may have to be divided and ligated. 

Excise the iliopubic tract adjacent to Cooper's lig
ament. Apply two identifying hemostats to the 
cephalad cut edge of the transversalis fascia and el
evate to expose the aponeurosis of the transversus 
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muscle. Excise the fleshy portion of the internal 
oblique muscle overlying the fibrous transversus 
arch to improve the exposure (Fig. 88-1). 

Identify the anterior femoral sheath by gently in
serting the back of a scalpel handle between the 
shelving edge of Poupart's ligament and the femoral 
sheath overlying the external iliac artery and vein. 
Then identify the anterior surface of the external il
iac vein and artery and retract them gently in a pos
terior direction with a peanut sponge dissector. This 
maneuver separates these vessels from the femoral 
sheath. To see the femoral sheath clearly, be certain 
to excise 100% of the overlying cremaster muscle 
fibers. 

Making the Relaxing Incision 

A relaxing incision is essential to prevent tension on 
the suture line. Elevate the medial portion of the ex
ternal oblique aponeurosis and dissect it bluntly 

Relaxing inci ion-----fr-T~t'__ ..... I~ 

Pubic lllhf'I·c1c,-----+-........--

Fig. 88-3 
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away from the internal oblique muscle and from the 
anterior rectus sheath. Make a 7- to 8-cm incision in 
the anterior rectus sheath beginning about 1.5 cm 
above the pubic tubercle and continue the incision 
in a cephalad fashion just medial to the point where 
the external oblique aponeurosis fuses with the an
terior rectus sheath. This constitutes a vertical line 
that curves as it continues in a superior direction. 
The anterior belly of the rectus muscle is exposed 
as downward traction is applied to the transversus 
arch (Fig. 88-2). 

Inserting Cooper's Ligament Sutures 

Suture the transversus arch to Cooper's ligament us
ing atraumatic 2-0 silk or other nonabsorbable su
ture material (Fig. 88-3). Take substantial bites of 
both the transversus arch and Cooper's ligament and 
place the sutures no more than 5 mm apart. Do not 
tie the sutures until all are in place. 

~~H---P.~-- Exlernal iliac \'. 
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Fig. 88-4 

Fig. 88-5 

As the suture line progresses laterally, the exter
nal iliac vein is approached (Fig. 88-4). At this point 
insert a "transition suture" (Fig. 88-5) that pene
trates the transversus arch, Cooper's ligament, and 
the anterior femoral sheath. Lateral to this suture, 
sew the transversus arch to the femoral sheath. In 
his description of Cooper's ligament repair, Rutledge 
advocated including a bite of the shelving edge of 
the inguinal ligament together with the anterior 
femoral sheath. Continue to insert sutures until the 
internal ring is sufficiently narrowed to admit only 
a Kelly hemostat alongside the spermatic cord (Fig. 
88-6). Do not insert any sutures lateral to the cord. 
After all the sutures have been inserted, tie each su
ture proceeding from medial to lateral. Suture the 
incised anterior rectus sheath down to underlying 
muscle along the lateral aspect of the relaxing inci
sion with a few 3-0 interrupted silk sutures. 

Closing the External 
Oblique Aponeurosis 

Replace the cord in the inguinal canal. Check to en
sure complete hemostasis. Close the external 

Ant. femoral heath 

"'--_-- Transition su ure 



Fig. 88-6 
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oblique aponeurosis superficial to the cord and com
plete the wound closure as described in Chapter 87. 

POSTOPERATIVE CARE 

See Chapter 87. 

COMPilCATIONS 

See Chapter 87. 

REFERENCES 

McVay CB, Halverson K. Inguinal and femoral hernias. In 
Beahrs OH, Beart RW (eds) General Surgery. Boston, 
Houghton Mifflin, 1980. 

Panos RG, Beck DE, MareshJE, Harford F]. Preliminary re
sults of a prospective randomized study of Cooper's lig
ament versus Shouldice herniorrhaphy technique. Surg 
Gynecol Obstet 1992;175:315. 

Rutledge RH. Cooper's ligament repair: a 25 year experi
ence with a single technique for all groin hernias in 
adults. Surgery 1998;103:1. 



89 Mesh Repair of 
Inguinal Hernia 

INDICATIONS 

Inadequate fascia for autogenous tissue repair of di
rect inguinal hernia. We reserve the use of prosthetic 
mesh for situations where the transversalis fascia and 
adjacent structures are of insufficient quality for a 
Shouldice or McVay repair of a direct inguinal hernia. 

Recurrent inguinal hernia repair. As discussed in 
Chapter 91, mesh is frequently used when a recur
rent inguinal hernia is approached through the 
groin. 

Prosthetic mesh repairs are used by some surgeons 
for virtually all inguinal hernias. Advocates of the re
pair shown here in a modified form cite speed, sim
plicity, and minimal dissection as major advantages to 
the surgeon; decreased pain and immediate return to 
normal activities are advantages to the patient. 

PREOPERATIVE PREPARATION 

See Chapter 87. 

Peri operative antibiotics 

PITFALLS AND DANGER POINTS 

Failure to identify, reduce, and repair all hernias. A 
missed indirect hernial sac is a common cause of re
currence (see Chapter 91). 

Failure to secure the mesh adequately. Mesh can curl 
or migrate. When this happens it may fail to pro
duce the desired effect or may be palpable in the 
subcutaneous tissues of a slender patient. 

Infection. 

OPERATIVE STRATEGY 

This repair is performed through a short incision with 
minimal dissection. Direct and indirect sacs are iden
tified and reduced. A preformed plug (per-Fix, Davol 
Corporation) is used to keep the hernia reduced as a 
kind of "internal truss." The plug is held in place by 
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the edges of the fascial defect. Most indirect sacs are 
simply inverted, and the internal ring holds the plug 
in place. Direct hernial sacs are circumferentially in
cised to create the fascial ring that anchors the plug. 

The plug is reinforced by an oolay patch. 
The procedure may be done under local or regional 
anesthesia. 

OPERATIVE TECHNIQUE 

Incision 

Center a small skin line or nearly transverse incision 
over the medial third of the inguinal ligament and 
external inguinal ring (see Fig. 87-1a). 

Dissection and Identification 
of Direct and Indirect Sacs 

The groin structures are exposed and the external 
oblique aponeurosis identified as described in ear
lier chapters. Incise the external oblique aponeuro
sis in the direction of its fibers, preserving the il
ioinguinal nerve (see Fig. 87-3). Encircle the cord 
and its posterior mesentery (which contains the gen
itofemoral nerve) (see Fig. 87-5). Perform just 
enough dissection to encircle the cord. Do not di
vide the cremaster muscle. Simply incise it in the di
rection of its fibers to allow careful inspection of the 
cord structures (see Fig. 87-4). 

An indirect sac, if present, is found anteromedial 
to the cord structures. Trace the cord structures 
back to the internal ring, with the cord on traction 
to ensure that the leading edge of any indirect sac 
is seen. Visualization of the peritoneal lappet, a cres
centic thickening of normal peritoneum created by 
traction on the cord, is positive proof that adequate 
dissection had been performed. 

If an indirect hernia sac is found, separate it from 
the cord structures all the way to the internal ring. 
This high dissection allows the sac to be simply in
verted into the peritoneum. 

Assess the strength of the floor of the inguinal 
canal by palpation. If a direct hernial defect is pre
sent, circumferentially incise the fascial defect with 



Fig. 89-1 

electrocautery and reduce the hernia with the at
tached portion of sac into the preperitoneal space. 

Placement of Plug 
Insert the prefonned plug, pointed end fIrst, into the 
internal ring of an indirect hernia or the fascial defect 
of a direct hernia so the petals unfold under the fas-

F i o R()_~ 

Fig. 89-3 
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Fig. 89-2 

cia and anchor it in place (Fig. 89-1). Occasionally, 
a direct hernial defect is so large two plugs, sutured 
together side by side, must be used to reduce it. Ask 
the patient to cough and assess the stability of the plug 
placement. Anchor the plug with three of four simple 
interrupted sutures of 3-0 PG placed to the inner as
pects of the petals (Fig. 89-2), which allows the plug 
to expand behind the fascia and buttress the defect. 

Placement of onlay patch 
Insert the precut patch so it covers the floor of the 
canal with the cord coming through the hole, and 
the incision and tails of the mesh extending lateral 
to the internal ring (Figs. 89-3, 89-4), It should lie 

Fig. 89-4 
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Fig. 89-5 

in a flat, stable position covering the floor of the in
guinal canal and the plug (Fig. 89-5). Secure it in 
position with several interrupted sutures of 3-0 PG. 
Because the plug fonus the primary strength layer 
of this repair, it is necessary to suture the patch in 
only a few places to ensure that it remains in the 
proper location until tissue ingrowth occurs. We 
tend to place sutures medially to the pubic tubercle, 
laterally to secure the two tails together and tack the 
lateral part to the aponeurosis of the internal oblique 
muscle, inferiorly to the inguinal ligament, and su
periorly to the conjoint tendon. 

Closure 
Close the external oblique and remaining layers in 
the usual fashion. 

POSTOPERATIVE CARE 

Patients are allowed to lift up to 25 pounds imme
diately. They may resume heavy manual labor after 
2 weeks. 

COMPLICATIONS 

Infection has been rare in most series. 
Mesh migration into adjacent structures (femoral 

vein, spenuatic cord), a theoretic concern, has not 
proven to be a significant problem. Rutkow and Rob
bins, in a 1998 review, were unable to ftnd any doc
umented cases. 
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90 Laparoscopic Inguinal 
Hernia Repair: Transabdominal 
Preperitoneal (TAPP) and Totally 
Extraperitoneal (TEP) Repairs 

Muhammed Ashraf Memon 
Robert J. Fitzgibbons 
Carol E.H. Scott-Conner 

INDICATIONS 

Inguinal hernia (see Chapter 87). Although the role 
of this procedure in the management of uncompli
cated inguinal hernia is still being elucidated, lap
aroscopic repair may offer a significant advantage in 
these special situations: 

Recurrent hernia (see Chapter 91). Laparo
scopic repair is a logical choice because it avoids the 
previous surgical field and allows repair to be per
formed through healthy tissues with potentially bet
ter results. 

Bilateral hernias. They can be repaired simulta
neously without additional incisions or trocar sites. 

Incidental herniorraphy during another laparo
scopic surgery. Incidental herniorraphy may be per
formed after completing the primary laparoscopic 
procedure (e.g., laparoscopic cholecystectomy). It 
should be considered only if the primary procedure 
has gone smoothly and did not involve spillage of 
contaminated material. 

PREOPERATIVE PREPARATION 

See Chapters 8 and 87. 

Insert a Foley catheter or perform immediate pre
operative bladder decompression by voiding or in
serting a straight catheter. 

Prescribe perioperative antibiotics. 

PITFAllS AND DANGER POINTS 

Missed hernia or inadequate mesh fixation reSUlting 
in hernia recurrence 

Injury to bladder during the totally extraperitoneal 
approach 

Nerve or major vessel injury 

OPERATIVE STRATEGY 

There are two general approaches: transabdominal 
preperitoneal (fAPP) and totally extraperitoneal (rEP). 
T APP is the logical choice when inguinal herniorrha
phy is performed after another laparoscopic procedure 
or when previous preperitoneal dissection limits ac
cess to the extraperitoneal space. It offers the addi
tional advantage that the approach and anatomy are 
familiar to most surgeons, and hernias are readily iden
tified as peritoneal outpouchings. The major disad
vantage is penetration of the peritoneal cavity with as
sociated potential for injury or adhesion formation. 

The TEP approach avoids entry into the peri
toneal cavity and hence minimizes these potential 
problems; but it requires dissection in the ex
traperitoneal plane and an excellent understanding 
of regional anatomy. The TEP approach is con
traindicated when previous surgery or radiation ther
apy may have obliterated the retroperitoneal plane. 

Crucial to the success of either approach is ac
curate identification of anatomy and hernias, accu-
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Fig. 90-1 

rate placement of mesh, and avoiding injury to 
adjacent structures. Figure 90-1 shows the laparo
scopic anatomy of the inguinal region. Figure 90-2 
shows two danger areas-the triangle of pain and 
the triangle of doom-where staple ftxation must be 

Fig. 90-2 

avoided. The single most important landmark is the 
iliopubic tract. If no staples are placed below this 
structure, major nerves and vessels can be avoided. 

When laparoscopic herniorrhaphy follows an un
related laparoscopic operation on the same patient 

Anesthesiologist 
and 

Fig. 90-3 
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Nurse 
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under the same anesthesia, take the time to optimize 
the working environment for the second procedure. 
Additional trocars may be required, monitors moved, 
equipment procured, and other adjustments made. 
This is time well spent. 

OPERATIVE TECHNIQUE 

Patient Position and Room 
Setup: TAPP or TEP 

Position the patient supine with arms tucked at the 
side. Extending the arms on armboards may not al
low enough room for the surgeon to operate com
fortably in the lower abdomen. The Trendelenburg 
position allows the bowel to fall away from the 
pelvis, providing excellent access. A single video 
monitor at the foot of the operating table adjusted 
to a comfortable viewing height serves both surgeon 
and assistants. The surgeon stands on the side op
posite the hernia (Fig. 9H). 

Although a 30° angled laparoscope is preferred 
by some surgeons, it is certainly not a necessity. A 
0° laparoscope can provide as good a view. 

TAPP Approach 

Place the fIrst trocar (10-12 mm) at the umbilicus. 
Place two additional 10- to 12-mm trocars lateral to 
the rectus sheath on either side at the level of the 
umbilicus under direct vision (Fig. 90-4). Large tro
cars allow the laparoscope and stapler to be moved 

Fig. 90-4 
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Fig.90-5a 

Fig.90-5b 

around for optimal dissection, depending on the 
anatomy. If 5 mm instruments are available, smaller 
trocars may be used. For a small, unilateral hernia a 
5 mm cannula may be substituted for the 10- to 12-
mm cannula on the ipsilateral side. 

Inspect both inguinal regions. Identify the median 
umbilical ligament (remnant ofthe urachus), the me
dial umbilical ligament (remnant of the umbilical 
artery), and the lateral umbilical fold (peritoneal 
reflection over the inferior epigastric artery). If the 
median umbilical ligament appears to compromise 
exposure, divide it. A hernia is visible as an out
pouching of the peritoneum (Figs. 90-5a, 90-5b). 
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Fig. 90-6 

Incise the peritoneum along a line approximately 
2 cm above the superior edge of the hernial defect, 
extending from the median umbilical ligament to the 
anterosuperior iliac spine. Mobilize the peritoneal 
flap inferiorly using blunt and sharp dissection (Fig. 
90-6). Some surgeons routinely inject local anes- . 
thetic (0.25% bupivacaine with epinephrine mixed 
in an equal amount of normal saline) under the peri
toneum before opening it. This makes mobilization 
of the superior and inferior flaps of peritoneum 

Fig. 90-7 

much easier and provides excellent postoperative 
pain relief for at least 6 hours. 

Expose the inferior epigastric vessels and identify 
the pubic symphysis and lower portion of the rec
tus abdominis muscle. Dissect Cooper's ligament to 
its junction with the femoral vein. Identify the il
iopubic tract. Continue the dissection inferiorly, 
with care to avoid an injury to the femoral branch 
of the genitofemoral nerve and the lateral femoral 
cutaneous nerve, which enter the lower extremity 
just below the iliopubic tract (Fig. 90-2). Complete 
the dissection by skeletonizing the cord structures. 
A small indirect hernial sac is easily mobilized from 
the cord and reduced back into the peritoneal cav
ity. A large sac may be difficult to mobilize because 
of dense adhesions between the sac and the cord 
structures due to the chronicity of the hernia. Un
due trauma to the cord may result if an attempt is 
made to remove the sac in its entirety. In this situa
tion, divide the sac just distal to the internal ring, 
leaving the distal sac in situ. This is most easily ac
complished by opening the sac on the side opposite 
the cord structures and completing the division from 
the inside. Dissect the proximal sac away from the 
cord structures. A direct hernia is easily managed by 
reducing the sac and preperitoneal fat from the her
nial orifice by gentle traction (Fig. 90-7). 

Placement of Mesh 

Cut a piece of mesh at least 11 X 6 cm (unilateral). 
The mesh should be able to cover completely the 
direct, indirect, and femoral spaces. Do not cut a slit 
for the cord. We prefer to lay the mesh over the 
cord structures, rather than cutting a slit and wrap
ping the mesh around the cord structures. Recur
rences have been reported through the orifice cre
ated around the new internal ring, even when the 
mesh has been closed around the cord. A large pros
thesis allows intraabdominal pressure to act uni
formly over a large area, thereby preventing the 
mesh from ballooning out through the hernial de
fect. Roll the mesh longitudinally into a compact 
cylinder and pass it through one of the trocars. Some 
surgeons place temporary ties around the cylinder 
to facilitate handling. 

Lie the cylinder at the inferior aspect of the work
ing space and unroll it toward the anterior abdomi
nal wall, smoothing it into place and tucking the cor
ners underneath the peritoneal flap (Fig. 90-8). 
Take time to lay the mesh carefully over all hernial 
defects with good overlap. The mesh may be stapled 
in place or simply placed as an onlay graft. Both tech
niques are described here. 



Fig. 90-8 

Stapling Technique 

Staples or a hernia tacking device may be used to af
fix the mesh. Begin stapling along the superior bor
der of the prosthesis (Fig. 90-9) at the medial as
pect of the contralateral pubic tubercle. Place the 
staples horizontally, progressing laterally along the 
superior border to the anterosuperior iliac spine. 
Horizontal staple placement minimizes the chance 
of injury to the deeper ilioinguinal or iliohypogastric 
nerves. 

Fig. 90-9 
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Fig. 90-10 

Staple the inferior border to Cooper's ligament 
medially using a horizontal or vertical orientation 
depending on the patient's characteristics (i.e., how 
the staples best attach). Again, the opposite pubic 
tubercle marks the area to begin placing staples for 
the inferior border, and stapling is continued over 
the area of the ipsilateral pubic tubercle to the 
femoral vein. Do not place staples directly into ei
ther pubic tubercle because chronic postoperative 
pain (osteitis pubis) can result. Always respect the 
triangles of doom and pain by not placing any sta
ples below the iliopubic tract (Fig. 90-2). 

Affix the medial and lateral borders using verti
cally placed staples, as this is the direction of the lat
eral cutaneous nerve of the thigh and the femoral 
branch of the genitofemoral nerve. Lateral to the in
ternal spermatic vessels, place all staples above the 
iliopubic tract. This avoids neuralgia due to injury to 
the lateral cutaneous nerve of the thigh or the 
femoral branch of the genitofemoral nerve (Fig. 
90-2). 

It is useful to palpate the head of the stapler 
through the abdominal wall with the nondominant 
hand, ensuring that stapling is done above the il
iopubic tract (Fig. 90-10). It also allows counter
pressure to be applied, ensuring better purchase of 
the staples. 
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Fig. 90-11 

Excise any redundant mesh (Fig. 90-11) and 
close the peritoneal flap over the mesh with staples 
(Fig. 90-12). The goal is to isolate the mesh pros
thesis from intraabdominal viscera. Avoid excessive 
tension, which could tent the peritoneum over the 
mesh, creating a potential space into which bowel 
may herniate. It may be helpful to decrease the 
pneumoperitoneum before flap closure. Occasion
ally, it is necessary simply to cover the mesh with 
the inferior flap, leaving exposed transversalis fascia. 
Avoid excess gaps between staples, as bowel can 
herniate or adhere to the mesh through these de
fects. Inject a long-acting local anesthetic such as 
bupivacaine into the preperitoneal space before clo
sure to decrease postoperative pain. 

Fig. 90-12 

Onlay Graft (Nonstapled) Technique 

Simply onlay the mesh in the preperitoneal space 
created earlier. Make sure the mesh lies perfectly flat 
with no rolled edges. Excise any redundant mesh 
and close the peritoneal flaps over the mesh with a 
continuous simple running intracorporeal suture of 
3-0 PG. The goal is to isolate the mesh prosthesis 
from intraabdominal viscera. 

Bilateral Hernias 

Bilateral hernias can be repaired using one long 
transverse peritoneal incision extending from one 
anterosuperior iliac spine to the other and a single 
large piece (30.0 X 7.5 cm) of mesh; or it can be 
done with two peritoneal incisions and two pieces 
of mesh. We favor the latter approach for the fol
lowing reasons. First, it is easier to manipulate two 
small pieces of mesh and tailor them accurately to 
fit the preperitoneal spaces than a single large piece. 
Second, there is no potential for damage to a patent 
urachus if one exists. Finally, there is less concern 
about interfering with bladder function when two 
pieces of mesh are used. 

TEP Approach 

Make the skin incision for the first trocar (10-12 mm) 
at the umbilicus. Open the anterior rectus sheath on 
the ipsilateral side and retract the muscle laterally to 
expose the posterior rectus sheath. Following the in
cision of the anterior rectus sheath and retraction of 
the muscle laterally, insert a finger over the posterior 
rectus sheath and gently develop this space. 

Insert a transparent balloon-tipped trocar into this 
space directed toward the pubic symphysis. Place 
the laparoscope in the trocar. Under direct vision, 
inflate the balloon to create an extraperitoneal tun
nel or space (Fig. 90-13), Note that dissection in 
the correct plane mobilizes the bladder downward. 

Place two additional trocars in the midline under 
direct vision: one (5 mm) at the pubic symphysis 
and the other (10-12 mm) midway between the first 
and second (Fig. 90-14). Place these trocars by in
cising the skin with a scalpel followed by blunt dis
section with a hemostat under direct vision, rather 
than using the standard technique, as inadvertent 
penetration of the narrow preperitoneal space into 
the peritoneal cavity may result. 

Complete the dissection of the preperitoneal 
space, mesh placement, and stapling in a manner 
similar to that described for the TAPP procedure 
(Fig. 90-15). Bilateral hernias can be repaired with 
the use of a single large prosthesis or two pieces as 
previously discussed. 



Fig. 90-13 

COMPLICATIONS 

Vascular injuries. Injury to the inferior epigastric 
and spermatic vessels are the most common vascu
lar complications. Other vessels at risk include the 
external iliac, circumflex iliac profunda, and obtu
rator vessels. Use of the open laparoscopic tech
nique for inserting the initial cannula, meticulous dis
section, and absolute identification of important 
landmarks are essential for preventing these injuries. 

Urinary retention, urinary injection, hema
turia. These are usually secondary to urinary 

Fig. 90-14 
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Fig. 90-15 

catheterization, extensive preperitoneal dissection, 
general anesthesia, and administration of large vol
umes of intravenous fluids. These problems gener
ally respond promptly to the usual treatments. 

Bladder injury. This is one of the more common 
complications of laparoscopic herniorrhaphy. It is 
seen most commonly in patients with previous 
"space of Retzius" surgery. Previous surgery in this 
space (e.g., a prostate operation) should be consid
ered a relative contraindication to laparoscopic her
nia repair. If a bladder injury is recognized during 
hernia repair, it should be repaired immediately lap
aroscopically or via laparotomy if necessary. Repair 
the hernia by a conventional anterior approach to 
avoid placing a foreign body next to the bladder re
pair. A high index of suspicion is the key to the di
agnosis of a missed urinary tract injury. Lower ab
dominal pain, a distended bladder, dysuria, and 
hematuria should be promptly investigated. Other 
signs may include azotemia, electrolyte abnormali
ties, and ascites. Indwelling catheter drainage alone 
may suffice for retroperitoneal bladder injuries, but 
intraperitoneal perforations are best closed laparo
scopic ally or by laparotomy. 

Nerve injury. The femoral branch of the gen
itofemoral nerve, the lateral cutaneous nerve of the 
thigh, and the intermediate cutaneous branch of the 
anterior branch of the femoral nerve are at risk of 
damage during laparoscopic herniorrhaphy because 
of (1) failure to appreciate the anatomy from the pos
terior aspect; (2) difficulty visualizing the nerves 
preperitoneally; (3) the variable course of the nerves 
in this region; (4) improper staple placement; or (5) 
extensive preperitoneal dissection. Symptoms of 
burning pain and numbness usually develop after a 
variable interval during the postoperative period. If 
neuralgia is present in the recovery room, immedi
ate reexploration is the best course of action. When 
the onset of the symptoms is delayed, the condition 
is usually self-limiting. In most cases nonsteroidal an
tiinflammatory drugs (NSAIDs) are sufficient. Reex-
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ploration and removal of the offending staple is oc
casionally required. 

Vas deferens and testicular complications. Tes
ticular pain may be the result of trauma to the gen
itofemoral nerve or to the sympathetic innervation 
of the testis during dissection around the cord struc
tures or during separation of the peritoneum from 
the cord structures. Testicular swelling may be sec
ondary to narrowing of the deep inguinal ring, is
chemia, or interruption of lymphatic or venous ves
sels resulting from attempts at complete removal 
of a large indirect inguinal hernial sac. Pain and 
swelling are usually transient and self-limiting. Tran
section of the vas deferens and testicular atrophy are 
seen in about the same incidence as during con
ventional surgery. The risk of these complications 
may be Significantly decreased if the surgeon avoids 
excessive tightening of the deep inguinal ring, gen
tly dissects around the cord structures, and does not 
attempt complete removal of large indirect hernial 
sacs. Minor cord and testicular complications are 
treated by supportive care, such as testicular sup
port, limitation of activities, and analgesics. If the vas 
deferens is transected, the cut ends should be re
paired with fine, interrupted sutures unless fertility 
is not a consideration. There is no treatment for uni
lateral testicular atrophy. The hypogonadism pro
duced by bilateral testicular atrophy is treated by 
supplemental testosterone. 

Complications related to the mesh. Migration, in
fection, mass lesions representing palpable mesh, ad
hesion formation, and erosion of the mesh into in
traabdominal organs have been reported following 
laparoscopic herniorrhaphy. Fixation of the mesh 
prevents migration. Peri operative prophylactic an
tibiotics are recommended to prevent mesh infec
tion. Adhesion formation is least likely to occur af
ter the TEP procedure, as the mesh is never in 
contact with intraabdominal organs unless there are 
unrecognized peritoneal perforations. Following 
the TAPP procedure, adequate closure of the peri
toneum over the mesh is the most important factor 
in preventing complications such as bowel herniat
ing through large gaps or becoming adherent to ex
posed mesh. Minimizing trauma, avoiding infection, 
sparing the blood supply, and avoiding exposed 
mesh decreases the incidence of adhesion forma
tion. Mesh complications usually manifest weeks to 
years after the repair in the form of small bowel ob
struction, abscess, or fistula. They may respond to 
conservative management or may require formal 
laparotomy. 

Recurrence of the hernia. Potential mechanisms 
for recurrence include missed hernias or failure of 
the mesh to cover all hernial defects adequately. The 

latter may occur when the mesh rolls, migrates, is 
too small, or is improperly secured. We believe that 
thorough dissection of the preperitoneal space with 
identification of all the landmarks followed by fIXa
tion of a large piece of mesh that adequately covers 
and overlaps the entire myopectineal orifice with
out slitting or folding is the best way to avoid re
currence. A repeat laparoscopic repair or a conven
tional repair (see Chapter 91) is needed to correct 
the recurrence. 

Osteitis. Pelvic or pubic osteitis result from sta
ples placed directly into bone. Placing staples on the 
anterior and superior portion of Cooper's ligament 
or avoiding fIXing mesh altogether prevents these 
complications. The diagnosis is essentially one of ex
clusion. NSAlDs may help. 

Wound infection. This may be prevented by us
ing meticulous sterile technique. 
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Recurrent 
Inguinal Hernia 

INDICATIONS 

Strangulation 

Incarceration or recent history of incarceration 

Symptomatic hernia in good-risk patients 

PREOPERATIVE PREPARATION 

If the patient suffers from chronic pulmonary dis
ease, make every effort to achieve optimal im
provement. Encourage all patients to stop smoking 
for at least a week before the operation. 

Encourage the obese patient to lose weight. 

Evaluate elderly male patients for potential prostatic 
obstruction. 

Administer perioperative antibiotics if the use of 
mesh is anticipated. 

Obtain consent for possible orchiectomy in elderly 
patients. 

PITFALLS AND DANGER POINTS 

Failing to identify all defects and to tailor the repair 
to the problem 

Injuring internal spermatic artery and vein or iliac 
artery or vein 

Injuring vas deferens 

Injuring colon (rare) 

Injuring bladder (rare) 

Using weak tissues for repair 

OPERATIVE STRATEGY 

We note here the common causes of recurrence and 
their prevention. Thorough understanding of this 
material is essential for anatomic repair of recurrent 
hernias and helps the surgeon keep the primary re
currence rate low. 

780 

Internal Ring Left Too Large 
At the conclusion of the repair, the internal ring 
should admit only the spermatic cord plus 2-3 mm 
(the tip of a Kelly hemostat). If closure is not ade
quate, the risk of recurrence is increased. Generally 
it requires removing both cremaster muscle and any 
lipomas from the spermatic cord as it passes through 
the internal ring. 

Inadequate closure of the internal ring often fol
lows repair of a large indirect hernia in adults. Sim
ply removing the sac and performing a Bassini-type 
repair by suturing internal oblique muscle to the in
guinal ligament often fails to produce adequate clo
sure of the internal ring. 

Defect at Pubic Tubercle 
The second most common location of the hernial 
defect in a recurrent inguinal hernia is the most me
dial portion of Hesselbach's triangle adjacent to the 
pubic tubercle. This is often a localized defect mea
suring no more than 1-2 cm in diameter. The exact 
cause of this defect is not clear. It may result if the 
surgeon does not continue the suture line up to and 
including the pubic periosteum. Tying interrupted 
sutures (e.g., during a McVay repair) with excessive 
tension may playa part in the etiology of this type 
of defect. 

Failure to Suture Transversalis 
Fascia or Transversus Arch 

A Bassini repair is apt to fail if performed by sutur
ing internal oblique muscle to the shelving edge of 
the inguinal ligament. Often these sutures fail to 
catch transversalis fascia or the aponeurosis of the 
transversus muscle (transversus arch), which are the 
strongest structures in the region. With traditional 
techniques of hernia repair, no attempt was made 
clearly to identify these structures prior to inserting 
sutures. 



Failure to Excise Sac 

Failure to remove the entire indirect sac is an im
portant cause of recurrent hernia. Obviously, if the 
surgeon fails to remove the sac, hernia recurrence 
is probable. Even when an obvious direct hernia is 
found, always explore the cord and remove any in
direct sac. 

Use of Absorbable Sutures 
It was demonstrated long ago that the use of catgut 
for repairing an inguinal hernia is followed by an ex
cessive rate of recurrence. Nevertheless, a few sur
geons persist in using absorbable suture material, 
which loses most of its tensile strength within sev
eral weeks, a length of time inadequate for solid heal
ing of an inguinal hernia repair. 

Subcutaneous Transplantation of Cord 
A significant number of patients present with re
current inguinal hernias following a Halsted repair 
in which the spermatic cord is transplanted into the 
subcutaneous plane by fashioning a new external 
ring directly superficial to the internal ring. The su
perimposition of one ring over the other results in 
a repair that is weaker than those that preserve the 
obliquity of the inguinal canal. Following the Hal
sted repair, a recurrent hernia presents at the point 
where the spermatic cord exits from the internal
external ring. Generally the two rings appear to have 
fused, and the hernia protrudes from this common 
orifice alongside the cord. It is important to recog
nize this before repairing the recurrence, as the cord 
is encountered early during the dissection and may 
be injured. 

Femoral Recurrence Following 
Inguinal Hernia Repair 
Several authors (McVay and Halverson; Glassow) 
have emphasized that following repair of an inguinal 
hernia 1-3% of patients later develop a femoral her
nia on the same side. When operating to repair an 
inguinal hernia, the surgeon should inspect and pal
pate the cephalad opening of the femoral canal in 
search of a small femoral hernia. The normal femoral 
canal does not admit the surgeon's fingertip. The 
only circumstances in which this step might be omit
ted is when a young patient presents with a simple 
indirect hernia and no weakness of the floor of the 
inguinal canal. 

If a femoral hernia is detected, it should be re
paired simultaneously with the inguinal hernia re-
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pair. McVay's technique using Cooper's ligament au
tomatically repairs any femoral defect by suturing 
the transversus arch to Cooper's ligament and the 
femoral sheath. Glassow recommended exposing 
the inferior opening of the femoral canal in the groin 
and repairing it with a few sutures from the lower 
approach. He then completed the inguinal repair by 
the Shouldice technique. A "plug" of Marlex mesh 
may be inserted into the femoral hernial ring from 
above or below to repair the femoral hernia. 

Infection 

Infection is rare in modern practice. When it occurs, 
the risk of subsequent recurrence may be as high as 
40%. 

Recurrent Indirect Inguinal Hernia 

For every repair of an indirect hernia, free the sac 
above the internal ring after excising the entire cre
master muscle. Remove it and carefully identify the 
margins of the internal ring. To do this, it is neces
sary to delineate the transversalis fascia, which forms 
the medial margin of the internal ring. It is also im
portant to differentiate weak from strong transver
salis fascia. After identifying the lateral edge of the 
transversalis fascia as it joins the internal ring, one 
can insert the index fmger behind the transversalis 
layer and evaluate the strength of the inguinal canal's 
floor. 

Although in infants and young children it is rarely 
necessary to reconstruct the internal ring following 
removal of the sac, in adults the indirect hernia has 
often reached sufficient width to erode the adjacent 
transversalis fascia and to leave an internal ring with 
a diameter of 2-4 cm. When this has occurred, we 
prefer to perform a Shouldice repair similar to that 
done for the direct inguinal hernia. 

During both indirect and direct hernia repairs in 
the adult patient, remove all of the cremaster mus
cle and adipose tissue surrounding the spermatic 
cord. If the diameter of the spermatic cord is nar
rowed, the aperture of the internal inguinal ring can 
also be narrowed, leaving an insignificant defect in 
the floor of the inguinal canal for a possible recur
rent hernia. 

Direct Inguinal Hernia 

Successful repair of a direct hernia requires meticu
lous dissection and exposure of the transversalis fas
cia, the aponeurosis of the transversus muscle, and 
the lateral condensation of the transversalis fascia 
near the inguinal ligament (iliopubic tract and 
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femoral sheath) prior to suturing the transversus 
arch-transversalis fascia to the iliopubic tract and the 
inguinal ligament. Excellent results have been re
ported following appropriate use of the Shouldice 
and McVay repairs and for the various techniques 
utilizing prosthetic mesh. During any direct inguinal 
repair, the anatomic structures named above must 
be carefully dissected and evaluated for areas of 
weakness. Any weakened areas must be excised, and 
only strong tissues employed for suturing or for the 
floor must be replaced with prosthetic mesh. 

Choice of Approach 

A major decision required before surgery is whether 
to use an anterior (groin) approach or a preperi
toneal (usually laparoscopic) approach. This choice 
determines the instruments, room setup, and choice 
of anesthesia. The preperitoneal approach described 
here as Legacy material is occasionally useful if an 
anterior approach must be abandoned because of 
excessive scarring. 

Anesthesia 

Many groin operations for a recurrent inguinal her
nia can be performed under local anesthesia with
out undue difficulty. Patients who have had previ
ous operations for a recurrent hernia and have 
accumulated a great deal of scar tissue are prefer
ably operated on with general anesthesia. General 
anesthesia is also needed for the preperitoneal (open 
or laparoscopic) approach. 

Selecting the Optimal Technique for 
Repair of Recurrent Inguinal Hernia 
There is no single best approach to a recurrent her
nia. Obtain the previous operative record and deter
mine what repair was done originally; then make an 
educated guess as to the probable mechanism and 
location of the recurrence. The occasional missed in
direct inguinal hernia or the direct hernia with a vir
gin floor may be repaired in a manner similar to that 
used for primary repair. However, most recurrent 
hernias are more complex, with scarring and lack of 
good fascia to approximate without tension. The sim
plest, most secure way to repair these recurrent her
nias is to bridge the gap with prosthetic mesh tai
lored to overlap good fascia by at least 3 cm and 
sutured in place. The repair must be individualized, 
and frequently the decision is made only after the 
anatomic defect has been exposed and identified. 

A preperitoneal approach, whether open (as de
scribed by Nyhus) or laparoscopic, allows dissection 

in virgin planes. The defect is closed, again, after 
placing a large sheet of prosthetic mesh. This may 
be the best approach if mesh was placed at the pri
mary operation. 

Technique of Dissection 

When the anterior inguinal approach has been se
lected, remember that the patient may have under
gone the previous repair by the Halsted technique. 
Anticipate the possibility of encountering the sper
matic cord in the subcutaneous layer of the dissec
tion. Therefore soon after the skin incision is made, 
elevate the cephalad skin flap and direct the dissec
tion so the anterior surface of the external oblique 
aponeurosis is exposed at a point 3-5 cm above the 
inguinal canal. This is virgin territory that has not 
been involved in previous surgery. Carefully direct 
the dissection in a manner that does not expose the 
external oblique aponeurosis inferiorly until the sub
cutaneous spermatic cord or the reconstructed ex
ternal ring has been exposed. In the absence of a 
previous Halsted repair, continue the dissection be
yond the previous suture line of the external oblique 
aponeurosis until the junction of the inguinal liga
ment and the upper thigh has been exposed. If one 
does encounter the spermatic cord in a subcuta
neous location, meticulous dissection is necessary to 
preserve the fragile spermatic veins. In the absence 
of a previous Halsted repair, incise the external 
oblique aponeurosis with caution to avoid trauma
tizing the cord. 

Avoiding Testicular Complications 

In the elderly patient with a large recurrent hernia, 
the repair can be Simplified if the patient is willing 
preoperatively to accept a simultaneous orchiec
tomy. In most series of recurrent hernia repairs, 
10-15% of patients undergo simultaneous orchiec
tomy. In younger patients and in those in whom the 
surgeon wishes to minimize the risk of having a tes
ticular complication, the preperitoneal approach of
fers a sound alternative to dissection in a previous 
operative field. Otherwise, take the time to perform 
meticulous dissection of the spermatic vessels and 
vas. Sometimes the spermatic veins have been 
spread apart by a large hernia, increasing their vul
nerability to operative trauma. 

When the anterior inguinal approach through the 
previous incision has been selected for repair of a 
recurrent hernia in a young man, occasionally pre
serving the spermatic cord seems impossible. In this 
situation it is advisable to abandon the anterior ap
proach and to extend the skin incision so the me-



dial skin flap can be elevated for a distance of 3-5 
cm. Continue the operation by an incision through 
the abdominal wall using the pre peritoneal ap
proach of Nyhus. After dissecting the peritoneum 
and the sac away from the posterior abdominal wall 
in the inguinal region, insert a prosthetic mesh. This 
approach helps avoid testicular complications. 

OPERATIVE TECHNIQUE 

Inguinal Approach 
Incision and Exposure 

Enter the operative site through the old incision. It 
may be cosmetically advantageous to excise the pre
vious scar. Then dissect the skin flap in a cephalad 
direction. Be aware of the possibility that at the pre
vious operation the surgeon may have transplanted 
the spermatic cord into a subcutaneous location. Be 
careful not to injure the cord during this dissection. 
After the skin flap has been dissected for a distance 
of about 2-3 cm, carry the dissection down to the 
aponeurosis of the external oblique muscle. Ac
complish this in an area that is superior to the 
region of the previous surgery. Now dissect all sub
cutaneous fat off the anterior surface of the aponeu
rosis, proceeding in an inferolateral direction until 
the inguinal ligament and the subcutaneous inguinal 
ring have been cleared. 

Repairing Recurrent Hernia FolloWing 
Previous Halsted Operation Without 
Opening the Inguinal Canal 

If the spermatic cord was transplanted into the sub
cutaneous plane at the previous operation, the sub
cutaneous and deep inguinal rings are now super
imposed, one directly on the other. In this case the 
inguinal region is generally quite strong except for 
a single defect that represents an enlarged common 
external-internal ring through which the spermatic 
cord passes together with the hernial sac. In these 
patients it is often difficult to separate the external 
oblique aponeurosis from the deeper structures, a 
step that is necessary before accomplishing either a 
Shouldice or a McVay repair. Instead of incising the 
external oblique aponeurosis in the region between 
the hernial defect and the pubic tubercle in these 
patients, it may be more prudent to remove the her
nial sac and then narrow the enlarged common ring 
with several heavy sutures. 

To accomplish this, carefully identify and dissect 
the spermatic cord free from surrounding structures 
and isolate the hernial sac. Open it and insert the in-
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dex finger to verify that the floor of the inguinal 
canal is indeed strong. Dissect the sac away from 
any attachments at its neck. Close the sac with a sin
gle suture-ligature of 2-0 PG. Alternatively, use a 
purse-string suture. Amputate the sac and permit the 
stump to retract into the abdominal cavity. Dissect 
areolar tissue, fat, and cremaster from the margins 
of the hernial defect. Close the defect medial to the 
point of exit of the spermatic cord using 2-0 Tevdek 
or Prolene on an atraumatic needle. In effect, the 
needle penetrates (at the medial margin of the ring) 
5-6 mm of the external oblique aponeurosis, the un
derlying internal oblique, and the transversalis fas
cia. At the lateral margin of the repair the needle 
pierces the external oblique aponeurosis and the 
shelving edge of the inguinal ligament. Narrow the 
ring to the extent that a Kelly hemostat can be 
passed into the revised inguinal ring alongside the 
spermatic cord. Making the ring any smaller in
creases the risk of testicular complications. 

Inevitably, these sutures must be tied with some 
tension, which threatens the success of any hernia 
repair. Therefore it is preferable when possible to 
insert an appropriately sized plug of Marlex mesh 
into the ring. Stabilize the plug with sutures as de
scribed in Figure 92-7. This method obliterates the 
defect with no tension on the tissues. If the hernial 
defect is large (>3 cm in diameter), apply a patch 
consisting of a layer of Marlex or Prolene mesh to 
cover the defect. Suture the mesh to the edge of the 
hernial defect using large bites of interrupted or con
tinuous 2-0 atraumatic Prolene. Leave an opening for 
exit of the spermatic cord along the medial margin 
of the repair. 

Dissecting the Inguinal Canal 

Most patients presenting with a recurrent inguinal 
hernia have had their previous repair performed 
with some variety of the Bassini technique; the sper
matic cord thus remains in its normal location deep 
to the external oblique aponeurosis. In these cases, 
make an incision in the external oblique aponeuro
sis along the lines of its fibers aimed at the cepha
lad margin of the external inguinal ring, as described 
above. Perform a patient, meticulous dissection of 
the spermatic cord to avoid traumatizing the deli
cate spermatic veins. After mobilizing the spermatic 
cord, identify the hernial sac. In our experience the 
most common location of a recurrence is in the floor 
of Hesselbach's triangle medial to the deep inferior 
epigastric vessels. The previous surgeon probably 
did not identify the transversalis fascia and the 
aponeurosis of the transversus muscle. If this area is 
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virgin territory, repair the recurrent hernia by the 
classic Shouldice technique described in Chapter 87. 
This repair is also suitable in patients who have a re
currence of an indirect nature, as these patients al
most always have considerable weakness of the in
guinal canal. Of course, the indirect sac must be 
excised. 

. Repairing a Localized Defect 
in the Inguinal Floor 

A number of patients with recurrent hernia suffer 
from a relatively small (~2 cm) defect in the inguinal 
canal floor just medial to the pubic tubercle. Simple 
suturing of this defect produces excessive tension. 
Standard repair calls for an incision through the floor 
of the inguinal canal followed by a definitive 
Shouldice or McVay reconstruction. Mesh repair is 
an excellent alternative that avoids an extensive dis
section. A plug of Marlex mesh is placed in the de
fect and sutured in place with one or two stitches 
of 2-0 Prolene as described for repair of a femoral 
hernia (see Fig. 92-7). 

Prosthetic Mesh Repair 

In most cases of recurrent hernia, after dissection of 
the inguinal canal the remaining tissues are simply 
not strong enough to ensure successful suturing of 
the hernial defect. By far the most common error 
made by surgeons repairing a recurrent hernia is to 
misjudge the strength of the tissues being sutured. 
Attenuated scar tissue sutured under tension does 
not allow a success/ullong-term repair. Do not hes
itate to excise these weakened tissues. Make no at
tempt to close the defect by sutures; rather, insert 
prosthetic mesh, which can be inserted to replace 
the defect without any tension at all. 

Complete the dissection of the inguinal canal 
through the layer of the transversalis fascia (see Figs. 
87-3 to 87-12) so the peritoneum, Cooper's liga
ment, and the aponeurosis of the transversus mus
cle have all been exposed. Separate the peritoneum 
from the transversalis fascia for a distance of at least 
3 cm around the perimeter of the inguinal defect. 
Trim away attenuated tissues. Now take a layer of 
Marlex or Prolene mesh and cut a patch in the shape 
of an ellipse whose diameter is 3-4 cm larger than 
that of the defect. Place the mesh behind the ab
dominal wall between the peritoneum and the trans
versalis fascia. Suture the mesh in place by means of 
2-0 atraumatic Prolene stitches through the entire 
abdominal wall in a mattress fashion, as seen in Fig
ure 91-1a. Continue to insert these interrupted mat
tress sutures around the perimeter of the defect and 
to penetrate the external oblique, internal oblique, 

and transversus muscles and the transversalis fascia. 
Along the medial aspects of the hernial defect, the 
sutures penetrate the anterior rectus sheath, the rec
tus muscle, and the transversalis fascia. Along the 
lateral margin of the defect, suture the mesh to 
Cooper's ligament with interrupted or continuous 
2-0 Prolene stitches going from the pubic tubercle 
laterally to the region of the femoral canal. Lateral 
to this point, suture the mesh to the femoral sheath 
and the shelving edge of Poupart's ligament. Cut a 
small section from the lateral portion of the mesh to 
avoid constricting the spermatic cord (Fig. 91-1b). 
In most cases it is not possible to suture the layers 
o/the abdominal wall together over the mesh with
out creating excessive tension. After irrigating the 
operative area thoroughly with a dilute antibiotic so
lution, close Scarpa's fascia with 4-0 PG and close 
the skin with a continuous 4-0 PG subcuticular su
ture. 

Abandoning the Anterior Approach 

With rare recurrent inguinal hernias it may be ap
parent during dissection of the spermatic cord that 
there is such dense fibrosis as to endanger preser
vation of the cord. When these conditions are en
countered, especially in young patients, simply aban
don the anterior approach. Elevate the cephalad skin 
flap and make an incision through the abdominal 
wall down to the peritoneum, as described below 
for the pre peritoneal approach to the repair of a re
current hernia. Dissecting peritoneum away from 
the posterior wall of the inguinal canal via the 
preperitoneal approach does not endanger the sper
matic cord because this dissection is carried out in 
territory free of scar tissue. 

Preperitoneal Approach Using 
Mesh Prosthesis (Surgical Legacy 
Technique) 

The technique described below is derived in many 
aspects from the contributions of Nyhus. It is de
scribed as used for a large right recurrent inguinal 
hernia. 

Incision and Exposure 

Enter the abdominal cavity by making a transverse 
incision in the lower quadrant at a level at least 3 
cm above the upper margin of the hernial defect. 
Start the skin incision near the abdominal midline 
approximately two fmgerbreadths above the pubic 
symphysis and proceed laterally for a distance of 
about 10 cm, aiming at a point just above the an
terosuperior spine of the ilium. Expose the external 
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oblique aponeurosis and the artery. Figure 91-2 il
lustrates the anatomy of structures encountered dur
ing this preperitoneal dissection on the right side of 
the patient. 

Suturing the Mesh 

Cut a square of Marlex or Prolene mesh sufficiently 
large to provide a layer of prosthesis that reaches 
from the abdominal incision (cephalad) to Cooper's 
ligament and to the iliopsoas fascia (caudad) and 
from the mid-rectus region medially to the antero
superior iliac spine laterally. 

For recurrent hernias repaired by this approach, 
do not attempt to close the hernial defect by sutur
ing it because the tension would be excessive. Use 
2-0 atraumatic Prolene swaged on a stout needle and 
take substantial bites of strong tissue to ensure that 
the mesh remains permanently in place. Do not ex-
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Fig. 91-2 

pect that the ingrowth of fibrous tissue into the 
mesh will ensure fixation, as the polypropylene is 
relatively inert and substantial fibrous ingrowth does 
not always take place. Place the first suture in the 
ligamentous tissue adjacent to the pubic symphysis. 
Continue the suture line laterally, passing inter
rupted 2-0 atraumatic Prolene sutures through the 
layer of mesh deep into Cooper's ligament along the 
pubic ramus. At the femoral ring, suture the mesh 
to the femoral sheath and the shelving edge of the 
inguinal ligament. When the internal inguinal ring is 
reached, leave a space for the spermatic cord to exit 
from the abdominal cavity in the male patient. Lat
eral to the external iliac artery carry the suture line 
in a posterior direction and attach the mesh to the 
iliopsoas fascia proceeding laterally. Take deep bites 
into this fascia after identifying and protecting the 
femoral nerve, which runs just below the fascia. Con
tinue the suture line in the iliopsoas fascia laterally 
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toward the anterosuperior iliac spine until the lat
eral margin of the abdominal incision is reached. In 
the female patient, suturing the mesh to the femoral 
sheath and the iliopsoas fascia completely obliter
ates the internal inguinal ring, although this opera
tion (using mesh to repair a large recurrent inguinal 
hernia) rarely is necessary in women. 

Attach the medial margin of the layer of mesh to 
the medial portion of the rectus muscle by dissect
ing the subcutaneous fat off the anterior rectus 
sheath down to the pubis. Then insert 2-0 Prolene 
sutures by taking a bite first through the anterior rec-
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tus sheath, next through the body of the rectus mus
cle, and then through the layer of mesh in the ab
domen. Return the same suture as a mattress suture 
by taking a bite through the mesh, the body of the 
rectus muscle, and fmally the anterior rectus sheath. 
After tying the stitch, the knot is on the anterior rec
tus sheath. Continue this suture line up to the level 
of the transverse abdominal incision. Figure 91-3 
depicts the appearance ofthe mesh sutured in place. 

Intermittently during the operation irrigate the 
operative site with a dilute antibiotic solution. By 
this point in the operation, the mesh has been su-
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tured into place medially, caudally, and laterally; 
only the cephalad margin is left unattached. Trim 
the mesh so this cephalad margin terminates evenly 
with the inferior margin of the transverse abdomi
nal incision. Because of the irregular nature of the 
surface that has been covered by the flat patch of 
mesh, there is a surplus of mesh in the lateral por
tion of the incision. Correct this by making a verti
cal fold in the mesh, as necessary, to include the 
mesh in the closure of the abdominal incision. Prior 
to inserting many of the sutures, it is necessary to 
ligate and divide or to coagulate a number of blood 
vessels in the region of Cooper's ligament and the 
femoral sheath so inserting the sutures does not pro
duce bleeding. 

Closing the Abdominal Incision 

Close the anterior rectus sheath with interrupted 
nonabsorbable sutures. Lateral to the rectus muscle 
close the abdominal incision using the Smead-Jones 
technique of interrupted 0 Prolene sutures that grasp 
a width of at least 1. 5 cm ofthe abdominal wall in
cluding the external oblique aponeurosis, the inter
nal oblique and transversus muscles, the transver
salis fascia, and the proximal edge of the mesh in 
the caudal margin of the incision as well as the same 
layers on the cephalad margin except for the mesh. 
Close the skin with a continuous 4-0 PG subcuticu
lar stitch. Figure 91-3 illustrates the completed in
cision sutureline. 

POSTOPERATIVE CARE 

Ambulate the patient the day of the operation. 

COMPLICATIONS 

Testicular swelling and/or atrophy. 
Urinary retention in males. 
Recurrence of hernia. 

Wound hematoma. 

Wound sepsis. When infection develops in patients 
who have undergone insertion of a mesh prostheSiS, 
it is not always necessary to remove this foreign body 
to remedy the infection, as the mesh is made up of 
monoillament fibers. In most patients wide drainage 
of the skin incision accompanied by parenteral an
tibiotics with perhaps local antibiotic irrigation may 
prove effective. We have had no experience manag
ing a pelvic infection after insertion of a mesh pros
thesis in the pelvis by the preperitoneal route. If we 
encountered this problem, we would subject the pa
tient to a trial of conservative therapy after opening 
the incision to explore the pelvis and to insert in
dwelling irrigating catheters and sump-suction drains. 
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INDICATIONS 

As strangulation is common with femoral hernias, it 
is advisable to operate on all such patients unless 
their medical status is so precarious it contraindi
cates even an operation under local anesthesia. 

PREOPERATIVE PREPARATION 

If there are signs of intestinal obstruction, initiate na
sogastric suction. 

When a patient has symptoms suggestive of a 
femoral hernia but lacks defInitive physical fIndings, 
request a sonogram of the groin. This study may re
veal a small incarcerated femoral hernia. Sonography 
is also helpful for diagnosing symptomatic spigelian 
and other interstitial hernias of the abdominal wall. 

PITFAllS AND DANGER POINTS 

Injuring or constricting femoral vein 

Transecting an aberrant obturator artery 

OPERATIVE STRATEGY 

Choose the operative approach Oow groin, high in
guinal, or preperitoneal) that best fIts the situation. 
A low groin approach under local anesthesia is an 
excellent choice for the frail elderly patient (unless 
strangulated bowel is suspected). The preperitoneal 
approach offers the best access for bowel resection 
if strangulation has occurred. An inguinal approach 
allows any associated inguinal hernia to be repaired 
and gives adequate access for bowel resection, but 
it creates a defect in an otherwise intact inguinal 
floor. The low groin and preperitoneal approaches 
are described here. 

Inguinal Approach 
The inguinal approach is essentially identical to the 
McVay repair described in Chapter 88. 

Low Groin Approach 
For the low groin approach, after opening the sac 
and reducing its contents, amputate it. It is not nec
essary to close the neck of the sac with sutures (Fer
guson). It is important, however, to clear the femoral 
canal of any fat or areolar tissue so the sutures can 
bring the inguinal ligament into direct contact with 
Cooper's ligament and the pectineus fascia. This ma
neuver obliterates the femoral canal but leaves an 
opening of 6-8 mm adjacent to the femoral vein. 
Equally good results can be obtained if the femoral 
canal is obliterated by inserting a plug of Marlex 
mesh. The technique avoids all tension on the su
ture line. 

To reduce an incarcerated femoral hernia, an in
cision may be made to divide the constricting neck 
of the hernial sac. It should be done on the medial 
aspect of the hernial ring. Although we have never 
observed the phenomenon, a number of texts warn 
that an anomalous obturator artery may follow a 
course that brings it into contiguity with the neck 
of the hernial sac, making it vulnerable to injury 
when the constricted neck is incised. This accident 
rarely occurs if the neck of the sac is incised on its 
medial aspect. If hemorrhage is indeed encountered 
during this maneuver and the artery cannot be lig
ated from below, control the bleeding by fInger pres
sure and rapidly expose the inner aspect of the pelvis 
by the Henry approach, which involves a midline in
cision from the umbilicus to the pubis, after which 
the peritoneum is swept in a cephalad direction to 
expose the femoral canal from above. With this ex
posure a bleeding obturator artery can be easily lig
ated. It should be emphasized that this complication 
is so rare it does not constitute a signillcant disad
vantage of the low approach to femoral herniorrha
phy. 

If the sutures drawing the inguinal ligament down 
to Cooper's ligament must be tied under excessive 
tension, abandon this technique. Then insert a plug 
of Martex mesh to obliterate the femoral canal, as 
described below. 
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OPERATIVE TECHNIQUE 

Low Groin Approach for 
Left Femoral Hernia 

Make an oblique incision about 6 cm in length along 
the groin skin crease curving down over the femoral 
hernia (Fig. 92-1). Carry the incision down to the 
external oblique aponeurosis and the inferior aspect 
of the inguinal ligament. Identify the hernial sac as 
it emerges deep to the inguinal ligament in the space 
between the lacunar ligament and the common 
femoral vein (Fig. 92-2). Dissect the sac down to 
its neck using Metzenbaum scissors. 

Grasp the sac with two hemostats and incise with 
a scalpel. Often the peritoneum is covered by two 
or more layers of tissue, each of which may resem
ble a sac. They consist of preperitoneal tissues and 
fat. This situation is seen especially when intestine 
is incarcerated in the sac. 

When the bowel or the omentum remains incar
cerated after opening the sac, incise the hernial ring 
on its medial aspect by inserting a scalpel between 
the sac and the lacunar ligament (Figs. 92-3, 92-4). 
After returning the bowel and the omentum to the 
abdominal cavity, amputate the sac at its neck. Al
though it is not necessary to ligate or suture the neck 
of the sac, this step may be performed if desired (Fig. 
92-5). Using a peanut sponge, push any remaining 
preperitoneal fat into the abdominal cavity, thereby 
clearing the femoral canal of all extraneous tissues. 

Repair the hernial defect by suturing the inguinal 
ligament down to Cooper's ligament using inter
rupted 2-0 sutures of ProIene on a heavy Mayo nee
dle. Often this can be accomplished if the inguinal 
ligament is pressed down and cephalad toward 
Cooper's ligament with the index finger. The nee-

Fig. 92-1 

Fig. 92-2 

die is then passed through the inguinal ligament and 
through Cooper's ligament in one simultaneous mo
tion. Cooper's ligament is indistinguishable from the 
periosteum overlying the cephalad aspect of the pu
bic ramus. An alternative method involves placing 
the stitch through the inguinal ligament and then po
sitioning a narrow retractor in the femoral canal to 
take a bite of Cooper's ligament and pectineus fas
cia. No more than two or three sutures are gener
ally necessary. Identify the common femoral vein 
where it emerges from underneath the inguinallig
ament, and leave a gap of 4-6 mm between the 
femoral vein and the most lateral suture (Fig. 92-6). 
Close the skin of the groin incision with either con
tinuous 4-0 PG subcuticular sutures or interrupted 
4-0 nylon sutures. 

If strangulated bowel requiring resection is en
countered after opening the hernial sac, make a sec
ond incision in the midline between the umbilicus 
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Fig. 92-4 

and the pubis. Separate the two rectus muscles and 
identify the peritoneum. Do not incise the peri
toneum. Elevate the peritoneum from the pelvis by 
blunt dissection until the iliac vessels and the 
femoral hernial sac are identified. At this point, open 
the peritoneum just above the sac. Incise the con
stricting neck of the femoral canal on its medial as
pect and reduce the strangulated bowel. After re
secting the bowel, irrigate the femoral region with 
a dilute antibiotic solution and repair the femoral 
ring from below as already described. Irrigate the ab
domen and close the abdominal incision in routine 
fashion. 

Low Groin Approach Using 
Prosthetic Mesh "Plug" 

Approximating the inguinal ligament to Cooper's lig
ament by sutures frequently requires excessive ten
sion. Monro, who strongly favored the low groin ap
proach, emphasized that the sutures should be tied 
loosely so they form a latticework of monoftlament 
nylon. This technique serves to occlude the defect 
without producing tension. 

Fig. 92-5 

The same end can be accomplished even more Fig. 92-6 
simply by inserting a rolled-up plug of Marlex mesh 
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Plug of Marlex me h 

Fig. 92-7 

Fig. 92-8 

Fig. 92-9 



as advocated by Lichtenstein and Shore. We believe 
this is the best method for repairing a femoral her
nia. Cut a strip of Marlex mesh about 2 X 10-12 cm. 
Roll the Marlex strip in the shape of a cigarette, 2 
cm in length. After the hernial sac has been elimi
nated and all the fat has been cleared from the 
femoral canal, insert this Marlex plug into the 
femoral canal. The diameter of the plug may be ad
justed by using a greater or lesser length of Marlex, 
as required. When the properly sized plug is snug 
in the femoral canal with about 0.3 cm of the plug 
protruding into the groin, ftx the Marlex in place by 
inserting two sutures of 2-0 atraumatic Prolene (Fig. 
92-7). Insert the needle ftrst through the inguinal 
ligament, then through the Marlex plug, and fmally 
into the pectineal fascia or Cooper's ligament. After 
the two sutures have been tied, the plug should ftt 
securely in the canal. After irrigating the wound with 
a dilute antibiotic solution, check for complete he
mostasis and then close the skin incision without 
drainage. If the patient accumulates serum in the in
cision postoperatively, aspirate the fluid occasion
ally with a needle. 

Preperitoneal Approach for 
Right Femoral Hernia (Nyhus) 

Anesthesia 

General or regional anesthesia with good muscle re
laxation is required. 

Fig. 92-10 
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Incision 

Start the skin incision at a point two ftngerbreadths 
above the symphysis pubis (Fig. 92-8) and about 
1.5 cm lateral to the abdominal midline. Carry the 
incision laterally for a distance of 8-10 cm and ex
pose the anterior rectus sheath and the external 
oblique aponeurosis. Elevate the caudal skin flap suf
ftciently to expose the external inguinal ring. 

Make a transverse incision in the anterior rectus 
sheath about 1.5 cm cephalad to the upper margin 
of the external inguinal ring for a distance of about 
5 cm in a direction parallel to the inguinal canal (Fig. 
92-9). Retract the rectus muscle medially and 
deepen the incision through the full thickness of the 
internal oblique and transversus abdominis muscles 
exposing the transversalis fascia. Carefully make ~ 
transverse incision in this layer but do not incise the 
peritoneum. 

Apply a Richardson retractor against the lateral 
margin of the incised abdominal wall. Use blunt dis
section to elevate the peritoneum out of the pelviS. 

Mobilizing the Hernial Sac 

If the femoral hernia is incarcerated, it is possible to 
mobilize the entire pelvic peritoneum except for 
that portion incarcerated in the femoral canal (Fig. 
92-10). If the hernia cannot be extracted by gentle 
blunt dissection around the femoral ring, incise the 
medial margin of the femoral ring and extract the 
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Fig. 92-11 

hernial sac by combining traction plus external pres
sure against the sac in the groin. Although the pres
ence of an aberrant obturator artery along the me
dial margin of the femoral ring is a rarity, there may 
be one or two small venous branches that require 
suture-ligation prior to incising the medial margin of 
the ring. 

Open the sac (Fig. 92-11). Evaluate the condi
tion of the bowel. If strangulation mandates bowel 

/ 

Fig. 92-12 

resection, enlarge the incision enough so adequate 
exposure for a careful intestinal anastomosis may be 
guaranteed. If bowel has been resected, change 
gloves and instruments before initiating the repair. 
Irrigate the incision with a dilute antibiotic solution. 
Excise the peritoneal sac and close the peritoneal 
defect with continuous 3-0 PG. 

Suturing the Hernial Ring 

The superficial margin of the femoral ring consists 
of the iliopubic tract and the femoral sheath. These 
structures are just deep to the inguinal ligament. The 
deep margin of the femoral ring is Cooper's liga
ment, which represents the reinforced periosteum 
of the superior ramus of the pubis. When repairing 
the hernial defect, suture the strong tissue situated 
in the superficial margin of the femoral ring to 
Cooper's ligament with several interrupted sutures 
of 2-0 Tevdek of Prolene (Figs. 92-12, 92-13). 
Whether the suture catching the superficial margin 
of the femoral ring contains only the iliopubic tract 
or it also catches a bite of inguinal ligament is im
material so long as the tension is not excessive when 
the knot is tied. If closing the ring by approximat-
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Fig. 92-13 

ing strong tissues would result in tension, it is prefer
able to suture a small "cigarette" of Marlex into the 
femoral ring from the cephalad approach. 

POSTOPERATIVE CARE 

Early ambulation. Nonstrangulated femoral hernias 
are repaired in our ambulatory surgery unit. 
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Perioperative antibiotics are employed in patients 
with intestinal obstruction or those who have had 
bowel resection for strangulation. Use nasogastric 
suction in patients with intestinal obstruction or 
bowel resection. 

COMPLICATIONS 

Deep vein thrombosis has been reported secondary 
to constriction of the femoral vein by suturing. 

Wound infections occur but are rare. 

Ventral hernia may follow the preperitoneal ap
proach to femoral hernia repair. 

Recurrence is rare, although in some series it has 
ranged from 1 % to 3%. 
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Ventral Hernia 

INDICATIONS 

Good-risk patients should undergo elective repair of a 
ventral hernia that has a defect of more than 1-2 cm. 
Early repair of the small hernia is a simple procedure. 
Nonoperative therapy is almost always followed by 
gradual enlargement of the hernial ring over time. Not 
only does this make the repair more difficult, but there 
is a significant incidence of incarceration. 

PREOPERATIVE PREPARATION 

Nasogastric tube prior to operation for large hernias 

Perioperative antibiotics in patients with hernias 
large enough to require prosthetic mesh 

PITFALLS AND DANGER POINTS 

Excessive tension on the suture line 

Sewing tissues that are too weak to hold sutures 

Postoperative infection 

Failure to achieve complete hemostasis 

OPERATIVE STRATEGY 

A thorough understanding of the factors that lead to 
incisional hernia formation is crucial. These same 
factors contribute to recurrence after repair. 

Infection 

Infection of the postoperative abdominal wound not 
uncommonly leads to an incisional hernia at a later 
date, especially if the infection was not detected and 
widely drained early during the course of its devel
opment. Strategies to minimize the incidence of 
wound infection during a contaminated abdominal 
operation are discussed in Chapter 7. 

Occult Wound Dehiscence 

When a large ventral hernia appears within the first 
few months after an abdominal operation, a likely 
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cause ofthe hernia is contained dehiscence of the fas
cial and muscular layers of the abdominal wall during 
the eady postoperative course in a patient whose skin 
incision has remained intact. Prevention of postoper
ative wound dehiscence is discussed in Chapter 3. 

Making Too Large a Drain Wound 

Postoperative hernias may occur at drain exit sites, 
particularly the large stab wounds used for Penrose 
drains. Generally, if the stab wound admits only one 
fmger, a postoperative hernia is unlikely. When 
drainage of necrotic tissue (e.g., necrotizing pancre
atitis) is required, large drainage wounds are appro
priate and the risk of subsequent hernia formation is 
accepted. Closed-suction drains require smaller inci
sions and rarely become sites of hernia formation. 

Failure to Close Laparoscopic 
Trocar Sites Adequately 

In general, close the fascial defect after inserting any 
trocar larger than 5 mm in diameter. 

Transverse Versus Vertical Incision 

As discussed in Chapter 3, we have not detected an 
increased incidence of incisional hernia or wound 
dehiscence when comparing the midline vertical in
cision with transverse or oblique subcostal incisions, 
provided the midline incision has been closed with 
sutures that encompass large bites of abdominal 
wall, such as the Smead-Jones stitch. 

Suturing Technique 

Type of Suture Material 

Closure with catgut results in a large number of 
wound dehiscences and incisional hernias and is no 
longer recommended. It is uncertain how the newer 
synthetic absorbable suture materials such as PDS 
performs, as long-term followup is lacking. 

Size of Tissue Bites 

The width of tissue included in each stitch is an 
important determinant of the incidence of wound 



dehiscence or incisional hernia, regardless of 
whether a continuous or interrupted technique is 
used. Sutures that contain small bites of tissue tend 
to cut through in response to muscle tension. We 
believe that at least 2 cm of musculofascial tissue 
on each side of the incision should be included in 
the stitch. 

Tension with Which Suture 
Should Be Tied 

When a stitch in an abdominal incision is tied with 
strangulating force, no matter how large a bite of tis
sue the stitch contains strangulation may cause the 
stitch to cut through the abdominal wall. This error 
manifests as a small hernia 1-2 cm lateral to the scar 
several months following operation. The hernial ring 
is often no more than 1.0-1.5 cm in diameter when 
first detected. This phenomenon is somewhat less 
likely to occur with synthetic monoftlament sutures 
than with wire sutures because these sutures have 
a larger diameter than the equivalent-strength stain
less steel suture. 

It is easy to tie monoftlament sutures too tightly 
because the knot has a tendency to slip. Resist the 
temptation to snug the knot down successively 
tighter with each throw. If the suture is tied with 
too much tension, it may cut through the necrotic 
tissue that results. Insist that the anesthesiologist 
provide adequate muscle relaxation at the time of 
closure, as it makes it easier to apply the proper ten
sion to each suture. 

Intercurrent Disease 
Cirrhosis and ascites 

Long-term high-dose steroid treatment 

Marked obesity 

Severe malnutrition 

Abdominal wall defects secondary to tumor resec
tion 

Defects in the abdominal wall, secondary to re
section for tumor, may be managed by inserting a 
prosthetic mesh as described below for ventral her
nia repair provided adequate coverage of the mesh 
with viable skin and subcutaneous fat is possible. 
Otherwise, a full-thickness pedicle flap must be de
signed to cover the mesh. 

Choice of Approach 
This chapter describes several anterior approaches 
to large ventral hernias. They are applicable to vir
tually all incisional hernias. An emerging experience 
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with laparoscopic ventral hernia repair makes it a 
potentially attractive option, especially for small de
fects. The technique is described in references listed 
at the end of the chapter. This method has not been 
in use long enough to accumulate data about recur
rence rates, pitfalls, and problems. 

Identifying Strong Tissues 
Each ventral hernia is characterized by a defect, 
small or large, in the tissue of the abdominal wall. 
In the hope of facilitating approximation of the 
edges of the defect, the surgeon is often tempted to 
preserve, and insert sutures into, weak scar tissue 
instead of carrying the dissection beyond the edge 
of the hernial ring to expose the normal muscu
loaponeurotic tissue of the abdominal wall. De
pending on scar tissue to hold sutures for repair of 
a hernia leads to a high recurrence rate. It is best to 
carry the dissection 2-3 cm beyond the perimeter 
of the hernial ring on all sides and clearly expose 
the anterior surface of the muscle fascia. 

Often an obvious ineisional hernia is accom
panied by additional smaller hernias 3-5 em away 
from the major defect. These secondary hernias oc
cur because more than one suture, inserted at the 
previous closure, has cut through the tissue, leaving 
additional small defects. If the additional defects are 
close to the large hernial ring, incise the tissue 
bridges and convert the several defects into one 
large hernial ring. 

Some surgeons advocate separating the abdomi
nal wall into its component layers-peritoneum, 
muscle, fascia-and suture each layer separately. We 
believe that in most cases it is preferable to insert 
the suture by taking a large bite of the entire ab
dominal wall in each stitch, following the principle 
of the Smead-Jones technique, rather than splitting 
the abdominal wall and closing each layer separately. 
By the same token, we have not used relaxing inci
sions through the aponeurosis of the external 
oblique layer to expedite hernial closure because we 
have observed subsequent herniation through the 
area of the relaxing incision. Other surgeons have 
advocated creating a flap from the anterior rectus 
sheath on each side and then bridging the hernial 
defect by suturing one fascial flap to the other. Our 
experience suggests that this technique does not 
successfully repair an incisional hernia larger than a 
few centimeters in diameter. 

Avoiding Tension During the Repair 
By far the most dangerous threat to long-term suc
cess with hernial repair is excessive tension on the 
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suture line. Although all surgeons agree with this 
principle, there is a wide variation in each surgeon's 
perception of what comprises "excessive" tension. 
We believe that any degree o/tension is "excessive" 
because this judgment is always made with the pa
tient under anesthesia. Even local anesthesia pro
duces muscle relaxation in the area of anesthesia, so 
any degree of tension is magnified when the effects 
of anesthesia have disappeared. 

In the case of small ventral hernias « 3 cm in 
diameter) success may be anticipated if the weak
ened tissues are excised and the remaining defect 
in the abdominal wall is simply approximated with 
the Smead-Jones technique, just as one would close 
a primary abdominal incision (see Chapter 3), It is 
important to excise all of the attenuated tissues, but 
it is not necessary to remove the condensation of 
fibrous tissue that often forms a firm ring and sep
arates the hernial defect from the normal tissues of 
the abdominal wall. Using the Smead-Jones stitch, 
simply insert the sutures 2-3 cm beyond the her
nial ring through all layers of the abdominal wall 
including peritoneum. It may be preferable to close 
a circular defect in a transverse (rather than verti
cal) direction, but the main consideration is to se
lect the direction that produces the least tension. 
Although it is sometimes possible to approximate 
abdominal wall defects 6-8 cm in width under anes
thesia without appearing to have produced exces
sive tension, many of these patients return with re
current hernias if they are followed 4-5 years or 
more. 

Role of Prosthetic Mesh 
If there is tension on the proposed suture line, do 
not close the defect at all. Rather, bridge the defect 
with one or two layers of a prosthetic mesh. No at
tempt is made to close the defect with this tech
nique. The defect is thus replaced by the mesh, 
which is sutured in place by means of 2-0 or 0 Pro
lene mattress sutures that penetrate the full thick
ness of the abdominal wall. 

The most serious complication following the use 
of prosthetic mesh arises when dense adhesions 
form between the small intestine and the fabric of 
the mesh. If intestinal obstruction in this situation 
requires subsequent laparotomy, it may prove im
possible to separate the mesh from the bowel with
out extensive intestinal damage. Prolene mesh 
seems less prone to this complication than Marlex 
(Stone et al.). Although this complication is uncom
mon, it is important to take the precaution of inter
posing omentum between the mesh and the in-

testines whenever possible. When omentum is not 
available for this purpose, preserve the hernial sac 
and interpose this tissue between the intestines and 
the mesh, which is then sutured as an onlay patch 
over the defect. Although using an onlay patch me
chanically does not result in as strong a repair as in
serting stitches through the entire abdominal wall to 
fasten the mesh, it may be preferable to risk pro
ducing excessive intestinal adhesions. 

Types of Mesh 
There are three general types of prosthetic material 
in common use: absorbable PG mesh, monoillament 
polypropylene mesh, and expanded polytetrafluo
roethylene (ePTFE). True long-term follow-up data 
are not available for many of these prosthetic mate
rials. 

Absorbable PG mesh is suitable for temporary clo
sure of abdominal wall defects, particularly in the in
fected abdomen. Because the mesh absorbs, subse
quent incisional hernia formation is inevitable. 
Absorbable mesh is not suitable for permanent re
pair of ventral hernias as described in this chapter. 

Monoillament polypropylene meshes are avail
able from several manufacturers, differing in chem
ical composition, stiffness (resistance to bending), 
and degree of stretch. As mentioned earlier, erosion 
into bowel and dense adhesion formation have been 
problems with these prosthetic materials. A major 
advantage of this mesh is its tolerance to infection. 
Because the mesh is composed of monoillament 
fibers, the patient often tolerates a wound infection 
without the need to remove the mesh. Opening the 
skin widely for drainage generally proves sufficient 
and in many cases avoids the need to remove the 
mesh. 

Expanded PTFE is soft and pliable. Adhesion to 
bowel is much less of a problem than with the pre
viously described meshes. Currently available ePTFE 
mesh does not tolerate infection well and is recom
mended for use only during clean procedures. If the 
operative field becomes contaminated during dis
section (e.g., by inadvertent enterotomy or exposure 
of a buried chronic suture abscess), this mesh is not 
a good choice. 

Myocutaneous Flap 
Increased interest in the myocutaneous flap has re
sulted in the development of techniques that fa
cilitate rotation of large flaps of muscle covered by 
skin and subcutaneous fat into defects of the ab
dominal wall with retention of an excellent blood 
supply to the flap. The tensor fasciae latae muscle 



Fig. 93-1 

Fig. 93-2 

,/ 
( 

~ 

.,.---- ........ , 

/ 
I 

Operative Technique 799 

is one example of such a myoctltan OtiS flap that 
can be used to bridge defects in the abdomen. The 
exact role of this modality compared to prosthetic 
mesh for replacing abdominal defects is still lind r 
study. It should be emphasized, however, that a 
split-thickness skin graft cannot conSistently be ex
pected to survive if it is placed over a layer of pro -
thetic mesh, even if the mesh has been cover d by 
healthy-appearing granulation tissue. In many 
cases the mesh must be covered by a pedrcle flap 
of skin and subcutaneous tissue, or it must be re
placed by a myocutaneous or microvascular free 
flap. 

OPERATIVE TECHNIQUE 

Elective Ventral Hernia Repair 

Dissecting the Hernial Sac 

Make an elliptical inci ion in the kin along the axis 
of th hernial ring and carry the inci ' ion down to 
the sac (Figs. 93-1, 93-2). Dissect the kin away 
from the sac on each side until the area of the her-
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Fig. 93-3 

Fig. 93-4 

nial ring itself has been exposed in its entire cir
cumference (Fig. 93-3). Retract the skin flap away 
from the sac and make a scalpel incision down to 

the anterior muscle fascia. Continue to dissect nor
mal muscle fascia using a scalpel or Metzenbaum 
scissors until at least a 2 cm width of fascia has been 
exposed around the entire circumference of the her
nial defect. This dissection generally leaves some 
residual subcutaneous fat attached to the area where 
the sac meets the hernial ring. Using scissors, re
move this collar of fat from the base of the hernia. 

Resecting the Hernial Sac 

Make an incision along the apex of the hernial sac 
and divide all of the adhesions between the intes
tine and the sac (Figs. 93-4, 93-5), reducing the 
intestines into the abdominal cavity (Fig. 93-6), Ex
pose the circumference of the hernial defect so the 
neck of the sac and a 2- to 3-cm width of peritoneum 
are freed of all adhesions around the entire circum-
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Fig. 93-5 

Fig. 93-6 
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Fig. 93-7 

ference of the hernia. Irrigate the wound with a di
lute antibiotic solution intennittently (Fig. 93-7). 

Mesh Repair of Ventral Hernia 

Sandwich Repair 

The "sandwich repair" was first described by Usher. 
Two identical sheets of polypropylene mesh are cut 
from a large sheet. Each piece of mesh should be 2 
em larger than the hernial defect. One sheet is 
placed inside the abdominal cavity, and the other 
makes contact with the fascia around the hernial 
ring. The two sheets are held by sutures that go 

through the top sheet, then through the full thick
ness of the abdominal wall, and finally through the 
deep sheet of mesh. The stitch then returns as a mat
tress stitch penetrating the deep sheet of mesh, the 
full thickness of the abdominal wall, and finally the 
superficial sheet of mesh before being tied with a 
knot located in the subcutaneous layer (Fig. 93-8). 
The deep layer of mesh should be separated from 
the bowel by the omentum. In the absence of a sat
isfactory layer of omentum, it may be preferable to 
omit the intraperitoneal layer of mesh and to pre
serve enough hernial sac so the sac, after being 
trimmed and sutured closed, can be retained as a 



Fig. 93-8 

protective layer to separate the intestines from the 
mesh, which is now used as an onlay patch, as de
scribed in the next section (see Fig. 93-13). 

Application of the sandwich technique to a large 
recurrent ventral hernia in an obese patient is illus
trated beginning with Figure 93-9. After the skin 
flaps have been elevated, which exposes healthy fas
cia around the entire circumference of the hernial 
defect, make certain there are no additional hernial 
defects above or below the major hernia. If there are 
additional hernias, combine them into one large de
fect by incising the bridge of tissue between them. 

Fig. 93-9 
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Excise the sac down to its point of attachment to the 
hernial ring and excise subcutaneous fat around the 
hernial ring. Then insert one sheet of mesh inside 
the abdominal cavity and the other over the rectus 
fascia. Place the mattress sutures through the mesh 
at a point about 2-3 cm away from the hernial ring 
to be certain the sutures engage normal abdominal 
muscle and aponeurosis. A horizontal mattress suture 
penetrates ftrst the superficial layer of mesh, next the 
entire abdominal wall, and then the deep layer of 
mesh. When returning the suture, the width of the 
bite of mesh must be less than the width of the bite 
in the abdominal wall; otherwise the mesh tends to 
bunch together when the stitch is tied rather than 
lying flat. Therefore when returning the stitch 
through the deep layer of mesh, select a spot that 
encompasses only 7 mm of mesh while including a 
1 cm width of abdominal wall. After penetrating the 
anterior rectus fascia, pass the needle through the 
anterior layer of mesh again at a point 7 mm away 
from the tail of the stitch. Tie the suture. We use the 
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Fig. 93-10 

3-1-2 knot (see Fig. 4-25), supplemented by a few 
additional throws. The suture material used is 2-0 Pro
lene on an atraumatic needle. Insert additional mat
tress sutures of the same material at intervals of about 
1.0-1.5 em until half of the sutures have been in
serted and tied. Then insert the remaining sutures, 

Fig. 93-11 

but do not tie any of them until all have been prop
erly inserted. After tying all the sutures, check for 
any possible defects in the repair (Figs. 93-10, 
93-11). When a hernial defect borders on the pubis, 
include the periosteum of the pubis in the sutures 
attaching the mesh to the margins of the defect. 



Be certain to achieve complete hemostasis with 
electrocoagulation and fme PG ligatures. Insert a 
multiperforated closed-suction catheter through a 
small puncture wound in the skin. Lead the catheter 
across the superficial layer of the mesh and attach 
it to a Jackson-Pratt closed-suction device. Approxi
mate the skin with interrupted nylon sutures. Apply 
a sterile pressure dressing. 

Onlay Patch Mesh Repair 

As mentioned above, the onlay patch mesh repair is 
suitable when there is no layer of omentum avail
able to be interposed between the intestines and the 
mesh. Here the hernial sac is preserved. Trim away 
the excess sac, leaving enough tissue so it can be 
closed without tension by a continuous 2-0 atrau
matic PG suture (Fig. 93-12). This serves as a vi
able layer that hopefully will avoid the development 
of adhesions between the bowel and the mesh. The 
drawback to this technique is that its sutures, com
pared with those of the sandwich technique, are 
weaker because the bites of tissue are not equiva
lent to those of large mattress sutures, which pene
trate the entire abdominal wall. 

Only the peritoneum of the hernial sac is sutured 
to cover the defect with this method. 

A piece of Prolene mesh is cut 2-3 cm larger on 
all sides than the diameter of the hernial defect. 
The first stitch of 0 Prolene starts at the caudal 

Fig. 93-12 
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margin of the defect and catches the edge of the 
hernial ring. Tie the stitch and then proceed with 
a continuous stitch that fixes the mesh to the dense 
fibrous tissue at the margin of the hernial defect. 
When the cephalad edge of the hernial defect is 
reached, insert a second stitch and tie it. Anchor 
the first stitch by tying it to the tail of the second 
one. The second stitch runs in a continuous fash
ion along the opposite margin of the hernia and is 
terminated at the caudal edge of the hernial de
fect. 

Using a similar technique, stitch the edge of the 
mesh to the anterior layer of muscle fascia in a con
tinuous fashion using atraumatic 2-0 Prolene (Fig. 
93-13a, 93-13b). Insert a closed-suction catheter 

Fig. 93-13a 

Fig. 93-13b 
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through a puncture wound and close the skin in REFERENCES 
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94 Operations for Infected 
Abdominal Wound 
Dehiscence and 
Necrotizing Fasciitis 
of the Abdominal Wall 

INDICATIONS 

Spreading infection of the anterior abdominal wall 

Infected dehiscence, with or without evisceration 

PREOPERATIVE PREPARATION 

Administer therapeutic doses of systemic intravenous 
antibiotics effective against gram-negative rods, ente
rococci, and anaerobes, including clostridia, until 
deftnitive bacterial cultures and sensitivity studies 
are available. This requires an aminoglycoside, ampi
cillin or penicillin, and cIindamycin (or metronida
zole or chloramphenicol). Third- and fourth
generation cephalosporins may also prove effective 
in these cases. 

Because intraabdominal sepsis is a frequent com
panion, if not the cause, of the necrotizing infection, 
many of these patients require total parenteral nu
trition. 

Perform abdominal computed tomography (Cn to 
identify any abdominal sepsis. 

Establish nasogastric suction. 

Insert a Foley catheter. 

In the elderly and the critically ill patient, monitor 
fluid requirements and cardiorespiratory function by 
means of pulmonary arterial pressure measurements, 
cardiac output determinations, and frequent blood 
gas determinations. 

PITFALLS AND DANGER POINTS 

Inadequate debridement of devitalized tissue 

Failure to identify and drain intraabdominal ab
scesses 

OPERATIVE STRATEGY 

Wide Debridement 

Unhesitatingly cut away all devitalized tissue and 
continue the scalpel dissection until bleeding is en
countered from the cut edge of the tissue. If even a 
small remnant of devitalized fat or other tissue is left, 
it is a haven in which bacteria can proliferate and 
destroy more of the abdominal wall. 

Managing the Abdominal Wall Defect 

Closure of even small abdominal wall defects in the 
setting of necrotizing infection is doomed to failure. 
The strategy that has evolved accepts the trade-off 
of a possible incisional hernia for a better chance of 
patient survival. Small defects «4-6 cm in diame
ter) may be managed by Adaptic gauze covered with 
moist gauze packing. Larger defects require a patch 
of monoftlament mesh, inserted by a rapid suture 
technique. Dressing changes and subsequent granu
lation tissue formation ultimately result in a surface 
that can be covered with a split-thickness skin graft. 
If an incisional hernia results, a delayed repair, pos
sibly involving a musculocutaneous flap, is planned 
at a time remote from the life-threatening illness. 

Repeat Laparotomy for 
Recurrence of Abdominal Sepsis 

After successfully debriding an infected abdominal 
incision and repairing the defect with mesh, subse
quent clinical observation may disclose the need to 
reexplore the abdomen for recurrent sepsis between 
the loops of small bowel, the pelvis, the subhepatic 
or subphrenic spaces, or elsewhere. If necessary, it 
is generally simple to make an incision through the 
mesh, perform the abdominal exploration, and then 
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repair the mesh with a continuous 2-0 Prolene su
ture. Stone and associates noted that adhesions be
tween bowel and Prolene mesh were much less 
marked than when Marlex mesh was used. For some 
cases in which Marlex has been used and a layer of 
omentum has not been interposed between the 
mesh and the intestines, dense adhesions have 
formed between the small bowel and the Marlex 
mesh. When a patient who suffers from this condi
tion requires laparotomy, entering the abdomen in 
the vicinity of the Marlex mesh may prove impossi
ble without extensive damage to the bowel. In some 
cases, placing the patient in a face-down position en
courages drainage of abdominal infections through 
the pores of the mesh. 

Management of Intestinal 
Stomas and Fistulas 

When a patient who is taken to the operating room 
for debridement of an infected abdominal incision 
also requires exteriorization of an intestinal fistula 
or requires a colostomy, do not perform a loop 
colostomy or a loop enterostomy. This type of stoma 
is difficult to control, and secretions continuously 
contaminate the open abdominal wound. If possi
ble, create matured end-stomas of the small bowel 

Fig. 94-1 

Fig. 94-2 

or colon and bring them out at sites well away from 
the open abdominal wound. 

Marsupialization and Open 
Abdomen Management 

When complex collections with multiple loculations 
and necrotic tissue are encountered, the probability 
of recurrence is high. In the critically ill patient, con
sider leaving the abdomen open so daily explo
rations, debridements, irrigation, and packing can be 
done in the intensive care unit. Closure (generally 
using mesh) is performed once sepsis has been 
controlled. 

OPERATIVE TECHNIQUE 

During surgery for large abdominal defects that re
main after wide debridement of infected abdominal 
incisions, we do not recommend the technique de
scribed in Chapter 93. To expedite the operation in 
these acutely ill patients, we prefer to use a single 
layer of Prolene mesh. For temporary closure, PG 
mesh is preferred. Cut the mesh so it is only 1 cm 
larger than the abdominal defect. Be certain that all 
intraabdominal abscesses have been evacuated. At
tempt to place a layer of omentum between the 
mesh and the underlying bowel. In no case should 
a bowel anastomosis ever be left in contact with 
synthetic mesh. Then use atraumatic sutures of 2-0 
Prolene to attach the cut end of the mesh to the un
dersurface of the abdominal wall. In most cases con
tinuous sutures are employed. The technique de
scribed by either Markgraf (Fig. 94-1) or Boyd (Fig. 
94-2) may be used. For both techniques, take a 
larger bite of the abdominal wall than of the mesh; 
otherwise the mesh wrinkles. Apply slight tension 
to the mesh when inserting these sutures so it lies 
as flat as possible. Markgraf recommended that when 
inserting sutures into the abdominal wall below the 



semicircular line it is helpful to insert the suture 
through the entire thickness of the rectus muscle in
cluding the anterior rectus fascia; otherwise the 
muscle and peritoneum may have inadequate hold
ing power. 

After the mesh has been sutured in place, apply 
gauze packing moistened with isotonic saline. In 
some cases, it is appropriate to moisten the gauze 
with an antibiotic solution for the ftrst 24 hours af
ter debriding the wound. 

POSTOPERATIVE CARE 

Continue therapeutic dosages of appropriate antibi
otics. 

Change the gauze packing over the mesh every 8-12 
hours until it is ascertained there has been no ex
tension of the necrotizing infection. 

Thereafter inspect the wound and change the dress
ing daily. 

Observe the patient carefully for recurrent abdomi
nal sepsis and take appropriate diagnostic, thera
peutic, and surgical measures to correct this sepsis. 

After the wound is clean and granulation has formed, 
if the defect is small it is possible that epithelializa
tion may proceed spontaneously. In most cases, as 
abdominal distension disappears wrinkling of the 
mesh precludes spontaneous healing. In these cases, 
remove the mesh when the wound is clean and 
the patient's condition has stabilized, preferably 
around the 20th postoperative day. Then apply a 
split-thickness graft over the granulations covering 
the intestinal viscera. Delay defmitive repair of a 
large abdominal hernia until a later date. 
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95 Drainage of Subphrenic 
and Other Abdominal 
Abscesses 

SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Prompt drainage of a subphrenic abscess is indicated 
when it is diagnosed. 

Only about two-thirds of patients with subphrenic 
abscesses demonstrate the typical clinical picture of 
fever, localized pain or tenderness, leukocytosis, and 
ipsilateral pleural effusion on the chest radiograph. 
Few of these manifestations may be present during 
the early stages. Consequently, recent advances in 
radiographic and other types of body imaging have 
been most welcome. 

Although sonography has value for identifying sub
phrenic sepsis, computed tomography (Cn is by far 
the most accurate method for identifying an ab
dominal abscess. The accuracy of CT is so impres
sive it is cost -effective to perform this study on any 
patient who has an unexplained persistent fever fol
lowing abdominal surgery. 

Percutaneous drainage may be performed by the in
terventional radiologist if there is a well established 
fluid collection with a safe percutaneous access 
route. Occasionally a safe route cannot be planned, 
and operative drainage is required. Operative 
drainage is also needed when there are multiple ab
scesses or associated intraabdominal pathology that 
requires correction or when percutaneous drainage 
fails to eradicate the infection. 

PREOPERATIVE PREPARATION 

Therapeutic doses of appropriate antibiotics are ad
ministered. Until the culture report is available, we 
believe the patient should receive an aminoglyco
side, clindamycin, and ampicillin intravenously be
cause in most cases the causative organisms respond 
to these agents. Other antibiotic regimens that in
clude various combinations of a third- or fourth-
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generation cephalosporin and metronidazole are 
also acceptable. 

CT scanning is performed. 

A nasogastric tube is placed. 

PITFALLS AND DANGER POINTS 

Failure to locate and adequately drain allioculations 
and multiple abscesses 

Injuring the spleen, liver, or a hollow viscus 

OPERATIVE STRATEGY 

Classification of Spaces 
of the Upper Abdomen 

For purposes of this discussion, we have adopted 
the classification of Boyd (for spaces of the upper 
abdomen) with a slight modification. On the right 
side there is a single suprahepatic subphrenic space 
and a right infrahepatic space. On the left there is a 
subphrenic space and a left infrahepatic space that 
can be divided into two spaces: (1) the posterior in
frahepatic space, which constitutes the lesser sac; 
and (2) the left anterior infrahepatic space, which is 
situated anterior to the stomach. 

Operative Approaches 

Lateral and Subcostal 
Extraperitoneal Approach 

DeCosse and associates modified the subcostal ex
traperitoneal approach by extending it in a lateral 
direction as far as the tip of the eleventh rib. The 
layers of the abdominal wall are divided down to the 
peritoneum. The surgeon's hand then dissects the 
peritoneum away from the diaphragm until the ab
scess is reached. The lateral extraperitoneal ap-



proach may also be used to treat a right posterior 
infrahepatic abscess. DeCosse and associates were 
successful in draining left subphrenic and left pos
terior infrahepatic abscesses in the lesser sac 
through the subcostal or lateral extraperitoneal ap
proach. The lesser sac abscesses were reached by 
dissecting the peritoneum away from the upper pole 
ofthe kidney. The right suprahepatic subphrenic ab
scess is easily approached through an anterior (sub
costal) extraperitoneal approach. An abscess in the 
left anterior infrahepatic space is best approached 
by performing a laparotomy. 

Laparotomy 

Although it is true that, thanks to modem antibiotics, 
there is no great risk of spreading the infection by 
draining an abscess transperitoneally instead of ex
traserously, no one can doubt that exploring the ab
domen 2-3 weeks after major surgery is more diffi
cult and more hazardous than is draining the abscess 
by an extraserous route. Before high-resolution CT 
scanning there was a considerable risk that the pa
tient might have an abscess in more than one loca
tion. Under these conditions, an extraperitoneal op
eration might overlook the second or third abscess. 

When a CT scan demonstrates a solitary right or 
left subphrenic abscess or a right posterior infra
hepatic abscess, we prefer to attempt drainage by 
the extraserous approach because the operation is 
safe and relatively simple. If this procedure fails to 
eliminate the signs of sepsis, a laparotomy should be 
performed. However, this discussion may be hypo
thetic because almost all of the subphrenic abscesses 
in accessible locations such as the above are effec
tively managed by inserting percutaneous drainage 
catheters with CT guidance. Laparotomy is manda
tory in patients suspected of having a lesser sac ab
scess, a peripancreatic or a left anterior infrahepatic 
abscess, or an anastomotic leak with multiple inter
mesenteric abscesses. 

When the transperitoneal approach has been 
elected, we prefer a midline incision, especially if 
there is suspicion of an anastomotic leak or an ab
scess located within the folds or the small bowel 
mesentery. If exploration of the subphrenic, sub
hepatiC, and lesser sac spaces does not reveal the 
source of the patient's sepsis, it may be necessary 
to free the entire small bowel and the pelvis to rule 
out an abdominal abscess. 

Extraserous Approach 

Dissection in the extraserous preperitoneal or 
retroperitoneal plane is generally simple if the sur
geon enters the proper plane by incising the trans-
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versalis fascia but not the peritoneum. The incision 
should be made long enough to admit the surgeon's 
hand. Blunt dissection then separates the peri
toneum from the undersurface of the diaphragm un
til an area of induration is reached. This represents 
the abscess. Generally blunt dissection with a finger 
permits entry into the abscess. Intraoperative ultra
sonography or aspiration with a long spinal needle 
helps establish the location with certainty in diffi
cult cases. Although it is possible to drain abscesses 
in the posterior right subhepatic space and in the 
lesser sac by the extraserous approach, we usually 
prefer a laparotomy to drain these two spaces. 

When an extraserous approach has failed to re
veal an abscess, it is generally simple to lengthen the 
incision in the abdominal wall transversely, con
verting it to a subcostal incision. Then incise the 
peritoneum and continue the exploration for the ab
scess transperitoneally. Alternatively, make a second 
vertical midline incision for further exploration. 

OPERATIVE TECHNIQUE 

Extraserous Subcostal Drainage 
of Right Subphrenic Abscess 

Incision and Exposure 

Make a 10- to 12-cm incision, beginning near the tip 
of the right eleventh rib and continue medially par
allel to the costal margin. Carry the incision through 
the external oblique muscle and aponeurosis (Fig. 
95-1). Generally, the internal oblique muscle (Fig. 

Internal 
oblique m. 

External oblique aponeurosis 

Fig. 95-1 

Ant. rectus sheath 
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Fig. 95-2 

95-2) can be separated along the line of its fibers. 
It is usually necessary to divide the ninth intercostal 
nerve. Then transect the transversus muscle with 
electrocautery. If necessary, continue the incision 
through the lateral one-fourth of the rectus muscle. 

I nt rna l oblique 111. 

Inci ion in 
tran versal is ra. cia 

PcdtunclIlll 

Fig. 95-3 

Identify the transversalis fascia and carefully di
vide it with a scalpel (Fig. 95-3), revealing the un
derlying peritoneal membrane. Use a gauze sponge 
on a sponge-holder to dissect the peritoneum away 
from the transversalis fascia. Continue the dissection 
upward by inserting the hand to separate the peri
toneum further from the undersurface of the di
aphragm until the dome of the liver is reached (Fig. 
95-4), 

A right posterior infrahepatic abscess can be 
reached by the extraserous approach if the peri
toneum is dissected laterally (Fig. 95-5) until the 
fat overlying Gerota's fascia is encountered, which 
is swept away from the posterolateral peritoneal en
velope. The abscess is then encountered medial and 
superior to the upper pole of the right kidney. On 
the left side a posterior infrahepatic or lesser sac ab
scess can be approached in a similar fashion by dis
secting the posterolateral peritoneum away from the 
fat over Gerota's capsule. The abscess is then en
countered medial to the upper pole of the left kid
ney. 

Drainage and Closure 

After exposing an area of induration in one of the 
subphrenic spaces, enter the abscess by inserting a 
fingertip or the tip of a blunt Kelly hemostat. Open 
the abscess cavity widely and irrigate out the puru
lent material after obtaining a sample for routine and 
anaerobic cultures (Fig. 95-6), 
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Fig. 95-4 

Fig. 95-6 

Fig. 9- - 5 
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Fig. 95-7 

If an abscess has been drained in its early stages, 
before its walls have become rigid, evacuating the 
pus permits the abscess cavity to collapse and dis
appear. In cases of this type it is necessary to insert 
only a single suction drain and a single large latex 
drain. These drains may be brought out through the 
incision (Fig. 95-7) (or through a stab wound). 
Close the remainder of the abdominal wall incision 
so one finger can be inserted into the abdominal cav
ity alongside the drains. Although many surgeons 
prefer to sew the skin closed after this operation, 
we believe that the skin and the subcutaneous tis
sue should be lightly packed with a strip of moist
ened gauze and left open. Several untied interrupted 
nylon skin sutures may be inserted, in anticipation 
of a delayed secondary closure at the bedside 4-7 
days following operation. If the patient has a large 
subphrenic abscess with rigid walls that do not col
lapse after evacuating the pus, insert two suction 
drains and three or four large latex drains, antici-

pating that the drains may have to be left in for a 
number of weeks before the abscess cavity collapses 
or fills with granulation tissue. 

Laparotomy for Subphrenic 
and Abdominal Abscesses 

Incision and Exposure 

When draining an accurately localized right infra
hepatic abscess a right lateral subcostal incision is 
suitable. Left anterior infrahepatic and lesser sac ab
scesses, suprahepatic abscesses, and most other ab
dominal abscesses are better drained through mid
line incisions. If the patient has had a recent 
operation through a midline incision, try to enter the 
abdomen by extending the previous midline incision 
into a virginal area of the abdominal wall to mini
mize the chance of injuring densely adherent bowel. 
After the abdomen is opened, identify the falciform 
ligament and peritoneum. Dissect these two struc
tures away from all the underlying bowel and omen
tum, first on the right side and then on the left. Then 
pass a hand over the liver to explore the suprahep
atic and then the infrahepatic spaces. 

Divide the avascular portion of the gastrohepatic 
ligament and enter the lesser sac behind the lesser 
curvature of the stomach. If this approach has been 
obliterated by previous surgery or adhesions, enter 
the lesser sac by dividing the omentum along the 
greater curvature and expose the posterior wall of the 
stomach and the anterior surface of the pancreas. 
Identify the right and left paracolic spaces and expose 
the pelvic cavity, as both are likely abscess sites, es
pecially in patients suffering ruptured appendicitis or 
diverticulitis. Finally, if it is necessary to rule out the 
possibility of an interloop abscess, the surgeon must 
patiently free the entire length of small intestine and 
its mesentery. Perform a needle catheter jejunostomy 
in all patients not likely to resume oral nutrition early 
in the postoperative course. 

Drainage and Closure 

When a long midline incision has been used, bring 
drains out through suitable stab wounds. Although 
large sump drains are suitable for subphrenic ab
scesses, there is considerable risk of creating a colo
cutaneous or enterocutaneous fistula if a large plas
tic drain remains in contact with a segment of bowel 
for more than 2 weeks. Consequently, it may be 
preferable to use soft Silastic sump drains or latex 
Penrose drains rather than a more rigid drain. 

Close the midline incision by the modified Smead
Jones technique (see Chapter 3) using No.1 PDS su
tures to the abdominal wall. Insert vertical mattress 



sutures of 3-0 interrupted nylon about 2 cm apart into 
the skin. Do not tie any of these sutures for 4-8 days. 

POSTOPERATIVE CARE 

Continue therapeutic doses of suitable antibiotics, 
guided by intraoperative Gram stains and bacterial 
culture results. Antibiotics are required for a mini
mum of 7-10 days in patients undergoing surgery 
for a subphrenic abscess. 

If early feeding cannot be tolerated by the patient, 
initiate jejunostomy tube feeding. 

If the abscess cavity was not rigid and its walls col
lapsed after the pus was evacuated, remove the 
drains after 10-14 days. If there is any question about 
a residual cavity, inject sterile Hypaque or other io
dinated aqueous contrast medium through the sump 
drain to obtain a radiographic sinogram or CT scan. 
Leave at least one of the drains in place until the cav
ity has been eliminated. 

If the patient has a large abscess cavity with rigid 
walls and thick pus, consider the advantages of irri
gating the abscess daily through one of the sump 
catheters with a dilute antibiotic solution. 

COMPllCATIONS 

Residual or recurrent abscess 

Overlooked abscess 

References 815 

Colocutaneous or enterocutaneous fistula 

Hematoma secondary to hepatic or splenic opera
tive trauma 
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OPTIONS FOR BREAST BIOPSY 

Noninvasive techniques such as fine-needle aspira
tion (FNA), core biopsy, and mammotome biopsy 
have almost completely replaced open techniques 
for diagnosing breast disease. Advantages include 
less trauma (both physical and mental) for the pa
tient and lower cost [1]. Scheduling is generally 
faster for the percutaneous techniques than for a sur
gical biopsy, and the specimens are smaller; hence 
results are obtained more quickly. In breast centers, 
where a pathologist is readily available, the FNA can 
be interpreted in less than an hour. This enables the 
surgeon to discuss options with the patient in a more 
timely fashion. Patients who have a benign diagno
sis may be followed at appropriate intervals by phys
ical examination or ultrasonography, or elective 
surgery may be scheduled at a convenient time. For 
patients with a diagnosis of cancer, other advantages 
for the surgeon and the patient include not having 
to consider a large biopsy scar in the case of a mas
tectomy or biopsy cavity in the case of lumpectomy 
and the lack of a hematoma. Negative margins are 
more likely to be obtained at the first breast surgery 
if the diagnosis is known preoperatively [2]. Some 
data indicate that the sentinel node technique is 
more accurate if the cancer and its surrounding lym
phatics are intact. 

There are some limitations and pitfalls to these 
percutaneous techniques that must be clearly un
derstood. Each is discussed in detail in the sections 
that follow. 

Fine-Needle Aspiration 

Fine-needle (20-25 gauge) aspiration is technically 
the easiest type of "biopsy" to perform. It is also the 
fastest and least expensive. It is generally used for 
palpable masses aided by ultrasound guidance when 
necessary. Although FNA was formerly used for 
stereotactic biopsy under mammographic guidance, 
it has largely been abandoned for core or mammo
tome biopsy. 

Limitations and PitfaUs 

Only a small number of cells are obtained with FNA, 
and often a specific diagnosis is elusive. A benign 
mass can be distinguished from a malignant one in 
more than 90% of cases, however. In the remaining 
small percentage a cytologic diagnosis or "suspi
cious" or "atypical" result may require a repeat FNA 
or a core biopsy with a 14- to 18-gauge needle) to 
obtain a definitive result. The sensitivity for FNA has 
varied from 68% to 93% and the specificity from 88% 
to 100% [3]. FNA is not an appropriate choice for 
mammographic microcalcifications, architectural 
distortion, or radial scars. 

Cytology itself has some limitations. The cells ob
tained from a fibroadenoma are similar to those ob
tained from a phyllodes tumor, and therefore FNA can
not be used to differentiate between these two entities, 
nor can it reliably differentiate invasive ductal carci
noma from ductal carcinoma in situ or papilloma from 
papillary carcinoma. Because of the small cells of in
vasive lobular carcinoma and its diffuse appearance on 
mammography, this lesion is difficult to diagnose on 
FNA. Estrogen receptors (ERs), progesterone receptors 
(PRs), and HER2 neu status cannot be accuratelyob
tained by FNA, and a core biopsy should be performed 
for patients in whom neoadjuvant chemotherapy is be
ing considered. FNA requires a pathologist who has 
had specialized training in cytopathology. 

The cytologic diagnosis must be correlated with 
the physical fmdings (in the case of palpable mass) 
and with the mammographic results [Breast Imaging 
Reporting and Data System (BIRADS) class] or ul
trasonography results. If there is any discordance, a 
core biopsy should be performed. 

Core and Mammotome Biopsy 
Core biopsy needles range from 14 to 18 gauge and 
may be used for palpable or nonpalpable lesions. 
They require the use of local anesthesia and a small 
cut in the skin. They trap tissue in a notch in the 
trocar that is advanced into a lesion. A sharp can
nula then advances over the trocar and its notch and 
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shears off a piece of tissue, capturing it in the notch. 
The mammotome biopsy system uses a hollow 11-
gauge needle and a vacuum system through which 
tissue is sucked out. 

The stereotactic core and mammotome biopsies 
have several advantages over FNA. 

A cytopathologist is not needed to interpret the spec
imen. 

Insufficient tissue is rarely if ever a problem. 

There are few false-negative results. 

There have been no false-positive results reported. 

Histologic evaluation can differentiate between in 
situ and invasive carcinomas. 

It can be used for microcalcifications and in some 
cases of architectural distortion. 

Upgrades from atypical ductal hyperplasia (ADR) 
to ductal carcinoma in situ (DClS) or DClS with in
traductal carcinoma ODC) with the initial 14-gauge 
core biopsy procedures were required in 50-55%; 
but with the II-gauge sampling the upgrade rate was 
11-25%. If ADH, atypical labor hyperplasia (ALR), 
or lobar carcinoma in situ (LClS) is found on a core 
or mammotome specimen, the patient should be 
subjected to a needle localization biopsy and re
moval of the entire area of microcalcifications. 

Incisional, Excisional, or 
Needle-Localized Biopsy 

Incisional biopsy is rarely performed, as the core 
biopsy has almost completely replaced this tech
nique. Incisional biopsy may be performed in pa
tients with locally advanced breast cancer or those 
who have clinical inflammatory breast cancer. In 
these patients sufficient tissue is necessary for ER, 
PR, and HER 2 assays; and a piece of overlying skin 
is needed to diagnose tumor in subdermal lymphat
ics (for definitively diagnosing inflammatory breast 
cancer). 

Excisional biopsy is generally performed to re
move a benign mass because the patient or the doc
tor is uncomfortable simply observing it for a period 
of time. The reason may be that the mass is enlarg
ing or painful or that the exact pathology is unclear, 
such as with a papillary lesion or an atypical fi
broadenoma that could be a phyllodes tumor. 

Needle localization biopsy is used in two general 
instances: (1) when the lesion cannot be diagnosed 
by FNA or core biopsy because of technical prob
lems; or (2) when the FNA or core or mammotome 
biopsy shows atypical cells or atypical hyperplasia 
or the pathology is not concordant with the pre
biopsy BIRADS classification. There may also be 

technical problems associated with positioning the 
needle with particular breast-lesion geometries. 

Needle localization biopsy is also used when 
pathology from the stereotactic core biopsy shows 
ADH, LDH, or LClS, as 50% of those patients have 
demonstrated DCIS or invasive cancer on surgical 
excision [4,5]. Open biopsy should be used when 
the diagnosis of ADH is obtained on an 11-gauge 
mammotome biopsy specimen, as 11-25% of these 
lesions are upgraded to carcinoma [6]. 

The term "needle localization lumpectomy" ap
plies when using a guidewire to remove a nonpal
pable lesion that is a known cancer, usually diag
nosed by FNA or core or mammotome biopsy. 

EXCISION OF DUCTS 

Duct excision is performed for spontaneous nipple 
discharge, the cause of which is usually intraductal 
papilloma. Other causes of spontaneous nipple dis
charge are intraductal carcinoma (8-14%) [7,8], duct 
ectasia, cystic disease, pregnancy, and some cen
trally acting medicines. Elicited nipple discharge is 
usually not of pathologic significance, as it comes 
from terminal ectatic ducts. 

Nature of the Discharge 

Spontaneous serous, bloody, or clear nipple dis
charge is most often caused by an intraductal papil
loma, but a carcinoma is found in up to 14% of pa
tients. Discharge that emanates from one duct on the 
nipple is more often a papilloma than a spontaneous 
nipple discharge that comes from several ducts (duct 
ectasia). Discharge that is thick and greenish is usu
ally due to cystic disease or duct ectasia. 

Preoperative Evaluation 

It is important to identify the duct from which the 
discharge is emanating. The breast, especially the 
periareolar and subareolar areas, are checked for a 
mass. Papillomas generally measure 4-6 mm and of
ten cannot be felt. If no mass is palpated, gentle pal
pation of the circumareolar region in a radial fash
ion often reveals a pressure point that produces the 
nipple discharge and localizes the duct containing 
the papilloma. 

OccaSionally when patients present with the com
plaint of nipple discharge, no mass can be felt and 
no pressure point elicits the discharge. For these pa
tients repeat visits at 2-3 weeks are recommended 
to again check for the pressure point. An exploratory 
operation is not indicated. Cytology of the nipple 
discharge has been unrewarding. 



Most papillomas are not visible by mammogra
phy, as they are small. On occasion they present as 
a fairly well circumscribed, lobulated mass. Some au
thors advocate ductography to evaluate nipple dis
charge, but this does not influence management, as 
cancers and intraductal papillomas are not distin
guishable by ductography [9]. 

PARAAREOIAR ABSCESS OR FISTIJLA 

Patients with a paraareolar abscess or fistula present 
with one or more inflammatory periareolar masses. 
These masses are often treated by incision, drainage, 
and antibiotics; but they always recur. Blockage of 
one of the terminal lactiferous ducts due to squa
mous metaplasia causes recurrent abscess and sub
sequent fistula formation [10]. Complete healing oc
curs only if the inflammatory tissues, including the 
fistula opening, inflammatory mass, involved duct, 
and terminal portions of the nipple, are totally ex
cised [11]. 

BREAST ABSCESS 

Breast abscess is most often seen in lactating women 
and is due to introduction of bacteria through the 
nipple into the ductal system. The abscess is treated 
by aspiration through a large (18 gauge) needle and 
antibiotics. it is important to chose antibiotics that 
do not harm the nursing infant. If the mother 
chooses not to nurse, she can use a breast pump un
til the infection has cleared. The pus obtained from 
the aspiration is sent for culture, and the antibiotics 
can then be changed to match the sensitivity of the 
organism cultured. On rare occasions incision and 
drainage with packing of the abscess is required. 
This is a painful procedure requiring removal of the 
packing and is indicated only if the patient is not re
sponding to aspiration and antibiotics. 

BREAST CANCER 

Invasive Breast Cancer 

At present the therapeutic alternatives for suitably 
selected patients with invasive breast cancer are 
lumpectomy followed by radiation therapy or total 
mastectomy. Each of these operations is followed by 
an axillary staging procedure. We offer this choice 
to patients based on our knowledge of several ran
domized trials that have shown that the overall sur
vival for patients undergoing breast-conservation 
surgery (BCS) is the same as for patients undergoing 
mastectomy [12,13]. 
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The addition of radiation therapy to breast
conserving surgery decreases the local recurrence 
rate from 8.8% to 0.3% at a median follow-up of 39 
months for patients undergoing quadrantectomy 
[14] and from 35% to 10% at 12 years in patients un
dergoing lumpectomy [15]. 

Axillary Node Dissection and 
Sentinel Node Biopsy 

Axillary node dissection (AND) is important for sev
eral reasons. The patient's prognosis and her treat
ment are based on the pathologic staging of the ax
illary nodes. Node dissection also significantly 
decreases the chance of an axillary recurrence. In 
addition there are some data that stage I patients 
treated with breast conservation without AND alone 
or in combination with irradiation or chemotherapy 
(or both) have poorer outcomes than do women 
with similarly staged lesions who undergo BCS plus 
AND alone or with adjuvant therapy [16]. The per
centage of patients with involved axillary nodes in
creases with the size of the primary breast cancer; 
but even patients with cancers < 1 cm have a 7-26% 
chance of nodal involvement. Because this number 
is large and would change the indications for 
chemotherapy, we conclude that node dissection (or 
sentinel node biopsy) should be done in all patients 
who can withstand the surgery. 

Sentinel node biopsy (SNB) is replacing level I-II 
node dissection for patients who have a clinically 
node-negative axilla. The sentinel node is the first 
node in the axilla to receive drainage from the can
cer in the breast. If it is free of cancer, the other ax
illary nodes should be negative. The technique in
volves injection of lymphazurin blue dye or 
radioactive technetium 99m (>9mTc) sulfur colloid. 
In the first case the injection is done minutes before 
the axillary inciSion, and a blue lymphatic terminat
ing in a blue node is found by carefully dissecting 
the axilla. In the second case the 99mTc injection is 
done 30 minutes to 24 hours before surgery, and a 
hand-held gamma probe is used to localize the 
counts in the axilla (and sometimes elsewhere, such 
as the internal mammary nodes). The sentinel node 
is then removed by tracing the counts to it and dis
secting it from the axilla. 

Originally it was thought that there were several 
sentinel nodes, each draining a specific quadrant of 
the breast. Therefore to fmd the sentinel node, blue 
dye or technetium had to be injected specifically 
around the tumor. Many surgeons now think there 
is only one sentinel node that drains the entire breast, 
and to find it one need only inject the subareolar 
plexus of lymphatics. This change came about in an 
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interesting way. Surgeons became interested in the 
lymphatic drainage of the breast, specifically in the 
significance of the subareolar lymphatic plexus. Two 
studies tested the hypothesis that the lymphatics of 
the overlying skin drain to the same axillary nodes 
as the underlying breast tissue [17,18]. In the first 
study, Brogstein et al. [17] used an intradermal in
jection of blue dye and an intraparenchymal injec
tion of 99mTc and found 100% concordance in de
lineation of the sentinel node. Klimberg et al. [18] 
used intradermal subareolar injection of 99mTc and 
intraparenchymal blue dye and found that all the blue 
nodes were also radioactive. They concluded that 
subareolar injection of 99mTc is as accurate as peri
tumoral injection of blue dye. A central intradermal 
injection is easy and avoids the need for image-guided 
injection for nonpalpable tumors. It also reduces the 
problem of overlap of diffusion of radioactivity seen 
with injection of upper outer quadrant tumors and 
the axilla (shine-through effect). 

There is a learning curve with this technique for 
both the surgeon and the nuclear radiologist per
forming the injection. In a multicenter trial, Krag et 
al. [19] found a false-negative rate that varied from 0% 
to 28.6% depending on the surgeon. It is advised that 
a surgeon have a lower than 5% false-negative rate be
fore Switching to SNB only. This means that the sur
geon must perform 20 SNBs on node-positive patients 
followed by level I-II axillary node dissections and 
find only one patient to have a negative sentinel node. 
Guidelines are being discussed for credentialing sur
geons by the American College of Surgeons (ACS). 

If the sentinel mode contains cancer cells, the cur
rent guidelines are to continue with a full node dis
section (if the metastases were discovered on frozen 
section) or to reoperate on the patient (if the node 
involvement was found on permanent section). The 
ACS has two randomized studies, one of which, Z11, 
randomized patients with involved sentinel nodes to 
further axillary node dissection (or not). 

The advantages of SNB are numerous: less mor
bidity, no general anesthesia, no hospital stay, and 
most importantly more detailed pathologic exami
nation of the node(s). The sentinel node is now se
rially sectioned and sent for immunohistochemical 
staining with cytokeratins. The importance of mi
crometastatic disease is being determined and ap
pears to be significant [20,21]. 

See also Chapter 102. 

Contraindications to BCS 

The breast-conservation rate varies throughout the 
United States and ranges from about 50% to 80% of 
women with stage I-II breast cancer. The reasons 

for this variation are numerous. Some women pre
fer mastectomy to the necessary radiation treat
ments, and some are not candidates for breast con
servation. Some of the contraindications to breast 
conservation are multifocal breast cancer, wide
spread microcalcifications that have been biopsied 
and were shown to be carcinoma, a history of irra
diation, and active connective tissue disease (e.g., 
scleroderma or lupus). A relative contraindication is 
the tumoribreast size ratio, as a poor cosmetic out
come defeats the purpose of breast conservation. 

Margins 

When assessing a patient for breast conservation it 
is important to remember that not only must the 
palpable tumor be excised, the lumpectomy should 
have negative margins to decrease the local recur
rence rate [22]. Margins are difficult to evaluate for 
the pathologist and have been reported in various 
ways. To summarize: in many studies the local re
currence rate increases if the margin is < 2 mm, if 
the margin is broadly positive rather than focally pos
itive, if the patient is young « 40 years old), if the 
patient is not treated with radiation or adjuvant ther
apy, and if the cancer has an extensive intraductal 
component. Ipsilateral breast tumor recurrence has 
been associated with a decrease in overall survival, 
but the association is controversial. 

Skin-Sparing Mastectomy 

Skin-sparing mastectomy refers to a technique 
where the only skin removed from the breast is the 
nipple areolar complex (NAC). This is done through 
a circumareolar incision that is extended from the 
lateral border of the NAC toward the axilla (a tennis 
racquet or lollipop incision) to open up the skin so 
all breast tissue, including the upper outer quadrant 
and tail of the breast, can easily be removed. The 
scar in the skin used for the biopsy is always excised 
separately; or if it is close to the NAC it is included 
in that periareolar incision. The defect is then filled 
in with tissue and the missing NAC with skin [trans
verse rectus abdominal myocutaneous (TRAM), or 
latissimus, flap]. The oncologic safety of this opera
tion has been examined; and so long as margins are 
checked and there is no tumor involvement on any 
margin, it is considered safe [23,24]. 

Skin-sparing mastectomy with immediate breast 
reconstruction is popular and is often used in pa
tients who have multifocal disease or who prefer 
mastectomy to breast conservation. It is also used in 
patients requesting prophylactic mastectomy. It 
should not be used in patients who have a breast 
cancer involving the skin. 



Ductal Carcinoma in Situ 

Ductal carcinoma in situ is defined as a proliferation 
of malignant cells within the breast ductal-lobular 
system. Once these cells break through the ductal 
basement membrane the cancer is termed "invasive 
or infiltrating." 

It was once thought to be a multifocal disease, but 
detailed pathologic and radiologic studies have shown 
that DCIS is generally a unifocal, segmental disease 
[25]. Similar to invasive breast cancer, it can present 
as a small area or a large area. Magnification mam
mography is essential for the initial evaluating step. 

It is generally diagnosed mammographic ally as mi
crocalcifications, which are usually "the tip of the 
iceberg," representing only some of the DCIS. Care
ful pathologic evaluation of resected tissue is im
portant for assessing the extent of the DCIS, the mar
gin status, and the location of the microcalcifications 
(specifically whether the microcalcifications are as
sociated only with the DCIS or are found in associ
ation with both DCIS and benign histology). Occa
sionally DCIS is detected clinically as a mass, as a 
spontaneous nipple discharge, or as Paget's disease 
of the nipple. 

Local Therapy 

As DCIS is confined to the breast, aggressive local 
therapy has been viewed to be more important for 
this disease than for invasive cancer, where the po
tential of metastatic disease, independent of local 
therapy, is higher. There are several possible local 
therapies: total mastectomy (fM), wide local exci
sion (WLE), and wide local excision and radiation 
therapy (WLEIRn. Sentinel node biopsy is now be
ing done in some women with DCIS [26] (see Chap
ter 102). Unlike the situation with invasive breast 
cancer, it is difficult to compare these three local 
therapies as no randomized studies have examined 
all three modalities. 

Total mastectomy offers a cure rate in approxi
mately 98% of women [27], and today it is generally 
used for DCIS, which is found as diffuse or scattered 
clusters of microcalcifications on mammography. If 
several highly suspicious clusters of microcalcifica
tions are seen on mammography it is important to 
core (or mammotome) each cluster to be sure of the 
extent of the DCIS before recommending mastec
tomy as the treatment of choice. Often only one clus
ter is DCIS, and the others are benign. 

As breast conservation for invasive breast cancer 
became more acceptable, women diagnosed with 
DCIS were more willing to enter studies that ran
domized them to WLE with or without RT. The cru
cial question here is whether in ipsilateral breast tu-
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mor recurrence (lBTR), especially an invasive one, 
decreases survival. 

In Fisher et al. 's NSABP B-17 trial comparing WLE 
and WLE/RT for DCIS, there were 14 deaths due to 
breast cancer in 818 women followed for a mean of 
90 months [28]. This is an overall survival rate of 
94% for the women in the WLE group and 95% for 
women who received radiation (p = 0.84). Only 
three of these deaths occurred among the 151 pa
tients who had an IBTR. 

Although mTR does not result in a decrease in 
overall survival, it is important to decrease the rate, 
as recurrence is disturbing to the patient, her fam
ily, and her doctors. In the B-17 trial the use of ra
diation decreased the incidence of mTR from 13.4% 
to 3.9% (p < 0.0001) and the recurrence of DCIS 
from 13.4% to 8.2% (p = 0.007). 

Criticisms of this sole randomized study looking 
at WLE with and without RT for DCIS are that mar
gins were not uniformly evaluated, postoperative 
mammograms were not obtained to check for resid
ual microcalcifications, and the nuclear grade was 
not taken into account. When these factors were ex
amined in retrospect, at best as could be done, RT 
was shown to provide a benefit in all risk categories 
studied in the B-17 trial. There are several retro
spective studies, however, shOwing that WLE alone 
among selected DCIS patients results in low recur
rence rates [29,30]. 

Treatment Selection 

Total mastectomy is the preferred treatment option 
for patients with widespread or multiple clusters of 
biopsy-proven DCIS. It is usually done as a skin
sparing mastectomy with immediate reconstruction. 

Wide local excision is the preferred option for 
women with localized disease. B-17, the only ran
domized trial ofWLE versus WLE/RT, has shown that 
there is no survival benefit associated with RT, but 
it decreases mTR in all patients, although the mag
nitude of this benefit varies. Patients at high risk of 
mTR are those with high-grade DCIS (lesions with 
comedo necrosis), a large area of DCIS, and a nar
row margin. These women benefit from RT. Young 
women with a long life expectancy and women who 
are averse to any risk also benefit from irradiation. 
An excellent article outlining treatment choices, the 
rationale for these choices, and the use of tamoxifen 
for women with DCIS was written by Morrow and 
Schnitt in 2000 [31]. 

Lobular Carcinoma In Situ 

In contrast to DCIS, LCIS is a marker for a general
ized increase in breast cancer risk. nels requires ex-
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cision with margins, whereas margin involvement is 
not important in LCIS because it is not considered a 
premalignant lesion per se. 

Diagnosis and Treatment 

Lobar carcinoma in situ is usually found incidentally 
during biopsy for a fibroadenoma or another benign 
palpable lesion. It may also be found on core biopsy 
or needle localization for microcalcifications. Often 
the microcalcifications are not associated with the 
LCIS, and LCIS has no specific mammographic fea
tures. If a core or a mammotome biopsy reveals LCIS, 
a needle localization procedure is performed to be 
certain no invasive carcinoma is found. 

It is considered a marker lesion rather than a pre
cursor lesion because several studies have shown 
that invasive cancer develops about equally in either 
breast at a rate of about 1 % per year [32]. The type 
of cancer that develops may be lobular or ductal, the 
latter being the most common. 

Although the pathologic distinction between 
DCIS and LCIS is usually not difficult, there are ar
eas of overlap for these lesions [33]. Studies have 
shown that the cells of LCIS are characterized by loss 
of expression of the adhesion molecule E-cadherin, 
whereas the cells of DCIS consistently show strong 
immunostaining [34]. Estrogen receptor (ER) posi
tivity is much higher in LCIS and noncomedo DCIS 
than in comedo-type DCIS. 

Treatment of LeIS 

There are four available options for the treatment of 
LCIS: close observation, tamoxifen, randomization 
into the NSABP Study of Tamoxifen and Raloxifene 
(STAR) trial, and bilateral mastectomy. 

Close observation. This consists of a clinical ex
amination every 6 months and yearly breast imag
ing. Breast imaging means mammography and pos
sibly yearly ultrasonography. The physician is not 
looking for LCIS but rather for an early cancer, about 
half of which are invasive lobular carcinomas (ILCs). 
ILC is notoriously difficult to find on routine mam
mography, and ultrasonography may be of great 
help. Communication between the referring physi
cian and the radiologist is extremely important. 

Tamoxifen. The data from the NSABP Prevention 
Trial [35] showed that women with LCIS who took 
tamoxifen had a 65% decrease in the development 
of breast cancers compared with women on 
placebo. This may be due in part to the high fre
quency of ER positivity in LeIS. 

STAR trial. This NSABP study randomizes high 
risk women, including those with LCIS, to either ta-

moxifen or raloxifene (Evista). Women with LCIS are 
excellent candidates for this trial. 

Bilateral mastectomy. This operation was of
fered in the past because invasive breast cancer was 
as likely to develop in the contralateral breast as it 
was in the ipsilateral one. Breast imaging was not as 
accurate as it is now; and among patients who de
veloped breast cancer 23% had involved nodes de
spite close observation. Although no specific stud
ies on patients with LCIS undergoing close follow-up 
exist, a few studies have shown that women are di
agnosed at an early stage [36]. Therefore bilateral 
mastectomy is rarely if ever recommended at pre
sent. 

Prophylactic Mastectomy 

Prophylactic mastectomy (PM) is used to decrease 
the risk of breast cancer in high risk women. These 
women fall into several categories: women who are 
BRCA 1/BRCA2 gene mutation carriers (bilateral 
PM); women with DCIS in one breast (contralateral 
PM); or women with a combination of risk factors, 
such as DCIS, ADH, or ALH, a family history of breast 
cancer, and mammograms that are difficult to inter
pret. 

Bilateral PM decreases the risk of breast cancer in 
high risk women. Hartman et al. showed a 90% de
crease in the incidence of breast cancer in high risk 
women undergoing prophylactic mastectomy and 
an 87% decrease in the death rate [37]. Working with 
a mathematic model, Schrag et al. determined that 
a woman with a BRCA mutation undergoing total 
mastectomy at age 30 could expect to gain 2.9-5.3 
years of life [38]. 

Contralateral PM for patients with unilateral 
breast cancer has no survival benefits, and the sur
vival duration is generally dictated by the first can
cer that manifests clinically [39]. However con
tralateral PM does have potential benefits in terms 
of decreasing concerns over a future breast cancer 
and in terms of reconstruction. When using im
plants, better symmetry is achieved when perform
ing bilateral reconstruction synchronously. TRAM 
flaps may be used to reconstruct both breasts if the 
need is known preoperatively. Otherwise once the 
TRAM is used to reconstruct one breast, it cannot 
be used again. 

There are two mastectomy techniques: subcuta
neous mastectomy and total mastectomy. Subcuta
neous mastectomy is done through an inframam
mary incision and spares the nipple-areolar 
complex. Total mastectomy is done through an el
liptical incision that includes the nipple-areolar 



complex. Both procedures can leave a small amount 
of breast tissue in the axilla and on the skin flaps, 
and a subcutaneous mastectomy defmitely leaves a 
large amount of tissue under the nipple. For this rea
son, total (rather than subcutaneous) mastectomy is 
the preferred procedure. 

Patient satisfaction with the procedure is not to
tal. In one report the authors noted that 70% were 
satisfied, 11% were neutral, and 19% were dissatis
fied [40]. Many women after surgery were dissatis
fied with their sexual relationships, feelings of fem
ininity, and body appearance. These negative 
fmdings must be weighed against the benefit of the 
generally improved psychological and social out
comes. 

Male Breast Cancer 
Only about 1 % of all breast cancers occur in men. 
Risk factors for male breast cancer include age (the 
mean ages at diagnosis in the two studies cited here 
were 61.8 and 64.5 years, respectively, compared to 
55.5 years for women), previous chest wall irradia
tion, family history of breast cancer in men or 
women, BRCA1/BRCA2 mutations, and conditions 
of hyperestrogenism (testicular abnormalities, ex
ogenous estrogens, Kleinfelter syndrome, obesity). 
Men who have a BRCA2 mutation have a 6% risk of 
developing breast cancer. This represents a 100-fold 
increase over the general male population risk, 
matching the degree of risk seen in women. 

The histology of these cancers is always ductal 
(invasive ductal or DCIS). Lobular carcinoma is rarely 
seen in men, as they do not have lobular tissue. The 
tumors are more likely to be ER + in men (87%) than 
in women (55%) [41]. Survival at 10 years is similar 
for men and women [42]. Because the location of 
the tumor is generally central and close to the nip
ple, and because men generally have little breast tis
sue, they usually undergo total mastectomy and sen
tinel node/axillary node dissection. Lumpectomy 
could be performed in selected patients with small 
tumors unattached to the nipple and large breasts. 

Neoadjuvant or Induction 
Chemotherapy 

Neoadjuvant or induction chemotherapy is chemo
therapy given to a patient prior to surgery. It is gen
erally used in those with stage III breast cancers but 
may be used in patients with large stage II cancers. 
The concept behind giving chemotherapy preoper
atively is to evaluate the chemosensitivity of the can
cer and to convert a patient needing a mastectomy 
to one in whom breast conservation is possible. To 
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date there has been no survival difference for neoad
juvant chemotherapy. 

The advantage is that this approach enables the 
patient to receive treatment for systemic disease as 
soon as she is diagnosed. She need not wait until the 
surgery is performed and the incisions are healed. 
For women with stage III breast cancer this delay 
could be as long as 6 weeks if a mastectomy and flap 
reconstruction is planned. Neoadjuvant chemother
apy provides for an in vivo chemosensitivity test. If 
the cancer does not shrink after one or two cycles 
of chemotherapy, the regimen may be switched. 
Lastly, some patients may be able to undergo breast 
conservation. NSABPB-18 randomized 1,523 patients 
to pre- or postoperative chemotherapy [43]. The fre
quency of breast conservation therapy was greater 
in the preoperative group (60% vs. 66%; P = 0.002). 
This difference was greater in patients with tu
mors > 5 cm (8% in the postoperative group vs. 22% 
in the preoperative group). 

Pitfalls of Neoadjuvant Therapy 

Lumpectomy is sometimes performed in patients 
who have undergone neoadjuvant chemotherapy. In 
the NSABP B-18 trial, breast tumor size was reduced 
in 80% of patients after preoperative therapy, and 
36% had a complete clinical response. When the pri
mary tumor shrinks, it can do so in one of two ways: 
as a grape goes to a raisin or as a dandelion goes to 
seed. This poses a problem for the surgeon who 
must decide how much tissue to remove. Mam
mography, ultrasonography, and magnetic reso
nance imaging may be used to help evaluate resid
ual disease, but they are not totally reliable. Many 
surgeons or radiologists are placing clips percuta
neously around the tumor prior to administering 
chemotherapy. The clips are particularly important 
if there has been a complete clinical response. If 
clips have not been placed, the area that remains 
firm in the breast should be removed with margins 
of normal tissue. It may be necessary to remove skin 
during the resection, and it may require several re
sections after the pathologist checks the margins. 

Sentinel node biopsy is not recommended in 
women who have undergone neoadjuvant chemo
therapy even if the axilla was negative preopera
tively. This is because preoperative evaluation by 
palpation is highly unreliable, and a positive sentinel 
node may now be sterilized by chemotherapy, leav
ing other axillary nodes still involved by tumor. Sev
eral centers (The John Wayne Cancer Center, Santa 
Monica, CA; Brigham and Women's Hospital, Boston, 
MA) intend to do a sentinel node biopsy for women 
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with clinically negative axilla before they undergo 
neoadjuvant chemotherapy. 
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97 Excision of Benign 
Palpable Breast Mass 

INDICATIONS 

See Chapter 96. 

Fibroadenoma. Operation is indicated when a fi
broadenoma enlarges or when the diagnosis is in 
doubt. Most fibroadenomas are small, round, freely 
movable, well encapsulated nodules that are easily 
diagnosed on physical examination. Occasionally 
carcinoma masquerades as a fibroadenoma. 

Other well circumscribed benign palpable lesions. 

PREOPERATIVE PREPARATION 

Preoperative evaluation may include ultrasonogra
phy, fine-needle aspiration cytology, or mammogra
phy as individually appropriate. 

OPERATIVE STRATEGY 

Although most fibroadenomas are completely sur
rounded by a smooth fibrous capsule, the plane is 
not always well defined between the fibroadenoma 
and surrounding breast. Whenever this is the case, 

Fig. 97-1 
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include a narrow rim of normal adjacent breast in 
the specimen being excised; otherwise local recur
rence of the tumor is possible. The strategy for 
biopsy or excision (lumpectomy) of a presumed ma
lignant lesion is different (see Chapter 99). 

Among the errors encountered during surgery for 
a palpable mass is failure to locate the lesion. This 
can occur when a deep-seated tumor is being ex
cised under local anesthesia. Unless the tumor is eas
ily palpable and superficial, it may not be easy to 
palpate, especially when the operation is being per
formed through a cosmetic circumareolar incision at 
a distance from the lesion. 

A more important consideration, especially with 
large fibroadenomas, is the possibility of a phyllodes 
tumor, which resembles a large fibroadenoma on 
physical examination. The most important charac
teristic of both benign and malignant phyllodes tu
mors is a strong predilection for local recurrence. 
Therefore always include a 1 cm rim of normal breast 
tissue when excising a large fibroadenoma (> 4-5 
cm in diameter) or one that has grown rapidly. 

Fig. 97-2 



Fig. 97-3. Adapted with permission, from Scott-Conner 
CEH, Dawson DL. Operative Anatomy. Philadelphia, lip
pincott, 1993. 

OPERATIVE TECHNIQUE 

Choice of Incision 

Superior cosmetic results follow the use of a cir
cumareolar incision (Fig. 97-1) or an incision made 
in the inframammary crease. However, it is not ad
visable to dissect through a large distance of breast 
when trying to extract a fibroadenoma via one of 
these incisions. For tumors more than 2-3 cm away 
from the areola, make an incision in the line of 
Langer directly over the tumor (Fig. 97-2). These 
lines are essentially circular in nature in the skin 
overlying the breast, each circle being concentric 
with the areola. 

Local Anesthesia 
Raise a skin wheal along the line of the proposed 
incision using 1% xylocaine without epinephrine. 
(Epinephrine causes vasoconstriction, and delayed 
bleeding may result when the vasospasm relaxes). 
Infiltrate laterally in a fan-like pattern on all sides 
of the skin incision to anesthetize the skin and sub
cutaneous regions of the breast thoroughly. Do not 
inject directly into the area containing the mass; 
rather, inject in a circumferential manner around 
it. It may be necessary to inject underneath the 
mass as dissection progresses. Allow sufficient time 
for the anesthetic to work and use gentle tech
nique. Sharp dissection is frequently better toler
ated than electrocautery. Mild sedation may be ben
eficial. 
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Fig. 97-4. Adapted with permission, from Scott-Conner 
CEH, Dawson DL. Operative Anatomy. Philadelphia, Lip
pincott, 1993. 

Dissection 

After opening the skin, use a scalpel to carry the in
cision through the subcutaneous fat down to breast 
tissue; then incise the breast tissue down to the le
sion. Palpate to verify the location of the lesion as 
the dissection progresses. Electrocoagulate each 
bleeding point so the field remains bloodless. 

Unless the lesion is quite superficial and the dis
section is easy, a traction stitch facilitates subsequent 
dissection. Use 2-0 silk on a curved cutting needle 
to transfix the lesion or deep breast tissue just su
perficial to the mass (Fig. 97-3). Place a figure-of
eight suture for security and use it to elevate and 
manipulate the lesion (Fig. 97-4). When the cap
sule of the fibroadenoma appears, incise it with a 
scalpel. If the fibroadenoma then shells out with no 
further attachment, the capsule may be left behind. 
If there are any attachments between the fibroade
noma and the surrounding tissue, excise the capsule 
and a small rim of breast tissue with it. 

Repair 

Make no attempt to resuture the defect in the breast, 
as these sutures often create a mass at the site of the 
repair. During the months and years following 
surgery, evaluation of the patient's breast on physical 
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Fig. 97-5. Adapted with permission, from Scott-Conner 
CEH, Dawson DL. Operative Anatomy. Philadelphia, lip
pincott, 1993. 

examination can be made extremely difficult by the 
presence of a firm mass at the site of the previous ex
cision. The defect in the breast will fill with fluid and 
serum and gradually be replaced by normal tissue. 

Place several interrupted 3-0 PG sutures to ap
proximate the subcutaneous layer just under the 
skin. Then close the skin with interrupted sutures 
of 5-0 nylon or a running subcuticular suture of 5-0 
PDS (Fig. 97-5), No drain is used. 

POSTOPERATIVE CARE 

To apply even pressure on the operative site, request 
that the patient wear a supportive brassiere over a 
bulky gauze dressing continuously for the first post
operative week. 

COMPilCATIONS 

Hematoma 

Infection 

Inadequate excision (missed lesion) 
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98 Excision of Ducts, 
Operations for 
Breast Abscess 

EXCISION OF DUCTS 

Indications 

Single duct discharge with or without palpable mass 

Ductal ectasia 

Preoperative Preparation 

the case of carcinoma and therapeutic in the case 
of an intraductal papilloma. Single duct excision 
also provides better preservation of sensation in the 
nipple-areola complex and may permit breast feed
ing once healing has occurred. Multiple papillomas 
or ductal ectasia with recurrent subareolar abscesses 
may require complete ductal excision. 

Perform mammography before operating on the duc- Prevention of Skin Necrosis 
tal system. 

Ultrasonography may demonstrate ductal pathology. 

If single (rather than total) ductal excision is 
planned, localize the involved duct by the following 
methods. 

Physical examination. Apply finger pressure at 
varying points along the outer margin of the areola to 
determine which segment of the breast contains the 
offending duct (the finger pressure induces discharge 
from this duct). If this is not accomplished at initial 
examination, apply collodion to the surface of the nip
ple to occlude all of the ducts temporarily and pre
vent any discharge. At subsequent examination a week 
later, remove the collodion and repeat the attempt to 
localize the offending duct. Also, collodion may be ap
plied to the surface of the nipple 1 week prior to op
eration to cause distension of the diseased duct. 

Ductography. Ductography may be performed 
by inserting a tiny catheter into the duct orifice and 
injecting a small amount of aqueous radiopaque 
medium. 

Ductal endoscopy. This is an investigational 
technique that may prove useful. 

Operative Strategy 

Single Duct Excision Versus 
Total Duct Excision 

When the indication for surgery is a bloody nipple 
discharge, the diagnosis is generally carcinoma or in
traductal papilloma. Careful localization to a single 
duct allows precise excision, which is diagnostic in 

Total excision of the mammary ducts requires ele
vation of the entire areola, which may impair the 
vascularity of the distal tip of the skin flap unless 
careful dissection is performed. Do not make the cir
cumareolar incision more than 40-50% of the cir
cumference of the areola. Handle this skin flap del
icately to avoid unnecessary trauma. 

Operative Technique 

Single Duct Excision 

Incision 
A single duct may be excised through a radial inci
sion or an incision around the circumference of the 
areola. Use a sharp scalpel and obtain hemostasis 
with accurate electrocoagulation. 

Identification and Excision 
If a discharge is visible, cannulate the duct with a 
lacrimal duct probe and use it to guide dissection. 
If collodion has been used to occlude the surface of 
the nipple for a week prior to surgery, the diseased 
duct is by now distended. If it contains blood, the 
duct appears bluish. Gently dissect the duct from 
surrounding tissue. Divide it between hemostats at 
its junction with the nipple and dissect it out to a 
point about 1-2 cm beyond the circumareolar inci
sion. Submit it for histologic examination. 

If the duct cannot be clearly identified, it is neces
sary to excise an area of the ductal system beginning 
at the nipple and proceeding in a peripheral direction. 
Have the pathologist examine the specimen to ascer
tain that the pathology has indeed been excised. 

831 
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Closure 
In many cases it is necessary only to close the skin 
incision with interrupted 5-0 nylon sutures or a run
ning subcuticular suture of 5-0 PDS. In some cases 
a few PG sutures may be placed if there is a signifi
cant defect in the underlying breast. If hemostasis is 
good, drainage is not necessary. 

Total Duct Excision 

Incision 
Make an incision along the circumference of the are
ola at the exact margin between the areola and skin 
(see Fig. 97-1). The length of the incision should en
compass no more than 50% of the areola's circum
ference. Insert sutures in the edge of the incised are
ola temporarily and apply a hemostat to each suture. 
These are used to apply traction while the areola is 
being dissected off the breast (Fig. 98-1a 98-1,b). 
Use scalpel or scissors dissection to elevate the are
ola with a thin layer of fat. This dissection must be 
continued beyond the nipple so the entire skin of 
the areola has been elevated. Do not detach the nip
ple from its ducts at this stage of the operation. 

Fig. 98-la 

Fig. 98-lb 

Fig. 98-2a 

Fig. 98-2b 

Excising the Ductal System 
After the skin has been elevated, note that the ap
proximately 12 ducts constitute the only attachment 
between the nipple and the underlying breast. Ap
ply a ligature to these ducts and make an incision 
that detaches them flush with the nipple (Fig. 
98-2a, 98-2b). 

Dissect the ducts for a distance of 3-5 cm. Using 
electrocautery, excise the circle of ducts and breast 
tissue (Fig. 98-3a, 98-3b). The circular mass of tis
sue has a radius of 3-5 cm and a thickness of 1-2 
cm. If any of the diseased ducts is dilated and ex
tends beyond 5 cm, follow this duct and remove a 
further section until it disappears into the breast tis
sue. Occasionally a diseased duct involves a section 
of the nipple, which then appears inverted. In this 
case a tiny segment of nipple may be removed. Ob
tain complete hemostasis with electrocautery. 
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In the patient with a large breast, the resulting de
fect may be relatively shallow so the reconstructed 
areola rests on a solid base of breast tissue. In this 
case no further reconstruction is necessary. In many 
cases, however, there is a significant defect under
neath the areola. Because the blood supply of the 
areola is somewhat tenuous, it requires a firm base 
of breast tissue for optimal healing. In this case close 
the defect in the breast in layers with interrupted 
small sutures of PG material. 
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Fig. 98-4 

the nipple to invert, corrective measures must be 
taken. Before closing the skin incision, insert a 5-0 
PG purse-string suture in the subcuticular tissues at 
the base of the nipple to maintain it in the erect po
sition (Fig. 98-4). Then close the skin incision with 
interrupted 5-0 nylon sutures (Fig. 98-5) or a sub
cuticular suture of 5-0 PDS. 

If detaching the areola results in a tendency for Fig. 98-5 
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Fig. 98-6 Fig. 98-7 

Fig. 98-8 



Postoperative Care 

Instruct the patient to wear a supportive brassiere 
over a moderately bulky dressing to apply even pres
sure for the first 7 days and nights after surgery. 

Complications 

Hematoma may appear. 

Occasionally following total duct excision, elevation 
of the entire areola in a plane too close to the sub
cutis results in an area of skin necrosis. 

BREAST ABSCESS 

Breast abscesses are most often seen in nursing 
mothers. They are generally the result of bacteria be
ing introduced via a break in the skin of the nipple. 
In the nonlactacting woman, an abscess may appear 
with little surrounding inflammation and induration. 
In some of these cases, aspiration of pus under lo
cal anesthesia and treatment with antibiotics lead to 
rapid resolution. If pus is not obtained on aspiration 
or the abscess does not respond promptly, perform 
operative drainage with biopsy of the abscess wall. 
Evacuate the pus and loosely insert a gauze pack. 

PARAAREOLAR ABSCESS OR FISTIJIA 

An abscess in the region of the areola or just adja
cent to the areola often originates in an obstructed 
mammary duct, termed duct ectasia. The latter may 
result in a recurring abscess at the same location or 
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in a chronic draining fistula. In either case, proper 
treatment requires a radial elliptical incision (Fig. 
98--6) overlying the duct, which can usually be pal
pated as a thickened cord running from the nipple 
toward the periphery of the breast. Remove a small 
ellipse of skin and surrounding breast tissue. Iden
tify the duct (Fig. 9~ 7) and excise it together with 
the diseased tissue (Fig. 98-8). If the incision has 
not been greatly contaminated, close the skin loosely 
around a drain. If the area is grossly contaminated, 
it may be wiser to insert skin sutures for delayed pri
mary closure 4-6 days later. If the diseased duct is 
not removed, the abscess or fistula recurs. 
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99 Lumpectomy (Tylectomy) 
for Breast Cancer 

INDICATIONS 

Palpation of a suspicious breast mass or "dominant 
lump" even if the mammogram is normal 

Detection of a suspicious shadow on mammography 
even if not palpable 

Ductal carcinoma in situ (see Chapter 96) 

Early-stage breast cancer in conjunction with axil
lary node dissection (see Chapter 103), as part of 
breast conservation 

PITFALLS AND DANGER POINTS 

Failure to include pathologic tissue in the biopsy 
specimen 

OPERATIVE STRATEGY 

Biopsy/Lumpectomy of Palpable Mass 
In most cases, a diagnosis has been made by fme
needle aspiration (FNA). Make the incision directly over 
the mass and use the index fmger of the nondominant 
hand to palpate the mass, retract it, and guide the dis
section. In a thin-breasted woman a well localized mass 
is easily felt and removed. When the area is ill-defined, 
particularly if located in the axillary tail, it may be sim
pler to excise a segment of breast extending from the 
subcutaneous fat down to the pectoral fascia to be sure 
the cancer has been adequately resected. 

Biopsy of Nonpalpable Breast Lesions 
When mammography has detected a suspicious 
stellate mass or a suspicious cluster of microcakifica
tions in a breast where no mass is palpable, preoper
ative mammographic or ultrasonographic localization 
must be used to mark the lesion. In most of these 
cases, stereotactic core biopsy has provided a tissue 
diagnosis. A Kopans hooked guidewire inside a nee
dle is placed in or close to the radiographically suspi
cious lesion by the radiolOgist, and the surgeon's task 
is then to locate and excise a mass of breast tissue 
around the tip of the wire. Because most of these non
palpable lesions are relatively small, we endeavor to 
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excise the lesion completely together with normal 
breast tissue whenever pOSSible. If no palpable lesion 
is encountered, we excise a liberal portion of breast 
from the area indicated by the needle. This is feasible 
because many patients with nonpalpable lesions have 
reasonably large breasts. It is frequently difficult to per
form an accurate lumpectomy at a second stage fol
lowing a guidewire-directed biopsy of this type. Care 
must be taken during dissection lest the wire be bro
ken or dislodged. If the wire breaks, it is necessary to 
find and retrieve the broken end, a tedious process 
that may require use of a metal detector. The wire is 
unlikely to break if a scalpel or cutting cautery (rather 
than scissors) and gentle technique are used for the 
dissection. 

Extent of Excision, Marking 
the Specimen, Closure 
An adequate lumpectomy removes the cancer with 
a rim of surrounding normal tissue. Preserve the ori
entation of the specimen so positive margins can be 
identified and reexcised if necessary. We prefer to 
do this with two marking sutures, using the 
mnemonic "short stitch = superior margin, long 
stitch = lateral margin." 

After excising a segment of breast, do not attempt 
to close the defect by suturing the parenchyma of 
the breast together, as it would distort the shape of 
the breast and produce a mass lesion. Postopera
tively, palpating a gap in the continuity of the breast 
tissue is easier to interpret than palpating a mass. 

OPERATIVE TECHNIQUE 

Lumpectomy for Palpable Mass 

Incision 

When performing a biopsy for a palpable mass, make 
the incision directly over the mass. The incision is 
made in the lines of Langer, which represent the nat
ural skin creases and can be seen to run in a circular 
fashion, roughly parallel to the perimeter of the are
ola (see Fig. 97-2). For lesions located at the medial 
aspect of the breast, a horizontal incision along the 9 



o'clock axis of the breast is acceptable. Elsewhere in 
the breast, CUlVe the incision in a direction parallel to 
the areola. One should also consider that a mastec
tomy may be indicated subsequent to the biopsy. The 
biopsy site is preferably in a location that can be eas
ily encompassed by the mastectomy incision. 

The incision should be long enough to facilitate re
moval of the entire mass with a 1 cm shell of normal 

Fig. 99-1 

Fig. 99-2 
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surrounding breast tissue without requiring excessive 
retraction of skin flaps. Local anesthesia may be used 
if concurrent axillary node dissection is not planned. 
If so, inftltrate as described in Chapter 97. Make the in
cision along the previous ink mark down into the sub
cutaneous layer using a scalpel. Elevate the skin flaps 
as necessary in the subcutaneous plane (Fig. 99-1). 

With the left index finger palpating the mass, 
carry the incision along one side of the tumor deep 
enough to palpate the deep aspect of the tumor. We 

prefer to u e harp di ction (or cutting electro
cautery), avoiding the u e of coagulating cautery to 
preserve the margins for hi tologic analysi ' . 

Do not apply a tenaculum clamp to the tumor 
mass, as it would only make it more difficult to a -
certain the outer margin of the tumor by ten ing 
the ti ues, ometimes an accurately placed figure
of-eight suture in th tumor ma for retraction is of 
some benefit, 

Injtiate the di section on the opposite side of the 
mass and carry the dissection down to a level of the 
breast deep to the mass, leaving a margin of nonnal 
breast tis ue on the deep layer. ometimes it is sim
pler to go down to the fascia of the pectoral muscle 
where there i a natural plane between the breast 
and the fa cia (Fig. 99-2). nder guidance of th in
dex finger, exci e the tumor, Obtain meticulous h -
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mostasis utilizing the coagulating current of electro
cautery. Because there will be a tissue defect in the 
breast, even minor bleeding produces a large postop
erative hematoma, so hemostasis must be complete. 

Closure 

Do not attempt to close the defect in the breast 
parenchyma, and do not place a drain. Close the sub
cutaneous layer with three or four 3-0 PG sutures. 
Close the skin with a continuous subcuticular suture 
of 5-0 PDS. 

Nonpalpable Lesion 
In the case of nonpalpable lesions the patient is 
transferred from the radiography suite to the oper
ating room with a Kopans hooked wire and needle 
inserted in the breast close to the suspicious radi
ographic shadow. Compare the localization radi
ographs with the original mammogram. Mentally ex
trapolate from the direction of the wire and its 
length and estimate the probable location of the tip. 
Gently palpate the breast in the region where the 
tip is thought to lie. Frequently the free end of the 
wire bobs when the tip is palpated, confirming the 
location. 

If the area at the tip of the needle can be palpated 
or otherwise identified, make a curved incision in 
the skin crease overlying the tip of the needle and 
excise the breast tissue in that vicinity (Fig. 99-3). 
If the tip is a considerable distance from the skin en
try site, it may be preferable to place the incision 
halfway between the two. At a convenient time, gen-

Fig. 99-3. Adapted, with permission, from Scott-Conner 
CEH, Dawson DL. Opreative Anatomy. Philadelphia, Lip
pincott, 1993. 

tly draw the wire into the incision so it can be re
moved with the mass (Fig. 99-4), 

Unless the patient has a small breast, do not hes
itate to excise a liberal quantity of tissue around the 
tip of the wire, perhaps 5 X 3 X 2 cm. Submit the 
tissue with the wire in place to the radiography de
partment where specimen mammography is per
formed and compared with the original studies to 
conftrm that the lesion has been excised. Do not 
close the wound until confrrmation that the suspi
cious shadow is located on the specimen mammo
gram. In the rare situation where the radiographic 
shadow was not included in the specimen, carefully 
palpate the entire area of dissection for any suspi
cious lesions. Excise such additional tissue and sub
mit it for another specimen mammogram. If again 
no pathology can be detected, terminate the opera
tion and subject the patient to a repeat mammogram 
in 2-3 months. If a suspicious lesion remains in the 
breast, perform another biopsy using the Kopans lo
calizing procedure. 

In cases where the tip of the Kopans device can
not be accurately localized, make the incision at the 
point where the needle enters the skin of the breast 
or midway along the estimated trajectory, as men
tioned above. By measuring the wire external to the 
skin, calculate the length of wire that remains in the 
breast tissue. Dissect along the shaft of the wire. Re
move a cylinder of breast tissue about 2 cm in di
ameter at the level of the incision and increase the 
diameter of the cylinder to 3-4 cm as one ap
proaches the tip of the wire. Periodically palpate the 
tissue to ascertain that the wire has not been ex-

Fig. 99-4. Adapted, with permission, from Scott-Conner 
CEH, Dawson DL. Opreative Anatomy. Philadelphia, Lip
pincott, 1993. 



posed during the dissection. When the proper depth 
has been reached, transect the cylinder of tissue and 
remove it together with the wire. Again, achieve 
complete hemostasis with electrocautery. Close the 
skin with a subcuticular or vertical mattress suture, 
as described above. Several fme Vicryl absorbable su
tures may be placed in the subcutaneous layer if nec
essary. 

Lumpectomy Following 
Previous Biopsy 
The term "lumpectomy" refers to excision of a pri
mary carcinoma of the breast with histologic con
fumation that the entire malignancy has been en
closed in an envelope of normal breast tissue on all 
sides. In patients whose diagnosis of cancer has been 
confumed by a needle biopsy, a lumpectomy is es
sentially the same procedure as that described above 
for excising a palpable mass. 

In patients whose initial surgical biopsy resulted 
in histologic confumation of the diagnosis of cancer 
but in whom no attempt was made at complete ex
cision, a second operation for lumpectomy is indi
cated. In these cases, make an elliptical incision 
around the previous biopsy scar, with a 1 cm mar
gin of normal skin on both sides. Thereafter use the 
scalpel to incise the breast tissue so the entire pre
vious cavity left by the biopsy procedure is excised 
en bloc. If the deep margin of the biopsy cavity is 
close to the pectoral fascia, excise the pectoral fas
cia in this location together with the specimen. If 
excision of the amount of breast tissue required for 
lumpectomy produces a poor cosmetic result, 
lumpectomy is contraindicated and modified radical 
mastectomy followed by reconstruction of the breast 
is preferable. Achieve complete hemostasis with 
electrocoagulation and ligatures as necessary. After 
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hemostasis is complete, close the incision without 
drainage utilizing 4-0 Vicryl sutures to the subcuta
neous fat and a subcuticular stitch of 4-0 PDS. Ap
ply a gauze pressure dressing. 

POSTOPERATIVE CARE 

Apply a bulky gauze dressing over the area of dis
section. Instruct the patient to wear her brassiere 
day and night for 7-10 days following surgery. The 
gauze dressing should be large enough that contin
uous pressure is applied to the defect created by the 
biopsy excision. This practice inhibits venous bleed
ing and controls the volume of serum that accumu
lates in this tissue defect. 

COMPIlCATIONS 

Retained fragment of wire 

Failure to identify and excise pathologic tissue in pa
tients who have a breast cancer 

Hematoma 

Infection (should be seen in no more than 1-2% of 
patients) 
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1 00 Modified Radical 
Mastectomy, Simple 
(Total) Mastectomy 

INDICATIONS 

Modified radical mastectomy is the operation of choice 
for patients with an infiltrating carcinoma of the breast 
who are not eligible for breast conservation. 

Simple (total) mastectomy is used for patients with 
ductal carcinoma in situ who are not candidates for 
breast conservation. 

Simple mastectomy is occasionally performed as a 
salvage procedure when breast conservation fails. 

PREOPERATIVE PREPARATION 

Mammography 

Additional staging studies guided by protocols and 
extent of disease 

PITFAllS AND DANGER POINTS 

Performing an inadequate biopsy that fails to detect 
the cancer 

Ischemia of skin flaps 

Injury to axillary vein or artery 

Injury to brachial plexus 

Injury to chest wall resulting in pneumothorax 

Injury to lateral pectoral nerve resulting in atrophy 
of the major pectoral muscle 

OPERATIVE STRATEGY 

Establishing the Diagnosis 

Most patients come to the operating room with an 
established histologic or cytologic diagnosis of ma
lignancy. An occasional patient requires biOpsy, 
frozen section, and then modified radical mastec
tomy as a single-stage procedure. 

In this case, plan and orient the biopsy incision in 
such a manner that it can easily be excised at mas
tectomy. Perform an incisionaI biopsy of large tumors 
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simply by excising a wedge of the tumor, leaving the 
bulk of the tumor behind. Otherwise, such a large de
fect is made in the breast that it is difficult to avoid 
entering the field of the biopsy procedure when per
forming the mastectomy. Small tumors «3-4 cm) 
may be excised in their entirety. lbis has the theo
retic advantage that manipulating the breast during 
the mastectomy does not dislodge additional tumor 
emboli into the lymphatic system and bloodstream. 

Rapid and effective in accomplishing hemostasis 
during breast surgery, electrocautery nevertheless has 
one disadvantage. If excessive heat is applied to the 
breast tumor during excision, it may render the de
termination of estrogen receptors and histologic mar
gins inaccurate. Consequently, use only the cutting 
current when incising the breast tissues surrounding 
the tumor, which does not result in excessive heat. 
When a bleeding point is encountered, use the eIec
trocoagulating current only for the bleeding point. If 
the tumor is small, use electrocoagulation with great 
caution to avoid overheating the specimen. 

Simple (Total) Versus Modified 
Radical Mastectomy 
Simple mastectomy is used when axillary lymph
adenectomy is not required. It can frequently be 
done through a small skin incision. Skin flaps are cre
ated in the same manner, and the dissection is ter
minated when the lateral border of the breast is 
reached. It is not uncommon for one or more lymph 
nodes to be included in the adipose tissue sur
rounding the axillary tail, but no effort is made to 
perform a lymphadenectomy. 

Modified Radical Mastectomy 

The term modified radical mastectomy as used cur
rently is synonymous with total mastectomy and ax
illary node dissection. As originally deSCribed, mod
ified radical mastectomy removed all of the breast 
tissue together with the underlying fascia of the ma
jor pectoral muscle in continuity with a total axil-



lary lymphadenectomy. The minor pectoral muscle 
also was excised. Most surgeons currently simply re
tract the minor pectoral muscle, some divide it, and 
some remove it. 

Axillary Lymph Node Anatomy 
for Breast Cancer Surgeons 

Breast cancer surgeons conventionally divide the axil
lary lymph nodes into three levels. The minor pectoral 
muscle is the anatomic landmark that delimits the three 
levels. Level I nodes lie along the chest wall and un
der the lateral portion of the axillary neurovascular 
bundle. They include the external mammary group, 
the subscapular group, and the axillary vein group. The 
lateral border of the minor pectoral muscle forms the 
upper border of this node group. Level IT nodes lie di
rectly underneath (deep to) the minor pectoral mus
cle. Level ill muscles are superomedial to the minor 
pectoral muscle. Thus the minor pectoral muscle, 
crossing the axillary neurovascular bundle, must be re
tracted, divided, or removed to perform a complete 
lymphadenectomy. Additional nodes, termed Rotter's 
nodes, are found between the major and minor pec
toral muscles. Although most surgeons no longer di
vide or excise the minor pectoral muscle, there should 
be no hesitancy in doing so if exposure is poor. 

Incision and Skin Flaps 

Thickness of Skin Flap 

The extremely thin skin flaps advocated as an integral 
part of the classic Halsted radical mastectomy were 
necessitated by the advanced stage of cancer common 
at that time. Furthermore, even thin flaps can be 
shown to harbor islands of glandular breast tissue. 

Fig. 100-1 
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How thin to make the skin flap depends on how 
much subcutaneous fat exists between the skin and 
the breast. There is frequently a relatively avascular 
cleavage plane between this fat and the fat of the 
breast. Obese patients may have 1-2 cm of subcu
taneous fat, whereas thin patients may have only a 
few millimeters of fat in this location. The important 
strategy is to remove all of the grossly obvious breast 
tissue. Leaving behind a layer of subcutaneous fat on 
the skin flap helps ensure the viability of the flap 
and facilitates reconstruction of the breast at a sub
sequent operation for those patients who desire this 
procedure. It does not increase the risk of local re
currence. Cooper's ligaments extend from the breast 
to the subcutis and form a discontinuous layer of 
thin white fibrous tissue, visible against the back
ground of yellow fat. Incising this fibrous layer 
where it joins the subcutaneous fat is a good method 
for ensuring complete removal of the breast tissue 
while at the same time preserving an even layer of 
subcutaneous fat. This technique is described below. 

Alternative Incisions for Mastectomy 

If immediate or delayed reconstruction is planned, 
allow the reconstructive surgeon to have input into 
the location, direction, and size of the scar. Refer
ences at the end of the chapter describe skin
sparing mastectomy, an option for some women. 

In general, placing the incision in a horizontal di
rection gives the best cosmetic result because the 
scar is not visible when the patient wears clothing 
with a low-cut neckline. Although the horizontal in
cision is easy to apply to tumors in the 3 and 9 
o'clock positions (Figs. 100-1, 100-2), some mod
ifications are necessary for tumors in the upper or 

-

Fig. 100-2 



842 Modified Radical Mastectomy, Simple (Total) Mastectomy 

Fig. 100-3 

lower portions of the breast. A good basic approach 
is to draw a circle around the tumor or biopsy inci
sion, leaving a 3 cm margin on all sides. Plan the re
mainder of the incision so the entire areola is in
cluded in the specimen. If possible, accomplish this 
in a horizontal direction. After having drawn the cir
cle around the tumor, preserve as much of the re-

Fig. 100-4 

maining skin as possible, as it avoids tension on the 
skin suture line. Excise the redundant skin after the 
specimen has been removed, or leave it in situ if sub
sequent reconstruction is planned. 

There are a number of alternative incisions for tu
mors in various locations of the breast. Figure 
100-3 illustrates an incision tailored to encompass 
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:rriangle of redundant kin 

Fig. 100-5 

a lesion at 10 o'clock. Similarly, Figure 100-4 shows 
an incision that accommodates a tumor in the up
per outer quadrant of the breast yet is low medially 
where it is most likely to be visible. 

Another cosmetic defect that should be avoided 
is the "dog-ear" deformity that can result at either 
end of the incision following mastectomy. This 
bunching together of skin is interpreted by many 
women as a residual tumor and is a cause for great 
anxiety. It is easily prevented by excising an addi
tional triangle of skin until the incision lies flat on 
the chest wall (Fig. 100-5). 

OPERATIVE TECHNIQUE 

Biopsy (H No Prior Diagnosis) 

Determine the direction the mastectomy incision 
will take and make the biopsy incision directly over 
the tumor in the same direction as the anticipated 
mastectomy incision. If the tumor is 2-3 cm in di
ameter, make the biopsy incision 3-4 cm in length; 
then carry this incision through the subcutaneous 
fat down to the level of breast tissue. Apply rake re
tractors to the subcutaneous fat. Use the cutting cur
rent of electrocautery to dissect in the plane be
tween the fat and the breast tissue until an area of 
breast about 3-4 cm in diameter has been exposed. 
If the tumor is easily identified, use the cutting cur
rent to incise the breast tissue around the perimeter 
of the tumor until the lesion has been removed. Pal-

pate the cavity and the excised mass to ensure that 
an adequate biopsy has been performed. Sometimes 
it is necessary to send additional material from the 
walls of the cavity to make a defInitive diagnosis. 
Now use coagulating current to achieve complete 
hemostasis in the wound while the pathologist is 
performing a frozen section examination of the spec
imen. Be sure that a portion of the specimen is sub
mitted for an estrogen receptor determination. 

If the lesion is benign, close the skin with a sub
cuticular continuous suture of 4-0 PDS or interrupted 
5-0 nylon sutures. If the specimen is reported to be 
malignant, close the incision with continuous heavy 
silk. Change gowns, gloves, and instruments, and re
drape the patient. 

Incision and Elevation of Skin Flaps 

Position the patient so the arm is abducted 90° on 
an arm board and place a folded sheet, about 5 cm 
thick, underneath the patient's scapula and poste
rior hemithorax. Prepare the area of the breast, upper 
abdomen, shoulder, and upper arm with an iodophor 
solution. Enclose the entire arm in a double layer of 
sterile orthopedic stockinette to maintain sterility of 
the entire extremity because the arm must be flexed 
during dissection of the upper axilla. We prefer to 
place a sterile Mayo instrument stand over the patient's 
head. It is used for extra hemostats and gauze pads for 
the assistant and it supports the patient's arm during 
the period of the operation that requires it to be flexed. 
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Fig. 100-6 

Using a sterile marking pen, draw a circle 3 cm 
away from the perimeter of the primary tumor. De
pending on the location of the tumor, mark the me
dial and lateral extensions of the incision as dis
cussed above. In addition to the area of skin outlined 
by the circle drawn around the tumor, include the 
entire areola and nipple in the patch of skin left on 
the specimen (Fig. 100-1). If there is little or no risk 
of requiring a skin graft, make an elliptical incision 
(Fig. 100-6). Then use a scalpel to make the incision 
through all layers of the skin. Attain hemostasis by ap
plying electrocoagulation to each bleeding point. 

Apply Adair clamps or rake retractors, about 2-3 
cm apart, to the cut edge of the skin on the lower 

flap. Have the assistant elevate the skin flap by draw
ing the Adair clamps in an anterior direction. Apply 
countertraction by depressing the breast posteriorly. 
Then use the electrocautery set on a medium cutting 
current to incise Cooper's ligaments, which attach the 
subcutaneous tissues to the surface of the breast (Fig. 
100-7). Leave no visible breast tissue on the skin flap. 
When significant bleeding is encountered, simply 
switch to coagulating current to control the bleeding. 
This technique facilitates performing a mastectomy 
with minimal trauma and excellent hemostasis. Con
tinue elevating the inferior skin flap until the dissec
tion is beyond the breast. The medial margin for the 
dissection is the sternum. The lateral margin is the an-



Fig. 100-7 

terior border of the latissimus dorsi muscle, which is 
exposed for the first time during this phase of the op
eration. Apply a moist gauze pad to the operative site. 
Remove the Adair clamps from the lower skin flap and 
apply them now to the upper skin flap. Use the same 
technique to elevate the upper skin flap to a point 
about 3 cm below the clavicle. Whichever skin inci-

Operative Technique 845 

sion has been selected, it should permit wide expo
sure of the axillary contents from the clavicle to the 
point where the axillary vein crosses over the latis
simus muscle. The final step in achieving exposure 
consists of clearing the fat from the anterior border of 
the latissimus muscle with a scalpel so the entire lat
eral margin of the dissection has been identified. 
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Clearing the Pectoral Fascia 

After checking to ascertain that complete hemosta
sis has been achieved, use a scalpel to incise the fas
cia overlying the major pectoral muscle. Begin near 
the medial margin of this muscle and proceed with 
scalpel or electrocautery to dissect the fascia off the 
anterior surface of the major pectoral muscle from 
the sternum to the lateral margin (Fig. 100-8). Si
multaneous hemostasis is achieved if the fIrst assis
tant electrocoagulates each of the branches of the 
mammary vessels as they are exposed or divided by 
the dissection. Whether using electrocautery or he
mostats, exercise caution when pursuing a vessel 
that has retracted into the chest wall after being di
vided. We have on occasion, especially in thin pa
tients, observed pneumothorax following this step. 
When the vessel is not easily controlled by electro
cautery or a hemostat, simply apply a suture-ligature 
to control it. 

Fig. 100-8 

When the lateral margin of the major pectoral 
muscle has been reached, use a combination of blunt 
and sharp dissection to elevate the edge of the pec
toral muscle from its investing fascia. This maneu
ver maintains continuity between the breast, the 
pectoral fascia, and the lymph nodes of the axilla. If 
simple mastectomy is planned, terminate the dis
section after removing the axillary tail of Spence. 

Unrooimg the Axillary Vein 

Use a Richardson retractor to elevate the major pec
toral muscle. Identify the minor pectoral muscle 
(Fig. 100-9). Branches of the medial pectoral nerve 
are seen lateral to the origin of the minor pectoral 
muscle. They may be divided without serious con
sequence, but be sure to identify and preserve the 
major branch of the lateral pectoral nerve that 
emerges just medial to the origin of the minor pec
toral muscle and travels along the undersurface of 



Fig. 100-9 
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the major pectoral muscle. Division of this nerve 
may result in atrophy and contraction of the major 
pectoral muscle. Dissect the fat and fascia off the an
teroinferior edge of the coracobrachialis muscle us
ing a scalpel. Directly inferior to this muscle is the 
brachial plexus and the axillary vessels. Continuing 
the dissection of the inferior border of the coraco
brachialis in a medial direction leads to the coracoid 
process, upon which the minor pectoral muscle in
serts. Divide the minor pectoral muscle near its in· 
sertion using the electrocoagulator (Fig. 100-10). 
If you do not wish to excise level 3 lymph nodes, 
do not divide the minor pectoral muscle; simply free 
its posterior attachments and elevate it with a 
Richardson retractor. Free up enough of the divided 
muscle to provide complete exposure of the axillary 
vein. Deep to the point where the minor pectoral 
muscle was divided is a well defined fat pad overly
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ing the junction of the cephalic and axillary veins. Fig. 100-10 
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Fig. 100-11 

Fig. 100-12 

Gentle blunt dissection generally succeeds in ele
vating this fat pad and drawing it in a caudal direc
tion to expose the anterior surface of the axillary 
vein. 

Now incise the adventitial sheath of the axillary 
vein (Fig. 100-11). Although light dissection with 
the belly of the scalpel can accomplish this, most 
surgeons prefer to use Metzenbaum scissors. A few 
branches of the lateral anterior thoracic artery, vein, 
and nerve cross over the anterior wall of the axillary 
vein. Divide these branches between hemostatic 
clips. To complete division of the sheath of the ax
illary vein from the region of the latissimus muscle 
to the clavicle, it is necessary to flex the upper arm. 
This relaxes the major pectoral muscle, which is 
then elevated with a Richardson retractor. 

Axillary Vein Dissection 

Axillary lymphadenectomy aims at removing all of 
the lymph glands inferior to the axillary vein (levels 
I-III). Only when these glands are replaced by metas
tases does tumor spread to the nodes cephalad to 
the axillary vein and to the neck. Not only is it un
necessary to strip all of the fat from the brachial 
plexus, this maneuver produces lifelong painful neu
ritis in some patients. 

Identify all the branches entering the axillary vein 
from below. Clear each of the branches of adventi
tia and divide each between hemoclips (Fig. 
100-12). Do not divide the subscapular vein, which 
enters the axillary vein from behind. 

At this point it is essential to label the apex and 
the lateral margin of the axillary specimen. Many 
pathologists prefer that a third label be attached at 
the point where the minor pectoral muscle crosses 
the axillary specimen. 

The upper boundary of the axillary dissection is 
the crossing of the clavicle over the axillary vein. 
Detach the lymphatic and areolar tissue at this point 
with the electrocoagulator. Now make a scalpel in
cision in the clavipectoral fascia on a line parallel to 
and 1 cm below the axillary vein. Do not retract the 
axillary vein in a cephalad direction, as it might ex
pose the underlying axillary artery to injury during 
this step. If suspicious nodal tissue is identified 
cephalad to the axillary neurovascular bundle, 
biopsy it to document the extent of disease. 

Dissect the areolar and lymphatic tissues off the 
intercostal muscles and ribs going from medial to lat
eral. When the minor pectoral muscle is encoun
tered, divide it 2-3 cm from its origin with the elec
trocoagulator (Fig. 100-13) and leave the excised 
muscle attached to the specimen. If this muscle was 
not divided earlier in the operation, it is not neces-



sary to resect it. Restore the arm to its previous po
sition of 90° abduction. As the chest wall is cleared 
laterally, one or two intercostobrachial nerves are 
seen emerging from the intercostal muscle on their 
way to innervate the skin of the upper inner arm. 
Because these nerves penetrate the specimen, divide 
them even though it results in a sensory deficit in 
the upper inner arm (Fig. 10~14). Use a sterile 
gauze pad to wipe the loose fat out of the sub
scapular space going from above downward. This 
maneuver exposes the long thoracic nerve that runs 
along the rib cage in the anterior axillary line in a 
vertical direction from above downward to inner
vate the anterior serratus muscle. The thoracodorsal 
nerve can be identified as it leaves the area of the 
subscapular vein and runs both laterally and down
ward together with the thoracodorsal artery and vein 
to innervate the latissimus dorsi muscle. Because 
these two nerves run close to the peripheral bound
ary of the dissection, they should be preserved when 
no metastatic lymph nodes are seen in their vicin
ity. 

Detach the lymphatic tissue inferior to the por
tion of the axillary vein that crosses over the latis
simus muscle. Preserving the long thoracic nerve is 
complicated by the fact that a number of small veins 
cross over the nerve in its distal portion. Circumvent 
this difficulty by moving the partly detached breast 
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Fig. 100-15 

in a medial direction so it rests on the patient's chest 
after freeing the specimen from the anterior border 
of the latissimus muscle. Then make an incision in 
the fascia of the serratus muscle 1 cm medial to the 
long thoracic nerve. Dissecting this fascia a few cen
timeters in a medial direction detaches the entire 
specimen from the chest wall (Fig. 100-15). 

Irrigation and Closure 
Thoroughly irrigate the operative field. We use ster
ile water, which lyses not only clot and blood, mak
ing it easier to spot small bleeders, but also any 
spilled tumor cells that may have been dispersed into 
the operative field. Check the entire field to be sure 
complete hemostasis has been achieved. 

Insert two large closed-suction drains through 
puncture wounds into the lower axilla. Bring one 
catheter deep to the axillary vein and the other 
catheter across the thoracic wall from the puncture 
wound to the region of the sternum. Suture each 
catheter to the skin at the site of the puncture wounds 

Pe LOra li majur m. 

and attach to closed-suction drainage (Fig. 100-16). Fig. 100-16 
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Close the skin with subcuticular PDS, interrupted 
fme nylon sutures, or skin staples. Be certain there 
is no significant tension on the incision; otherwise 
postoperative necrosis of the skin flap may be an
ticipated. Often shifting the skin flaps in a medial or 
lateral direction relieves tension. Do not permit ei
ther of the skin flaps at the lateral margin of the in
cision to become bunched up in such a fashion that 
a "dog-ear" forms. Many patients are convinced that 
this represents residual tumor. The "dog-ear" defor
mity can be eliminated by excising a triangular 
wedge of skin as noted in Figures 100-3 and 100-5. 
When closed-suction drainage is used postopera
tively, it is not necessary to apply a bulky pressure 
dressing. 

POSTOPERATIVE CARE 

Leave the two closed-suction drainage catheters in 
place until the daily drainage diminishes to 30-40 
ml/day or about 7 days. 

Encourage eady ambulation but do not permit the 
patient to abduct the arm on the side of the opera
tion for 5-7 days, as this activity prevents the skin 
flaps from adhering to the chest wall and encour
ages prolonged drainage of serum. Permit the pa
tient to use this arm for ordinary activities not re
quiring abduction. We use a standardized series of 
graded physical exercises to ensure that the woman 
regains full mobility. Physical therapy is helpful in 
some cases. 

Take appropriate steps throughout postoperative 
treatment to ensure the patient's emotional and 
physical rehabilitation. 

Do not remove the skin staples or sutures for 2 
weeks because the operation has separated the skin 
flaps from much of their blood supply, slowing the 
rate of healing. 

Aspirate any significant collections of serum under
neath the skin flaps with a sterile syringe and nee
dle as necessary. 

Refer the patient for adjuvant chemotherapy or for 
participation in one of many clinical trials. 

Follow the patient for local recurrence or the de
velopment of cancer in the opposite breast. 

Once the initial period of close follow-up is com
pleted, we follow these patients annually for life. 

Carefully inspect the arm for the development of 
lymphedema, which can become a disabling com
plication if not detected and treated eady. Warn the 
patient to avoid trauma, including sunburn, to the 
arm and forearm of the operated side. If at any time 
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the hand is traumatized or there is any evidence of 
infection in the hand or arm, prompt treatment with 
antibiotics (dicloxacillin) for 7-10 days, followed by 
application of a specially fitted elastic sleeve of the 
Jobst type, may prevent the development of perma
nent arm edema. 

POSTOPERATIVE COMPliCATIONS 

Ischemia of skin flap. This is a serious, partially pre
ventable complication. Minimize its risk by avoiding 
tension on the suture line and excessive devascu
larization of the skin flaps. When ischemia is per
mitted to develop into gangrene of the skin, a 
process that takes 2 weeks or more, some degree of 
cellulitis invariably follows. This process occludes 
many residual collateral lymphatic channels through 
which the lymph fluid from the arm manages to re
tum to the general circulation. Blocking these chan
nels increases the incidence and severity of perma
nent lymphedema of the arm. Consequently, skin 
necrosis should be anticipated when purple discol
oration appears in the skin flap on the 5th or 6th 
day following mastectomy. If this purple discol
oration cannot be blanched by finger pressure, it rep
resents devitalization of the skin; it is not cyanosis. 

Once this skin change has been observed, the pa
tient should be returned promptly to the operating 
room. With local anesthesia, excise the devitalized 
skin and replace it with a skin graft. At this early date 
infection has not yet ensued, and primary healing of 
the skin graft may be anticipated. This prompt action 
eliminates damage to the collateral lymphatic channels 
and weeks of morbidity. It is, of course, far preferable 
to prevent skin necrosis in the first place by utilizing 
a skin graft during the primary operation whenever 
excessive tension is observed during skin closure. 

Wound infection. Wound infection is uncommon 
in the absence of skin necrosis. 

Seromas. Collections of serum underneath the 
skin flap, seromas occur during the first few weeks 
following mastectomy when the skin flap has failed 
to adhere to the chest wall. This problem appears 
more commonly in obese patients. Treatment con
sists of aspirating the serum every 3-5 days. On rare 
occasions this process continues for several months. 
In such a case, it is preferable to make an incision 
under local anesthesia and insert a drain. Repeated 
aspiration over many weeks may result in infection 
of the seroma. 

Lymphedema. Lymphedema of the arm is more 
common in obese patients, in those who have un
dergone axillary radiotherapy, and in those who 
have experienced skin necrosis, wound infection, or 
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cellulitis of the arm. Treat cellulitis of the arm 
promptly with antibiotics. Lymphedema in the ab
sence of any sign of infection is treated as soon as 
it is detected by applying a Jobst elastic sleeve, 
which applies a pressure of 50 mm Hg to the fore
arm and arm. These sleeves should be changed 
whenever they lose their elasticity, generally after 6 
weeks. This treatment should be instituted when
ever one detects an increase in circumference of the 
arm of 2 cm or more. Generally, elastic compression 
keeps the condition under control if it has not been 
long neglected. Once the edema has been permit
ted to remain for many months, subcutaneous fi
brosis replaces the edema and makes it irreversible. 
Intermittent pneumatic compression has been rec
ommended, but few patients tolerate the intermit
tent compression for the many hours a day neces
sary before significant progress is demonstrated with 
long-standing edema. Prompt treatment of the hand 
or arm with antibiotics and early application of elas-

tic compression is helpful for preventing and con
trolling edema. 
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101 Radical Mastectomy 
SURGICAL LEGACY TECHNIQUE 

INDICATIONS 

Radical mastectomy is occasionally useful in highly se
lected patients for local control of advanced disease. 

PREOPERATIVE PREPARATION 

Same as for modified radical mastectomy (see Chap
ter 100) 

PITFAllS AND DANGER POINTS 

These are the same as for the modified radical mas
tectomy operation (see Chapter 100). 

Pneumothorax may be produced by perforation in 
the chest cavity during attempts to control branches 
of the internal mammary artery. 

OPERATIVE STRATEGY 

After elevating the skin flaps by the usual technique, 
radical mastectomy can be accomplished in one of 
two sequences. With the technique described be
low, axillary lymphadenectomy precedes removal of 
the breast from the chest wall. It is also feasible to 
remove the breast and the major pectoral muscle 
from the chest wall prior to doing the axillary dis
section, as described for modified radical mastec
tomy. Proponents of the latter sequence believe that 
it reduces the incidence of tumor emboli caused by 
traction applied to the specimen. When the breast 
is removed proceeding from medial to lateral, grav
ity provides sufficient retraction. No data are avail
able comparing these two sequences, so the choice 
is based on personal preference. 

OPERATIVE TECHNIQUE 

Incision 

The principles underlying the choice of incision for 
radical mastectomy (Fig. 101-1) are the same as 

cision of advanced disease may necessitate that con
siderable skin be excised and the reSUlting defect 
closed by a split-thickness skin graft. 

Elevation of Skin Flaps 

The same technique as for modified radical mastec
tomy is used to elevate the skin flaps (see Chapter 
100). 

Exposing the Axilla 

To perform a complete axillary lymphadenectomy, 
it is not necessary to remove the portion of the ma
jor pectoral muscle that arises from the clavicle. 
Preservation of the clavicular head of this muscle im-

.... 

those for modified radical mastectomy. Adequate ex- Fig. 101-1 
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Fig. 101-2 

minor m. 

~*---2II.-- Coracobrachialis m. 

LaLissimu dOl" i ITI. 

Fig. 101-3 



proves the cosmetic appearance of the upper chest 
wall. Consequently, develop a line of separation by 
blunt dissection between the sternal and clavicular 
heads of the pectoral muscle. Continue this separa
tion to the point where the major pectoral muscle in
serts on the humerus. Place the left index fmger un
derneath the sternal head of the muscle near its 
insertion and divide the muscle from its insertion with 
electrocoagulating current (Fig. 101-2)' Complete the 
line of division between the two heads of the muscle 
proceeding in a medial direction until the sternum is 
reached. A number of lateral anterior thoracic arteries, 
veins, and nerves are divided between hemoclips dur
ing this dissection. Also detach the upper 2-3 cm of 
the major pectoral muscle from the upper sternum. 

Incise the areolar tissue and fascia over the sur
face of the coracobrachial muscle and continue in a 
medial direction until the coracoid process is 
reached. This move exposes the junction between 
the coracobrachial muscle and the insertion of the 
minor pectoral muscle (Fig. 101-3). Just caudal to 
the coracobrachial muscle are the structures con-

Fig. 101-4 
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tained in the axilla: the brachial plexus and the ax
illary artery and vein. They are covered not only by 
fat and lymphatic tissue but by a thin layer of cos
tocoracoid fascia. Clearing the fascia away from the 
inferior border of the coracobrachial muscle serves 
to unroof the axilla and expose the insertion of the 
minor pectoral muscle. Detach this muscle from its 
insertion after isolating it by encircling it with the 
index finger; use the coagulating current to divide 
the muscle near the coracoid process (Fig. 101-3). 
A pad of fat overlying the axillary vein near the en
trance of the cephalic branch can be swept down
ward by blunt dissection, exposing the axillary vein. 

Dissecting the Axillary Vein 

It is not necessary to clean the fat off the brachial 
plexus or to remove tissue cephalad to the axillary 
vein. Pick up the sheath of the axillary vein with 
Brown-Adson or DeBakey forceps and use Metzen
baum scissors to separate the adventitia from the un
derlying vein (Fig. 101-4). Once the unopened scis-
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Fig. 101-5 

sors have been inserted underneath the adventitia to 
establish the plane, remove the scissors and insert 
one blade of the scissors under this tissue. Close the 
scissors, dividing the adventitia. Continue this dis
section along the anterior wall of the axillary vein 
from the region of the latissimus muscle to the clav
icle. The only structures crossing anterior to the ax
illary vein are some thoracoacromial, lateral anterior 
thoracic, and pectoral blood vessels and nerves. Di
vide these structures between ligatures or hema
clips. At the conclusion of this step, the branches of 
the axillary vein have been fairly well skeletonized. 
Now divide each of the branches of the axillary vein 

that comes from below using hemoclips or 3-0 PG 
ligatures (Fig. 101-5). At this point use silk sutures 
to apply labels to mark the apex and the lateral por
tion of the lymphadenectomy specimen. 

Dissecting the Chest Wall 

Make a scalpel incision through the clavipectoral fas
cia just inferior to the medial portion of the axillary 
vein (Fig. 101~). This maneuver clears fat and lym
phatic tissue from the upper chest wall. Continue 
this dissection laterally until the subscapular space 
has been reached; then clear the areolar tissue from 
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the subscapular space using a gauze pad, bluntly dis
secting from above downward. This maneuver re
veals the location of the long thoracic nerve de
scending from the brachial plexus in apposition to 
the lateral aspect of the thoracic cage. Preserve this 
nerve. Identify the thoracodorsal nerve that crosses 
the subscapular vein and travels 2-3 cm laterally to
gether with the artery and vein supplying the latis
simus dorsi muscle (Fig. 101-7). In the absence of 
obvious lymph node metastases in this area, dissect 
out the thoracodorsal nerve down to its junction 
with the latissimus dorsi muscle. 

If the anterior border of the latissimus muscle has 
not yet been thoroughly exposed, complete this ma
neuver now. The entire lymphadenectomy speci
men should be freed from the axillary vein, the up
per anterior chest wall, and the anterior border of 
the latissimus muscle. 

Detaching the Specimen 
Keeping the long thoracic nerve in view, make an 
incision in the fascia of the anterior serratus muscle 
on a line parallel to and 1 cm medial to this nerve. 
Elevate the fascia by dissecting in a medial direction, 
exposing the underlying muscle until the interdigi
tations of the pectoral muscles are encountered 
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Fig. 101-8 

(Fig. 101--8). Detach the pectoral muscles from 
their points of origin with electrocautery. Apply a 
small hemostat to each bleeding vessel. Try to avoid 
including any extraneous tissue in the hemostat 
other than the blood vesseL If this is accomplished, 
each of the blood vessels on the chest wall may be 

Fig. 101-9 
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occluded by applying the coagulating current to 
each hemostat at the conclusion of the dissection. 
As the pectoral muscles are divided, leave about 0.5 
em of muscle tissue on the rib cage, as it facilitates 
applying hemostats to the perforating branches of 
the internal mammary vessel. If these are divided 



flush with their point of emergence from the chest 
wall, they often retract into the chest, which makes 
hemostasis difficult and increases the risk of pneu
mothorax. 

Continue the retraction medially in the direction 
of the pectoral muscles and the attached breast, pro
ceeding until all of the internal mammary branches 
have been clamped and divided and the dissection 
has been completed at the border of the sternum. 
Remove the specimen and electrocoagulate each of 
the vessels. Ascertain that hemostasis is complete. 
Irrigate the entire operative field with sterile water 
in an attempt to wash out detached tissue and ma
lignant cells (Fig. 101-9). 

Closure of Incision and 
Insertion of Drains 

Closure and drainage procedures are the same as for 
the Patey operation (Fig. 101-10)' 

Full-Thickness Skin Graft 

Whenever an area of excessive tension is encoun
tered while closing the skin wound by suturing, 
leave this portion of the incision unsutured. Measure 
the defect and determine if there is sufficient re-

Fig. 101-10 
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dundant skin in other areas of the skin flaps that may 
be excised, defatted, and transplanted into the de
fect. To expedite the defatting of skin to be grafted, 
it is helpful to pin one edge of the skin patch down 
to a sterile board. Then grasp the fat with the for
ceps and use a large scalpel blade to dissect all of 
the fat off the skin. Sometimes a few remaining bits 
of fat are excised with curved Metzenbaum scissors. 
When a patch of skin has been sufficiently defatted 
to convert it into a full-thickness graft, the under
surface of the skin assumes a characteristic pitted 
appearance. Place the full-thickness skin graft into 
the defect and tailor its dimensions so there is mild 
tension on the graft after it is sutured into place. 

First suture the edges of the skin down to the 
chest wall musculature with interrupted 3-0 silk: 
About six such sutures can stabilize the perimeter 
of the defect. Then insert a continuous over-and-over 
suture of atraumatic 5-0 nylon to attach the skin graft 
to the edges of the skin defect using small bites. Skin 
staples comprise another good method for fixing the 
graft in place. 

Make multiple puncture wounds in the skin graft 
with a No. 10 scalpel blade to permit seepage of 
serum from the wound through the graft. Apply a 
single layer of iodophor gauze over the skin graft, 
and over this layer place a small mass of gauze fluffs. 
Tie the long ends of the previously placed silk su
tures over the gauze stent to fix the skin graft in po
sition with some pressure. 

This step may be accelerated by omitting sutures 
entirely and fixing the skin graft in place with Steri
Strip adhesive tapes or skin staples. The gauze fluffs 
are then taped into place over the graft. 

Split-Thickness Skin Graft 

When there is no surplus of skin on the chest wall 
to be harvested for a skin graft, use a dermatome to 
obtain a split-thickness graft from the anterolateral 
portion of the upper thigh. After this area has been 
cleansed with soap and an iodophor solution has 
been applied, dry the area and apply a sterile lubri
cating solution of mineral oil. Have the assistants 
then stretch the skin by applying traction in oppo
site directions with wooden tongue depressors. Set 
the dermatome so the graft is 0.015 inch thick. Ap
ply the dermatome to the surface of the skin with 
fmn pressure and activate it. Maintain firm, even 
pressure while moving the dermatome cephalad. It 
may be helpful for the scrub nurse to pick up the 
cut edge of the graft with two forceps while the sur
geon continues to operate the dermatome until an 
adequate patch of skin has been obtained. Place the 



860 Radical Mastectomy: Surgical Legacy Technique 

skin graft in a normal saline solution temporarily. Ap
ply a moist laparotomy pad to the donor site. 

Dress the donor site with a semipermeable plas
tic adhesive skin covering followed by a dry sterile 
dressing. Suture the skin graft into the defect as de
scribed above. 

POSTOPERATIVE CARE 

Unless there are signs of infection, leave the gauze 
stent from the skin graft in place for 5-7 days. Af
terward, leave the graft exposed or cover it with a 
loose, dry dressing. 

Remove the gauze dressing from the donor site 
the day after surgery, but leave the plastic dressing 
intact until the site is healed (1-2 weeks). If blood 
or serum accumulates under the plastic dressing, as
pirate it with a small sterile needle. This method of 
treating donor sites Significantly reduces pain. 

See also Chapter 100. 

COMPilCATIONS 

See Chapter 100. 
With reference to the skin graft, complications 

include infection of the grafted area and occa
sionally of the donor site. Failure of a complete 
"take" is generally due to hematoma or serum col
lecting underneath the graft and separating it from 
its bed. It can be prevented by careful hemostasis 
at the time of surgery and by making several per
forations with a scalpel blade to permit seepage of 
serum. 
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Lymphadenectomy is most commonly performed for 
breast cancer, melanoma, gynecologic malignancies, 
and occasionally other cancers. The role of lymph 
node dissection is evolving with increased aware
ness of the systemic nature of many cancers, im
proved means of defining prognosis without node 
dissection, and improved and potentially less toxic 
systemic therapies. In most situations, lymph node 
dissection provides important prognostic informa
tion and affects the choice of adjuvant systemic ther
apy. In general, lymph node surgery is "therapeutic" 
only in cases where there is clinically evident dis
ease in the nodes. The therapeutic benefit is the pre
vention of painful, bulky cancer growth in the node 
basin. For breast cancer with clinically negative 
nodes, the data overwhelmingly indicate that node 
dissection has no impact on survival from breast can
cer. For melanoma, there may be specific circum
stances where node dissection improves survival. 

The principles of lymph node surgery are the 
same regardless of the disease and the area dissected. 
Lymph node-bearing tissue within defined anatomic 
boundaries is removed, and the pathologist searches 
the tissue to identify individual nodes for histologic 
examination. The anatomic boundaries of the dis
section may vary depending on the cancer type, af
fected node baSin, and the extent of node involve
ment. 

Lymph node dissection is generally a safe opera
tion. In both axilla and groin, injury to cutaneous 
nerves leads to transient or permanent numbness 
and paresthesias. This is particularly disturbing after 
axillary dissection with numbness on the inner and 
posterior portion of the upper arm. There is also risk 
of injury to the motor nerves innervating the serra
tus anterior and latissimus dorsi muscles. Injury to 
the long thoracic nerve causes instability of the 
shoulder girdle, with protrusion, or "winging," of 
the scapula. 

The most significant complication of lymph node 
dissection is interruption of a portion of the lym
phatic flow from the extremity. This leaves the ex
tremity at risk of developing swelling called lymph-

edema. This occurs in a mild form in up to 30-40% 
of patients and is severe in 10-20%. It is more com
mon and severe in the lower extremity. Lymph
edema may develop soon after surgery, or it may ap
pear after many years. The risk of lymphedema of 
the upper extremity may be minimized by efforts to 
minimize skeletonization of the axillary vein during 
surgery. However, the patient who has undergone 
node dissection is at lifelong risk of developing lymph
edema. Once it occurs, lymphedema is permanent. 
Therapy includes manual lymphatic drainage and the 
use of compression garments that help reduce the 
degree of edema. 

An alternative to surgery to determine lymph 
node status without the morbidity of complete dis
section would be attractive. Nonsurgical techniques 
that have been studied include anatomic imaging 
with ultrasonography, computed tomography, mag
netic resonance imaging, and functional imaging in
cluding fluorodeoxyglucose positron emission to
mography and sestamibi nuclear imaging. None of 
these techniques provides sufficient sensitivity or 
specificity, and surgery remains the only accurate 
method for identifying the presence of node metas
tases. 

A surgical alternative to complete dissection of 
the nodes is mapping the specific drainage pattern 
from a given cancer to identify the specific first node 
or nodes to which the cancer spreads. Mapping the 
lymphatic drainage from a cancer has been used for 
years to defme the nodal drainage of melanoma. 
Most commonly used for truncal melanomas, lym
phoscintigraphy with radio labeled colloids can de
termine if a melanoma in a watershed area between 
nodal basins drains to the axilla, the groin, or both. 
Morton and colleagues in Los Angeles proposed that 
lymphatic mapping could identify the first node or 
nodes in the drainage basin, the so-called sentinel 
nodes [1]. The concept is that if these sentinel nodes 
do not contain cancer the entire nodal basin is free 
of node metastases, making removal of the remain
ing nodes unnecessary. First proposed and validated 
in melanoma patients, sentinel lymph node biopsy 
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(SLNB) has been tested and has proved highly ac
curate in breast cancer patients. It is being investi
gated for gastrointestinal cancers, head and neck tu
mors, and gynecologic malignancies [2]. SLNB 
reduces the short- and long-term risks oflymph node 
surgery [3]. 

The technique for SLNB includes preoperatively 
injecting a colloidal material around the melanoma, 
in breast tissue around the cancer, or at a prior 
biopsy site. The axillary or inguinal space is then ex
plored for lymph nodes to which the colloid has trav
eled by following the blue tracks to blue-stained 
nodes using a hand-held gamma detector to find 
nodes concentrating the radiolabeled colloid, or 
both. Only these nodes are removed for pathologic 
examination. The colloids used are the colloidal dye 
isosulfan blue and radiolabeled colloids. The most 
widely tested radiolabeled colloid is technetium 99m 
(99ffiTc) sulfur colloid. Infrequently epitrochlear and 
popliteal nodal basins require dissection for 
melanoma. Additionally, update of the radiocolloid 
may occur at in-transit sites requiring resection. 

The indications for lymph node surgery and the fac
tors that may change these indications in the future 
in breast cancer and melanoma are discussed below. 

BREAST CANCER 

In general, full axillary dissection is the best treat
ment for clinically involved nodes. The need for ax
illary surgery with clinically negative nodes is influ
enced by the risk of node metastases and the extent 
to which nodal status influences the choice of ad
juvant systemic therapy. With clinically negative 
nodes, the risk of cancer recurrence in the axilla is 
low even without axillary dissection. In one series 
of 92 cases treated with standard breast tangential 
radiation without axillary dissection, there was no 
axillary recurrence [4]. Although the evidence is 
overwhelming that axillary lymph node dissection 
does not itself improve survival from breast cancer, 
axillary lymph node status is the single most impor
tant prognostic factor. Axillary staging remains a key 
element of breast cancer treatment [5]. 

Axillary dissection entails removing the axillary con
tents in so-called levels I and II (excluding the tissue 
medial to the minor pectoral muscle). The number of 
nodes harvested by a level 1/11 dissection depends on 
the extent of surgery and the diligence of the pathol
ogist in identifying nodes (average 15 nodes). If fewer 
than 10 lymph nodes are regularly obtained in an ax
illary dissection specimen, the techniques of the sur
geon and pathologist should be reviewed. 

Sentinel lymph node biopsy has proved highly ac
curate in breast cancer patients [2]. Overall, a sen-

tinel node is identified in more than 90% of cases. 
There is a risk of a false-negative sentinel node (de
fined as the number of patients with a negative sen
tinel node among those with any positive axillary 
node) ranging in reports from 0% to 15% (average 
5%). It appears that the rate of false-negative SLNBs 
is lower with increased surgeon experience. Most 
experts believe the false-negative rate with sentinel 
nodes is low enough to accept the report of a neg
ative sentinel node and omit full axillary dissection. 

The issues of SLNB are being addressed by two large
scale national clinical trials that opened in 1999 ad
dressing the role of SLNB in breast cancer [6]. The NS
ABP B-32 trial randomized women with clinically 
negative nodes between axillary node dissection and 
SLNB without dissection to determine if there is any 
survival advantage to axillary dissection. The American 
College of Surgeons Oncology Group (ACOSOG) 
ZOO 1 0 and ZOO 11 trials are testing whether axillary dis
section is necessary for women with a positive sentinel 
node by randomizing women with a positive sentinel 
node to complete dissection or no further surgery. 

The use of axillary surgery in specific clinical sit
uations for women with clinically negative nodes is 
discussed below. 

Ductal carcinoma in situ (Dc/S). With DCIS, the 
incidence of node involvement is extremely low 
($1%). Lesions with positive nodes are generally 
larger and likely to be high grade or have comedo 
histology; and they probably harbor a component of 
invasive cancer that was not present or recognized 
on the pathology sections. The long-term survival of 
women with DCIS is excellent regardless of grade 
and histologic SUbtype. High grade and comedo his
tology are not themselves indications for axillary 
surgery. There is generally no indication for axillary 
dissection with DCIS. 

It is appropriate to include low axillary nodes 
when mastectomy is necessary for DCIS because 
these nodes are entwined with the breast tissue in 
the axillary tail. The use of SLNB with mastectomy 
for DCIS is a questionable practice because mastec
tomy is required only for large and multicentric le
sions for which sentinel mapping may be less accu
rate, and level I nodes are removed anyway. 

Reports of SLNB with DCIS have demonstrated 
rates of node involvement as high as 8%. Most of 
these involved nodes contained micrometastases 
identified by cytokeratin immunohistochemistry 
(lH). The clinical Significance of this finding is un
known. The use of SLNB with DCIS is investigational. 

Microscopic invasion. Microinvasion (defined as 
invasive cancer < 1 mm) may be identified in con
junction with DCIS. The incidence of node metas
tases with microinvasion is extremely low. It is not 
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necessary to subject all women with microinvasion 
to axillary surgery and its complications. 

Tl a and Tl b breast cancer (0.1-1. 0 cm). For TIa 
and TI b cancer with clinically negative nodes, the 
rate of positive nodes is as high as 20%. No tumor fac
tors can define a subset with such a low risk of node 
involvement as to preclude axillary staging [7]. With 
negative nodes, the risk of subsequent distant metas
tases without systemic therapy for tumors < 1 cm is 
less than 10%, and there is little benefit to chemother
apy. If the nodes are positive, the risk of distant dis
ease may be 50% or more, and chemotherapy should 
be considered as for any woman with stage II disease. 
Therefore it is for tumors 0.1-1.0 cm that axillary stag
ing has the most impact on the choice of adjuvant 
therapy and axillary staging is generally indicated. 

Tlc 0.1-2.0 cm) and T2 (2.1-5.0) cancers. The 
incidence of positive nodes is 20-30% with TIc can
cer and higher with T2 lesions. The risk of distant 
metastases is 30-40% even with negative nodes. 
Hence chemotherapy is usually administered, espe
cially to young patients. More intensive chemother
apy may be used if nodes are positive (e.g., addition 
of a taxane). Therefore axillary staging is generally 
performed with TIc and T2 cancers. 

Older women. Almost half of the women with 
breast cancer are over age 65. Breast cancer treat
ment should not be limited simply because of age, 
as healthy older women have an excellent life ex
pectancy. However, it is reasonable to consider age 
when making treatment decisions. The major pur
pose of axillary staging is to assist with the choice 
of adjuvant systemic therapy. Although chemother
apy is generally well tolerated by women in their 
seventies, the proportional reduction in the risk of 
recurrence from chemotherapy is lower for older 
women than for young women. Adding chemother
apy to tamoxifen in older women may provide only 
minimal benefit. Many women age 70+ choose ta
moxifen alone and omit chemotherapy even with 
positive nodes. If the nodes are not removed, there 
is a risk of axillary recurrence, but it is quite low. In 
one large series of women over age 70 with Tl and 
T2 cancer treated with excision plus tamoxifen with
out irradiation or axillary dissection, the rate of ax
illary failure and death from breast cancer was 5% at 
7 years [8]. Defming a specific age where axillary 
staging can be omitted is difficult, but omitting ax
illary surgery with small tumors is a reasonable prac
tice in older women with clinically negative nodes 
in situations where node status does not affect the 
choice of adjuvant therapy. 

Serious co-morbid conditions. Axillary surgery 
may be omitted if life expectancy is shortened by 
serious co-morbid conditions or when the use of 
chemotherapy is limited by other illnesses. 

OTHER ISSUES IN AXILlARY 
SURGERY FOR BREAST CANCER 

Indications for Use of 
Sentinel Node Biopsy 

The SLNB is appropriate for invasive cancer with 
clinically negative nodes in the hands of an experi
enced sentinel node surgeon and team. SLNB is not 
appropriate with clinically positive nodes. Most au
thors recommend full axillary dissection with larger 
T2 lesions because the incidence of node metastases 
is 40% or more and the accuracy of sentinel node 
mapping may be lower with a large tumor. SLNB is 
generally not performed with mastectomy because 
the latter includes the level I nodes and it is usually 
performed for large or multicentric cancers. If mas
tectomy is performed for small cancers because of 
patient choice (e.g., in women with inherited sus
ceptibility who choose mastectomy), SLNB may be 
reasonable. 

Extent of Axillary Dissection 

In general, axillary dissection is limited to levels I 
and II. The risk of node involvement in level III 
(nodal tissue medial to the minor pectoral muscle) 
is low in the absence of clinically apparent involve
ment at levels I and II. Performing a level III dissec
tion may require division of the insertion of the mi
nor pectoral muscle from the coracoid process and 
may increase the long-term risk of lymphedema. 
Level III dissection is usually performed only when 
there is clinically apparent node disease. 

Axillary Irradiation 

Irradiation of the axilla may be used to supplement 
or in place of axillary surgery. For clinically involved 
nodes, irradiation controls the local disease in 
60-80% of cases without surgery and may be ap
propriate in women with co-morbidity that pre
cludes surgery or in those with metastatic disease. 
Radiation to the axilla and supraclavicular fossa may 
be warranted after axillary dissection in patients 
with extensive lymph node involvement. Irradiation 
itself may cause lymphedema. Axillary or supraclav
icular irradiation alone can cause lymphedema. The 
combination of irradiation and axillary dissection 
markedly increases the risk of lymphedema. Axillary 
irradiation should not be used after a negative SLNB. 

Internal Mammary Node Biopsy 

In a small number of cases lymphatic drainage of the 
breast is to the ipsilateral internal mammary chain. 
Although internal mammary node dissection was 
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abandoned during the 1970s, the presence of inter
nal mammary node metastases probably has the 
same prognostic significance as axillary metastases. 
SLNB has led to renewed interest in internal mam
mary node staging. Lymphoscintigraphy and intra
operative mapping with the gamma detector can 
identify drainage to the internal mammary chain. If 
internal mammary drainage is identified during 
SLNB, an incision can be made over the appropriate 
interspace and the sentinel node removed with min
imal morbidity. This is an appropriate practice in ex
perienced hands. 

Bone Marrow Aspiration as 
a Prognostic Factor to Replace 
Axillary Surgery 

Bone marrow micrometastases are present at the 
time of diagnosis in many women with early-stage 
breast cancer. An increasing literature suggests that 
bone marrow micrometastasis is a more powerful in
dependent prognostic factor than lymph node in
volvement [9]. It is possible in the future that bone 
marrow aspiration to detect micrometastases will be 
used routinely to complement or even replace axil
lary surgery for staging breast cancer. Bone marrow 
aspiration is currently under evaluation as part of the 
ACOSOG ZOOlO trial of the sentinel node biopsy. 

MELANOMA 

Regional lymph node status remains the most pow
erful predictor of outcome in patients with 
melanoma [10]. In addition, lymphadenectomy in 
the regional nodal basin draining the site of the pri
mary tumor may improve locoregional control and 
prolong survival. Lymphadenectomy in these nodal 
basins is a therapeutic lymph node dissection 
(TLND) for clinically evident disease and elective 
lymph node dissection (ELND) with clinically nega
tive nodes. 

A cloud of controversy has surrounded the im
portance of early detection of nodal micrometasta
sis. The prognosis of patients with micrometastatic 
nodal involvement is distinctly different from that of 
patients with gross nodal disease, with 5-year sur
vivals averaging 50-60% versus 15-20%, respectively 
[11]. The benefit of ELND has not been proven in 
prospective randomized trials outside of controver
sial subsets of patients. A multiinstitutional prospec
tive randomized trial showed no difference in over
all survival for patients with intermediate-thickness 
melanoma (1-4 mm) who underwent excision alone 
compared to those who underwent excision plus 
ELND [12]. A recent update of this trial demon-

strated a possible trend in 10-year overall survival 
(ELND 77%, nodal observation 73%;P = 0.12) [13]. 

The SLNB has been demonstrated to be a simple, 
minimally invasive, accurate method by which to di
agnose microscopic regional metastases in patients 
without clinically palpable disease [14]. The SLNB 
allows physicians to apply regional lymphadenec
tomy more selectively and to avoid potential long
term morbidity associated with the procedure in pa
tients who prove not to harbor regional disease. A 
number of important issues regarding the use of 
SLNB and the management of lymph node disease 
with melanoma are discussed below. 

Indications for SLNB 

Indications for SLNB with primary cutaneous 
melanoma are Breslow thickness of > 1 mm, le
sions < 1 mm with invasion of the reticular dermis 
to Clark's level IV, or lesions exhibiting known poor 
prognostic indicators such as regression, ulceration, 
or lymphovascular space invasion. Patients with mi
croscopic disease identified by SLNB generally un
dergo completion nodal dissection, resulting in se
lective lymph node dissection (SLND) only for those 
with nodal involvement. A low rate of regional fail
ure after SLNB with SLND has been observed, sup
porting the accuracy of the sentinel node technique 
for predicting the status of the regional nodal basin 
[15]. Although any survival advantage has been ar
gued to be secondary to lead time bias, identifica
tion of patients with micrometastases may also al
Iowa more rational application of emerging adjuvant 
biologic therapies. Several multicenter trials are eval
uating these and other aspects of the role of sentinel 
lymph node biopsy in melanoma. 

Pathologic Assessment of 
the Sentinel Node 
The permanent hematoxylin and eosin (H&E) sec
tion is considered to be the gold standard for patho
logic evaluation of the lymph nodes. H&E evaluation 
is highly sensitive when the lymph node is prepared 
with multiple serial sections and examined by a 
pathologist experienced in diagnosing malignant 
melanoma. However, a 14-29% false-negative inci
dence has been demonstrated when only H&E sec
tions are examined. Immunohistochemical (lH) 
analysis with S-100 and HMB-45 may detect small 
foci of malignant melanoma within the sentinel 
lymph node not noted initially on H&E sections. 
However, these small deposits of malignant 
melanoma can usually be identified on the initial 
H&E sections retrospectively. Therefore it is rec
ommended that routine assessment of the sentinel 
node in melanoma patients include H&E on six to 
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eight levels of each sentinel node, supplemented by 
IH with S-100 with or without HMB45 on all H&E
negative SLNBs [16]. 

Frozen Section 

Because of the difficulty assessing melanoma on 
frozen section and the need for multilevel sectioning 
and IH, frozen section analysis of the sentinel lymph 
node to detect small metastatic deposits in the hope 
of proceeding with a SLND under one anesthetic has 
not proved useful [16]. We evaluated the accuracy of 
intraoperative frozen sections compared to perma
nent H&E sections, deeper H&E sections, and IH. Of 
69 patients (20%) treated at Roswell Park Cancer In
stitute, 14 were found to have positive SLNs. Seventy
nine percent of patients in our series had melanoma 
micrometastatic deposits measuring < 2 mm. Only 
six patients were diagnosed with positive or suspi
cious SLNs by original frozen section analysis. 

Molecular Diagnostics for 
Sentinel Node Evaluation 

Examination of the sentinel node by the polymerase 
chain reaction (PCR) reverse transcription (R1) of 
tyrosinase or other melanoma-associated antigens 
may improve detection of lymph node metastases. 
There is preliminary evidence suggesting that the 
risk of recurrence is higher for patients with nodes 
with RT-PCR-only detected disease compared to neg
ative nodes [17]. Molecular analYSis of the SLN must 
be viewed as investigational and complementary to 
complete architectural evaluation with permanent 
H&E sections and IH. 

Nodal Failure after 
Lymphadenectomy 
The melanoma recurrence rate in a previously dis
sected lymph node basin ranges from 9% to 52% 
[18]. The risk of recurrence is related to the burden 
of disease in the initially dissected lymph node sta
tion. It is higher with palpable adenopathy, multiple 
involved nodes, and extranodal or extracapsular dis
ease. It is clear that the biology of the melanoma, 
not the extent of the surgical procedure, governs 
outcome. We reviewed our 26-year experience with 
regional lymphadenectomy for melanoma in a sur
gical population that did not undergo postoperative 
irradiation to evaluate risk factors for nodal failure 
in patients who initially displayed microscopic 
lymph node involvement or palpable lymph node 
metastases [19]. Of 2,455 patients, 338 (14%) were 
found to have nodal metastases following ELND (n = 
85) or TLND (n = 253) for malignant melanoma. The 
most important factors associated with nodal recur-

rence were the number of positive nodes, gross ver
sus microscopic disease, and the presence of extra
nodal extension. 

The prognosis of patients who suffer a recurrence 
in a previously dissected basin is poor. Eighty-seven 
percent of patients who relapsed regionally had syn
chronous metastatic disease or developed metasta
tic disease on follow-up [19]. This translated to a 10-
year disease-specific survival of 10% for those whose 
lesion recurred compared to 45% for those whose 
lesion did not. Only 8 of 84 patients (10%) who de
veloped isolated nodal recurrence without evidence 
of distant disease were amenable to re-resection. A 
local surgical approach may be warranted in patients 
with combined systemic and bulky regional disease 
to prevent difficult wound management problems, 
patient discomfort, or bleeding. 

Adjuvant Radiotherapy 

Despite the significant incidence of regional failure af
ter node dissection for melanoma, few studies have 
addressed alternative or adjunctive means to improve 
regional control. Because of the dismal prognosis as
sociated with nodal basin failure, attempts to prevent 
initial failure should be prioritized [20]. Adjuvant ra
diation therapy has been shown in single institution 
trials to achieve nodal basin control in 87-95% of pa
tients. The addition of radiation therapy, however, has 
failed to translate into a survival advantage. The Na
tional Comprehensive Cancer Network recommends 
the use of irradiation in high-risk patients (those with 
multiple involved nodes or extranodal disease, espe
cially in the head and neck region [21]. 

Current Recommendations 
Every attempt should be made to control nodal dis
ease accompanying malignant melanoma when it is 
microscopic. Therefore lymphatic mapping and 
SLNB is indicated for most patients with primary 
melanoma, with TLND for those with positive nodes 
by H&E or IH. Adjuvant radiation therapy should be 
considered for patients with four or more positive 
nodes or extra capsula extension (ECE) because the 
consequences of nodal recurrence are severe. 

SENTINEL LYMPH NODE DISSECTION 
FOR OTIlER MALIGNANCIES 

Regional nodal metastasis for many solid organ can
cers has significant prognostic implications. Tradi
tionally, regional nodal dissection has been recom
mended for staging the extent of disease, and it 
provides regional tumor control. Information con
cerning micrometastases in clinically uninvolved 
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lymph nodes may have additional diagnostic and 
therapeutic value for other solid organ malignancies 
as well. Sentinel lymph node dissection has been re
ported for solid tumors including nonmelanoma cu
taneous malignancies, thyroid cancer, colorectal 
cancer, penile carcinoma, and vulva cancer [22]. 

Although regional nodal dissection to identify the 
SLN can be easily performed, peri tumoral injection 
of the primary site with vital blue dye (e.g., 1% iso
sulfan blue) or a radiopharmaceutical agent (e.g., 
technetium 99-sulfur colloid) alone or in combina
tion must be defined for each malignancy. Peritu
moral injection into the dermis of epithelial cancers 
(e.g., Merkel cell, penile carcinoma, vulva cancer), 
the adjacent parenchyma for breast cancer, or in
tratumorally for thyroid cancer illustrates this point. 
In addition, peritumoral injection of the gastroin
testinal tract (e.g., esophageal or colorectal cancers) 
with isosulfan blue is performed through the serosa 
into the submucosa. We have applied this technique 
to hepatic malignancies [23]. Subcapsular injection 
of isosulfan blue dye in the segment of the liver har
boring the tumor has allowed us to identify non
predicted periportal draining lymph nodes. Al
though sentinel lymph dissection is technically 
feasible for other solid organ tumors, the implica
tions of micrometastases must be defined. 
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103 Axillary 
Lymphadenectomy 

INDICATIONS 

After lumpectomy for breast cancer (see Chapter 
99), axillary lymphadenectomy indicated for therapy 
and staging 

Malignant melanoma (see Chapter 102) 

Palpable lymph node metastases from other primary 
malignancies involving the skin of the upper ex
tremity and shoulder, breast, and upper trunk 

PREOPERATIVE PREPARATION 

Obtain a positive biopsy for malignancy. 

Perform staging studies such as computed tomogra
phy (Cn of the chest or abdomen, as indicated for 
the particular malignancy. 

PITFAllS AND DANGER POINTS 

Nerve injury (lateral pectoral, long thoracic, or tho
racodorsal nerve; brachial plexus) 

Injury to axillary vein 

OPERATIVE STRATEGY 

Fundamentally, axillary lymphadenectomy employs 
the same strategy as that used for the modified rad
ical mastectomy. Adipose and lymphatic tissues in
ferior to the axillary vein are excised en bloc from 
the clavicle to the anterior border of the latissimus 
muscle. Adequate exposure requires that the arm 
be flexed on the trunk to relax the major pectoral 
muscle during the medial part of the dissection. 
The levels of the axilla from level I (the lowest) to 
level III (the highest) are discussed in Chapter 100. 
Optimal access to level III nodes requires division 
and sometimes even removal of the minor pectoral 
muscle. The long thoracic and thoracodorsal nerves 
may be preserved if they are not involved with 
tumor. 

OPERATIVE TECHNIQUE 

See Chapter 100. 

Incision 

The skin incision, in a general way, follows the 
course of the axillary vein. Start the incision at the 
lateral border of the major pectoral muscle and con
tinue laterally across the axilla to the level of the 
latissimus muscle. The line of the incision is shown 
in Figure 103-1. Frequently the incision can be 
made much shorter and confmed to the area directly 
below the hair-bearing area of the axilla. An alter
nate skin incision, preferred by some surgeons, can 
be made parallel to the edge of the major pectoral 
muscle and slightly lateral to it. Elevate both the su
perior and inferior skin flaps, leaving no more than 
8 mm of fat on the skin over the area indicated by 
the dotted lines in Figure 103-1. The superior dis
section exposes the anterior surface of the major 
pectoral muscle in its medial aspect, the fat overly
ing the axillary vein and brachial plexus in the mid
dle, and the coracobrachialis and latissimus muscles 
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Fig. 103-2 

laterally (Fig. 103-2). Dissect the lower flap for a 
distance of 8 cm. 

Exposing the Axillary Contents 

Incise the fascia overlying the lateral border of the 
major pectoral muscle, and dissect it away from the 
undersurface of the muscle. Insert a Richardson re
tractor underneath the pectoral muscle and expose 
the coracobrachial muscle. Dissect fat and fascia off 
the inferior surface of the coracobrachial muscle and 
continue this dissection toward the coracoid process 
where the coracobrachial meets the minor pectoral 
muscle. Encircle the minor pectoral muscle with the 
index finger and divide it near its insertion using elec
trocautery (Fig. 103-3) if level III lymph nodes are 
to be excised. Branches of the medial pectoral nerve 
are seen entering the minor pectoral muscle near its 
lateral border. Divide these nerves, but take care to 
protect the pectoral nerve, which emerges along the 
medial margin of the minor pectoral muscle be
cause this nerve largely constitutes the innervation of 
the major pectoral muscle. Freeing the minor pectoral 
muscle from the chest wall improves exposure for 
the axillary dissection. Incise the fat along the ante
rior border of the latissimus muscle to identify the lat
eral boundary of the lymphadenectomy. 

Incise the thin layer of costocoracoid ligament at 
a level calculated to be just cephalad to the course 

Fig. 103-3 

of axillary vein. Do not skeletonize the nerves of the 
brachial plexus as it may produce a permanent 
painful neuritis. After dividing this ligament, sweep
ing the loose fat in a caudal direction generally ex
poses the axillary vein. 

Clearing the Axillary Vein 
Identify the axillary vein in the lateral portion of the 
axilla. Elevate its adventitia with a Brown-Adson or 
DeBakey forceps and incise it with Metzenbaum scis-

Fig. 103-4 



sors. Continue this division of the adventitia in a me
dial direction until the clavicle is reached. Several 
branches of the lateral anterior thoracic and thora
coacromial nerves and blood vessels are encoun
tered crossing over the axillary vein. Divide each be
tween hemostatic clips. 

Dissect the adventitia in a caudal direction ex
posing the various branches of the axillary vein com
ing from below. Divide and ligate or clip each ofthe 
branches that enters the axillary vein on its inferior 
surface (Fig. 103-4), Preserve the subscapular vein, 
which enters the posterior wall of the axillary vein. 

Dissecting the Chest Wall 

Incise the clavipectoral fascia on a line parallel and 
just caudal to the axillary vein beginning at the level 
of the clavicle and continuing to the subscapular 
space. Suture a label to the lymph nodes at the apex 
of the dissection (near the clavicle). Make a vertical 
incision in the fascia from the apex of the dissection 
downward for 4-6 cm parallel to the sternum. Now 
sweep the lymphatic and adipose tissue, leaving its 
proximal half attached to the thorax. Divide the in
tercostobrachial nerve that emerges from the sec
ond intercostal space and enters the specimen. At 
this point in the dissection the anterior and inferior 
portions of the axillary vein have been cleared along 
the upper 6-10 cm of the anterior chest wall. 

Subscapular Space 

In the subscapular space, use a gauze pad to dissect 
the loose fat and areolar tissue bluntly from above 
downward to clear the space between the scapula 
and the lateral chest wall. This step exposes the long 
thoracic nerve, which tends to hug the thoracic 
cage. Identify the thoracodorsal nerve, which 
crosses the subscapular vein and moves laterally to
gether with the vessels supplying the latissimus mus
cle (Fig. 103-5), 

If the anterior border of latissimus muscle was not 
dissected free during the fIrst step in this operation, 
liberate this muscle now, preserving the thora
codorsal nerve. Dissect the specimen free of the 
chest wall after dissecting out and preserving the 
long thoracic nerve. Label the lateral margin of the 
lymph node dissection to orient the pathologist. 

Drainage and Closure 

Make a puncture wound in the anterior axillary line 
about 10 cm below the armpit and pass a closed
suction catheter into the apex of the axillary dis
section near the point where the axillary vein goes 
under the clavicle. It may be necessary to suture the 
catheter in place with flne absorbable suture mate-
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Fig. 103-5 

Close the skin incision with interrupted 4-0 ny
lon sutures or skin staples. Attach the catheter to a 
closed-suction drainage device (Fig. 103-6), 
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POSTOPERATIVE CARE 

Maintain suction on the catheter until the drainage 
is less than 30 ml/day, and then remove the catheter. 

Limit abduction of the arm during the first postop
erative week, but thereafter encourage the patient 
to exercise the shoulder joint through its entire 
range of motion. 

Encourage the patient to achieve full ambulation on 
the day after the operation. 

A seroma may develop under the skin flap later in 
the postoperative course. If so, aspirate the fluid 
once or twice weekly as necessary. 

COMPLICATIONS 

Hematoma or seroma 
Wound infection 
Lymphedema (see Chapter 100) 
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104 Inguinal and Pelvic 
Lymphadenectomy 

INDICATIONS 

Metastatic involvement of inguinal lymph nodes sec
ondary to malignant melanoma or epidermoid car
cinoma of the skin of the lower extremity, lower 
trunk, or external genitalia (see Chapter 102) 

PREOPERATIVE PREPARATION 

Prescribe perioperative systemic antibiotics. 

Prior to hospitalization, have the patient's lower ex
tremity measured for a fitted elastic stocking to 
cover the area from the toes to the upper thigh (e.g., 
Jobst). 

Evaluate the extent of disease (computed tomogra
phy, magnetic resonance imaging, position emission 
tomography). 

PITFALLS AND DANGER POINTS 

Impairing the viability of the skin flaps 

Injuring the iliofemoral artery or vein 

Injuring the femoral nerve and its branches 

OPERATIVE STRATEGY 

Preserving Skin Viability 

Traditionally, surgeons have used a vertical elliptical 
incision centered on the femoral vessels and have 
emphasized wide dissection of thin skin flaps. This 
practice often leads to areas of necrosis in the dis
sected skin. Delayed healing by secondary intention 
then causes some degree of subacute cellulitis and 
occlusion of collateral lymphatic pathways, increas
ing the incidence or severity of postoperative lymph
edema of the extremity. 

It is not necessary to dissect the skin flaps beyond 
the confmes of the femoral triangle. The less exten
sive the dissection, the less impairment there is of 
the blood supply to the skin flaps. A primarily 
oblique skin incision along the inguinal crease is less 

apt to cause loss of viability than is the vertical in
cision. 

Extent of Lymphadenectomy 

Two lymph node groups are accessible and may 
be removed during a groin dissection: inguinal and 
pelvic lymph nodes. The inguinal (or superficial) 
nodes are located in the femoral triangle based on 
the inguinal ligament, with its apex formed by the 
crossing of the adductor longus and the sartorius 
muscles. The pelvic (or deep) component of the 
dissection includes the lymph nodes in a triangu
lar area whose apex is formed by the bifurcation 
of the common iliac artery and whose base is es
sentially the fascia over the obturator foramen. The 
extent of lymphadenectomy is determined by the 
nature of the pathology. For example, extensive 
involvement of the inguinal nodes by melanoma of 
the lower extremity is generally considered an in
dication to remove the pelvic nodes. In such a 
case, the dissection generally begins with the su
perficial component and then progresses more 
deeply. 

Exposing the Iliac Region 

When exposing the region of the iliac vessels for a 
pelvic lymphadenectomy, two approaches have 
commonly been employed. One involves vertical di
vision of the inguinal ligament along the line of the 
iliofemoral vein with later resuturing of this ligament 
and the floor of the inguinal canal. In some patients 
this suture line is insecure, resulting in a hernia. 
Moreover, patients in whom this approach is em
ployed appear to have an increased number of skin 
complications. An alternative approach to the pelvis 
for iliac lymphadenectomy is to place a second in
cision in the lower abdomen parallel to and about 
3-4 cm cephalad to the inguinal ligament. After this 
incision has been carried through the transversalis 
fascia, the peritoneal sac is retracted upward to ex
pose the iliac vessels and their adjacent fat and 
lymph nodes. Exposure by this approach is ade
quate, and closing the incision is simple. 
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OPERATIVE TECHNIQUE 

Incision and Exposure 

Position the lower extremity so the thigh is mildly 
abducted and flexed as well as being externally ro
tated. Support the leg in this position by a ftrm pil
low or sandbag. 

Start the incision 2-3 cm cephalad and medial to 
the anterosuperior spine of the ilium. Continue cau
dally to a point 1-2 cm below the inguinal crease. 
Continue along the inguinal crease in a medial di
rection until the femoral vein has been reached. At 
this point curve the incision gently in a caudal di
rection for about 5 cm, as noted in Figure 104-1. 
Elevate the cephalad skin flap with rake retractors. 
Use electrocautery with a low cutting current or a 
scalpel to dissect the skin flap in a superior direc
tion in a plane that leaves 4-5 mm of subcutaneous 
fat on the skin. In obese patients we make the plane 
of dissection somewhat deeper than 4-5 mm. As the 
skin flap is dissected toward the outer margin of the 
operative fteld, increase the thickness of the flap in 
a tapered fashion so the base of the flap is thicker 
than its apex. The cephalad margin of the dissection 
should be 5-6 cm above the inguinal ligament. Now 
dissect the inferior skin flap in a similar fashion. Re
member that it is not necessary to elevate this skin 

/ 

Fig. 104-1 

flap beyond the lower boundaries of the femoral tri
angle. The lateral boundary consists of the medial 
border of the sartorius muscle, and the lateral aspect 
of the adductor longus muscle is the medial bound
ary. The apex of the femoral triangle constitutes the 
point where the sartorious muscle meets the ad
ductor longus. Dissecting the skin beyond the 
femoral triangle has no therapeutic value and may 
impair blood supply to the skin. 

Exposing the Femoral Triangle 

Initiate the dissection along a line parallel and 5-6 
cm cephalad to the inguinal ligament. Incise the fat 
down to the aponeurosis of the external oblique 
muscle. Using a scalpel, dissect the abdominal fat off 
this aponeurosis down to and beyond the inguinal 
ligament. In men, identify and preserve the sper
matic cord as it emerges from the external inguinal 
ring (Fig. 104-2). 

Use a scalpel or Metzenbaum scissors to incise 
the fat overlying the adductor longus muscle just be
low the inguinal ligament, about 2 cm medial to the 
pubic tubercle. Expose the muscle ftbers of the ad
ductor muscle and use a scalpel to dissect the fat 
and fascia down along the lateral boarder of this mus
cle. Continue the dissection along this muscle in a 
caudal direction to a point where the sartorius mus
cle crosses the lateral margin of the adductor longus 
muscle. Sweep the muscle fascia, fat, and lymph 
nodes in a medial direction (Fig. 104-3), At the apex 
of the femoral triangle, identify, ligate, and divide 
the internal saphenous vein. Then incise the fascia 
overlying the sartorius muscle beginning at the apex 
of the femoral triangle and continuing in a cephalad 
direction up to the origin of the sartorius muscle at 
the iliac bone. Sweep the fat, lymphatic tissue, and 
fascia overlying the sartorius muscle by dissecting in 
a medial direction. 

Dissecting the Femoral 
Artery, Vein, and Nerve 

Identify the femoral artery and vein near the apex of 
the femoral triangle. Using Metzenbaum scissors dis
section, elevate the areolar tissue and fat from the 
anterior surfaces of the femoral vessels proceeding 
in a cephalad direction (Fig. 104-3). Dissect the spec
imen from the medial border of the femoral triangle 
in a lateral direction to expose the medial aspect of 
the femoral vein. There are no branches on this side 
of the vein. Identify the entrance of the internal 
saphenous vein into the anterior surface of the 
femoral vein. Ligate and divide the saphenous vein. 
This dissection has exposed the pectineus muscle 
deep to the femoral vein and medial to the adductor 
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longus muscle. The femoral canal is located deep to 
the inguinal ligament just medial to the femoral vein. 
Remove and identify the cephalad lymph node situ
ated in this triangle, and label it for the pathologist. 
Continue to dissect the specimen laterally, exposing 
the length of the femoral artery. Several small arter
ial branches going to the specimen must be divided 
and ligated before the specimen can be separated 
from this vessel. Note that the femoral nerve, situ
ated just lateral to the femoral artery, is covered by 
a thin fibrous layer of the femoral sheath. Carefully 
incise this layer at a point below the inguinal liga
ment and lateral to the femoral artery. Identify and 
preserve the branches of the femoral nerve as the 
nerve passes deep to the sartorius muscle. After this 
step, detach the specimen. 

Irrigate the operative field and achieve complete 
hemostasis by means of PG ligatures and electro-
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Fig. 104-4 

cautery. This step concludes the inguinal (superfi
cial) groin dissection. The appearance of the opera
tive field is illustrated in Figure 104-4. 

Transposing Sartorius Muscle 

Necrosis of the skin overlying the femoral vessels oc
curs in some patients and endangers the viability of 
these structures. To protect the femoral artery and 
vein from the consequences of a possible slough, 
transpose the sartorius muscle in a medial direction 
so it lies over the femoral vessels (Fig. 104-5). Tran
sect the sartorius muscle at its insertion with the 
electro coagulating device (Fig. 104-6). Free the 
proximal 6-7 cm of this muscle from underlying at
tachments and transpose it in a medial direction so 
it is now situated in a vertical line overlying the 
femoral vessels. Suture the cut end of the sartorius 
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muscle to the inguinal ligament using interrupted 
3-0 Tevdek sutures (Fig. 104-7) prior to closing the 
skin. 

Pelvic Lymphadenectomy 
Make an incision with the scalpel in the direction of 
the fibers of the external oblique aponeurosis at a 
level about 3-4 cm above the inguinal ligament from 
the region above the external inguinal ring to the 
anterosuperior spine (Fig. 104-7). Divide the un
derlying internal oblique muscle with the electro
coagulator, carrying the incision through the trans
versus muscle together with the underlying 
transversalis fascia but not through the peritoneum. 
This procedure is similar to that used in Chapter 88 
for the exposure required during a Cooper's liga
ment repair of an inguinal or femoral hernia. Iden
tify the deep inferior epigastric artery and vein aris
ing just above the inguinal ligament from the 
external iliac artery and vein. Ligate and divide the 
deep inferior epigastric vessels. Use gauze dissection 
to sweep the peritoneum together with the abdom
inal contents in a cephalad direction. Insert a moist 
gauze pad and a wide, deep retractor to elevate these 
structures out of the pelvic cavity. Identify and pre
serve the ureter, which generally remains adherent 
to the peritoneal layer and has been elevated to
gether with the abdominal structures behind the re
tractor. 

The area to be dissected is that contained be
tween the external iliac and the internal iliac vessels 

Fig. 104-5 
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Fig. 104-8 

down to the obturator membrane overlying the ob
turator foramen (Fig. 104-8). Initiate the mobiliza
tion by dissecting the lymph nodes and fat overly
ing the external iliac artery and vein beginning at 
the inguinal ligament and proceeding in a cephalad 
direction to the junction with the internal iliac ves
sels. Be careful when clearing fat and lymphatic tis
sue from the iliac vein, as this structure is quite frag
ile. Lacerations of the vein produce considerable 
hemorrhage that is difficult to control. After sweep
ing the fat and lymphatic tissues from the apex of 
the dissection in a downward direction, identify and 
preserve the obturator artery and vein. Terminate 
the dissection at this point and remove the speci
men. Hemostasis is achieved during this dissection 
primarily by careful application of hemoclips and lig-

atures. After hemostasis is ensured, irrigate the pelvis 
with a dilute antibiotic solution. 

Close the incision of the lower abdomen in lay
ers by inserting interrupted 2-0 silk sutures into the 
transversalis fascia and the overlying aponeurosis of 
the transversus muscle, then into the internal 
oblique muscle, and finally into the external oblique 
aponeurosis. Close the defect in the femoral canal 
by suturing the inguinal ligament down to Cooper's 
ligament or the pectineus fascia from below. No 
drains are placed in the pelvis. 

Skin Closure and Drainage 

Drain the area of the femoral triangle by passing two 
perforated plastic catheters (3.0 mm in internal di-



ameter) through puncture wounds in the area of the 
inguinal lymphadenectomy. Attach the catheters to 
a closed-suction drainage device. Irrigate the opera
tive field again with a dilute antibiotic solution. Trim 
away any portion of the skin that seems devitalized. 
Close the skin with interrupted sutures of 4-0 nylon. 

POSTOPERATIVE CARE 

Prescribe perioperative antibiotics. 

Continue closed-suction drainage until the volume 
is less than 40 mI/day. 

In the operating room, apply the elastic stocking that 
was ordered preoperatively to fit this patient's lower 
extremity. 

Keep the patient at bed rest with the extremity el
evated for no more than 2-3 days. Thereafter, al
though patients are permitted to walk, they should 
spend only a short time sitting in a chair. Rather, 
much of the day should be spent in bed with the leg 
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elevated. After discharge from the hospital, patients 
should continue to wear a snug elastic stocking up 
to the upper thigh for at least 6 months. For the first 
6-8 weeks they should lie down with the leg ele
vated for 1 hour three times daily; otherwise per
manent lymphedema of the extremity is likely. 

COMPLICATIONS 

Skin necrosis is preventable if care is taken when 
preparing the skin flaps and if unnecessarily exten
sive dissection of the skin flaps is avoided. 
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PAROTID GlAND 

Indications for Parotidectomy 

Benign Neoplasms 

Approximately 80% of parotid tumors are benign, 
the most common type being the pleomorphic ade
noma [1]. Parotid neoplasms usually occur in the tail 
of the gland. Fine-needle aspiration (FNA) is the 
study of choice for diagnosis. Tumors are usually pal
pable, although ultrasonography may help with nee
dle placement. Other imaging studies are not indi
cated for evaluating benign parotid tumors. 
Computed tomography (CT) and magnetic reso
nance imaging (MRI) are used when assessing ma
lignant or recurrent neoplasms, large tumors, or 
those involving adjacent or deep structures. 

Most pleomorphic adenomas (90%) are superfi
cial to the facial nerve, and the rest are deep lobe 
tumors or parapharyngeal space tumors. Treatment 
requires complete excision with negative margins, 
as 30-50% of cases recur after simple enucleation. 
Tumors superficial to the facial nerve require su
perficial parotidectomy. Those posterior to the 
nerve are resected after superficial parotidectomy 
and identification of the facial nerve. 

Warthin's tumor, or papillary cystadenoma lym
phomatosum, is the second most common benign 
parotid tumor (6-10% of all parotid tumors). They 
most commonly occur in men and are associated 
with tobacco smoking and exposure to ionizing ra
diation. The tumor usually occurs in the tail of the 
parotid gland. Approximately 10% are bilateral. Ma
lignant degeneration is rare. The surgical treatment 
is complete excision by enucleation or superficial 
parotidectomy. 

Malignant Neoplasms 

Most malignant parotid tumors occur during the ftfth 
and sixth decades of life. Like benign tumors, ma
lignant tumors usually present as a painless slow
growing mass. The presence of pain, facial nerve in-

volvement, or ftxation of the mass to adjacent struc
tures indicates a more advanced stage with a worse 
prognosis. FNA is the initial step in the evaluation, 
followed by CT or MRI if the lesion is large or in
volves the deep lobe. 

Mucoepidermoid carcinoma is the most common 
malignant tumor of the parotid gland (15% of parotid 
tumors) [2]. Treatment consists of superficial 
parotidectomy with preservation of the facial nerve 
unless it is directly involved. Other malignant neo
plasms, including adenoid cystic carcinoma, malig
nant mixed tumor, acinic cell carcinoma, and ade
nocarcinoma, require superficial parotidectomy. 
Total parotidectomy is reserved for tumors emanat
ing from the deep lobe, superficial lobe tumors with 
extension to the deep lobe, high grade malignancies, 
parotid lesions involving the parapharyngeal space, 
or recurrent pleomorphic adenoma [3]. 

Facial Nerve 

The facial nerve runs between the superficial and 
deep lobes of the parotid gland and should be pre
served unless involved by tumor [4]. All branches of 
the nerve should be identifted. When performing a 
total parotidectomy, the branches of the facial nerve 
can be visualized on the lateral surface of the deep 
lobe after the superficial lobe is removed. The facial 
nerve branches are elevated off the deep lobe, which 
is then dissected away from the masseter and other 
muscles. 

Most malignant tumors of the deep lobe of the 
parotid gland require facial nerve resection. If the 
facial nerve is inadvertently transected, it must be re
paired; and when it is sacriftced because of tumor in
volvement, reinnervation is attempted. An interposi
tion nerve graft can be placed if the distal branches 
of the facial nerve are preserved. The most com
monly used donor nerve is the great auricular nerve, 
followed by the sural nerve. An advantage of using 
the sural nerve is its length, as up to 35 cm can be 
obtained. The ansa hypolossi and the medial ante
brachial cutaneous nerves can also serve as donors. 
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If the distal branches of the facial nerve or 
mimetic musculature are sacrificed during the re
section, reconstruction should be performed with 
transfer of an innervated, vascularized muscle. Re
gional muscles such as the temporalis or masseter 
can be used. A distant muscle such as the gracilis 
can also be used for a micro neurovascular free tis
sue transfer. 

Frey Syndrome 

Frey syndrome, or gustatory sweating and flushing, 
occurs after the parasympathetic fibers of the au
riculotemporal nerve are sectioned [5]. Aberrant re
generation to the vessels and sweat glands of the 
overlying skin in the region of parotidectomy results 
in local vasodilation and sweating during eating. The 
incidence of clinical Frey syndrome is 40-50% after 
parotidectomy, rising to 80% when objective tests 
are used. The incidence can be reduced by placing 
an implant [e.g., polytetrafluoroethylene (PTFE)] in 
the wound to cover the parotid bed or by using the 
superficial musculoaponeurotic system flap tech
nique. 

THYROID 

Indications for Thyroidectomy 

Hyperthyroidism 

Hyperthyroidism is the constellation of symptoms 
and signs that result from excessive secretion of thy
roid hormone [6]. The diagnosis is based on elevated 
serum levels of thyroxine (T 4) and triiodothyro
nine (T 3) and a decreased serum level of thyroid
stimulating hormone (fSH). Long-term definitive 
treatment for hyperthyroidism is radioactive iodine 
or total thyroidectomy. Thyroidectomy is indicated 
when patients opt for surgical treatment, are preg
nant, or have severe ophthalmopathy. Initial man
agement is primarily medical including propylth
iouracil (PTU) or methimazole to decrease serum T 4 

and T 3 levels to the normal range. f3-Blockers such 
as propranol are used to control the cardiac effects 
of excessive thyroid hormone secretion. The pulse 
is regulated at approximately 80 beats per minute. 
Lugol's solution or supersaturated potassium iodide 
is instituted approximately 7 -14 days before surgery 
to decrease the vasularity of the thyrOid tissue. These 
medications are used to attain a euthyroid state pre
operatively and minimize the risk of thyroid storm. 

Total thyroidectomy is recommended because 
lesser procedures are associated with a high likeli
hood of recurrent disease. Furthermore, reports sug
gest that patients with ophthalmopathy have im-

proved visual function and less eye protuberance with 
total thyrOidectomy [7]. In poorly prepared patients 
surgery may precipitate thyroid storm. Treatment in
cludes PTIJ and cortisol to block the peripheral con
version of T 4 to T 3, intravenous or oral iodine to block 
the uptake of iodine, and f3-blockers. The patient 
should be monitored closely in the intensive care unit. 
Supportive therapy with intravenous fluids, oxygen, 
cooling blankets, and hemodynamic support should 
also be provided. Complications of surgery include 
hypoparathyroidism and recurrent laryngeal nerve in
jury. Patients with hyperthyroidism often have os
teoporoSis and bone hunger that requires calcitriol 
(dihydocholecalciferol) and calcium administration 
postoperatively even with measurable parathyroid 
hormone (PTH) secretion. Furthermore, with total 
thyroidectomy postoperative hypothyroidism occurs 
approximately 1 week postoperatively, and thyroxine 
replacement therapy is indicated. 

Goiter 

A goiter is defmed as enlargement of one or both 
lobes of the thyroid gland [6]. The enlargement can 
present as a single nodule, a diffuse swelling of one 
or both lobes, or multiple nodules. Goiters most fre
quently result from iodine deficiency. Indications for 
surgery of nontoxic goiters include suspicious or ma
lignant cytology and related symptoms including dif
ficulty breathing and dysphagia. In preparation for 
surgery, patients with deviation or compression of 
the trachea from a large goiter or who display in
spiratory stridor and hoarseness should undergo 
laryngoscopy and awake intubation. Postoperatively, 
these patients should be followed closely in the re
covery room for signs of respiratory distress. Thy
roid lobectomy with resection of the isthmus is in
dicated for a nontoxic, unilobar goiter; and near-total 
thyroidectomy is indicated for a bilateral goiter. Stud
ies have demonstrated that total thyroidectomy is as
sociated with a decreased occurrence of recurrent 
goiter and a similar incidence of complications. 

Thyroid Nodule 

Thyroid nodules are common: 100,000 new patients 
each year in the United States develop a thyroid nod
ule [8]. Nodules affect approximately 5-10% of the 
general population, but fewer than 5% are malignant. 
The major issue is how to select malignant nodules 
for surgery and avoid surgery for benign nodules. 
Thyroid nodules are classified as solitary, dominant, 
and multiple. Although each type of nodule may be 
cancerous, the solitary and dominant ones have a 
higher probability of malignancy. 

Evaluation begins with a thorough history and 



physical examination. Factors that increase the risk 
of malignancy include male gender, age (children 
and the elderly are more likely to have malignant dis
ease), and exposure to irradiation. A positive family 
history for thyroid or endocrine disease raises the 
possibility of medullary thyroid carcinoma (MTC). 
Papillary thyroid cancer is associated with radiation 
exposure. Hard and fixed nodules, cervical lymph
adenopathy, and recurrent laryngeal nerve palsy are 
suggestive of malignancy. 

Laboratory studies include measurement of thy
roid function via serum T 4 and TSH levels. Some nod
ules autonomously produce excessive thyroid hor
mone and are best treated by surgery after 
appropriate preoperative preparation, as described 
previously. If serum hormone levels are normal, FNA 
is performed for cytology. When nodules with be
nign cytology are observed, a repeat FNA is per
formed yearly. Approximately 40-60% of patients 
have benign cells on cytology, and surgery can be 
safely avoided. Nodules with malignant or suspicious 
cytology require surgery. 

Papillary Thyroid Cancer 

Papillary thyroid cancer (PTC) is the most common 
thyroid malignancy [9], accounting for approxi
mately 80% of all thyrOid cancers. Clinically mixed 
PTC/follicular lesions behave like PTC PTC is asso
ciated with radiation exposure, and in these patients 
it is commonly multifocal and bilateral. Small tumors 
« 1 cm in diameter) without multifocality or grossly 
involved nodes and extracapsular thyroid extension 
are treated by ipsilateral thyroid lobectomy. Other
wise, total thyroidectomy is the treatment of choice. 
Total thyroidectomy, radioactive iodine, and thy
roxine to suppress serum levels of TSH have each 
been shown to decrease the probability of recur
rence. Following treatment, serum thyroglobulin as
says, physical examination, and thyrOid scans are 
used to detect recurrence. The 10-year survival of 
patients with PTC is approximately 90%. Older age 
(> 50 years), male gender, extrathyroidal invasion, 
distant metastases, and a tall-cell variant of PTC each 
portends a poorer prognosis. 

Follicular Carcinoma 

Follicular carcinoma is the second most common 
thyrOid malignancy and accounts for 10% of thyroid 
cancers. Hurthle cell tumors comprise a subtype of 
follicular carcinoma and should be treated as such. 
FNA that suggests follicular or Hurthle cells on cy
tology dictates that thyrOid lobectomy be done to 
diagnose malignancy, which is based on histologic 
evidence of capsular or vascular invasion. Total thy-
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roidectomy is performed if carcinoma is diagnosed. 
There are more deaths caused by follicular thyrOid 
carcinoma than any other type. The lO-year survival 
is 80%, as these tumors more commonly spread to 
distant sites. Treatment includes total thyroidec
tomy, radioactive iodine, and thyroxine to suppress 
serum TSH levels. 

Medullary Thyroid Carcinoma 

Medullary carcinoma of the thyroid occurs sporadi
cally, but it is also associated with three autosomal 
dominant inherited familial syndromes: multiple en
docrine neoplasia types IIa and lIb (MEN-IIa, MEN
lIb) and familial MTC Each of these syndromes is 
caused by a missense mutation of the transmem
brane RET gene on chromosome 10. MEN-lla and 
MEN-lIb are also associated with pheochromocy
tomas that must be excluded prior to surgery for 
MTC MTC is always bilateral in the familial forms 
and unilateral in the sporadic form. It is a tumor of 
calcitonin secreting c-cells that occur at the junction 
of the superior and middle third of the thyrOid. 
Serum calcitonin levels serve as a marker for MTC 

Treatment consists of total thyroidectomy with 
central lymph node dissection. The familial forms 
can be detected by genetic testing of peripheral 
blood leukocytes for RET gene mutation. When pres
ent, total thyrOidectomy is recommended before 
other clinical signs of MTC With early detection, the 
familial forms are usually curable. The sporadic form 
typically presents as a palpable mass and has a 5-year 
survival of 50%. Surgery is the only effective treat
ment and is recommended for primary tumors and 
localized recurrent disease. 

Anaplastic Carcinoma of the Thyroid 

Anaplastic thyroid carcinoma is rare, representing 
only 1-2% of thyroid cancers. Patients typically pre
sent with locally advanced disease that is diagnosed 
by FNA or cutting needle biopsy. Thyroidectomy is 
not recommended, as the median survival is only 6 
months. Doxorubicin and hyperfractionated radia
tion therapy usually prove local control of tumor, 
and patients die from distant metastases. 

Complications of Thyroidectomy 

The two major complications of thyroidectomy in
clude hypoparathyroidism and recurrent laryngeal 
nerve injury. The incidence of each is approximately 
1-2%. Permanent hypoparathyroidism can be avoided 
by transplantation of any ischemic-appearing parathy
roid tissue into the sternocleidomastoid muscle. 
Experienced thyroid surgeons do this in approxi-
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mately 20-40% of cases. Treatment of postoperative 
hypocalcemia requires intravenous or oral calcium 
supplementation. If hyperphosphatemia occurs, cal
citriol is added. Because permanent hypoparathy
roidism is rare after thyroid surgery, calcium and cal
citriol supplementation can usually be discontinued 
after 2-3 weeks. 

Injury to the recurrent laryngeal nerve presents 
as hoarseness of the voice. It is diagnosed by indi
rect or direct laryngoscopy. The right vocal cord is 
more commonly affected than the left cord because 
of the more oblique course of the right recurrent la
ryngeal nerve. It is usually a paresis rather than a 
paralysis and is the result of a stretch or contusion 
of the nerve. In these instances complete recovery 
occurs in approximately 3-6 months. If paralysis per
sists, the quality of the voice may be improved by 
Teflon injection of the vocal cord to displace it me
dially. Bilateral recurrent laryngeal nerve injury is a 
more significant complication. It presents with post
operative stridor that must be managed by tra
cheostomy to allow adequate ventilation. 

PARATIlYROID 

Localization Studies 

Most experienced surgeons do not recommend 
parathyroid imaging in a previously unoperated pa
tient, as surgery is successful about 95% of the time 
without it. However, there has been recent enthusi
asm for a minimally invasive approach and unilateral 
neck exploration [10-14]. A unilateral approach could 
reduce the risk of recurrent laryngeal nerve injury, de
crease the likelihood of postoperative hypoparathy
roidism, and shorten hospital costs and stay. With this 
less invasive approach, preoperative localization stud
ies are essential. Udelsman et al. reported successful 
parathyroid surgery using a less invasive surgical pro
cedure based on preoperative localization with ses
tamibi scan and intraoperative PTH assay [14]. 

It is essential to have accurate localization stud
ies in the reoperative setting. The most sensitive 
technique is the sestamibi scan. This radionuclide is 
selectively retained in abnormal parathyroid glands 
and is imaged with Single-photon emission tomog
raphy (SPEC1). If sestamibi is unsuccessful, ultra
sonography, CT, or MRI can be performed followed 
by angiography and venous sampling. 

Primary Hyperparathyroidism 
Primary hyperparathyroidism (HP1) is a common con
dition, with an incidence of 5 per 100,000 in the pop
ulation. Most patients have apparently asymptomatic 

hypercalcemia that is detected on laboratory screen
ing studies [15]. Some have symptoms that include 
bone pain, kidney stones, altered mental status, ab
dominal pain, and weakness. The diagnosis is ascer
tained by measuring the serum calcium and intact 
PTH levels, which are elevated. About 85% of patients 
with HPT have a single abnormal gland or adenoma 
as the cause, 12% have hyperplasia, 1-2% have a dou
ble adenoma, and 1 % have carcinoma. The indications 
for surgery are bone disease, muscle weakness, 
nephrocalcinosis, kidney stones, severe hypercal
cemia and hypercalciuria, and young age [16]. 

Hypercalcemia 
Patients with severe hypercalcemia may have altered 
mental status and may even be in a comatose state. 
Prompt reduction in serum calcium levels is required 
in the patient whose level is> 13 mg/dl. The pa
tient is initially treated with intravenous volume ex
pansion using isotonic saline, which increases the 
glomerular ftitration rate and calcium excretion. 
Once adequate urine output is observed, a loop di
uretic (furosemide) is given. Calcitonin and diphos
phanates are then added to further decrease the 
serum calcium levels. In patients with end-stage re
nal disease, dialysis is indicated to reduce the serum 
calcium level prior to surgery [17]. 

Hypocalcemia 

After most successful parathyroid surgery there is 
some degree of postoperative hypocalcemia. The 
magnitude depends on the age of the patient, the 
severity of disease, and the size and amount of 
parathyroid tissue removed. Symptomatic hypocal
cemia (circumoral paresthesias, tetany, Chvostek's or 
Trousseau's sign) or profound hypocalcemia (serum 
calcium level < 8 mg/dl) should be treated with in
travenous calcium followed by oral calcium. Calcitriol 
(vitamin D3) is reserved for patients who have per
sistent symptoms or who develop hyperphos
phatemia. Follow-up serum calcium and phosphorus 
levels should be monitored and the dosages adjusted. 

CRICOTIlYROIDOTOMY 

Cricothyroidotomy may be a life-saving procedure. 
The primary indication is an inability to intubate the 
trachea. Circumstances include facial trauma, where 
tracheal intubation may not be pOSSible, and an un
stable fractured cervical spine that limits neck ex
tension. 

Complications of cricothyroidotomy include in
jury to the larynx, tracheal stenosis, and bleeding. 



TRACHEOSTOMY 

Cricothyroidotomy is the best procedure for emer
gency situations. Avoid performing a tracheostomy 
under these conditions, as it would clearly increase 
the complication rate. When possible, an adequate 
airway is ftrst secured with an endotracheal tube; 
and the appropriate surgical instruments, lighting, 
and suction are obtained. It is best to perform this 
procedure in the operating room. 

The indications for tracheostomy include upper 
airway obstruction (infection, neoplasm, foreign 
body) and long-term ventilator dependence. It is also 
used as an adjunct for major head/neck/chest 
surgery where prolonged ventilation or ventilatory 
problems are anticipated, in emergency situations 
when intubation and cricothyroidotomy have failed, 
in the presence of extensive maxillofacial trauma, 
and for bilateral recurrent nerve injury. 

Complications of tracheostomy include bleeding, 
infection, tracheoesophageal ftstula, tracheoinnomi
nate ftstula, tracheal stenosis, and tube decannula
tion/obstruction [18]. 
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INDICATIONS 

Tumors of the parotid gland 

Chronic sialadenitis or calculi of the parotid ducts 

PITFAllS AND DANGER POINTS 

Damage to facial nerve and its branches 

Failure to excise a mixed tumor with a sufficient 
margin of normal parotid tissue 

OPERATIVE STRATEGY 

Extent of Resection 

Although the parotid gland is not anatomically a truly 
bilobed structure, the surgeon may visualize it as 
having a superficial lobe and a deep lobe, with the 
branches of the facial nerve passing between these 
two structures. Consequently, it is feasible to excise 
the superficial lobe with preservation of the 
branches of the facial nerve. This dissection is indi
cated for most patients who have mixed tumors of 
the parotid gland. A few mixed tumors arise in the 
deep lobe of the gland. In these cases, perform a su
perficial parotid lobectomy to identify each of the 
facial nerve branches. Then, with preservation of the 
facial nerve, remove the deep lobe. 

Occasional small benign tumors require dissection 
of the facial nerve only in the region of the tumor. The 
tumor may then be resected with a good margin of 
parotid tissue by doing a partial superficial lobectomy. 

Malignant tumors of the parotid gland, unless un
usually small, should be removed by total parotidec
tomy with excision of that portion of the facial nerve 
lying within the tumor. Microsurgical techniques al
low the nerve to be reconstructed with a graft, which 
is often taken from the auriculotemporal nerve. 

Locating and Preserving 
the Facial Nerve 

There are two methods for identifying and dissecting 
the facial nerve. Some surgeons prefer to locate the 
major trunk of the facial nerve by fIrst identifying a 
peripheral branch, such as the marginal mandibular 
branch. They then trace this nerve backward toward 
its junction with the cervical facial branch and fmally 
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to the main facial trunk. We prefer the more common 
technique of fIrst identifying the main trunk of the fa
cial nerve posterior to the parotid gland. Before it en
ters the parotid gland, the main facial nerve is a large 
structure, often measuring 2 mm in diameter. Once 
this main trunk is identifIed, the key to the dissection 
technique is to use either fme, blunt-tipped Jones scis
sors or a mosquito hemostat. The closed hemostat tip 
is inserted in the plane immediately anterior to the 
nerve. After the surgeon gently opens the hemostat, 
the assistant cuts the loose fIbrous tissue that attaches 
the nerve to the overlying parotid gland. Never divide 
any parotid tissue before identifying the facial nerve 
and its branches. 

If the proper plane of dissection is maintained, 
bleeding is rarely a problem. Most bleeding arises 
from small veins, and it generally stops with appli
cation of gauze pressure. An important part of the 
dissection technique is for the surgeon to apply pres
sure on the tissue posterior to the nerve with gauze 
while the assistant applies tension to the superficial 
lobe of the parotid gland using Allis clamps or small 
retractors. An occasional small vein must be clamped 
with a small mosquito hemostat and tied with a fIne 
absorbable ligature. Electrocautery may be used for 
hemostasis in areas of the dissection away from the 
facial nerve and its branches. 

The surgeon should have sufficient familiarity 
with the appearance of the facial nerve to make a 
positive visual identifIcation. Occasionally, some 
fIbers of questionable nature attach to the facial 
nerve branches. They may be tested by gently pinch
ing or stimulating the fIber and then looking at the 
cheek for muscle twitching. This test, of course, re
quires that the entire cheek and the comer of the 
eye be exposed when the surgical fIeld is draped. 

The key to successful nerve preservation is early 
identifIcation of the main facial trunk. The facial nerve 
emerges from the skull through the stylomastOid 
foramen, which is situated just anterior to the mas
toid process and just below the external auditory 
canal. Beahrs emphasized that if the surgeon places 
the tip of the index fmger over the mastoid process 
with the fmgertip aimed toward the nose the middle 
of this fmger is pointing to the facial trunk, which 
emerges about 0.5 cm anterior to the center of the 
fmgertip and perhaps 1 cm deep to the external sur
face of the mastoid process. An idea of the depth at 



which the nerve emerges can be gained by identify
ing the posterior digastric muscle and tracing it to
ward its insertion deep to the mastoid process. The 
nerve crosses at a level equivalent to the surface of 
the digastric muscle. In other words, dissect along the 
anterior surface of the sternomastoid muscle and the 
mastoid process posterior to the parotid gland. There 
are no vital structures in this plane crossing superfi
cial to the main trunk of the facial nerve. 

There is a tiny arterial branch (posterior auricu
lar artery) crossing just superficial to the facial trunk. 
If the exposure is not adequate for accurate clamp
ing and ligating, simple pressure stops bleeding from 
this vessel if it has been transected. Consequently, 
focus intense attention on an area about 1 cm in di
ameter just anterior to the mastoid process and 
about 1 cm deep to its surface. This is where the fa
cial trunk is found unless a tumor in the deep por
tion of the parotid gland has displaced the nerve to 
a more superficial plane. The cephalad margin of this 
1 cm area of intense attention may be considered to 
be the fissure between the external auditory canal 
and the superior portion of the mastoid process. 

One should be cautious while elevating the skin 
flap along the inferior border of the parotid to avoid 
nerve damage. Avoid elevating the caudal portion of 
the flap beyond the anterior edge of the parotid gland 
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before the facial nerve dissection because the mar- Fig. 106-1 

ginal mandibular branch of the facial nerve emerges 
from the parotid gland together with the posterior 
facial vein with which the nerve may be in contact. 
This is the smallest branch of the facial nerve and the 
easiest to injure because it is quite superficial at this 
point. Damage to this nerve causes weakness in the 
area of the lateral portion of the lower lip. 

OPERATIVE TECHNIQUE 

Incision and Exposure 
Although many incisions have been devised for this 
operation, we prefer the one illustrated in Figure 
106-1. It starts in a skin crease just anterior to the 
tragus and continues in the form of a Y, as shown. 
Continue the posterior limb of the incision over the 
mastoid process in a caudal direction roughly paral
lel to the underlying sternomastoid muscle down to 
a point about 1 cm below the angle of the mandible. 
Do not make the angle of the Y too acute. Carry the 
incision through the platysma muscle. Obtain hemo
stasis with accurate electrocautery. Apply small rake 
retractors to the anterior skin flap and strongly ele
vate the tissue in the plane just deep to the platysma. 
As soon as the surface of the parotid gland is exposed, 
continue the dissection with small Metzenbaum scis
sors. Some of the fibrous tissue attaching the parotid 

gland to the overlying tissue resembles tiny nerve 
fibers. There are no facial nerve fibers superficial to 
the parotid gland. Therefore each of these fibers may 
be rapidly divided. If a total superficial lobectomy is 
planned, continue the dissection in a cephalad di
rection to the level of the zygomatic process and an
teriorly to the anterior margin of the parotid gland. 
Do not continue the dissection beyond the anterior 
and inferior margins of the gland, as the small facial 
nerve branches may inadvertently be injured if this is 
done before identifying the facial nerve. 

Elevate the skin flaps and the lobe of the ear in a 
cephalad posterior direction to expose the underly
ing sternomastoid muscle, mastoid process, and 
cartilage of the external auditory canal. Elevate the 
posterior flap to expose 1-2 cm of underlying ster
nomastoid muscle. Obtain complete hemostasis. 
Some surgeons prefer to place a few sutures to at
tach the skin flaps temporarily to the underlying 
cheek, maintaining exposure of the gland. 

Exposing the Posterior 
Margin of the Parotid Gland 

Identify the great auricular nerve overlying the sur
face of the sternomastoid muscle about 3-4 cm cau
dal to the mastoid process. Divide the branch of the 
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great auricular nerve that enters the parotid gland. 
Adjacent to this nerve is found the external jugular 
vein, which is generally also divided and ligated pos
terior to the parotid gland (Fig. 106-2). Expose the 
anterior border of the sternomastoid muscle and 
continue this dissection in a cephalad direction to
ward the mastoid process. When dissecting the tis
sues away from the anterior surface of the mastoid 
process there may be some bleeding from branches 
of the superficial temporal vessels. It can be con
trolled by accurate clamping or electrocautery. 

Locating the Facial Nerve 

Running from the tympanomastoid fissure to the 
parotid gland is a fairly dense layer of temporoparotid 
fascia. Elevate this layer of fascia with a small hemo
stat or right-angle clamp and divide it (Fig. 106-3), 
Continue the dissection deep along the anterior sur
face of the mastoid process. Remember that the main 
trunk of the facial nerve is located in a 1 cm area an
terior to the tympanomastoid fissure and the upper 
half of the mastoid process at 0.5-1.0 cm depth. Try 
to identify the small arterial branch of the posterior au
ricular artery in this area. Divide and ligate it. If it has 
been inadvertently divided and accurate clamping can
not be achieved, simply apply pressure for a few min
utes to stop the bleeding. Continue the blunt dissec
tion using a hemostat until the posterior portion of the 
parotid gland can be retracted away from the mastoid 

External ·ugular v. 

Fig. 106-3 

process. Continuing to separate and divide the fibrous 
tissue in this area uncovers the main trunk of the fa
cial nerve. Although the nerve usually runs in a trans
verse direction from the mastoid process toward the 
gland, it sometimes can run obliquely from the upper 
left portion of the operative field toward the right 
lower portion as it enters the parotid gland. Some idea 
of how deep the dissection must be carried to expose 
the facial nerve can be obtained by observing the 
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depth of the surface of the posterior digastric muscle 
as it reaches its origin behind the mastoid process. The 
nerve is at or just superficial to this vessel (Fig. 106-4). 

Dissecting Facial Nerve Branches 

Apply traction to the superficial lobe of the parotid 
using several Allis clamps or retractors. Insert a small 
hemostat in the plane just superficial to the facial 
nerve. Ask the assistant to divide the fibrous tissue 

Mandibular branch --__ 
of facia l n. 

Post. faci.al v. ---~..-'9I 

Fig. 106-5 
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being elevated by the hemostat (Fig. 106-4). Con
tinue the dissection in this plane until each of the 
branches of the facial nerve has been separated from 
the overlying parotid tissue. Pay special attention to 
the cervical division and its marginal mandibular 
branch, as it permits elevation of the lowermost 
portion of the parotid gland. As the dissection 
reaches the anterior margin of the parotid gland, 
identify Stensen's duct. Ligate with 3-0 PG and di
vide the duct (Fig. 106-5). After all of the nerve 
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Fig. 106-6 

Fig. 106-7 
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branches have been identified and the duct has been 
divided, remove the superficial lobe of the gland. 

Hemostasis during the nerve dissection can gen
erally be achieved by gauze pressure. At this point 
in the dissection, carefully identify each bleeding 
point and clamp it with a mosquito hemostat. Ligate 
with 4-0 or 5-0 PG. Do not use electrocautery in ar
eas close to the nerve. 

Removing Deep Lobe of 
Parotid Gland (When Indicated) 

To remove the deep lobe of the parotid gland, first 
excise the superficial lobe of the parotid as de
scribed above; then carefully free the lower division 
of the facial nerve from the underlying tissue. By re
tracting one or more of these divisions, one can be
gin to mobilize the deep lobe. 

Identify the posterior facial vein. Separate the 
marginal mandibular nerve branch from the vein; 
then divide and ligate the posterior facial vein with 
4-0 PG as in Figure 106-6. Now divide the superfi
cial temporal artery and vein as in Figure 106-7. El
evate the lower border of the gland and divide and 
ligate the external carotid artery; then divide and lig
ate the internal maxillary and the transverse facial 
arteries at the anterior border of the gland. The deep 
lobe may now be removed. The appearance of the 
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operative field after removing the deep lobe is seen 
in Figure 10~. 

Drainage and Closure 

Place a small Silastic closed-suction drain through a 
puncture wound posterior to the incision. Close the 
incision using interrupted 5-0 PG sutures to the 
platysma and subcutaneous fat. Close the skin with 
interrupted 5-0 nylon sutures. 

POSTOPERATIVE CARE 

Leave the closed suction drain in place until the 
drainage has essentially ceased (3-4 days). 

COMPLICATIONS 

Facial weakness due to nerve damage. 
Hematoma. 

Infection. 

Gustatory sweating. Otherwise known as Frey syn
drome, it manifests as almost painful sweating in the 
skin of the operative area while eating. It occurs to 
some extent in as many as 25% of patients. This is 
believed to be due to the regrowth of parasympa
thetic motor nerve fibers of the auriculotemporal 
nerve into cutaneous nerve fibers of the skin flap. 

Such crossed innervation of the sweat glands pro
duces uncomfortable gustatory sweating. Lore stated 
that it may be prevented by removing a section of 
the auriculotemporal nerve during surgery of the 
parotid gland. 

Salivary fistula. This may appear when a significant 
portion of the parotid gland has been left intact. It 
generally corrects itself with expectant treatment. 
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INDICATIONS 

Goiter 

Hyperthyroidism 

Selected solitary thyroid nodules 

11hyroid carcinoma 

See Chapter 105 

PREOPERATIVE PREPARATION 

Patients with hyperthyroidism require careful pre
operative preparation to decrease the vascularity of 
the thyroid and the risk of thyroid storm. Agents 
commonly used are propranolol, antithyroid med
ications, and iodine. Because of the long half-life of 
thyroxine (T 4), treatment with propranolol must be 
continued for 7-10 days postoperatively. 

Workup of a solitary thyroid nodule may include 
any or all of the following: 

Ultrasonography 

Fine-needle aspiration cytology 

Radionuclide scan 

11hyroid suppression therapy 

A patient suspected of having medullary carci
noma of the thyroid should undergo preoperative 
studies to detect a pheochromocytoma or a parathy
roid adenoma, which commonly coexist. 

PITFAllS AND DANGER POINTS 

Trauma to or inadvertent excision of parathyroid 
glands 

Trauma to recurrent laryngeal or superior laryngeal 
nerves 

Inadequate preoperative preparation of the toxic pa
tient resulting in postoperative thyroid storm 

Inadequate surgery for thyroid cancer 
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OPERATIVE STRATEGY 

Preserving Parathyroid Glands 
Preventing damage to the parathyroid glands re
quires the surgeon to achieve thorough familiarity 
with the anatomic location and appearance of these 
structures. Wearing telescopic lenses with about 
2.5X magnification can be helpful for identifying 
both the parathyrOid glands and the recurrent nerve. 
11he surgeon who takes the time to identify the 
parathyroid glands during every thyroid operation 
soon finds that this maneuver can be accomplished 
with progressively more efficiency. 11he inferior 
parathyroid gland is frequently found in the fat that 
surrounds the inferior thyroid artery at the point 
where it divides into several branches (Fig. 107-1). 
Normally, the inferior gland is anteromedial to the 
recurrent laryngeal nerve, and the superior parathy
roid is posterolateral to the nerve (Fig. 107-2). With 
the thyroid gland retracted anteriorly, both parathy
roids may assume an anteromedial position relative 
to the nerve (Fig. 107-3). The superior gland is gen
erally situated on the posterior surface of the upper 
third of the thyroid gland, fairly close to the cricoid 
cartilage. Frequently, the parathyroids are loosely 
surrounded by fat and are red-brown. Measuring 
only about 5-8 mm in maximum diameter, the av
erage gland weighs about 30 mg. 

One method for protecting the parathyroid glands 
is to preserve the posterior capsule of the thyroid 
gland by incising the thyroid along the line sketched 
in Figure 107-11. Also, divide the branches of the 
inferior thyroid artery at a point distal to the origin 
of the blood supply to the parathyroids. Some sur
geons believe that ligating the inferior thyroid artery 
lateral to the thyroid gland impairs the blood supply 
to the parathyroid glands, but this contention has 
never been proved. 

When a total lobectomy is performed, the only 
means of ensuring preservation of the parathyroid 
glands is to identify the inferior and superior glands 
positively. Then dissect each gland carefully away 
from the thyroid without impairing its blood supply. 
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If a parathyroid gland has been inadvertently ex
cised, and this error is recognized during the oper
ation, it is possible to slice the gland into particles 
measuring 1 X 1 mm and then transplant these frag
ments into pockets made in the muscles of the neck 
or the forearm (Wells et al.). 

Preserving the Recurrent 
Laryngeal Nerve 
The recurrent laryngeal nerve ascends slightly lateral 
to the tracheoesophageal groove. At the level of the 
inferior thyroid artery, the nerve almost always 
makes contact with this vessel, passing directly un
der or over the artery. Sometimes the nerve passes 
between the branches of the inferior thyroid vessel. 
Above the level of the artery, the nerve ascends to 
enter the larynx between the cricoid cartilage and 
the inferior cornu of the thyroid cartilage. In this 
area the nerve lies in close proximity to the poste
rior capsule of the thyroid gland. It may divide into 
two or more branches prior to entering the larynx. 
On rare occasions the recurrent nerve does not re
cur but travels from the vagus directly medially to 
enter the larynx near the superior thyroid vessels or 
at a slightly lower level relative to the thyroid gland. 

For most surgeons the best way to locate the re
current laryngeal nerve is to trace the inferior thy
roid artery from the point where it emerges behind 
the carotid artery to the point where it crosses over 
or under the recurrent nerve. Using the inferior thy
roid artery as a guide, locate the recurrent nerve im
mediately deep to or superficial to this artery and 
carefully dissect the nerve in a cephalad direction 
until it reaches the cricothyroid membrane just be
low the inferior cornu of the thyroid cartilage. Re
member that the nerve may divide into two or more 
branches in the area cephalad to the inferior thyroid 
artery. Once the nerve has been exposed through
out its course behind the thyroid gland, it is a sim
ple matter to avoid damaging it. 

Preserving the Superior 
Laryngeal Nerve 
The internal branch of the superior laryngeal nerve 
penetrates the thyrohYOid membrane and is the sen
sory nerve of the larynx; the external branch con
trols the cricothyroid muscle. Although it is possi
ble to damage both branches of the superior 
laryngeal nerve by passing a mass ligature around 
the superior thyroid artery and vein above the su
perior pole of the thyroid, the external branch is the 
one most often injured. Transection of the external 
branch impairs the patient's ability to voice high-

pitched sounds. Because the external branch may be 
intertwined with branches of the superior thyroid 
artery and vein (Fig. 107-1), avoiding damage to this 
nerve requires that each branch of the superior thy
roid vessels be isolated, ligated, and divided indi
vidually at the point where it enters the thyroid 
gland. If the superior thyroid artery and vein are dis
sected above the superior pole of the thyrOid, it is 
necessary to identify and preserve the superior la
ryngeal nerve and its branches. This step is not nec
essary if the terminal branches of the superior thy
roid vessels are individually isolated and ligated. 

OPERATIVE TECHNIQUE 

Incision and Exposure 

Place a small pillow or other support underneath the 
patient's shoulders to extend the head and neck. It 
is helpful to elevate the upper half of the operating 
table so the patient assumes a semisitting position. 
Make a slightly curved incision transversely in the 
neck at a level two to three fingerbreadths above 
the sternal notch (Fig. 107-4). The incision should 
extend just beyond the anterior border of the ster
nomastoid muscle on each side. A longer incision is 
necessary in patients with large goiters. Carry the in
cision down to the platysma muscle. This muscle is 
easier to identify in the lateral portions of the inci
sion. When the longitudinal fibers of this muscle are 
seen, transect them with precision because the up
per flap will be dissected in a plane along the deep 
aspect of the platysma. There is a thin layer of fat 
deep to this muscle. If the plane of dissection is car
ried down to the cervical fascia, a number of veins 
are encountered that produce unnecessary bleeding. 
Leaving a thin layer of fat on these veins avoids this 
problem. Continue the dissection along the deep sur
face of the platysma muscle in a cephalad direction 
using both sharp and blunt maneuvers until a point 
1-2 cm above the notch of the thyrOid cartilage has 
been reached in the midline of the dissection (Fig. 
107-5). Now elevate the lateral portions of the flap. 
Adequate exposure requires wide dissection of this 
musculocutaneous flap. Achieve hemostasis, pri
marily with electrocautery. Elevate the inferior flap 
for a distance of about 2 cm. 

Palpate the prominence of the thyrOid cartilage 
to identify the midline. Make an incision through the 
cervical fascia in the midline (Fig. 107-6) and ex
tend the incision in the fascia to expose the full 
length of the strap muscles. Elevate the sternohyoid 
muscle in the midline; then elevate the sternothy
roid muscle and dissect the thyroid capsule away 
from it on both sides. This permits adequate digital 
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Fig. 107-7 

Fig. 107-8 

exploration of the entire thyroid gland. In most cases 
retracting the strap muscles laterally while the thy
roid lobe is retracted in the opposite direction pro
vides good exposure for thyroidectomy. If the gland 
is unusually large or the exposure is inadequate, do 
not hesitate to transect the sternohyoid and ster
nothyroid muscles. Transect them in their upper 
thirds (Fig. 107-7), as their innervation enters from 
below. 

Identifying the Inferior Thyroid 
Artery, Recurrent Laryngeal Nerve, 
and Inferior Parathyroid Gland 
Retract the strap muscles firmly with a small Richard
son retractor while forcefully drawing the thyrOid 
gland in a medial direction using a peanut sponge 
(Fig. 107-8) or a gauze square held in the assistant's 
fingers. A layer of thin fibrous and areolar tissue is 
.lOW divided in layers by Metzenbaum scissors or by 
dissecting bluntly with a hemostat. A variable distri
bution of one or more middle thyroid veins may be 
encountered along the anterolateral margin of the 
thyrOid. Divide these veins between ligatures (Fig. 
107-9), thereby pemlitting further elevation of the 
lower portion of the thyroid lobe. 

Identify the carotid artery. Carry the dissection 
through the fibrous tissue along the medial surface 
of the carotid artery down to the level of the pre
vertebral fascia. Now retract the carotid artery lat
erally. Dissection medial to this vessel reveals the in
ferior thyroid artery passing deep to the carotid 
toward the junction of the middle and lower thirds 
of the thyrOid gland (Fig. 107-10). Once the infe
rior thyrOid artery has been identified, encircle it 
with a Silastic loop. Apply mild traction to the artery 
and follow the anterior surface of this structure in a 
medial direction by blunt dissection with Metzen
baum scissors. 

Before this vessel enters the thyroid gland, it 
passes directly underneath or crosses directly over 
the recurrent laryngeal nerve. Make use of the infe
rior thyroid artery as a guide to the nerve. If the 
nerve is not seen immediately, dissect the loose fi
brous tissue at a point just inferior to the artery near 
the groove between the trachea and the esophagus 
to identify the recurrent nerve. Once the nerve is 
identified, use a small hemostat to delineate the 
plane just superficial to the nerve. Continue this 
plane of dissection in a cephalad direction up to the 
inferior cornu of the thyroid cartilage, the point near 
which the nerve enters the larynx. Be aware that the 
nerve may divide into two or more branches along 
its course from the level of the inferior thyroid artery 
to that of the larynx. 
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) Identify the inferior parathyroid gland, generally 
located close to the point at which the inferior thy
roid artery divides into its branches (Fig. 107-11). 
Divide each of these branches of the inferior thyroid 
artery between ligatures on a line medial to the 
parathyroid gland so the blood supply to the parathy
roid is not impaired. 

Once the recurrent nerve has been identified, pro
ceed to dissect out the lower pole of the thyroid 
lobe. One or more inferior thyroid veins are en
countered in this location. Divide and ligate each of 
these veins and liberate the inferior pole. 

Dissecting the Superior Pole 
and Superior Parathyroid Gland 
Identify the upper portion of the thyrOid isthmus. If a 
finger-like projection of thyroid tissue can be identi
fied extending from the region of the isthmus in a 
cephalad direction, it represents the pyramidal lobe of 
the thyrOid. If a thyroidectomy is being performed for 
Graves' disease, it is important to remove the pyra
midallobe. Otherwise, postoperatively it may become 
markedly hypertrophied and cause a serious cosmetic 
deformity overlying the thyrOid cartilage. 

With a retractor drawing the upper portion of 
the strap muscles in a cephalad direction, use a 
peanut sponge dissector to sweep the upper pole 
of the thyroid away from the larynx. This maneu
ver separates the upper pole from the external 
branch of the superior laryngeal nerve, which is 
closely applied to the cricothyroid muscle at this 
level. Also free the lateral portion of the superior 
pole by blunt dissection. One or two small veins 
may be entering the posterior portion of the upper 
pole. Be careful to identify and ligate these 
branches if encountered. Then identify the termi
nal branches of the superior thyroid artery and vein. 
Ligate each of these vessels with two 2-0 Vicryllig
atures and divide each of them between the liga
tures (Fig. 107-12). After they have been ligated 
and divided, the superior pole of the thyroid is com
pletely liberated and can be lifted out of the neck. 
Now search along the posterior surface of the up
per third of the thyrOid lobe for the superior 
parathyroid gland. Its usual location is sketched in 
Figure 107-11. Dissect the gland away from the thy
roid into the neck. 

If any difficulty is encountered when exposing 
the recurrent laryngeal nerve, the inferior thyrOid 
artery, or the inferior parathyroid gland, do not hes
itate to perform the superior pole dissection earlier 
in the operation to improve exposure of the poste
rior aspect of the thyroid gland. 

At this point the surgeon must decide whether to 



perform a subtotal or total thyroid lobectomy. Gen
erally, if the patient has what obviously appears to 
be a localized benign tumor, perform a subtotal thy
roid lobectomy and obtain an immediate frozen sec
tion analysis if possible. If the frozen section should 
prove to be malignant, total lobectomy is indicated, 
as discussed above. For large tumors suspected to 
be malignant, perform a total thyroid lobectomy. 

Subtotal Thyroid Lobectomy 
If subtotal resection of the lobe is the operation 
elected, free the upper pole completely and divide 
the lobe along the line of resection as outlined in 
Figure 107 -11. At this level of the dissection both 
parathyroid glands and the recurrent nerve, all of 
which have been previously identified, may be left 
in their normal locations. Divide the remaining gland 
between hemostats until the anterior surface of the 
trachea has been reached. At this point transect the 
isthmus as described below. Some surgeons believe 
that the lateral margin of the residual segment of thy
roid should be sutured to the trachea, but this step 
is not essential. For patients undergoing bilateral 
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Fig. 107-13 
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subtotal thyroidectomy for Graves' disease, leave no 
more than 2-4 g of thyroid tissue on each side. 

Total Thyroid Lobectomy 
Before considering total lobectomy, be certain you 
have positively identified the recurrent nerve and 
the superior and inferior parathyroid glands. After 
these structures have been dissected away from the 
thyroid, proceed with the total lobectomy. The 
gland is firmly attached to the two upper tracheal 
rings by dense fibrous tissue that constitutes the lig
ament of Berry (Fig. 107-13). The upper portion of 
the recurrent laryngeal nerve passes close to the 
point where this ligament attaches to the trachea. 
Moreover, often there is a small artery passing close 
to the recurrent nerve in this ligament. Be careful to 
control this vessel without injuring the nerve before 
dividing the ligament. After this ligament has been 
freed, the thyroid lobe can easily be liberated from 
the trachea by clamping and dividing several small 
blood vessels until the isthmus has been elevated. 
The isthmus may be divided serially between he
mostats or by a single application of the 55/3.5 mm 
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Fig. 107-14 

Fig. 107-15 

Fig. 107-16 Fig. 107-17 

linear stapling device, as seen in Figure 107-14. Then 
divide the isthmus with a scalpel leaving the left lobe 
of the thyroid in place, as seen in Figure 107-15. 

Irrigate the operative field with saline and obtain 
complete hemostasis by ligatures and electrocautery. 
Always keep the recurrent nerve and the parathy
roid glands in view while taking these steps. 

Partial Thyroid Lobectomy 

On some occasions what appears to be an obvi
ously benign lesion occupies a small portion of the 

Fig. 107-18 
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thyroid gland. Under these conditions, local exci
sion or partial lobectomy may be indicated. The 
stapling device is sometimes useful under these 
conditions. Figure 107-16 illustrates removal of 
the lower half of the right thyroid lobe, a stapling 
device having been used first to close and control 
bleeding from the remaining segment of thyroid. 
Remember that identification and preservation of 
the recurrent nerve must be achieved early in the 
dissection. If the gland is fairly thick, use 4.8 mm 
staples. 

For benign lesions of the isthmus, dissect the 
isthmus away from the trachea. Then apply the sta
pling device to the junction between the isthmus 
and the adjacent thyroid lobes (Fig. 107-17). 

Operative Technique 903 

Fig. 107-20 

Closure 
In the unusual situation where the strap muscles have 
been transected, resuture these two muscles by means 
of interrupted mattress sutures of 2-0 PG, as illustrated 
in Figure 107-18. In other cases simply suture the 
right and left strap muscles together loosely with in
terrupted 4-0 PG sutures. We rarely place drains in thy
roidectomy cases. Hemostasis should be petfect be
fore the operation is terminated. It is not safe to 
depend on a drain to evacuate blood clots. 

After the strap muscles have been reapproxi
mated, suture the divided platysma muscle together 
using interrupted 5-0 PG stitches. Close the skin by 
means of carefully applied skin staples (Figs. 
107-19, 107-20) or interrupted fme nylon. 
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POSTOPERATIVE CARE 

In patients with Graves' disease, carefully monitor 
vital signs to detect early evidence of thyroid storm. 
Patients who were prepared for operation with pro
pranolol require treatment with this medication for 
7 -10 days following the operation. 

Carefully observe the patient's neck for signs of 
swelling or ecchymosis. Active bleeding in the bed 
of the excised thyroid gland can rapidly compress 
the trachea and cause respiratory obstruction, espe
cially if the bleeding is due to a major artery. Under 
rare circumstances it is necessary to remove all su
tures in the skin and strap muscles to release the 
blood clot at the patient's bedside. In most cases, 
evacuate the blood clot in the operating room. Af
ter removing a large goiter, occasionally there is 
gradual swelling of the tissues of the neck due to 
slow venous bleeding that inftltrates the tissues. It 
may produce respiratory distress due to laryngeal 
edema. This patient requires orotracheal intubation 
and evacuation of the clot in the operating room. It 
is rare that exploration or a tracheostomy must be 
done at the patient's bedside. 

Following bilateral thyroid lobectomy, check for 
hypocalcemia by measuring the serum calcium level 
until the patient is discharged. Observe for signs of 
paresthesia of the extremities or face, symptoms that 
generally appear when the calcium level drops be
low 7-8 mg/dl. Treat the symptoms with intra
venous calcium gluconate (l g of a 10% solution sev
eral times a day). Give oral calcium carbonate tablets 
(2-4 g/day) as required to maintain the serum cal
cium level. If calcium administration alone does not 
control the symptoms, administer vitamin D 
(50,000-100,000 units a day by mouth). The milder 
form of hypocalcemia following thyroid surgery is 
usually transient because it is caused by minor 
trauma to the parathyroid glands. Severe postopera
tive hypoparathyroidism is often permanent. 

The patient who has undergone trauma to both 
recurrent laryngeal nerves may develop complete 
airway obstruction requiring prompt endotracheal 
intubation and then tracheostomy. This complica
tion is rare. 

COMPLICATIONS 

Hematoma with possible tracheal compression and 
respiratory distress may occur. 

There may be injury to the recurrent laryngeal 
nerve. If the injury is unilateral, it generally produces 
some degree of hoarseness and weakness of the 
voice. As mentioned above, bilateral recurrent nerve 

damage causes bilateral vocal cord paralysis and 
marked narrowing of the glottis with respiratory ob
struction, which often requires immediate tra
cheostomy. The airway may later be improved by an 
arytenoidectomy. Postoperative hoarseness may be 
also due to transient vocal cord edema or vocal cord 
injury caused by the endotracheal tube used for anes
thesia. 

Superior laryngeal nerve injury may result in the 
patient being unable to utter high-pitched sounds. 

Hypoparathyroidism, transient or permanent, 
results from inadvertent removal of or trauma to 
several of the parathyroid glands. If during opera
tion it is noted that one or more parathyroid glands 
have been removed, slice them into segments 1 X 
1 mm each. Then transplant them into a muscle of 
the forearm or the neck. If the fragments are suf
ficiently small, satisfactory function may develop. 
Transient hypoparathyroidism lasting as long as 
several months may result from manipulation of 
the parathyroid glands without permanent dam
age. 

Thyroid storm may develop following thyrOidec
tomy for Graves' disease, especially if the preopera
tive preparation has not been adequate. This condi
tion is characterized by fever, severe tachycardia, 
mental confusion, delirium, and restlessness. Rarely 
seen today, thyroid storm may be treated by ade
quate doses of propylthiouracil and intravenous 
sodium iodide; it may also be treated with pro
pranolol, 2 mg IV with electrocardiographic control 
followed by 10-40 mg PO several times a day. A hy
pothermia blanket may be required to manage the 
high fever. 

Hypothyroidism may follow bilateral subtotal 
thyroidectomy. Although many surgeons believe 
that after an interval of 1-2 years following thy
roidectomy thyrOid hormone secretion continues 
at a stable rate, others contend that, like radioac
tive iodine, thyrOidectomy may induce hypothy
roidism many years after operation. Consequently, 
these patients should be checked for thyroid func
tion at intervals of 1-2 years for an indefinite pe
riod of time. 
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INDICATIONS 

Primary hyperparathyroidism is a common dis
ease. Parathyroidectomy is required in most patients 
with primary hyperparathyroidism to prevent the 
osseous and renal complications and relieve symp
toms of this disease because there is no effective 
nonoperative treatment. Some patients with mild hy
percalcemia (serum calcium <1 mg/dl or 0.25 
mmol/L higher than the upper range of normal) and 
no renal, bone, gastrointestinal, psychiatric, or neu
romuscular symptoms can be treated nonopera
tively. The diagnosis is made by ftnding persistent 
hypercalcemia and an elevated serum parathyroid 
hormone (PTH) concentration. The double site as
say for intact PTH is more reliable than previous as
says [1]. Other causes of hypercalcemia are ruled out 
by the history, particularly the use of lithium and thi
azide diuretics. A 24-hour urine collection is valu
able for documenting the extent of hypercalciuria 
and to rule out familial hypocalciuric hypercalcemia 
(FHH). Preoperative localization studies are not 
needed before the initial neck exploration for pri
mary hyperparathyroidism by an experienced 
parathyroid surgeon but are mandatory before re
operation. The sestamibi scan is the most reliable of 
the localization techniques but is still not as reliable 
as an experienced parathyroid surgeon. 

The cause for primary hyperparathyroidism in
most patients is unknown. It can be induced by ir
radiation, or it may be familial in origin. Hyper
parathyroidism occurs in at least 90% of patients 
with multiple endocrine neoplasia type I (MEN-D, 
10-40% of patients with MEN-HA, and rarely in those 
with MEN-lIB. 

An NIH consensus conference [2] defmed ac
cepted indications for parathyroidectomy in primary 
hyperparathyroidism as the following. 

Hypercalcemic crisis (serum calcium> 14.5 mg/dl 
or 3.62 mmol/L) 

Kidney stone 

Bone pain 

Age < 50 years 

906 

Urine calcium excretion> 400 mg/day (100 mmoV 
day) 

Serum calcium concentration> 1.0-1.6 mg/dl (0.25-
0.40 mmol/L) higher than upper limit of normal 

Bone mass> 2 standard deviations below age-, gen
der-, and race-matched controls 

Creatinine clearance reduced by 30% compared with 
age-matched subjects 

Consistent follow-up unlikely 

Coexistent illness complicating non operative man
agement 

Secondary hyperparathyroidism results from 
chronic renal failure (CRF) or malabsorption and is 
characterized by hypocalcemia and hyperphos
phatemia. It is common in patients with CRF and 
usually responds to treatment with phosphate 
binders, calcium, and vitamin D. About 5-10% of 
these patients require parathyroidectomy because of 
metabolic complications or symptoms. Some pa
tients with CRF develop tertiary hyperparathy
roidism with autonomous parathyroid function re
sUlting in hypercalcemia despite removal of the 
stimulus (for hyperparathyroidism) by dialysis or re
nal transplantation. Clark [3] defmed indications for 
surgery in patients with secondary and tertiary hy
perparathyroidism as the following. 

Bone pain 

Spontaneous bone fractures 

Ca X P04 solubility product> 70 

Ectopic or vascular calciftcations 

Calciphylaxis 

Serum calcium> 12 mg/dl (3 mmol/L) 

Pruritus 

Psychoneurologic symptoms 

Conjunctivitis 

Persistent hypercalcemia> 11.5 mg/dl (2.88 mmoV 
L) (more than 6 months) after successful renal trans
plantation 

Recurrent hypercalcemia and increasing alkaline 
phosphatase after renal transplantation. 



PREOPERATIVE PREPARATION 

Laryngoscopy, either indirect or direct fiberoptic 

Serum calcium and potassium day before operation 

Dialysis with regional heparinization the day before 
operation for secondary hyperparathyroidism 

PITFALLS AND DANGER POINTS 

The major pitfall is failing to cure the disease be
cause of missing multiglandular disease or failing to 
find the offending adenoma. 

Injury to the recurrent laryngeal nerve is possible 
with resultant change in voice, aspiration of liquids, 
failure to protect the airway, and possible upper air
way obstruction. Damage to the motor branch of the 
superior laryngeal nerve is less common and pro
duces only minor changes in the voice. 

Recurrence of hypercalcemia is low after excision of 
a solitary parathyroid adenoma but higher with hy
perplasia or adenomatosis due to familial disease or 
secondary hyperparathyroidism. Removal of too 
much parathyroid tissue is also possible, especially if 
everything found at operation is biopsied or excised. 

OPERATIVE STRATEGY 

Curing the Disease 

Do a careful bilateral neck exploration in all patients. 
This avoids missing multiglandular disease, includ
ing double adenomas and hyperplasia. The role of a 
pathologist is mostly supportive. They can tell us 
that we removed or biopsied parathyroid tissue and 
the weight of the material. The decision about what 
to do is based on the gross findings. 

The sine qua non of parathyroid surgery is a blood
less field. The presence of blood around a lymph node 
or a bit of fat make it look like a parathyroid gland. 
It is for this reason that we perform sharp dissection 
with scalpels utilizing an electrical current or heat for 
cauterization. We do not use electrocautery close to 
the recurrent laryngeal nerve to avoid injuring it by 
local spread of the electrical current. 

A subtotal parathyroidectomy or a total parathy
roidectomy with autotransplantation (of fresh or 
cryopreserved tissue) is performed for hyperplasia, 
MEN-I, MEN-IIA, and secondary hyperparathyroidism. 
The choice of which procedure to use depends on 
the fmdings at operation, the relative risks of hypocal
cemia and recurrent hypercalcemia, the availability of 
cryopreservation, and patient reliability. Subtotal para
thyroidectomy is used in patients with secondary hy-
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perparathyroidism who can be relied on to take cal
cium and vitamin D to prevent the parathyroid rem
nant from growing. We agree with Clark [3] that a 
total parathyroidectomy with autotransplantation is 
advised for unreliable patients. 

The cervical thymus is removed from patients 
with primary or secondary hyperplasia because of 
the 15-25% incidence of supernumerary parathy
roids (many of which are in the thymus) in these 
conditions [4]. 

Preserving the Recurrent 
Laryngeal Nerve 

The superior parathyroids are lateral and posterior to 
the nerve, and the inferior parathyroids are generally 
anterior and medial to the nerve (see Fig. 107-2). The 
recurrent laryngeal nerve inserts into the larynx just 
caudad to the caudad edge of the cricothyroideus mus
cle, so the superior pole of thyrOid can be mobilized 
cephalad to this muscle without worrying about dam

age to this nerve (Fig. 108-1). Even a nonrecurrent 
recurrent laryngeal nerve, which occurs on the right 
side with an incidence of only 1 %, still inserts into the 
larynx caudad to the cricothyroideus muscle. The 
nerve can bifurcate, but generally it doe!t.so within 
about 1 cm of its insertion into the larynx. Gross iden
tification of the nerve is aided by the presence of a 
vaso vasorum that looks like a "red racing stripe" on 
the anterior surface of the nerve. The nerve runs 
slightly obliquely in the tracheoesophageal groove. 
Structures running along this course are not the infe
rior thyrOid artery (which is a misnomer). This artery 
actually corresponds in position to the middle thyrOid 
vein. Unfortunately, the nomenclature suggests to the 
novice that the artery should be running from an in
ferior location cephalad to the thyrOid, whereas it runs 
transversely in the neck. The recurrent laryngeal nerve 
is most commonly injured at the ligament of Berry, as 

Fig. 108-1 
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the nerve can be closely adherent to or even run 
through the substance of the ligament. 

Preserving the Superior 
Laryngeal Nerve 

The motor branch of the superior laryngeal nerve 
may descend low and anterior to, interdigitate with 
branches of, or be enveloped in the same fascial 
sheath as the superior thyroid artery (Fig. 108-2). 
This makes injury to the nerve possible particularly 
during thyroid lobectomy. It is less of a problem dur
ing parathyroidectomy but still must be borne in 
mind. Some surgeons verify the position of this 
nerve on the basis of electrical stimulation to see 
movement of the cricothyroideus muscle. 

Preserving Normal Parathyroid Tissue 

The neck should be explored on both sides before 
excising or biopsying tissue. Parathyroids that are 
normal grossly should not be excised. We tend to 
be conservative in our operations, preferring to ex
cise only abnormally enlarged parathyroids and 
biopsy the next largest normal parathyroid. Gross 
identification of the parathyroids is adequate if the 
surgeon is experienced. 

OPERATIVE TECHNIQUE 

Incision and Exposure 

Mark a line (a skin crease or one of Langer's lines) 
using a suture at the base of the neck with the pa-

Fig. 108-2 

tient sitting in a comfortable position (with arms 
folded in the lap) to achieve the best cosmetic re
sult. Lightly scratch the mark with a Keith needle, 
and wipe the mark with an alcohol sponge to elicit 
Lewis' triple response. To wait until the patient is 
supine and then mark the incision belies the fact that 
most people see the patient erect. The shift in the 
skin line when they do become supine varies two 
to three fmgerbreadths above the sternal notch, and 
the depth of the sternal notch varies from patient to 
patient, making the incision line variable in its ulti
mate location. 

Place a folded sheet longitudinally along the tho
racic spine to allow the shoulders to roll laterally. 
Extend the neck gently with a rolled towel under
neath the neck and the patient's head in a donut or 
padded support. Move the patient to the barber 
chair pOSition with arms at the side and flexion at 
the hips and the knees. 

Make a skin incision 7-8 cm long with a No. 15 
blade (see Fig. 107-4). Divide the subcutaneous tis
sues and platysma muscle transversely. Elevate sub
platysmal skin flaps cephalad to the notch of the thy
roid cartilage and caudad to the sternal notch (see 
Fig. 107-5). Incise the investing layer of the deep 
cervical fascia in the midline from notch to notch 
(see Fig. 107-6). Separate the strap muscles from 
each other and from their contralateral partners. Di
vide the areolar tissue between the thyroid and the 
strap muscles. Dividing the strap muscles trans
versely is not required. 

Identify Crossing of the Inferior 
Thyroid Artery and the Recurrent 
Laryngeal Nerve 

Mobilize the thyroid lobe medially to separate it from 
the carotid sheath (see Fig. 107-8). The middle thy
roid vein need not be divided, especially as subse
quent localization for a missed adenoma by angiog
raphy and venous sampling for the PTH assay is 
helped by being able to sample this vein. The re
current laryngeal nerve runs posterior (most com
monly) or anterior to the inferior thyroid artery and 
sometimes even interdigitates with branches of the 
artery. The relation of the inferior thyroid artery and 
recurrent laryngeal nerve is important because we 
locate the parathyroids relative to the crossing of the 
nerve and the artery. 

Find the nerve low in the neck and trace it cepha
lad by careful blunt dissection anterior to the nerve. 
This generally allows you to find and preserve the 
bifurcation and avoid injury to the nerve at the lig
ament of Berry. 



Identifying Inferior and 
Superior Parathyroids 
The two parathyroids on each side are often sur
prisingly close to each other. The superior parathy
roids are usually juxtacricoidal, and the inferior 
parathyroids are usually within a 2 cm radius of the 
inferior pole of the thyroid. Inspect the posterior 
capsule of the thyroid and the areas posterior and 
lateral to the thyroid. A reddish-brown color is the 
visual clue to an adenoma. It is different in appear
ance from the thyroid, bits of fat, or lymph nodes. 
The normal parathyroid is yellow-brown and gener
ally tongue-shaped, although it can have other 
shapes. Gently palpate these areas to detect masses. 
Follow the course of the recurrent laryngeal nerve. 
Inspect and palpate both sides of the neck to de
termine if you are dealing with a solitary adenoma 
or multiglandular disease. It may be necessary to mo
bilize the superior pole of the thyroid to find the su
perior parathyroid. 

Resecting the Adenoma 
Mobilize the adenoma from surrounding tissues 
sharply with the electrocautery unit, making sure 
you have preserved the recurrent laryngeal nerve. 
Divide the hilar blood supply to the adenoma be
tween clamps and ties of fme permanent sutures. Do 
not grasp the adenoma with forceps, which would 
increase the chance of breaking the capsule, leading 
to implantation of parathyroid tissue and recurrent 
hypercalcemia. 

Biopsying Normal Parathyroid 
Biopsy the next largest parathyroid gland. Place a 
gauze sponge around the parathyroid to adsorb any 
parathyroid cells dropped from the biopsy (Fig. 
108-3). Mobilize the antihilar one-third to one
fourth of the parathyroid sharply and excise it as a 

Fig. 108-3 
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biopsy. The cut edge of a parathyroid typically 
bleeds uniformly, which helps with its identification. 
Control the bleeding with a hemostatic clip, which 
also marks the position of this gland. Remove and 
discard the sponge after it has sopped up serum and 
free cells. Irrigate the area with sterile water to lyse 
any loose parathyroid cells. 

Subtotal Parathyroidectomy 

The term "three and a half gland parathyroidectomy" 
is imprecise and should be abandoned. First fashion 
a well vascularized remnant of the most normal
looking parathyroid away from the recurrent laryn
geal nerve. Excise tissue sharply from the antihilar 
end until the remnant is about 50 mg (5 X 3 X 2 
mm). Mobilize and excise each of the other parathy
roids sequentially, looking back to confirm the via
bility of the original remnant before excising the 
next gland. If this remnant is not viable, fashion an
other well vascularized remnant from one of the re
maining glands. This practice provides four oppor
tunities to obtain a well vascularized remnant. 
Cryopreserve all parathyroid tissue removed and not 
given to the pathologist. 

Total Parathyroidectomy 
with Autotransplantation 
Remove all four parathyroids. Set aside parathyroid 
tissue for autotransplantation immediately (on ice) 
or after cryopreservation (slow freezing). 

Make a longitudinal incision in the volar aspect 
of the nondominant forearm. Sharply divide subcu
taneous tissues down to the fascia of the forearm 
musculature. Create 12-15 pockets in the volar as
pect of the forearm musculature using the electro
cautery unit for the fascia and careful blunt dissec
tion in the direction of the muscle fibers to avoid 
eschar and hematoma formation, respectively. 
Mince a parathyroid into 1 X 1 X 1 mm pieces. Place 
each piece in an individual muscle pocket, and close 
it over with a fme permanent suture; mark it with a 
hemoclip. Close the skin with absorbable subcutic
ular sutures and adhesive skin strips. 

Sequence for an Unfound Adenoma 
Explore for the adenoma in all the usual locations. 
Follow the branches of the inferior thyroid artery, 
which can be a clue to its location. Gently pull on 
an enlarged branch of the inferior thyroid artery go
ing to a suspected adenoma after you have found 
three normal parathyroids. Incise the thyroid cap
sule over any area of discoloration that might be due 
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Fig. 108-4 
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to devascularization of an intrathyroidal parathyroid. 
Mobilize the thyrothymic ligament to help mobilize 
the cervical thymus to search for an intrathymic 
parathyroid adenoma. Inspect and palpate behind 
the pharynx and esophagus. Open the carotid sheath 
to inspect for parathyroids associated with the va
gus nerve. Inspect and palpate again along the em
bryologic course of the parathyroids from the hyoid 
bone to the aortic arch. 

Perform a thyroid lobectomy on the side of a miss
ing superior parathyroid adenoma. The technique is 
similar to that shown in Chapter 107. 

Perform a cervical thymectomy for a missing in
ferior parathyroid adenoma. Grasp thyrothymic fat 
and thymus with ring forceps. Sharply mobilize the 
adenoma off the trachea between the recurrent la
ryngeal nerves as far caudad as you can reach. 
Bluntly mobilize it from underneath the manubrium 
aided by a rocking, back-and-fourth motion of the 
ring forceps grasping the tissue (Fig. 108-4). Excise 
this tissue. 

Closure 

Achieve hemostasis using a hot scalpel or by fme 
suture-ligatures for bleeding close to the recurrent 
laryngeal nerve. Close the strap muscles in layers 
with interrupted absorbable sutures and the invest
ing layer of the deep cervical fascia with a running 
absorbable suture. Close the platysma muscle with 
interrupted absorbable sutures, and approximate the 
skin edges with Michel clips or subcuticular ab-

Reoperation 

Reoperation may be indicated if the patient does not 
achieve normocalcemia and has significant disease. 
Localization studies are required. If the suspected 
adenoma is localized to one side, incise the invest
ing layer of deep cervical fascia between the strap 
muscles and the sternocleidomastoid muscle on that 
side (Fig. 10~5). Dissect down to the carotid 
sheath. Divide or mobilize and retract the omohyoid 
muscle. Find the recurrent laryngeal nerve. Ap
proach the thyroid from its lateral aspect, avoiding 
scars from the previous operation. If the suspected 
adenoma has not been localized, reexploration on 
both sides is necessary. Do this in a systematic way, 
exploring the usual locations first, as the missing ade
noma is usually there. 

A partial or full median sternotomy is almost 
never done at the initial exploration but may be nec
essary if the suspected adenoma is in the chest. In
cise the skin vertically in the midline from the mid
point of the low collar incision to the third 
intercostal space or to the xiphOid process. Place a 
fmger behind the sternum. Cut the manubrium and 
the sternum with a vibrating saw in the midline af
ter dividing the muscles. Retract the sternum. The 
sternum should be closed with wire sutures. 

sorbable sutures and adhesive skin strips. Fig. 108-5 



POSTOPERATIVE CARE 

Cover the incision with a dry sterile dressing. Give 
clear liquids the night of the operation, and advance 
some patients to a regular diet if tolerated. Check 
them closely for upper airway obstruction and signs 
of damage to the parathyroids or laryngeal nerves. 
Check the serum calcium level daily. Incisional pain 
is tolerable and responds to acetaminophen with or 
without codeine. 

Dialyze patients with secondary hyperparathy
roidism 1-2 days after operation using regional he
parinization. Check the serum potassium and cal
cium levels the evening of the operation and daily 
thereafter in these patients. 

COMPUCATIONS 

Bleeding is a possibility after any neck exploration 
and is of vital concern when it causes tracheal com
pression and respiratory compromise. It usually man
ifests the evening of operation as dyspnea and is 
managed by evacuating the hematoma emergently 
using a sterile clamp that has been taped to the bed 
for just this possibility. Take the patient to the op
erating room to explore the neck. Usually no single 
bleeding point is found. 

There are several causes of upper airway ob
struction in addition to hematoma. The most com
mon is soft tissues, usually the tongue, falling pos
teriorly. This complication typically occurs in the 
recovery room and is usually reversed by the chin 
lift or jaw thrust maneuver. Laryngospasm is also 
possible particularly early after operation and is of
ten relieved by the same maneuvers but may require 
reintubation. Recurrent laryngeal nerve palsy, par
ticularly bilaterally, can cause upper airway ob
struction. It is typically seen right after operation but 
may be delayed because of swelling, causing paresis 
of the nerve 1-2 days postoperatively. It may require 
reintubation or tracheostomy. Tracbeomalacia can 
also cause upper airway obstruction. It is due to soft
ening of the trachea owing to the presence of a long
standing goiter; it is not common with hyper
parathyroidism. Finally, laryngeal tetany can cause 
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upper airway obstruction because of hypocalcemia 
from hypoparathyroidism. It responds quickly to par
enteral calcium. 

Recurrent laryngeal nerve palsy can arise sim
ply from dissecting the nerve (without a direct in
jury). Identifying the recurrent laryngeal nerve at op
eration may increase the chance of temporary palsy 
but probably decreases the chance of permanent 
palsy. A nerve transection during neck exploration 
should be repaired using magnification, microsurgi
cal instruments, and fine permanent sutures to ap
proximate the neurilemmal sheath. 

Superior laryngeal nerve palsy is uncommon
or perhaps it is uncommonly detected. It should be 
a problem only to patients who use their voice pro
fessionally, such as the opera star Amelita Galli-Curci, 
whose career was cut short by injury to this nerve 
at thyroidectomy. 

Patients may develop bypocalcemia as the dis
ease reverses itself after successful parathyroidec
tomy. It is usually temporary and responds to par
enteral and oral calcium. Give calcium chloride or 
calcium gluconate 1 g N and then calcium carbon
ate 1.5 g PO qid. For significant hypocalcemia, I usu
ally add Rocaltrol 0.25-0.50 p.g PO qd. If the serum 
calcium is normal 1-2 weeks postoperatively on oral 
calcium alone, the calcium dose can usually be ta
pered and stopped or reduced to replacement doses 
given for optimal bone health. 
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INDICATIONS 

Establishing an emergency airway when oral or nasal 
endotracheal intubation cannot be achieved 

PREOPERATIVE PREPARATION 

Like tracheotomy, cricothyroidotomy is simpler to 
perform in a patient who has already been orally in
tubated, but many cricothyroidotomy procedures 
are performed under emergency conditions where 
no preoperative preparation is possible. 

PITFALLS AND DANGER POINTS 

Erroneous incision in thyrohyoid membrane. A dan
gerous error, occasionally incurred by a neophyte 
under conditions of excitement, is to make the in
cision above the thyroid cartilage in the thyrohyoid 
membrane instead of below it in the CricothyrOid re
gion. This mistake may cause serious damage to the 
structures of the larynx. When learning to do this 

operation, remember that the incision is made at the 
lower border of the thyrOid cartilage between the 
thyroid and the cricoid cartilages. 

Failure to control subcutaneous bleeding. Occa
sionally a vein in the subcutaneous space is tran
sected. The veins should be ligated or electrocau
terized to avoid postoperative bleeding. In the 
emergency setting, venous bleeding may be tem
porarily controlled by pressure or packing. Defmi
tive hemostasis can then be obtained after the pa
tient is stabilized. 

OPERATIVE STRATEGY 

Because cricothyroidotomy is often performed in an 
emergency situation, local infiltration of the anes
thetic into the skin over the cricothyroid membrane 
is usually employed. In desperate situations, of 
course, no anesthesia is necessary. 

Because the most dangerous error is making the in
cision in the wrong place, avoid this problem by grasp
ing the lateral margins of the thyroid cartilage between 
the thumb and the middle finger of the left hand us-

/ 
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/ 
I 

Fig. 109-1 
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ing the tip of the index finger to palpate the space be
tween the lower margin of the thyroid cartilage and 
the upper margin of the cricoid. With this maneuver, 
one can accurately pinpoint the proper site for the in
cision. Under conditions of desperate emergency in 
the field without instruments, it is possible to perform 
this procedure with a sharp penknife by inserting the 
tip of the blade through the skin and the cricothyroid 
membrane with one motion. Then twist the blade 
700 _900 to provide a temporary airway until some type 
of tube can be inserted into the trachea. 

OPERATIVE TECHNIQUE 

Place a folded sheet under the patient's shoulders to 
elevate them 4-8 cm above table level. This extends 
the neck somewhat. After the usual skin preparation, 
grasp the lateral margin of the thyroid cartilage be-

f 

tween the thumb and the middle finger of the left Fig. 109-2 

hand. Palpate the cricothyroid space accurately with 
the tip of the index fmger; then infiltrate the line of 
the incision with local anesthesia. Make a 2 cm long 
transverse incision in the cricothyroid space. Carry 
the incision down to the cricothyroid membrane. 
Occlude any bleeding points with ligatures or el c
trocoagulation. Use a scalpel with a o. 15 blade to 
stab the cricothyroid membrane (Figs. 109--1, 
109--2). Enlarge the stab wound with a malJ he
mostat or a Trousseau dilator. if available. Then in
sert heavy Mayo scissors into the inci ion and pread 
the tissues transversely (Fig. 109--3) until th op n-

Fig. 109-3 
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Fig. 109-4 

ing is sufficiently large to insert a low-pressure cuff 
tracheostomy tube, generally 8 mm in diameter (Fig. 
109-4), Fix the tube in place and maintain it in the 
same manner as employed for intubation through 

the traditional tracheostomy incision. Closure of the 
skin wound is generally not necessary. 

POSTOPERATIVE CARE 

See Chapter 110. 

COMPIlCATIONS 

Peristomal bleeding 

Transient hoarseness 

Infection, cellulitis 

SubglottiC stenosis has not been seen unless the 
patient had undergone preoperative endotracheal in
tubation for more than 7 days or had an inflamma
tory condition of the larynx prior to operation. 
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INDICATIONS 

Upper airway obstruction 

Radical oropharyngeal or thyroid surgery 

Severe laryngeal trauma 

Long-term ventilatory support 

PREOPERATIVE PREPARATION 

Pass an oral or nasal endotracheal tube preopera
tively whenever possible. 

PITFAllS AND DANGER POINTS 

Injury to the cricoid or first tracheal ring during 
surgery 

Inadequate hemostasis 

Asphyxia 

OPERATIVE STRATEGY 

Because most tracheostomy operations are per
formed with an orotracheal or nasotracheal tube in 
place, local or general anesthesia may be used. With 
an indwelling endotracheal tube in place, the risk of 
anoxia during tracheostomy is virtually eliminated. 
If for some reason an endotracheal tube is not in 
place, be certain hemostasis is adequate before 
opening the trachea. Otherwise, blood may pour 
into the tracheal stoma, obstructing the airway. Al
ways have an adequate suction apparatus available 
during tracheostomy. 1bis is one reason a cricothy
roidotomy is a better operation during an emergency 
situation when an endotracheal tube has not been 
passed. 

If the incision in the trachea is made in the area 
of the first ring or the cricoid cartilage, there is a 
high risk of subglottic stenosis after the tra
cheostomy tube has been removed. It should be rec-

ognized that the opening in the trachea made by the 
tracheostomy tube heals by cicatrization, incurring 
the risk of mild narrowing of the trachea at the site 
of the tracheostomy. If this occurs in the subglottic 
region, corrective therapy is extremely difficult. For 
this reason, take every precaution to avoid inciSing 
or injuring the first ring or cricoid cartilage. 

A low tracheostomy incision (e.g., in the fourth) 
may also entail unnecessary risk for the patient. Pres
sure exerted by the tip or cuff of the tube may erode 
into the innominate artery, resulting in massive he
morrhage into the trachea with prompt asphyxiation 
of the patient. This risk is especially applicable in 
children, where the innominate artery is relatively 
close to the tracheostomy site. 

OPERATIVE TECHNIQUE 

Endotracheal Tube 

Virtually all patients should have an endotracheal 
tube in place prior to undergoing tracheostomy. 

Incision and Exposure 
Position the patient with a folded sheet underneath 
the shoulders so the neck is extended. Although 
some surgeons believe that a horizontal skin incision 
produces a better scar, the generally preferred inci
sion is a vertical one beginning at the level of the 
cricoid and continuing in a caudal direction for 
about 4-5 cm. 1bis incision gives better exposure 
and access. Carry the incision through the subcuta
neous fat and the platysma muscle directly over the 
midline of the trachea, exposing the sternohyoid 
muscles. Achieve complete hemostasis with elec
trocautery and PG ligatures. Now elevate the strap 
muscles and make a vertical incision down the mid
line separating these two muscles. Carry the incision 
down to the upper trachea and expose and divide 
the capsule of the thyrOid gland. Clamp, divide, and 
ligate all veins in this vicinity. Identify the thyroid 
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'C"~r---+-~;-- Cricoid carti lage 
econd lrachcal ring 

F+-------',...-.Thyroid isthmus 

Fig. 110-1 

isthmus. This bridge of tissue crosses the trachea 
generally in the vicinity of the third tracheal ring 
(Figs. 110-1, 110-2). 

Identifying the Tracheal Rings 

Clearly visualize the cricoid cartilage and the ftrst tra
cheal ring. Preserve these two structures from in
jury. Occasionally, it is possible to retract the thy
roid isthmus in a cephalad direction to expose the 
second and third tracheal rings. In most cases, it is 
necessary to free the thyroid isthmus from the tra
chea by sliding Metzenbaum scissors underneath the 
isthmus and elevating it. Then divide the isthmus be-
tween clamps and insert suture-ligatures to maintain 
complete hemostasis. This maneuver clearly reveals 
the identity of the second and third tracheal rings 
(Fig. 110-3). 

Opening the Trachea 
Ensure that hemostasis is complete. Also check the 
tracheostomy tube and cuff and that the suction ap
paratus is functioning. 

In some cases incising only the second ring pro
vides an adequate tracheostomy opening, but gener
ally it is necessary to incise both the second and third 
rings. This procedure is facilitated by inserting a sin
gle hook retractor to elevate the upper portion of the 
second ring. Insert a scalpel with a No. 15 blade to 
incise the membrane transversely just above the sec
ond ring. Then divide the second ring with the 
scalpel (Fig. 110-3) and the third ring if necessary. 

Fig. 110-2 

Inserting Tracheostomy Tube 
Retract the edges of the trachea by inserting a he
mostat, two small hook retractors, or a Trousseau 
three-pronged retractor (Fig. 110-4). Because most 
tracheostomy operations require insertion of a tube 
with a large balloon cuff for mechanical ventilation, 
be certain to apply a water-soluble lubricant to the 
tip of the tracheostomy tube and cuff; then insert the 
tube into the tracheal incision (Fig. 110-5) while 
the anesthesiologist extracts the nasotracheal tube. 

Never divide the frrst ring or the cricoid cartilage. Fig. 110-3 



Fig. 110-4 

Insert a suction catheter into the tracheostomy tube 
and aspirate mucus from the bronchial tree. Attach 
an oxygen line to the tracheostomy tube if necessary. 

Closure 

Some surgeons routinely place one or two sutures 
through the tracheal incision and leave them long, 
protruding from the wound. If the tracheostomy 
tube is dislodged prematurely, these sutures greatly 
facilitate reinsertion. 

Reapproximate the sternohyoid muscles in the 
midline with interrupted 4-0 PG sutures. Insert sev
eral additional sutures to reapproximate the 
platysma muscle; then close the skin loosely with in
terrupted 4-0 nylon sutures. Suture the tracheostomy 
tube to the skin in two places. As soon as is practi
cable, tie the cotton tapes together at the back of 
the patient's neck to guarantee ftxation of the tra
cheostomy tube. 

Postoperative Care 917 

Fig. 110-5 

POSTOPERATIVE CARE 

Humidilled air is necessary to prevent crusting of se
cretions and eventual obstruction of the tra
cheostomy tube. Use lightweight swivel connectors 
to attach the tracheostomy tube to the ventilator to 
avoid unnecessary pressure on the trachea at the 
stoma. 

If the tracheostomy tube must be changed within 
the ftrst one or two postoperative weeks, be certain 
to have instruments available for instant endotra
cheal intubation or emergency cricothyroidotomy if 
difficulty is encountered when reinserting a tra
cheostomy tube. Remember, the track between the 
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skin and the tracheal stoma is not established for a 
variable number of days after the operation. After 
premature decannulation, the tracheal stoma typi
cally retracts deep into the neck, where it is ex
tremely difficult to fmd. This procedure must not be 
performed by the inexperienced. 

When it is necessary to change the tracheostomy 
tube, first place the patient in a recumbent position 
with a sheet or sandbag underneath the shoulders. 
This maneuver extends the head and neck, bringing 
the tracheal stoma closer to the skin incision. Only 
with the patient in this position and with good light 
and suction at hand should the old tracheostomy 
tube be removed and replaced. Never attempt this 
maneuver during the first two postoperative weeks 
with the patient in a sitting position. 

COMPLICATIONS 

Hemorrhage following tracheostomy may occur as 
a result of the surgeon's having failed to ligate the 
bleeding points in the wound. The problem mani
fests as bleeding around the tracheostomy tube. A 
far more serious type of hemorrhage may occur late 
in the postoperative period, the result of the tip of 
the tracheostomy tube or the balloon cuff eroding 
through the anterior wall or the trachea into the in
nominate artery. This is a life-threatening complica
tion manifested by arterial bleeding into the trachea. 
Emergency management of this condition depends 
on temporarily controlling the bleeding by inflating 
the balloon cuff. If inflating the cuff around the tra
cheostomy tube does not promptly control the 
bleeding, remove it and immediately insert an oro
tracheal tube. Secure immediate control of the bleed
ing by passing an index fmger into the tracheostomy 
stoma and occluding the bleeding site against the 
underside of the sternum. Sometimes inflating the 
cuff of the orotracheal tube is sufficient to control 
the bleeding temporarily. Emergency resection of 
the innominate artery with suture of both ends may 
be necessary for defmitive repair of the fistula, with 

resection also of the damaged trachea in some cases. 
Subcutaneous emphysema may be avoided if the tis
sues are not sutured too snugly against the tra
cheostomy tube. There may be some air leakage be
tween the trachea and the tracheostomy tube. If this 
air has access to the outside, subcutaneous emphy
sema does not occur. 

Stenosis may occur sometime after the tra
cheostomy tube has been removed. The stenosis 
may be at the tracheal stoma or in the area of the 
trachea occluded by the balloon cuff. Strictures at 
the stoma level may be minimized by making the in
cision in the trachea as small as possible. Constric
tions lower in the trachea have been virtually elim
inated by large-volume, low-pressure balloon cuffs. 
If a patient who has undergone a period of me
chanical ventilation with a tracheal tube ever devel
ops signs of an upper airway obstruction (stridor, 
wheezing, shortness of breath), a stricture of the tra
chea should be strongly suspected. A lateral radi
ograph of the neck can disclose an upper tracheal 
stricture, and an oblique chest radiograph should 
identify lower tracheal lesions. Computed tomog
raphy or magnetic resonance imaging provide bet
ter imaging details. Tracheal resection and anasto
mosis may be necessary for serious strictures. A 
granuloma may be resected through a bronchoscope 
utilizing the laser in some cases. 

Wound infection, pneumothorax (rare), and ac
cidental displacement of the tracheostomy tube 
may also occur. 
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Illustrated Glossary of 
Surgical Instruments 

Jamal Hoballah 

Instruments used during open surgery are shown first, followed by instruments used during laparoscopic 
surgery. 

Fig. G-l. Catheter, Coucte tip. 
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Fig. G-2. Clamps: Allen (1); Allis (2, 3); Babcock (4). 

10 

Fig. G-3. Clamp: DeMartel (surgical legacy instrument). 
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Fig. G-4. Clamps: Doyen noncrushing intestinal, linen-shod. 
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Fig. G-5. Clamps, hemostatic: Halsted (1, 2); Crile (3, 4); Adson (tonsil) (5). 
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Fig. G-6. Clamps, hemostatic: Kelly. 

o 

Fig. G-7. Clamps, hemostatic: Mixter right angle. 
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Fig. G-S. Clamps: kidney, right angle (1); bronchus (2); Moynihan (3). 

2 
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Fig. G-9. Clamps: Kocher (1); Satinsky (2). 
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Fig. G-IO. Dilators, Bakes (surgical legacy instruments). 
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Fig. G-ll. Drains: latex (1); sump, Shiley (2); closed-suction, Jackson-Pratt (3); Hemovac (4). 

2 
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Fig. G-12. Forceps: Debakey (1); Brown-Adson (2). 
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Fig. G-13. Forceps: gallstone (Randall) (surgical legacy instruments). 
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Fig. G-14. Knots: square (1); granny (2); surgeon's (3). 
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Fig. G-15. lloyd-Davies leg rests. 

.. 
Fig. G-16. Needle-holders, straight. 
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Fig. G-17. Needle-holder, Stratte. 

Fig. G-IB. Needle-holder, Stratte, grasping an atraumatic suture. 
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Fig. G-19. Plastic drape being inserted. 

Fig. G-20. Plastic drape in place. 
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Fig. G-21. Retractor: "chain." 

Fig. G-22. Retractor, Gelpi. 
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Fig. G-23. Retractors, Hill-Ferguson. 

I ! 
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Fig. G-24. Retractor, self-retaining: Balfour. 
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Fig. G-25. Retractor, self-retaining: Farr. 

/ 
Fig. G-26. Retractor, Thompson. 
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Fig. G-27. Retractor, Upper Hand. 
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Fig. G-28. Scissors: Potts (1); Mayo (2); Metzenbaum (3, 4, 5). 
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Fig. G-29. Scoops, pituitary (surgical Jegacy instrument). 

2 

o 10 

Fig. G-30. Sponge-holder with 10 X 10 cm gauze square (1); peanut sponge (Kuttner) dissector (2). 
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Fig. G-31. Stapler, circular. 

Fig. G-32. Stapler, circular, sizers. 

Fig. G-33. Stapler, purse-string instrument for circular stapler. 
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Fig. G-34. Stapler, linear cutting. 

Fig. G-35. Stapler, linear (55 mm). 

Fig. G-36. Stapler, linear (90 mm). 
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Fig. G-37. Stapler, skin. 

Fig. G-38. Electrocautery, hook tip. 

Fig. G-39. Grasper, atraumatic. 

Fig. G-40. Laparoscopes, straight and angled. 
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Fig. G-41. Laparoscopic cholecystectomy instruments. A. Claw to grasp and remove gallbladder from the abdomi
nal cavity. B. Large-mouth stone forceps. C-G. Various shapes of grasping and dissecting forceps. 

Fig. G-42. Laparoscopic clamp, Babcock. 

Fig. G-43. Pretied suture ligature. 
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Fig. G-44. Scissors, curved tip. 

Fig. G-45. Stapler, linear, cutting. 

= 

Fig. G-46. Suction-irrigator. 

Fig. G-47. Trocar, disposable, assembled. 
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Fig. G-48. Trocar, disposable, disassembled to show parts. The central trocar has a plastic safety sheath. The outer 
cannula has a port for insufflation. The grip screws into the skin and subtaneous tissue to anchor the trocar. 

Fig. G-49. Trocar, Hassan. (Reproduced, by permission, from Scott-Conner CEH (ed) The SAGES Manual: Funda
mentals of Laparoscopy and GI Endoscopy. New York, Springer-Verlag, 1999.) 

Fig. G-50. Ultrasonic shears, tip. 
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Fig. G-51. Ultrasonic shears, tip. The fixed blade is the active blade and becomes hot during use. 

Fig. G-52. Veress needle. 
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Abdominal abscess 
drainage of, 810 
laparotomy for, 814 

Abdominal closure 
Roux-en-Y biliary-enteric bypass 

and, 630-631 
sphincteroplasty and, 617 
splenectomy and, 738-739 

Abdominal dissection, 475 
Abdominal incision 

for abdominoperineal 
proctectomy, 484-485 

closure of, 15/-16/ 
Smead-Jones stitch for, 31 
for total colectomy, 477-478 

Abdominal pain, 667-668 
Abdominal sepsis, 807-808 
Abdominal surgery 

cholecystectomy and, 568 
incision for, 21-22 

Abdominal wounds. See also Wound 
dehiscence 

contaminated, 48 
infection of, 796 

Abdominoperineal proctectomy 
indications for, 484 
operative strategy for, 484 
operative technique for, 484-488 
pitfalls related to, 484 

Abdominoperineal resection 
complications of, 464-465 
indications for, 450 
operative strategy for, 450-452 
operative technique for 

body pOSition, 452 
colostomy, 461-463 
incision and exploration, 452 
mobilization of sigmoid, 453 
pelvic floor management, 

458-461 
pelvic hemostasis, 453 
perineal dissection, 453-458 

pitfalls related to, 450 
postoperative care, 463-464 
preoperative preparation for, 

450 
Abscess 

abdominal,810,814 
acute pilonidal, 556 
anorectal, 537 
breast, 821, 835 
colorectal cancer and, 372 

drainage and, 65 
during esophagectomy, 101 
intersphincteric, 538-539 
intraabdominal, 473 
ischiorectal, 538 
loop ileostomy and, 483 
paraareolar, 821, 835 
pelvirectal supralevator, 539-540 
peptic ulcer and, 285-286 
perianal, 523, 537-538 
subhepatic and hepatiC, 585 
subphrenic, 751 

Absorbable sutures, 34-35, 781 
Accessory spleen, 733, 738 
Achalasia 

esophagomyotomy for, 206, 207f, 
208 

length of myotomy for, 205 
treatment of, 78-79 

Adenocarcinoma, rectal, 369 
Adenoma 

exploration of, 909-910 
resection of, 909 

Adenomatous polyposis (APe) gene 
mutations, 364 

Adenomatous polyps, 366 
Adjuvant radiation, 370 
Adjuvant radiotherapy, 867 
Afferent loop syndrome, 282-283 
Airway obstruction, upper, 911, 

915-918 
Alkaline reflux gastritis, 282 
Ampullary stenosis, 606 
Anal anastomosis, 378 
Anal fissures 

causes of, 519 
treatment of, 523, 546-547 

Anal stenosis 
avoiding, 528 
complications of, 552 
indications for treating, 548 
operative strategy for treating, 548 
operative technique for treating, 

548-552 
pitfalls related to, 548 
postoperative care, 552 
preoperative preparation for, 548 

Anaplastic thyroid carcinoma, 885 
Anastomosis. See also specific types 

choledochoduodenal, 620-622 
colocolonic functional end-to-end, 

416-418 

colorectal, 412-416 
contraindications to, 332 
drainage and, 65-66 
end-to-end,409-412 
end-to-end two-layer, 407-408 
end-to-end vs. end-to-side, 

103-104 
esophageal, 70, 303 
esophagocolonic, 145 
esophagojejunal, 317-318 
factors for safe, 373-374 
gastroduodenal, 267-269 
gastrointestinal, 65-66 
hepaticojejunal, 688-689 
ileocolic two-layer sutured end-to-

end, 391-394 
interrupted sutures for, 28 
intestinal, 33-34 
open one-layer, 335 
open two-layer, 332-335 
pancreaticojejunal, 674-675, 

683-688 
precautions for, 42-43 
preventing complications of, 

419-420 
vs. staged procedures, 372-373 
stapled, 34, 38, 41-42, 394-395 
stenosis of, 631 
supraaortic, 118-122 
suture material for, 28 
sutured,34 
technique, 401 

Anastomotic leaks 
causes of, 77-78 
complications of, 221 
during esophagectomy, 101 
esophagogastrectomyand, 103 
indications for treating, 215 
operative strategy for treating, 215 
operative technique for treating, 

215-221 
pancreatic cyst and, 715 
perforations and, 76-77 
pitfalls related to, 215 
postoperative care, 221 
preoperative preparation for, 215 
reoperation for fixing, 78 
subtotal colectomy and, 473 

Anatomic left hepatectomy, 656-657 
Anatomic planes, 26-27 
Anatomic right hepatectomy, 

651-655 

945 
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Anesthesia. See General anesthesia; 
Local anesthesia 

Anoplasty 
indications for, 548 
operative strategy for, 548 
operative technique for, 548-552 
pitfalls related to, 548 
preoperative preparation for, 548 

Anorectal abscess 
combining fistulotomy with 

drainage of, 537 
management of, 537-538 

Anorectal disease, 517-518 
Anorectal fistula 

complications of, 545 
indications for treating, 536 
operative strategy for treating, 

536-537 
operative technique for treating, 

537-545 
pitfalls related to, 536 
postoperative care, 545 
preoperative preparation for, 536 

Anterior resection 
indications for, 419 
operative strategy for, 419-424 
operative technique for, 424-426 
pitfalls related to, 419 
preoperative preparation for, 419 

Antibiotics 
after appendectomy, 357 
oral,49 
perioperative, 48 
topical, 50 
wound irrigation with, 50 

Anticholinergic medications, 668 
Antimicrobial prophylaxis, colorectal 

cancer and, 369 
Antireflux operation 

failed, 75, 193-194 
for gastroesophageal reflux, 74 
trocar placement for, 162/ 

Antireflux valve, testing, 159, 180 
Antrectomy 

with bile diversion, 194 
vagotomy and, 681-690 

Anus, squamous carcinoma of, 369 
Appendectomy 

for appendicitis, 329 
complications of, 350-351, 357 
indications for, 344, 352 
operative strategy for, 344, 352 
operative technique for, 352-356 

appendiceal stump inversion, 
348-349 

appendiceal stump ligation, 348 
appendix delivery, 347 
appendix removal, 356 
body position during, 352-353 
closure technique, 350, 

356-357 
exposure during, 353 
incision, 344-347 
mesoappendix delivery, 

347-348 
retrocecal appendix 

management, 356 

ways to secure appendix, 
353-356 

pitfalls related to, 344, 352 
postoperative care, 350, 356-357 
preoperative preparation for, 344, 

352 
Appendiceal stump 

inversion of, 348, 349f 
ligation of, 348 
management of, 344 

Appendicitis, diagnosis and 
treatment of, 329 

Appendix 
delivery of, 347 
management of retrocecal, 356 
removal of, 356 

Arcuate ligament 
dissection of, 173-174 
identification of, 177-178 

Arrhythmias, 101 
Atelectasis after gastric surgery, 229 
Axillary lymphadenectomy. See 

Lymphadenectomy 
Axillary node dissection (AND), 821 

breast cancer and, 864-865 
extent of, 865 

Axillary surgery 
ductal carcinoma in situ (DCIS) 

and, 864 
issues related to, 865-866 
purpose of, 865 

Axillary vein dissection, 848-850, 
855-856 

Backhand motion, 5, 7/ 
Baker tube stitchless plication, 

342-343 
Barotrauma, 77 
Bassini technique, 750 
Benign strictures, bile duct injuries 

and, 570 
Bifurcation tumors, 636-637 
Bilateral hernias, 771, 776 
Bilateral mastectomy, 824 
Bile, drainage and, 65 
Bile diverting operations 

complications of, 199 
indications for, 193 
operative strategy for, 193-194 
operative technique for, 194-199 
pitfalls related to, 193 
preoperative preparation for, 193 

Bile duct injuries 
benign strictures and, 570 
cholangiography and, 566 
cholecystectomy and, 568, 

594-595 
prevention of, 586-587 

Bile ducts 
anomalies of extrahepatic, 

572-573 
avoiding injury to, 573-574 
preservation of, 649 

Bile fistula, 665 
Bile leaks 

after cholecystectomy, 568-569, 
595-596 

after common bile duct 
exploration, 608 

after Roux-en-Y biliary-enteric 
bypass, 631 

cholecystectomy and, 584-585 
prevention of, 598 

Bile reflux gastritis, 231 
Biliary decompression, 669-670 
Biopsy. See Breast biopsy 
Bipolar cautery, 45 
Bladder dysfunction, 448 
Bladder injury 

inguinal hernia and, 753 
laparoscopic herniorrhaphy and, 

777 
Bladder obstruction, 464-465 
Bleeding 

from abdominal wall, 62 
cholecystectomy and, 586 
hemorrhoidectomy and, 534 
hemorrhoids and, 527 
pancreatic resection and, 664-665 
parathyroidectomy and, 911 
rectal, 523 
retroperitoneal, 57, 594 
splenectomy and, 746 

Bleeding control. See Hemostasis 
Bleeding duodenal ulcer 

complications of, 251 
indications for treating, 244 
operative strategy for treating, 

244 
operative technique for treating, 

244-251 
preoperative preparation for, 244 

Bleeding vessel, hemostatic figure-of
eight stitch for, 31 

Body position 
during abdominoperineal 

proctectomy, 484-485 
during abdominoperineal 

resection, 451-452 
during anterior resection, 424 
during appendectomy, 352-353 
during esophagectomy, 81-85 
during esophagogastrectomy, 

104-108 
during hemorrhoidectomy, 530 
during laparoscopic 

esophagomyotomy,210 
during laparoscopic surgery, 52, 

53/ 
during Nissen fundoplication, 

161-162 
during operative technique, 5-15 
during TAPP technique, 773 
during Thiersch operation, 554 
during transhiatal esophagectomy, 

133 
Boerhaave syndrome, 77 
Bone marrow aspiration, 866 
Bowel anastomosis 

Connell stitch for, 32-33 
continuous locked stitch for, 32 
continuous simple over-and-over 

stitch for, 30 
Halsted stitch for, 32-33 



single layer, 31 
stapled anastomosis and, 41-42 

Bowel mobilization, 337-338 
Bowel obstruction 

large, 372 
small, 326-327 

Bowel preparation(s) 
mechanical, 369 
strategies, 48-49 

Bowel wall, repair of damage to, 
340-341 

Braun enteroenterostomy, 229 
BRCA l/BRCA2 mutations, 825 
Breast abscess, 821, 835 
Breast biopsy 

lumpectomy following previous, 
839 

mastectomy and, 843 
of nonpalpable breast lesions, 836 
options for, 819-820 
of palpable mass, 836 

Breast cancer 
axillary lymph node anatomy and, 

841 
axillary surgery for, 864-865 
factors to consider for treating, 865 
invasive, 821 
male, 825 
treatment approaches, 821-822 

Breast-conservation surgery (BCS), 
821-822 

Breast mass excision 
complications of, 830 
indications for, 828 
operative strategy for, 828-829 
operative technique for, 829-830 
postoperative care, 830 
preoperative preparation for, 828 

Breast surgery 
breast abscess and, 821 
breast biopsy options and, 

819-820 
breast cancer and, 821-826 
excision of ducts and, 820-821 
paraareolar abscess and, 821 

Cancer. See also specific types 
gastric, 227-228 
synchronous, 368 
thyroid, 885 

Carcinoembryonic antigen (CEA) 
levels, 368 

Carcinoma 
at anastomotic margin, 374 
anus, 369 
cardia region, 69, 74 
ductal, 820, 823 
epidermoid, 78 
esophagus, 70-71 
follicular, 885 
lobular, 820, 823-824 
medullary thyrOid, 885 
mucoepidermoid, 883 
rectal, 369 
unresectable, 70 

Catheter, CoudC tip, 921f 
Cautery, hemostasis with, 45 

Cavitron ultrasonic aspirator (CUSA), 
475 

Cecal volvulus, 363 
Cecostomy, 376 

complications of, 497 
indications for, 495 
operative strategy for, 495 
operative technique for, 495-497 
pitfalls related to, 495 
postoperative care, 497 
preoperative preparation for, 495 

Celiac axis dissection, 300 
Cervical esophagostomy 

esophageal diversion by, 218-219 
esophageal occlusion methods 

without, 218 
Cervical esophagus dissection, 145 
Chain retractor, 19, 20/ 
Cheatle slit, 33, 374-375 
Chemotherapy, induction, 825 
Chest wall dissection, 856-857, 871 
Cholangiography 

CBD exploration and, 601 
common errors of, 579-580 
cystiC duct, 575, 578-579 
intraoperative, 566, 587-588 
for treating cholecystitis, 576 

Cholangitis, 631 
Cholecystectomy 

bile leak after, 568-569 
cirrhosis and, 567 
coagulopathy and, 568 
complications of, 584-585, 

594-596 
contraindications to, 586 
hepatic duct division and, 702, 

703/ 
incision for, 22 
indications for, 572, 586 
instruments, 94lf 
open vs. laparoscopic, 565-566 
operative strategy for 

anomalies of extrahepatic bile 
ducts, 572-573 

avoiding hemorrhage, 574 
avoiding injury to bile ducts, 

573-574 
cystic duct cholangiography, 575 
laparoscopic approach, 

586-588 
ligating hepatic artery 

inadvertently, 574 
management of cystic duct, 576 
modifications in, 575-576 

operative technique for 
common errors of operative 

cholangiography, 579-580 
cystic duct cholangiography, 

578-579 
dissecting cystic duct, 577-578 
drainage and closure, 584 
gallbladder dissection, 580-582 
incision, 576-577 
laparoscopic approach, 

588-594 
ligating cystic artery, 580 
palpating CBD, 583-584 
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pancreatoduodenectomy and, 679 
pitfalls related to, 572, 588 
postoperative care, 584, 594 
during pregnancy, 567 
preoperative preparation for, 572, 

586 
previous abdominal surgery and, 

568 
sphincteroplasty and, 617 

Cholecystitis, 575-576, 597 
Cholecystocholangiography, 566 
Cholecystostomy 

vs. cholecystectomy, 576 
complications of, 599 
contraindications to, 597 
indications for, 597 
operative strategy for, 597 
operative technique for, 598-599 
pitfalls related to, 597 
postoperative care, 599 
preoperative preparation for, 597 

Choledochoduodenostomy 
complications of, 622 
contraindications to, 619 
indications for, 619 
operative strategy for, 619-620 
operative technique for, 620-622 
pitfalls related to, 619 
postoperative care, 622 
preoperative preparation for, 619 
vs. transduodenal 

sphincteroplasty, 569-570 
Choledochojejunostomy, 624-628 
Choledocholithiasis, 569 
Choledocholithotomy 

indications for, 611 
operative strategy for, 611 
operative technique for, 612 
pitfalls related to, 611 
preoperative preparation for, 611 

Choledochoscopy, 603-605 
Cholelithiasis, 565 
Chromic catgut material, 34 
Chronic pancreatitis. See Pancreatitis 
Chronic perineal sinus, 465 
Chylothorax, 138 
Circular stapling device, 41 
Cirrhosis, 567 
Clamps 

Adson,923/ 
Allen, 922/ 
Allis, 922/ 
Babcock, 922/ 
bronchus, 925/ 
Crile,923/ 
DeMartel, 922/ 
Doyen noncrushing intestinal, 

923/ 
Halsted, 923/ 
Kelly, 9241 
Kocher, 925/ 
laparoscopic, 941f 
Mixter right angle, 9241 
Moynihan, 925/ 
right angle, 925/ 
Satinsky, 925/ 

Closed-suction drain, 64 
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Closure 
abdominal, 15f-16f, 159, 285 
after abscess drainage, 812-815 
after appendectomy, 350 
after cholecystectomy, 584 
after colectomy, 395-396 
after common bile duct 

exploration, 607 
after diverticulectomy, 635 
after esophagectomy, 101 
after esophagogastrectomy, 

129-131 
after esophagomyotomy, 209 
after gastrectomy, 280-281 
after ileostomy, 482 
after jejunum interposition, 150 
after lymphadenectomy, 871 
after mastectomy, 850-851 
after pancreatectomy, 713-714 
after parathyroidectomy, 910 
after parotidectomy, 893 
after thyroidectomy, 903 
after tracheostomy, 917 
after transhiatal esophagectomy, 

136-137 
duodenal, 269-270, 273-274 
ileostomy, 475 
mesentery, 335 
of midline incision, 25 
wound,50 

CoagulopathY' 568 
Colectomy 

left 
indications for, 397 
operative strategy for, 398-401 
operative technique for, 

401-418 
pitfalls related to, 398 

right 
complications of, 396 
indications for, 383 
operative strategy for, 383-386 
operative technique for, 

386-396 
pitfalls related to, 383 
postoperative care, 396 
preoperative preparation for, 

383 
sigmoid, 508-509 
subtotal 

complications of, 473 
indications for, 466 
operative strategy for, 466 
operative technique for, 

466-473 
pitfalls related to, 466 
postoperative care, 473 
preoperative preparation for, 

466 
total 

abdominal, 366 
mucosal proctectomy combined 

with, 476-478 
Colitis 

Crohn's, 365 
indeterminate, 366, 373 

ischemic, 363 
ulcerative, 365-366 

Cologastrostomy, 141-144 
Colon 

dissection of, 467-469 
division of, 407 
esophageal replacement and, 

71-72 
liberation of, 319-320 
mobilization of, 431 
transverse, 499 
volvulus of, 362-363 

Colon and rectal surgery 
for benign conditions 

diverticular disease, 361-362 
familial polyposis and 

hereditary colon cancer 
syndromes, 364-365 

inflammatory bowel disease, 
365-366 

ischemic colitis, 363 
polyps, 366-367 
rectal prolapse, 363-364 
volvulus, 362-363 

cancer surveillance and, 378 
for malignant conditions 

anastomosis vs. staged 
procedures, 372-375 

colorectal cancer, 367-369, 
371-372 

intestinal pouch reservoirs and, 
375 

intestinal stomas and, 375-377 
squamous carcinoma of anus, 

369-371 
postoperative care, 377-378 
pouch surveillance and, 378-379 

Colon cancer 
left colectomy for 

indications for, 397 
operative strategy for, 398-401 
operative technique for, 

401-418 
pitfalls related to, 398 

right colectomy for 
complications of, 396 
indications for, 383 
operative strategy for, 383-386 
operative technique for, 

386-396 
pitfalls related to, 383 
postoperative care, 396 
preoperative preparation for, 

383 
Colon interposition 

long segment 
advancing colon segment for, 

144-145 
closure, 147 
cologastrostomy for, 141-144 
colon dissection for, 139-141 
dissecting cervical esophagus 

for, 145 
esophagocolonic anastomosis 

and, 145 
estimating colon length for, 141 

pyloromyotomy for, 144 
retrosternal passage of colon 

transplant and, 145-147 
short segment, 147 

Colonic diverticulitis. See 
Diverticulitis 

Colonic perforation, 371 
Colonoscopy 

for colorectal cancer, 368 
for gastrointestinal bleeding, 362 
for ischemic colitis, 363 

Colorectal anastomosis 
circular stapled low, 437-443, 

446-448 
Cushing sutures for, 9f, llf-12f, 

31-32 
double-stapled technique for, 

443-446 
side-to-end low, 431-437 
stapled, 412-416 
which one to choose, 420 

Colorectal cancer 
anastomosis vs. staged procedures 

and, 372-373 
benign or malignant conditions 

related to, 367-368 
considerations during operations 

for, 371 
handling complex situations in, 

371-372 
management of, 367 
neoadjuvant therapy for, 369 
patient evaluation for, 368-369 
recurrence patterns in, 378 
surgical approach for, 369-371 
synchronous lesions in, 367, 368 

Colostomy 
abdominoperineal resection and, 

450-451, 461-462 
care, 464 
complications of, 465 
temporary, 502-505 
transverse, 498-500 

Colotomy, 368 
Colovesical fistulas, 362 
Common bile duct, prevention of, 

568 
Common bile duct exploration 

complications of, 608-610 
indications for, 600 
operative strategy for, 600-601 
operative technique for 

checking for ampullary stenosis, 
606 

cholangiography, 601 
choledochoscopy, 603-605 
choledochotomy incision, 602 
completion cholangiogram, 607 
drainage and closure, 607 
exploring process, 602-603 
insertion of T-tube, 606-607 
Kocher maneuver, 601-602 
sphincterotomy for impacted 

stones, 605-606 
pitfalls related to, 600 
postoperative care, 607-608 



preoperative preparation for, 600 
sphincteroplasty and, 614 

Connell stitch, 32-33 
Constipation, 512 
Contaminated operation. See Surgery 
Continuous locked stitch, 32 
Continuous simple over-and-over 

stitch, 30 
Continuous subcuticular stitch, 30 
Cooper's ligament repair 

indications for, 763 
introduction to, 750 
operative strategy for, 763 
operative technique for, 763-767 

Core biopsy, 819-820 
Cricopharyngeal myotomy, 200, 

203-204 
Cricothyroidotomy 

complications of, 914 
indications for, 886, 912 
operative strategy for, 912-9l3 
operative technique for, 913-914 
pitfalls related to, 912 
preoperative preparation for, 912 

Crile hemostat, 18 
Crohn's disease 

anal fissures and, 519 
Kock continent ileostomy and, 

377 
management of, 365 
small bowel resection and, 

325-326 
Crural sutures, 177 
CT scanning 

for colorectal cancer, 368 
for diverticulitis, 361 
for evaluating fistulas, 537 
for identifying abdominal abscess, 

810 
for ischemic colitis, 363 
for parotid tumors, 883 

Cushing stitch, 31-32 
Cushing sutures, 9f, 11/-12/ 
Cyclooxygenase-2 (COX-2) 

inhibitors, 367 
Cystic artery, ligating, 580 
Cystic duct 

dissection of, 577-578 
management of, 576 

Cystic neoplasms of pancreas, 671 
Cystogastrostomy, 716-717 
Cystojejunostomy, 717-718 

Deep vein thrombosis, 569 
Delayed gastric emptying 

after gastric surgery, 229-230 
after Roux-en-Y biliary-enteric 

bypass, 632 
pancreatoduodenectomy and, 694 

Diabetes, endocrine dysfunction 
and, 666 

Diabetes mellitus, 714 
Diarrhea after gastrectomy, 230 
Dilators, Bakes, 926f 
Dissection 

abdominal, 475 

anatomic planes, 26-27 
of anterior nerve of latarjet, 

240-241 
axillary vein, 848-850, 855-856 
azygos vein, 133 
breast tissue, 829 
celiac axis, 300 
cervical, l33 
cervical esophagus, 145 
chest wall, 856-857, 871 
colon, 139-141, 467-469 
cystic duct, 577-578 
duodenal, 265-266 
duodenum, 270-271 
esophagocardiac junction, 

305-306 
fascial, 503 
femoral artery, 874-875 
gallbladder, 575-576, 580-582, 

589-590 
gastric tip, l32 
gastroepiploic artery, l32 
greater curvature, 259-260 
during hemorrhoidectomy, 

530-532 
hepatic artery node, 300-301 
hernial sac, 799-800 
hiatal, 113 
hiatus, 162, 164-166 
inguinal canal, 783-784 
jejunum, 683 
laparoscopic, 58 
lymph node, 304-305 
lymphovascular, 420-422, 453 
median arcuate ligament, 173-174 
membranous trachea, l32 
mesenteric vein, 676-679 
omental, 386-387 
parathyroid gland, 900-901 
perineal, 452, 455-458 
peritoneal, 503 
pharyngoesophageal diverticulum, 

202-203 
portal vein, 676-679 
of posterior nerve of latarjet, 

241-242 
presacral, 423-424, 428-431, 453, 

511 
rectal, 475, 485 
recurrent laryngeal nerve, 132 
sewing technique and, 27-29 
splenic flexure, 402-404 
transhiatal, l33-l36 
transversalis, 757-758 
of uncinate process, 681-683 
ureteral, 424 

Distal gastrectomy 
for gastric ulcer, 225-226 
for preventing gastroesophageal 

reflux, 75 
Diverticular disease 

colorectal cancer and, 367-368 
management of, 361-362 

Diverticulectomy 
complications of, 635 
indications for, 633 
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necessity of, 200 
operative strategy for, 633 
operative technique for, 633-635 
pitfalls related to, 633 
postoperative care, 635 
preoperative preparation for, 633 

Diverticulitis 
colonic, 506-509 
management of, 361-362 
symptoms of, 361 

Diverticulosis 
defmed,361 
gastrointestinal bleeding and, 

362 
Diverticulum, pharyngoesophageal, 

75-76 
Drainage 

abscess, 812-815 
after cholecystectomy, 584 
after choledochoduodenostomy, 

622 
after common bile duct 

exploration, 607 
after diverticulectomy, 635 
after gastrectomy, 280-281 
after ileostomy, 482 
after lymphadenectomy, 871 
after myotomy, 204, 209 
after pancreatectomy, 7l3-714 
after parotidectomy, 893 
after sphincteroplasty, 617 
ductal, 569 
esophageal perforations and, 76 
extraserous subcostal, 811-812 
methods of, 65-66 
percutaneous, 65 
Roux-en-Y biliary-enteric bypass 

and, 630-631 
tract infection, 64 

Drains 
closed-suction, 64 
gauze pack as, 64 
latex, 927/ 
Penrose, 63 
polyethylene, 63 
pro and cons of, 63 
purpose of, 63 
silicone tube, 63 

Dressings, wound, 50 
Duct excision, 820 

complications of, 835 
indications for, 831 
operative strategy for, 831 
operative technique for, 831-834 
postoperative care, 835 
preoperative preparation for, 831 

Ductal carcinoma in situ (DCIS), 
820, 823 

axillary surgery and, 864 
microscopic invasion and, 

864-865 
Ductal hyperplasia (ADH), 820 
Ductoplasty,617 
Ductular ectasia, pancreatitis and, 

666, 671 
Dumping syndrome, 230, 283 
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Duodenal fistula 
gastrectomy and, 281 
sphincteroplasty and, 614, 

617-618 
Duodenal stenosis, 272 
Duodenal ulcer 

bleeding, 244-251 
management of, 226-227 
perforated by, 287-290 
postoperative, 631-632 

Duodenojejunostomy 
Roux-en-Y reconstruction, 

194-197 
Roux-en-Y switch operation, 

197-199 
Duodenostomy, catheter, 272-273 
Duodenotomy, 226 

closing, 617 
diverticulectomy and, 633-635 
sphincterotomy and, 615 -617 

Duodenum 
dissection of, 270-271 
indications for resection of, 319 
obstruction, 286 
operative strategy for resection of, 

319 
operative technique for resection 

of,319-322 
perforations, 284, 284-285 
postoperative care after resection, 

322 
preoperative preparation for 

resection of, 319 
Duodenum division 

gastrectomy and, 266-267 
radical subtotal gastrectomy and, 

301-302 
total gastrectomy and, 304-305 

Duodenum-preserving pancreatic 
head resection, 668-669 

Duval procedure, 669 
Dysphagia 

after esophagomyotomy, 209 
postoperative, 152 

Elective lymph node dissection 
(ELND) , 866 

Electrocautery 
as a cutting device, 17 
hemostasis with, 45 
hook tip, 940/ 

Electrocoagulation, 370 
End-colostomy 

primary resection with, 507-508 
sigmoid colectomy with, 508-509 

End-ileostomy 
complications of, 492 
indications for, 489 
operative strategy for, 489 
operative technique for, 489-492 
pitfalls related to, 489 
postoperative care, 492 

Endocavitary irradiation (papillon 
technique), 371 

Endocrine dysfunction, 666 
Endoprostheses, 372 

Endoscopic retrograde 
cholangiography (ERC), 
566-567 

Endoscopic retrograde 
cholangiopancreatography 
(ERCP),662 

Endoscopic ultrasonography (EUS), 
661 

Enteroenterostomy, Braun, 229 
Enterolysis 

for intestinal obstruction, 337-341 
for small bowel obstruction, 

326-327, 342 
Epidermoid carcinoma, 78 
Equipment and supplies for surgery, 

52, 62 
Esophageal anastomosis, 303 
Esophageal fistula, 204 
Esophageal mobilization, 85 

gastric fundus and, 154-157 
laparoscopic esophagomyotomy 

and, 210-211 
Nissen fundoplication and, 

166-167 
stomach and, 181 

Esophageal myotomy, 203-204 
Esophageal perforation(s) 

after vagotomy, 237 
avoiding, 182 
complications of, 221 
indications for treating, 215 
laparoscopic esophagomyotomy 

and,210 
management of, 76-77 
operative strategy for treating, 215 
operative technique for treating, 

215-221 
pitfalls related to, 215 
postoperative care, 221 
preoperative preparation for, 215 
at various anatomic levels, 77 

Esophageal spasm, diffuse, 208 
Esophageal surgery 

carcinoma of cardia region and, 
69 

carcinoma of esophagus and, 
70-71 

carcinoma of middle and upper 
and,69-70 

esophageal replacement and, 
71-72 

hernia and, 72-74 
Esophageal trauma, avoiding, 234 
Esophagectomy 

closure of, 101 
complications of, 101 
operative strategy for, 81 
operative technique for 

advancement of stomach into 
right chest, 92-94 

esophagogastric anastomosis, 
95-99,100/ 

esophagus mobilization, 85 
incision and pOSition, 81-85 
Kocher maneuver, 88-90 
pyloromyotomy, 91 

stomach mobilization, 85, 
87-88 

postoperative care, 101 
preoperative preparation for, 81 
transhiatal 

closure of, 136-137 
complications of, 137-138 
indications for, 132 
operative strategy for, 132-133 
operative technique for, 

133-137 
pitfalls related to, 132 
postoperative care, 137 
preoperative preparation for, 

132 
Esophagitis 

postoperative alkaline, 303-304 
reflux, 104, 209 

Esophagocardiac orifice, calibrating, 
174 

Esophagocolonic anastomosis, 145 
Esophagogastrectomy 

bile diversion after, 194 
closure of, 129-131 
operative strategy for, 102-104 
operative technique for 

enlargement of hiatus, 116, 
117/ 

enlargement of thoracic 
incision, 118-122 

esophagogastric anastomosis, 
122-127 

gastric mobilization, 11 0-113 
hiatal dissection, 113 
incision and position, 104-108 
Kocher maneuver, 114 
liberation of esophagus, 

108-110 
pyloromyotomy, 114 
splenectomy, 110 
stabilizing gastric pouch, 

127-129 
transection of stomach and 

esophagus, 114-116 
pitfalls related to, 102 

Esophagogastric anastomosis 
cervical, 97-99, 100/ 
Cushing sutures for, 9-10 
esophagectomy and, 95-97 
stapling technique for, 104, 

122-127 
Esophagogastric junction 

esophageal fibrosis and, 152-153 
mobilization of, 174-177 

Esophagogastroduodenoscopy, 289 
Esophagojejunal anastomosis, 

317-318 
Esophagojejunostomy 

end-to-side stapled, 312-314 
end-to-side sutured, 307, 308f, 

309, 31Of, 311-312 
jejunum interposition and, 148 

Esophagomyotomy 
complications of, 209 
indications for, 205 
laparoscopic, 210-214 



operative strategy for, 205 
operative technique for, 206-209 
postoperative care, 209 
preoperative preparation for, 205 

Esophagostomy 
anterior thoracic, 219-220 
cervical, 218-219 
suturing, 219 

Esophagus 
carcinoma of, 69-71 
cervical, 77, 145 
dissection of, 162, 164-166 
liberation of, 108-110, 184 
motility disorders of, 79 
replacing or bypassing, 71-72, 

139-150 
resection of diseased, 148 
thoracic, 77 
transection of, 114-116 

Excisional biopsy, 820 
Exocrine insufficiency, 666 
Exposure 

during abscess drainage, 811-812 
during appendectomy, 353 
during colectomy, 401 
during duodenojejunostomy Roux

en-Y switch operation, 
197-199 

during esophageal perforation 
surgery, 215-216 

during esophagomyotomy, 206 
during esophagostomy, 218-219 
during gastrectomy, 303 
during hepatic resection, 649, 

650f,651 
during ileoanostomy, 475-476 
during inguinal hernia, 754-755, 

783 
during lymphadenectomy, 874 
during myotomy, 200-202 
during pancreatectomy, 709-710 
during parathyroidectomy, 908 
during parotidectomy, 889 
during posterior gastropexy, 174 
during thyroidectomy, 896-898 
during total colectomy, 477-478 
during total gastrectomy, 304 
during tracheostomy, 915-916 
during vagotomy, 235, 239 
during vagotomy and antrectomy, 

194 
hiatus, 162, 163f 
retractors for achieving, 19-21 
steps to obtain good, 19 

External hemorrhoids 
described, 517 
symptoms and management of, 

523-524 
Extrasphincteric fistula, 522, 544 

Facial nerve 
dissection of, 891-892 
locating and preserving, 888-891 
resection, 883-884 

Familial adenomatous polyposis 
(FAP), 364, 368 

Fascial dissection, 503 
Fecal continence 

anorectal disease and, 518 
mucosectomy and, 475 
preserving, 537 

Fecal incontinence, 513 
Femoral artery dissection, 874-875 
Femoral hernia 

causes of, 750 
complications of, 795 
indications for treating, 789 
operative strategy for treating, 789 
operative technique for treating, 

790-795 
pitfalls related to, 789 
postoperative care, 795 
preoperative preparation for, 789 
repair of, 751 

Femoral vein injury, 753 
Fibrin sealant, 46 
Fine-needle aspiration 

for breast biopsy, 819 
for parotid tumors, 883 

Finney pyloroplasty 
for duodenal ulcer, 250-251 
introduction to, 244 

Finney stricturoplasty, 328 
Finochietto retractor, 19 
Fistula-in-ano, management of, 523 
Fistulas. See also specific types 

colorectal cancer and, 372 
colovesical, 362 
duodenal, 281 
esophageal, 204 
extrasphincteric, 522, 544 
high blind track, 540-543 
intersphincteric, 520f, 540-543 
intestinal, 808 
paraareolar, 821 
salivary, 893 
sigmoid mucous fistula and, 

470-471 
simple low, 540 
suprasphincteric, 520, 522f, 

543-544 
transsphincteric, 520, 521f, 543, 

544 
Fistulotomy 

anorectal abscess drainage and, 
537 

vs. fistulectomy, 537 
hemorrhoids and, 523-524 
hints for performing, 544-545 

Fixed retractors, 19 
Follicular carcinoma, 885 
Foot pOSition for operative 

technique, 5-15 
Forceps 

Brown-Adson, 927/ 
Oebakey,927/ 
gallstone, 928/ 
how to hold and use, 17 

Forehand motion, 9 
Forehand suturing, 5 
Fracture, transverse, 743 
Frey procedure, 669 
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Frey syndrome, 884 
Fundoplication. See also Nissen 

fundoplication 
intrathoracic, 75 
laparoscopic esophagomyotomy 

and, 214 
suture line disruption, avoiding, 

152 
suturing, 157-159 
tightness and length issues, 152 
for treating gastroesophageal 

reflux, 74 

Gallbladder 
bed, 580-582 
decompressing, 575 
dissection of, 575-576, 589-590 
gangrene of, 597 
removal of, 591-594 
as an unrecognized source of 

sepsis, 565 
Gallstones 

after gastrectomy, 232 
cholelithiasis for treating, 565 
diagnosis of, 565 
emptying, 598-599 

Gas bloat syndrome, 152 
Gas embolus, 62 
Gastrectomy 

bile reflux gastritis after, 231 
diarrhea after, 230 
distal, 75 
dumping syndrome after, 230 
gallstones after, 232 
gastric stasis after, 230-231 
metabolic problems after, 

232-233 
operative strategy for 

avoiding wound infection, 259 
Billroth I vs. Billroth II 

reconstruction, 258 
Billroth II: duodenal stump, 

258-259 
ligating bleeding point in 

duodenal ulcer, 259 
splenic trauma, 259 

operative technique for 
complications of, 281-283 
drainage and closure, 280-281 
duodenal closure, 273-274 
duodenal dissection, 265-266, 

270-271 
duodenal division, 266-267 
duodenal pathology evaluation, 

259 
duodenal stump closure, 

269-274 
gastric vessels division, 260-261 
gastroduodenal anastomosis, 

267-269 
gastrojejunal anastomosis, 

274-280 
greater curvature dissection, 

259-260 
incision, 259 
stomach division, 261-265 
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Gastrectomy (Continued) 
pitfalls related to, 258 
postoperative care, 281 
radical subtotal 

complications of, 302 
indications for, 295 
operative strategy for, 295-299 
operative technique for, 

299-302 
pitfalls related to, 295 
postoperative care, 302 
preoperative preparation for, 

295 
Roux syndrome after, 231-232 
total 

complications of, 317-318 
indications for, 303 
operative strategy for, 303-304 
operative technique for, 

304-317 
pitfalls related to, 303 
postoperative care, 317 
vs. subtotal, 227 

Gastric anastomosis 
Lembert stitch for, 31 
stapling devices for, 39-41 

Gastric bezoar, 695 
Gastric bleeding 

gastrojejunostomy and, 257 
pancreatoduodenectomy and, 695 

Gastric cancer 
gastrectomy for, 227 
introduction to, 227 
laparoscopy for, 228 
lymphadenectomy for, 227-228 
splenectomy for, 228 

Gastric fundus 
esophageal mobilization and, 

154-157 
hiatal hernia and, 151 

Gastric lymphadenectomy, 296 
Gastric outlet obstruction (GOO), 

226, 281-282 
Gastric stasis 

after gastrectomy, 230-231 
after vagotomy, 237 

Gastric surgery 
abnormalities after, 230-233 
complications of, 229-230 
drainage procedure for, 228-229 

Gastric ulcer, 225-226 
Gastric vessels 

division of, 168-169, 260-261 
transthoracic gastroplasty and, 

187-188 
Gastroduodenal anastomosis, 

267-269 
Gastroduodenostomy 

Billroth I vs. Billroth II, 228-229 
duodenal stump closure by, 274 

Gastroesophageal reflux, 192 
Gastroesophageal reflux disease 

(GERD) 
evaluation of, 73 
fundoplication for treating, 74 
postoperative, 238-239 

Gastrointestinal anastomosis, 65-66 
Gastrointestinal bleeding 

diverticulitis and, 362 
operation for, 506-509 

Gastrointestinal tract, excluding 
esophagus from, 220-221 

Gastrojejunal anastomosis 
Billroth II, 274-278 
Lembert sutures for, 5, 13/-1 'if 
by stapling technique, 278-280 
suture technique, 252-255 

Gastrojejunostomy 
Billroth I vs. Billroth II, 229 
complications of, 257 
indications for, 252 
loop, 229 
operative strategy for, 252 
operative technique for, 252-257 
pancreatoduodenectomy and, 

689-690 
pitfalls related to, 252 
vs. pyloroplasty, 228 
reversal of, 251 
Roux-en-Y, 194 
Roux-en-Y biliary-enteric bypass 

and, 628-629 
Gastropexy, posterior 

complications of, 180 
indications for, 173 
operative strategy for, 173-174 
operative technique for, 174-180 
pitfalls related to, 173 
postoperative care, 180 

Gastroplasty, transthoracic 
indications for, 181 
operative strategy for, 181-182 
operative technique for 

closing hiatal defect, 190, 191/ 
complications of, 192 
dilating esophageal stricture, 

186-187 
dividing gastric vessels, 187 
excising hernial sac, 184-186 
gastroplasty, 187-188 
incision, 182-184 
liberating esophagus, 184 
modified Nissen fundoplication, 

188-190 
pitfalls related to, 181 
postoperative care, 192 
preoperative preparation for, 181 

Gastrostomy 
indications for, 291 
operative strategy for, 291 
operative technique for, 291-294 
for peptic ulcer, 227 

Gauze pack 
as drain, 64 
hemostasis and, 45 

General anesthesia 
anorectal fistula and, 536 
cholecystostomy under, 597-598 
for hernia, 749-750, 782 

Gentamicin, contaminated operation 
and, 50 

Goiter, management of, 884 

Goodsall's rule, 536 
Grasper, atraumatic, 940/ 
Graves' disease, 900, 901 
Groin hernia, 749 
Gustatory sweating, parotidectomy 

and, 893 

Halsted hemostat, 18 
Halsted stitch, 32 
Halsted technique, 782, 783 
Harrington retractor, 19 
Hartmann coloproctectomy, 365 
Hasson cannula, 56-57 
Head and neck surgery 

cricothyroidotomy and, 886 
parathyroid and, 886-886 
parotid gland and, 883-884 
thyroid and, 884-886 
tracheostomy and, 887 

Heineke-Mikulicz pyloroplasty 
incision for, 246 
introduction to, 244 
stapling, 248, 249/ 
suturing, 246-248 

Heineke-Mikulicz stricturoplasty, 328 
Helicobacter infection, 225 
Helicobacter pylori, 225, 226 
Hematologic disorders, 727, 732 
Hematoma 

prevention of, 238 
Shouldice technique and, 761 
thyroidectomy and, 904 
total duct excision and, 835 

Hematuria, 777 
Hemigastrectomy, 194 
Hemobilia, CBD exploration and, 

609 
Hemorrhage 

abdominoperineal resection and, 
464 

avoiding, 181-182,574 
CBD exploration and, 608-609 
cholecystectomy and, 585 
control of, 46 
hepatic resection and, 648-649, 

657 
intraoperative, 596 
pancreatoduodenectomy and, 

673-674, 695 
pilonidal disease and, 560-561 
preperitoneal, 753 
prevention of, 423 
sphincteroplasty and, 613-614 
splenectomy and, 732-733 
transhiatal esophagectomy and, 

138 
Hemorrhoidectomy, 523 

complications of, 534-535 
indications for, 528 
operative strategy for, 528-529 
operative technique for, 529-534 
pitfalls related to, 528 
postoperative care, 534 
preoperative preparation for, 528 

Hemorrhoids 
external, 517, 523-524 



internal, 517-518, 522-523, 
525-527 

Hemostasis 
abdominoperineal resection and, 

452 
during laparoscopic surgery, 

58-60 
pelvic, 431, 453 
techniques for achieving, 44-46, 

528 
Hemostatic agents 

fibrin sealant, 46 
how to apply, 18 
metallic clips, 44-45 
topical, 45-46, 743-744 

Hemostatic figure-of-eight stitch, 31 
Hepatectomy 

anatomic left, 656-657 
anatomic right, 651-655 

Hepatic duct, division of, 702, 703/ 
Hepatic duct bifurcation carcinoma, 

570 
complications of, 642 
indications for treating, 635 
operative strategy for treating, 635 
operative technique for treating, 

635-642 
pitfalls related to, 635 
postoperative care, 642 
preoperative preparation for, 635 

Hepatic metastasis, 663 
Hepatic resection 

complications of, 657 
indications for, 644 
operative strategy for, 644-649 
operative technique for, 649-657 
pitfalls related to, 644 
postoperative care, 657 
preoperative preparation for, 644 

Hepaticojejunal anastomosis, 
688-689 

Hepaticojejunostomy 
pancreatoduodenectomy and, 706 
Roux-en-Y biliary-enteric bypass 

and, 624-628 
Hepatobiliary surgery 

benign strictures and ductal 
injuries and, 570 

choledocholithiasis and, 569-570 
cholelithiasis and, 565-569 
liver resection and, 571 
periampullary and bile duct 

malignancies and, 570 
Hereditary nonpolyposis colorectal 

cancer (HNPCC) syndrome, 
364-365 

Hernia. See also specific types 
bilateral, 771, 776 
groin, 749 
mobilizing gastric fundus for 

repairing, 151 
paraesophageal, 73 
posttraumatic, 72 
reflux disease and, 72-73 
sliding hiatus, 73-74 
vagotomy and, 235 

which operation for which type 
of, 750-751 

wound dehiscence and, 22-23 
Hiatus 

closure of, 168 
dissection of, 162, 164-166 
exposure of, 162, 163/ 

Hiatus hernia. See Hernia 
High blind track fistula, 540-543 
Horizontal mattress stitch, 31 
H-pouch reservoir, purpose of, 375 
Hypercalcemia, management of, 886 
Hypercapnia, 57 
Hypercarbia, 62 
Hyperparathyroidism 

primary, 886, 906 
secondary, 906 

Hyperplastic polyp, 366 
Hyperthyroidism, 884, 894 
Hypocalcemia 

management of, 886 
parathyroidectomy and, 911 

Hypoparathyroidism, 885-886, 904 
Hypotension, 57 
Hypothyroidism, 904 

Ileal reservoir, constructing, 476, 
478-481 

Ileoanal anastomosis 
complications of, 483 
contraindications to, 474 
indications for, 474 
operative strategy for, 474-476 
operative technique for 

constructing ileal reservoir, 
478-482 

drainage and closure, 482 
loop ileostomy, 482 
proctectomy combined with 

colectomy, 476-478 
pitfalls related to, 474 
postoperative care, 483 
preoperative preparation for, 474 

Ileoanostomy, exposure during, 
475-476 

Ileoproctostomy, 471-473. See also 
Colectomy 

Ileostomy 
mucocutaneous fixation of, 492 
placement of, 466-467 
sigmoid mucous fistula and, 

470-471 
sit selection, 489 

Incision(s) 
abdominal, 15/-16j, 21-22 
for abdominoperineal resection, 

452 
for anoplasty, 548, 550-551 
for anterior resection, 424 
for appendectomy, 344-347 
for bile diverting operation, 194 
bowel mobilization and, 337-338 
for breast mass excision, 829 
for cecostomy, 495 
for cholecystectomy, 576-577 
for cholecystostomy, 598 
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for choledochoduodenostomy, 
620 

for choledocholithotomy, 612 
choledochotomy,602 
for colectomy, 386, 401 
for diverticulectomy, 633 
for draining abscess, 811-812 
for duodenojejunostomy Roux-en

Y switch operation, 197-199 
for end-ileostomy, 489-490 
for esophageal perforation 

surgery, 215 
for esophagectomy, 81-85 
for esophagogastrectomy, 

104-108 
for esophagomyotomy, 206 
for esophagostomy, 218-219 
esophagus, 139 
for femoral hernia, 793 
for gastrojejunostomy, 252 
for hemorrhOidectomy, 530-532 
for hepatic resection, 649, 650, 

651 
for inguinal hernia, 754, 783 
for jejunum interposition, 

147-148 
for lymphadenectomy, 869-870, 

874 
for mastectomy, 853 
McBurney, 22 
for myotomy, 200-202 
for Nissen fundoplication, 153 
for palpable mass biOpsy, 836-837 
for pancreatectomy, 709-710 
for pancreatoduodenectomy, 675, 

697 
for parathyroidectomy, 908 
for parotidectomy, 889 
perineal, 486-488 
for plication technique, 284 
for posterior gastropexy, 174 
for pyloroplasty, 245 
relaxing, 765 
for Ripstein operation, 510-511 
for Roux-en-Y biliary-enteric 

bypass, 625 
for single duct excision, 831-832 
skin flaps and, 841, 843-845 
for sphincteroplasty, 614 
for splenectomy, 734, 741 
for subtotal colectomy, 467 
for temporary colostomy, 502-503 
for Thiersch operation, 554 
thoracic, 118-122 
thoracoabdominal, 102-103 
for thyroidectomy, 896-898 
for total gastrectomy, 304 
for tracheostomy, 915-916 
for transthoracic gastroplasty, 

182-184 
for transverse colostomy, 498-499 
transverse vs. vertical, 796 
for vagotomy and antrectomy, 

194, 235, 239 
wound dehiscence and, 22-23 

Incisionai biopsy, 820 
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Incontinence, anorectal disease and, 
518-519 

Indeterminate colitis, 366 
Indeterminate colitis, management 

of,373 
Induction chemotherapy, 825 
Infection(s). See also Wound 

infection 
drainage tract, 64 
grafted area, 860 
Helicobacter, 225 
perineal, 519 

Infectious complications 
introduction to, 47 
surgical technique's impact on, 49 

Inflammatory bowel disease 
Crohn's disease, 365 
indeterminate colitiS, 366, 373 
ulcerative colitis, 365-366, 368 

Infliximab, 365 
Inguinal hernia 

classification of, 750 
Cooper's ligament repair of 

indications for, 763 
operative strategy for, 763 
operative technique for, 

763-767 
laparoscopic repair of, 751 

complications of, 777-778 
indications for, 771 
pitfalls related to, 771 
preoperative preparation for, 

771 
totally extraperitoneal (rEP) 

approach, 776 
transabdominal preperitoneal 

(TAPP) approach, 771-776 
mesh repair of 

complications of, 770 
indications for, 768 
operative strategy for, 768 
operative technique for, 

768-770 
pitfalls related to, 768 
postoperative care, 770 

recurrent, 751, 762 
complications of, 788 
indications for treating, 780 
operative strategy for, 780-783 
operative technique for, 

783-788 
pitfalls related to, 780 
postoperative care, 788 
preoperative preparation for, 780 

Shouldice repair of 
complications of, 761-762 
indications for, 753 
operative strategy for, 753-754 
operative technique for, 

754-761 
pitfalls related to, 753 
postoperative care, 761 
preoperative preparation for, 

753 
Inguinal lymphadenectomy. See 

Lymphadenectomy 

Intercostal muscle flap repair, 
216-218 

Internal hemorrhoids 
classification of, 517-518 
symptoms and management of, 

522-523 
Internal mammary node biopsy, 

865-866 
Intersphincteric abscess, 538-539 
Intersphincteric fistulas, 520f, 

540-543 
Intestinal anastomoses, 33-34 
Intestinal decompreSSion, 372 
Intestinal fistulas, 808 
Intestinal obstruction 

abdominoperineal resection and, 
464 

after appendectomy, 351 
defined, 326 
enterolysis for 

complications of, 341 
indications for, 337 
operative strategy for, 337 
operative technique for, 

337-341 
pitfalls related to, 337 
preoperative preparation for, 

337 
pelvic floor and, 451 
postoperative care, 341 
subtotal colectomy and, 473 

Intestinal pouch reservoirs, creation 
of,375 

Intestinal stomas 
management of, 808 
purpose of, 375 
site selection for, 376 
types of, 376-377 

Intraabdominal abscess, 473 
Intracorporeal knots, 59 
Intraductal carcinoma (lDC), 820 
Intraoperative ultrasonography, 665 
Intraoperative wound irrigation, 

49-50 
Intraperitoneal sepsis, 64 
Irrigation, wound, 49-50 
Ischemic colitis, 363 
Ischiorectal abscess, 538 
Islet cell tumors, 665-666 

Janeway gastrostomy, 227, 293-294 
Jaundice 

CBD exploration and, 608 
cholecystectomy and, 585 
pancreatic carcinoma and, 661 
pancreatic cyst and, 715 

Jejunogastrostomy, 148-149 
Jejunojejunostomy 

for jejunum interposition, 149 
stapled version, 315-316 
sutured version, 314-315 

Jejunostomy 
needle-catheter, 690 
Roux-en-V, 720-723 

Jejunum 
dissection of, 683 

esophageal replacement and, 
71-72 

Jejunum interposition 
closure of, 150 
diseased esophagus resection for, 

148 
esophagojejunostomy for, 148 
incision and mobilization for, 

147-148 
jejunogastrostomy for, 148-149 
jejunojejunostomy for, 149 
mobilizing jejunum graft for, 148 
pyloromyotomy for, 149-150 

J-pouch reservoir, purpose of, 375 

Kelly hemostat, 18 
Klatskin tumors, 570 
Kleinfelter syndrome, 825 
Knots (surgical instruments), 928f 
Knot-tying technique, 35-37 
Kocher maneuver 

CBD exploration and, 601-602 
choledocholithotomy and, 612 
diverticulectomy and, 633 
duodenum mobility with, 

271-272 
esophagectomy and, 88-90 
esophagogastrectomy and, 114 
pancreatoduodenectomy and, 673, 

676 
for pyloroplasty, 244-245 
sphincteroplasty and, 614 

Kock continent ileostomy, 376-377 
Kutner dissector, 26 

Laparoscopes, straight and angled, 
940/ 

Laparoscopic appendectomy. See 
Appendectomy 

Laparoscopic cholecystectomy. See 
Cholecystectomy 

Laparoscopic cholecystectomy 
instruments, 941f 

Laparoscopic clamp, 941/ 
Laparoscopic Nissen fundoplication. 

See Nissen fundoplication 
Laparoscopic surgery 

avoiding complications during, 62 
creating pneumoperitoneum for, 

55-57 
dissection and hemostasis and, 58 
equipment and supplies for, 52, 62 
ergonomic considerations for, 58 
hypotension during, 57 
laparoscopes for, 52 
patient preparation for, 54 
puncture site for, 54 
room setup for, 52, 53/ 
stapling and, 62 
suturing and, 58-61 
trocar placement and closing 

during, 57-58, 62 
type of laparoscopes for, 54 

Laparoscopy 
for gastric cancer, 228 
vs. laparotomy, 369-370 



Laparotomy, 69 
for draining abscess, 811, 814 
vs. laparoscopy, 369-370 
morbidity associated with, 79 

Large bowel obstruction, 372 
Large ventral hernia. See Ventral 

hernia 
Laryngeal nerve 

dissection of, 132 
identification of, 898-900 
injury, 885-886, 904 
preservation of, 896, 907-908 
trauma to, 138 

Laryngeal nerve palsy, 204, 911 
Laryngeal tetany, 911 
Laryngospasm, parathyroidectomy 

and,911 
Laser fulguration, 370 
Lateral internal sphincterotomy. See 

Sphincterotomy 
Latex drain, pro and cons of, 63 
Left colectomy. See Colectomy 
Left hepatic lobectomy, 656-657 
Left lateral lobectomy, 651 
Leg rests, lloyd-Davies, 929/ 
Lembert stitch, 31 
Lembert sutures, 5, 6f, 8f, 13/-14/ 
Lichtenstein technique, 750 
Ligature 

hemostat and, 44 
passer, 44 
pretied, 355-356, 94lf 
suture, 44, 60-61 

Linear cutting stapling device, 40-42 
Linear stapling devices, 39-40 
Liver resection 

anatomic basis for, 644-647 
safety during, 571, 647 

Lobectomy 
left hepatic, 656-657 
left lateral, 651 
partial thyroid, 902-903 
right hepatiC, 651-655 
subtotal thyroid, 901 
total, 894, 901-902 

Lobular carcinoma in situ (LCIS), 
820 

male breast cancer and, 825 
management of, 823-824 

Local anesthesia 
for breast mass excision, 829 
choosing, 529 
for hernia, 749-750, 753-754, 782 
techniques, 529-530 

Longitudinal fracture, 743 
Loop colostomies, 376, 423 
Loop ileostomy, 376 

indications for, 423, 493 
operative strategy for, 493 
operative technique for, 493-494 
pitfalls related to, 493 
temporary, 475, 482 

Low anterior resection. See Anterior 
resection 

Lower gastrointestinal bleeding. See 
Gastrointestinal bleeding 

Lumpectomy 
complications of, 839 
indications for, 836 
for male breast cancer, 825 
needle localization, 820 
operative strategy for, 836 
operative technique for, 836-839 
pitfalls related to, 836 
postoperative care, 839 

Lymph node dissection 
elective, 866 
role of, 863 
therapeutic, 866 
total gastrectomy and, 304-305 

Lymphadenectomy 
axillary 

complications of, 872 
indications for, 869 
operative strategy for, 869 
operative technique for, 

869-871 
pitfalls related to, 869 
postoperative care, 872 
preoperative preparation for, 

869 
for gastric cancer, 227-228 
inguinal and pelvic 

complications of, 879 
indications for, 873 
operative strategy for, 873 
operative technique for, 

874-879 
pitfalls related to, 873 
postoperative care, 879 
preoperative preparation for, 

873 
introduction to, 863-864 
nodal failure after, 867 

Lymphedema, mastectomy and, 
851-852 

Lymphovascular dissection 
abdominoperineal resection and, 

453 
extent of, 420-422 
procedure, 426-428 

Magnetic resonance 
cholangiopancreatography 
(MRCP), 661-662 

Magnetic resonance imaging (MR!), 
661-662 

Malabsorption, gastrectomy and, 
283 

Male breast cancer, 825 
Mammary node biopsy, internal, 

865-866 
Mammotome biOpsy, 819-820 
Manometry, 73 
Marginal ulcer 

gastrectomy and, 283 
pancreatoduodenectomy and, 674 

Marsupialization 
fistulotomy and, 545 
open abdomen management and, 

808 
pilonidal disease and, 556-558 

Index 955 

Mastectomy 
bilateral, 824 
modified radical 

complications of, 851-852 
indications for, 840 
operative strategy for, 840-843 
operative technique for, 

843-851 
pitfalls related to, 840 
postoperative care, 851 
preoperative preparation for, 

840 
prophylactic, 824-825 
radical 

complications of, 860 
indications for, 853 
operative strategy for, 853 
operative technique for, 

853-860 
pitfalls related to, 853 
postoperative care, 860 
preoperative preparation for, 

853 
skin-sparing, 822 
subcutaneous, 824 
total 

complications of, 851-852 
indications for, 840 
vs. modified radical, 840 
operative strategy for, 840-843 
operative technique for, 

843-851 
postoperative care, 851 
preoperative preparation for, 

840 
technique, 824-825 
for treating biopsy-proven DCIS, 

823 
McBurney incision, 22, 30 
McVay technique. See Cooper's 

ligament repair 
Mechanical bowel preparations, 369 
Meckel's diverticulum 

diagnosis of, 328 
treatment of, 328-329 

Median arcuate ligament 
dissection of, 173-174 
identification of, 177-178 

Medullary thyroid carcinoma (MTC), 
885 

Melanoma, management of, 866-867 
Mesenteric arteriography, 661 
Mesenteric vein dissection, 676-679 
Mesentery 

closure of, 335 
division of, 332 
small bowel, 320 

Mesh, types of, 798 
Mesh complications, laparoscopic 

herniorrhaphy and, 778 
Mesh repair. See also Prosthetic 

mesh 
complications of, 770 
indications for, 768 
onlay patch, 805-806 
operative strategy for, 768 
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Mesh repair. (Continued) 
operative technique for, 768-770 
pitfalls related to, 768 
postoperative care, 770 
of ventral hernia, 802-805 

Mesoappendix, delivery of, 347-348 
Mesocolon, division of, 470, 507 
Metabolic problems after 

gastrectomy, 232-233 
Metallic stents, 372 
Metronidazole, 48 
Metzenbaum scissors 

for dissection, 26 
how to hold and use, 17 

Midline incision 
closure of, 25 
operative technique for, 23-25 
purpose of, 22 
during transhiatal esophagectomy, 

133 
Mismatch repair (MMR) gene 

mutations, 365, 368 
Mixter clamp, 26 
Modified radical mastectomy. See 

Mastectomy 
Monoillament stainless steel wire 

sutures, 35 
Motility disorders, 79 
Mucoepidermoid carcinoma, 883 
Mucosal perforation, 205 
Mucosal proctectomy, 476-478 
Mucosectomy, 475 
Myotomy, 78, 79 

for achalasia, 205 
cricopharyngeal, 200, 203-204 
for diffuse esophageal spasm, 208 
laparoscopic esophagomyotomy 

and, 210, 212-214 

Nasogastric intubation, 377 
Natural nonabsorbable sutures, 35 
Necrosis 

proximal gastric vagotomy and, 
242-243 

skin,879 
Necrotizing fasciitis, management of, 

751 
Needle(s) 

localization biopsy, 820 
localization lumpectomy, 820 
selection of, 27 
Veress, 55-56, 9441' 

Needle-holder(s) 
catching intestine with one pass 

of,28-29 
matching size and weight of, 17 
straight, 929/ 
Stratte, 930/ 
suturing and, 18 
use of, 27 

Neoadjuvant chemoradiation, 662, 
663,825 

Neoadjuvant therapy, 369 
Neoplasms, cystic, 671 
Nerve injury, laparoscopic 

herniorrhaphy and, 777 

Nipple areolar complex (NAC), 822 
Nipple discharge 

duct excision for, 820 
evaluation for, 820-821 
nature of, 820 

Nissen-Cooper technique, 271-272 
Nissen fundoplication, 75 

esophagogastric anastomosis and, 
124 

laparoscopic 
complications of, 171 
operative strategy for, 161 
operative technique for, 

161-171 
pitfalls related to, 161 
postoperative care, 171 

modified, 188-190 
transabdominal 

complications of, 159 
operative strategy for, 151-153 
operative technique for, 

153-159 
pitfalls related to, 151 
postoperative care, 159 
preoperative preparation for, 

151 
Nonabsorbable sutures, 35 
Nonpalpable breast lesions 

biopsy of, 836 
management of, 838-839 

Nosocomial Surveillance System 
(NISS),47 

No-touch technique, colectomy and, 
399-401 

Obesity, colorectal cancer and, 369 
Octreotide, 668 
Omental dissection, 386-387 
Omental flap, 374 
Omentectomy 

for distal stomach, 299 
total gastrectomy and, 304-305 

Omentum, liberating, 710-711 
Onlay graft technique, 776 
On-table intestinal lavage, 372 
Operative exposure. See Exposure 
Operative technique 

foot and body position for, 5-15 
introduction to, 5 
for midline incision, 23-25 
surgical instruments for, 16-18 

Osteitis, laparoscopic herniorrhaphy 
and, 778 

Overhand flat knot, 59/ 
Overwhelming postsplenectomy 

infection (OPSI), 728 

Pain 
after Shouldice technique surgery, 

761-762 
hemorrhoids and, 527 
octreotide for relieving, 668 
perineal, 555 

Pancreas 
cystic lesions of, 670 
distal,699-702 

division of, 681, 713 
mobilization of, 711-712 
neoplasms, 671 

Pancreatectomy 
distal 

complications of, 714 
indications for, 709 
operative strategy for, 709 
operative technique for, 

709-714 
postoperative care, 714 
preoperative preparation for, 

709 
total,664 

Pancreatic carcinoma 
complications of, 664-665 
determination of resectability for, 

662-663,673,676,697 
diagnosis of, 661 
imaging procedures for, 661-662 
operative management of, 664 
treatment of, 663-664 

Pancreatic cyst 
complications of, 719 
indications for treating, 715 
operative strategy for treating, 715 
operative technique for treating, 

715-718 
pitfalls related to, 715 
postoperative care, 718-719 
preoperative preparation for, 715 

Pancreatic duct, incising, 720 
Pancreatic fistula 

avoiding, 709 
pancreatectomy and, 714 
pancreatic resection and, 664-665 
treatment of, 675 

Pancreatic injury, 733 
Pancreatic secretions, 65 
Pancreatic stump, pancreatic fistula 

and,675 
Pancreaticoduodenectomy, 668 
Pancreaticojejunal anastomosis 

avoiding leakage from, 674-675 
duct-to-mucosa, 683-684 
by invagination, 684-688 

Pancreaticojejunostomy 
complications of, 724 
indications for, 720 
operative strategy for, 720 
operative technique for, 720-723 
pitfalls related to, 720 
postoperative care, 723 
preoperative preparation for, 720 

Pancreatitis 
after gastric surgery, 229 
CBD exploration and, 600 
chronic 

diagnosis of, 666-667 
medical management of, 

667-668 
nerve ablation and, 670 
pancreatic pseudocyst with, 

670-671 
pancreaticojejunostomy for, 

720-723 



surgical management of, 
668-670 

exocrine insufficiency and, 666 
gastrectomy and, 281 
pancreatectomy and, 714 
postoperative, 608 

Pancreatoduodenectomy 
partial 

complications of, 695 
contraindications to, 673 
indications for, 673 
operative strategy for, 673-675 
operative technique for, 

675-694 
pitfalls related to, 673 
postoperative care, 694-695 
preoperative preparation for, 

673 
total 

complications of, 708 
contraindications to, 696 
indications for, 696 
operative strategy for, 696-697 
operative technique for, 

697-706 
postoperative care, 706, 708 

Papillary cystadenoma 
lymphomatosum, 883 

Papillary thyroid cancer, 885 
Papillomas, 820, 821 
Paraareolar abscess, 821, 835 
Paraesophegeal hernia. See Hernia 
Parathyroid gland 

biopsy of, 909 
dissection of, 900-901 
identification of, 898-900, 909 
preservation of, 894, 895f, 896 

Parathyroid imaging, 886 
Parathyroid tissue, preservation of, 

908 
Parathyroidectomy 

complications of, 911 
indications for, 906 
operative strategy for, 907-908 
operative technique for, 908-910 
pitfalls related to, 907 
postoperative care, 91 0-911 

Parotid tumors, 883 
Parotidectomy 

complications of, 893 
indications for, 883, 888 
operative strategy for, 888-889 
operative technique for, 889-893 
pitfalls related to, 888 
postoperative care, 893 

Partial pancreatoduodenectomy. See 
Pancreatoduodenectomy 

Partial thyroid lobectomy, 902-903 
Patient 

body pOSition during surgery, 52 
perioperative parenteral 

antibiotics to, 48 
position during surgery, 53/ 
preparation, 54 
resuscitation of, 47-48 
risk assessment of, 47 

Peanut sponge, 26 
Peanut sponge (Kuttner) dissector, 

937/ 
Pelvic floor 

intestinal obstruction and, 451 
management of, 458-461 

Pelvic hemostasis, 431, 453 
Pelvic lymphadenectomy. See 

Lymphadenectomy 
Pelvic sepsis, 448-449 
Pelvirectal superalevator abscess, 

539-540 
Peptic ulcer 

duodenal ulcer and, 226-227 
gastrectomy for 

complications of, 281-283 
operative strategy for, 258-259 
operative technique for, 

259-281 
postoperative care, 281 

gastric ulcer and, 225-226 
gastrostomy for, 227 
perforated 

complications of, 285-286 
indications for treating, 284 
operative strategy for treating, 

284 
operative technique for 

treating, 284-285 
postoperative care, 285 
preoperative preparation for, 

284 
surgery for, 225 

Percutaneous endoscopic 
gastrostomy, 227 

Percutaneous transhepatic 
cholangiography (PTC), 662 

Perforated duodenal ulcer. See 
Duodenal ulcer 

Perianal abscess, 523, 537-538 
Perineal dissection, 455-458 
Perineal incision, 486-488 
Perineal infections, 519 
Perineal pain, Thiersch operation 

and, 555 
Perineum 

closure of, 451-452 
dissection of, 452 

Perioperative antibiotics, 48 
Peripheral vasoconstriction, 47 
Peristomal sepsis 

cecostomy and, 497 
transverse colostomy and, 500 

Peritoneal dissection, 503 
Peritoneal lavage, peptic ulcer and, 

285 
Pfannenstiel incision, 30 
Pharyngoesophageal diverticulum, 

75-76 
complications of, 204 
indications for treating, 200 
operative strategy for treating, 200 
operative technique for treating, 

200-204 
postoperative care, 204 
preoperative preparation for, 200 

Index 957 

Pilonidal disease 
management of, 524 
operations for 

complications of, 560-561 
indications for, 556 
operative strategy for, 556 
operative technique for, 

556-560 
pitfall related to, 556 
postoperative care, 560 

Plain catgut material, 34 
Planes. See Anatomic planes 
Plastic drape, 93lf 
Pleomorphic adenomas, 883 
Plication technique 

Baker tube stitchless, 342-343 
laparoscopic 

complications of, 290 
operative strategy for, 287 
operative technique for, 

287-289 
pitfalls related to, 287 
postoperative care, 289-290 
preoperative preparation for, 

287 
for peptic ulcer, 284-285 

Pneumoperitoneum 
Hasson cannula for creating, 

56-57 
Veress needle technique for 

creating, 55-56 
Pneumothorax, 138 
Polyethylene drain, 63 
Polyglycolic synthetic sutures, 34-35 
Polyps 

management of, 366-367 
synchronous, 367-368 

Port placement, 58-59 
Portal vein dissection, 676-679 
Posterior gastropexy (Hill repair) 

complications of, 180 
indications for, 173 
operative strategy for, 173-174 
operative technique for, 174-180 
pitfalls related to, 173 
postoperative care, 180 

Postoperative feeding, colorectal 
cancer and, 377 

Postoperative obstruction, 336, 
340 

Posttraumatic hernia. See Hernia 
Pouchitis, management of, 378-379 
Pregnancy, cholecystectomy during, 

567 
Presacral dissection 

abdominoperineal resection and, 
453 

prevention of hemorrhage and, 
423-424 

procedure, 428-431 
Ripstein operation and, 511 

Pretied suture ligature, 94lf 
Primary hyperparathyroidism (HP'!), 

886, 906 
Proctectomy, 365 
Proctocolectomy, 364, 365 
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Proctocolectomy lend-ileostomy, 
365-366 

Proctosigmoidoscopy, 368 
Prophylactic mastectomy (PM), 

824-825 
Prosthetic mesh 

repair, 750-751, 784 
role of, 798 

Pseudoaneurysm, pancreatic cyst 
and, 715 

Pseudocysts, pancreatitis and, 667, 
670-671 

Psyllium seed preparations, 523, 524 
Puestow procedure, 669 
Pulmonary problems 

after gastric surgery, 229 
during esophagectomy, 101 

Puncture site, choice of, 54 
Pyloroduodenal ulcer, 694 
Pyloromyotomy 

colon interposition and, 144 
esophagectomyand,91 
esophagogastrectomy and, 114 
jejunum interposition and, 

149-150 
Pyloroplasty 

complications of, 251 
vs. gastrojejunostomy, 228 
indications for, 244 
operative strategy for, 244 
operative technique for, 244-251 
preoperative preparation for, 244 
reversal of, 251 

Pylorus-preserving 
pancreaticoduodenectomy, 
664,668 

Radical mastectomy. See Mastectomy 
Radical open hemorrhOidectomy, 

532-534 
Radical subtotal gastrectomy. See 

Gastrectomy 
Radiotherapy, adjuvant, 867 
Rectal adenocarcinoma, 369 
Rectal bleeding, 523 
Rectal cancer 

abdominoperineal resection for 
complications of, 464-465 
indications for, 450 
operative strategy for, 450-452 
operative technique for, 

452-463 
pitfalls related to, 450 
postoperative care, 463-464 
preoperative preparation for, 

450 
alternatives to formal resection of, 

370-371 
factors affecting anastomotic 

healing in, 374 
factors for safe anastomosis and, 

373-374 
low anterior resection for 

complications of, 448-449 
indications for, 419 

operative strategy for, 419-424 
operative technique for, 

424-448 
pitfalls related to, 419 
postoperative care, 448 
preoperative preparation for, 

419 
technical considerations and 

adjuncts in, 374-375 
Rectal dissection, 475, 485 
Rectal prolapse 

management of, 363-364 
Ripstein operation for, 510-513 
Thiersch operation, 553-555 

Rectal stump 
irrigation of, 431 
preparation of, 431 

Rectal surgery. See Colon and rectal 
surgery 

Rectopexy,364 
Rectosigmoidectomy, 364 
Rectum, division of, 407 
Recurrent laryngeal nerve 

dissection of, 132 
identification of, 898-900 
injury, 885-886, 904 
preservation of, 896, 907-908 
trauma to, 138 

Recurrent laryngeal nerve palsy, 
204,911 

Recurrent ulceration, 242 
Reflux disease, 72-73 
Reflux esophagitis. See Esophagitis, 

reflux 
Reflux gastritis, alkaline, 282 
Reflux stricture, 74-75 
Relaparotomy, 340 
Resection. See also specific types 

anatomic unisegmental and 
polysegmental, 651 

of bifurcation tumors, 636-637 
wedge, 651 
Whipple, 668-669 

Resuscitation 
of patient, 47-48 
supporting continuing, 49 

RET gene mutations, 885 
Retention sutures, 22-23, 31 
Retractor(s) 

chain, 932/ 
Finochietto, 19 
fixed, 19 
Gelpi, 932/ 
Harrington, 19 
Hill-Ferguson, 933/ 
Richardson, 19 
self-retaining, 933/-934/ 
Thompson, 934/ 
Upper Hand, 21, 935/ 

Retroperitoneal bleeding 
cholecystectomy and, 594 
during laparoscopic surgery, 57 

Richardson retractor, 19 
Right colectomy. See Colectomy 
Right hepatic lobectomy, 651-655 

Ripstein operation 
complications of, 512-513 
indications for, 510 
operative strategy for, 510 
operative technique for, 510-512 
pitfalls related to, 510 
postoperative care, 512 
preoperative preparation for, 510 

Room setup 
for laparoscopic 

esophagomyotomy,210 
for laparoscopic Nissen 

fundoplication, 161-162 
for laparoscopic surgery, 52, 53/ 

Roux-en-Y biliary-enteric bypass 
complications of, 631-632 
indications for, 623 
operative strategy for, 623 
operative technique for, 624-631 
postoperative care, 631 
preoperative preparation for, 

623 
Roux-en-Y gastrojejunostomy 

bile diverting operations and, 194 
for preventing gastroesophageal 

reflux, 75 
Roux-en-Y jejunojejunostomy, 

629-630 
Roux syndrome, 231-232 
Rubber band ligation 

complications of, 526-527 
indications for, 525 
operative strategy for, 525 
operative technique for, 525-526 
pitfalls related to, 525 
postoperative care, 526 

Rubber tube drain, 63 

Salivary fistula, 893 
Scalpel 

for dissection, 26 
how to hold and use, 16-17,27/ 
in midline incision, 23-24 

Scissors 
curved tip, 942/ 
Mayo, 936/ 
Metzenbaum, 936/ 
Potts, 936/ 

Scoops, pituitary, 937/ 
Second opposing flat knot, 60/ 
Secondary choledocholithotomy. See 

Choledocholithotomy 
Secondary hyperparathyroidism, 906 
Sentinel lymph node biopsy (SLNB) 

indications for, 866 
role of, 864 
technique, 863-864 

Sentinel lymph node dissection 
(SLND) 

melanoma and, 866 
for other malignancies, 867-868 

Sentinel node 
assessment of, 866-867 
molecular diagnostics for 

evaluating, 867 



Sentinel node biopsy (SNB), 821, 
823, 825, 865 

Sepsis 
abdominal, 807-808 
abdominoperineal resection and, 

464 
after appendectomy, 350-351 
after colectomy, 396 
after total gastrectomy, 317 
hemorrhoids and, 526-527 
intraperitoneal, 64 
pelvic, 448-449 
peristomal, 497, 500 
postoperative, 104, 733 
wound, 788 

Seromas, mastectomy and, 851 
Seromuscular sutures, 8, 27 
Sewing technique. See also Stapling 

elements related to, 27-29 
suture material for, 34-35 
types of stitches used for, 29-33 

Sexual dysfunction/impotence 
abdominoperineal resection and, 

465 
anterior resection and, 449 

Shouldice repair, 750 
complications of, 761-762 
indications for, 753 
operative strategy for, 753-754 
operative technique for, 754-761 
pitfalls related to, 753 
postoperative care, 761 
preoperative preparation for, 753 

Sigmoid colectomy, 508-509 
Sigmoid colon, mobilization of, 

424-426, 453 
Silicone tube drains, 63-64 
Simple (total) mastectomy. See 

Mastectomy 
Simple everting skin stitch, 29 
Simple interrupted fascial stitch, 30 
Simple low fistula, 540 
Single duct excision, 831-832 
Single-layer bowel anastomosis, 31 
Sitz bath, 464 
Skin flap ischemia, mastectomy and, 

851 
Skin graft 

full-thickness, 859 
grafted area infection and, 860 
split-thickness, 859-860 

Skin necrosis, 879 
Skin-sparing mastectomy, 822 
Skin staples, 30 
Skin tags, hemorrhoidectomy and, 

535 
Sliding hiatus hernia. See Hernia 
Small bowel anastomosis 

complications of, 336 
contraindications to, 326 
indications for, 325, 331 
operative strategy for, 331-332 
operative technique for, 332-336 
pitfalls related to, 331 
postoperative care, 336 

preoperative preparation for, 331 
tumors related to, 325 

Small bowel mesentery, liberation 
of, 320 

Small bowel obstruction 
causes of, 326 
enterolysis for, 326-327 

Small intestinal stricturoplasty, 
327-328 

Smead-Jones stitch, 31 
Smead-Jones technique, 23, 25 
Sphincter function, rectal cancer 

and, 377-378 
Sphincteroplasty 

complications of, 617-618 
indications for, 613 
operative strategy for, 613-614 
operative technique for, 614-617 
pitfalls related to, 613 
postoperative care, 617 
preoperative preparation for, 613 
transduodenal, 569-570 

Sphincterotomy 
complications of, 547 
duodenotomy and, 615-617 
for impacted stones, 605-606 
indications for, 546 
internal, 548, 550 
operative strategy for, 546 
operative technique for, 546-547 
pitfalls related to, 546 
postoperative care, 547 
preoperative preparation for, 546 

Spleen 
accessory, 733, 738 
mobilization of, 711-712, 737 
splenorrhaphyand, 744-745 

Splenectomy 
complications of, 739 
for distal stomach, 297 
esophagogastrectomy and, 110 
for gastric cancer, 228 
hematologic disease and, 728 
indications for, 727, 732 
open vs. laparoscopic, 727-728 
operative strategy for, 732-733 
operative technique for, 734-739 
partial, 745-746 
patient evaluation for, 727 
pitfalls related to, 732 
postoperative care, 739 
preoperative preparation for, 

732 
splenic trauma and, 740-742 
total gastrectomy and, 305 
truncal vagotomy and, 697-699 

Splenic artery 
division of, 712-713 
identification of, 711 

SpleniC cysts, 728 
Splenic flexure dissection, 402-404 
Splenic implantation, 728 
Splenic injury, 151-152 
SpleniC preservation, selecting 

technique for, 742-743 
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Splenic trauma 
avoiding, 234 
complications of, 746 
indications for treating, 740 
management of, 729-731 
operative strategy for treating, 

740-741 
operative technique for treating, 

741-746 
postoperative care, 746 
preoperative preparation for 

treating, 740 
splenectomy and, 728-729 

Splenorrhaphy, 744-745 
Sponge-holder, 937/ 
S-pouch reservoir, purpose of, 

375 
Squamous carcinoma of anus, 369 
Stab wound, 257 
Stamm gastrostomy, 227, 291-293 
Staple(s) 

characteristics of, 38-39 
duodenal closure with surgical, 

273-274 
skin, 30 

Stapler 
circular, 938/ 
linear cutting, 939f, 942/ 
skin, 940/ 

Stapling 
anastomosis by, 394-395 
devices, 39-41 
esophagogastric anastomosis by, 

122-127 
in eversion, 39 
gastrojejunal anastomosis by, 

278-280 
for gastrojejunostomy, 255-257 
for Heineke-Mikulicz pyloroplasty, 

248,249/ 
in inversion, 39 
laparoscopic surgery and, 62 
precautions for, 42-43 
vs. sewing, 38 
small bowel anastomosis by, 

335-336 
for TAPP technique, 775-776 

STAR trial, 824 
Stellate fracture, 743 
Stenosis during esophagectomy, 101 
Steroids, anastomotic healing and, 

374 
Stitches, types of, 29-33 
Stomach. See also Peptic ulcer 

advancement of, 92-94 
distal, 295-302 
division of, 261-265 
esophageal replacement and, 71 
mobilization of, 85, 87-88, 110, 

181 
pancreatoduodenectomy with 

preservation of, 690-694 
transection of, 114-116 

Stricture, reflux, 74-75 
Stricturoplasty, 327-328 
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Study on the Efficacy of Nosocomial 
Infection Control project 
(SENIC score), 47 

Subcutaneous mastectomy, 824 
Subhepatic and hepatic abscesses, 

585 
Subphrenic abscess, 751 

complications of, 815 
indications for drainage of, 810 
operative strategy for drainage of, 

810-811 
operative technique for drainage 

of, 811-815 
pitfalls related to, 810 
postoperative care, 815 
preoperative preparation for, 810 

Subtotal colectomy. See Colectomy 
Subtotal colectomy/end-ileostomy, 

366 
Subtotal parathyroidectomy. See 

Parathyroidectomy 
Subtotal thyroid lobectomy, 901 
Successive bisection technique, 

33-34 
Suction-irrigator, 942/ 
Sump syndrome, 619-620 
Supraaortic anastomosis, 118-122 
Suprasphincteric fistula, 520, 522f, 

543-544 
Surgery 

developing concept of, 3 
establishing strategy of, 3 
infectious complications 

following, 47 
intraoperative considerations for, 

49-50 
postoperative considerations for, 

50 
preoperative considerations for, 

47-49 
rules for doing successful, 4 

Surgical instruments 
catheter, Coude tip, 921/ 
cholecystectomy, 941/ 
clamps, 922/-925f, 941/ 
dilators, 926/ 
drains, 927/ 
electrocautery, 17, 940/ 
forceps, 17,927/-928/ 
grasper, 940/ 
hemostats, 18 
how to hold, 16 
knots, 928/ 
laparoscopes, 940/ 
leg rests, 929/ 
Metzenbaum scissors, 17 
needle-holder, 17-18 
needle-holders, 929/-930/ 
plastic drape, 931/ 
pretied suture ligature, 941/ 
retractor, 932/-935/ 
scalpel, 16-17 
scissors, 936f, 942/ 
scoops, 937/ 
sponge-holder, 937/ 
stapler, 938/-940f, 942/ 

suction-irrigator, 942/ 
trocar, 942/-943/ 
trocars, 57-58 
ultrasonic shears, 943/-944/ 
Veress needle, 944{ 

Surgical wounds, classification of, 
47, 48 

Suture(s) 
absorbable, 34-35, 781 
continuous vs. interrupted, 28 
Cooper's ligament, 765-766 
crural, 177 
Cushing, 9, 11/-12/ 
distance between, 27-28 
excision with primary, 556, 

558-559 
Lembert, 5-8 
ligature, 44, 60-61 
material, 28 
nonabsorbable, 35 
retention, 22-23, 31 
seromuscular, 8, 27 
size of bite and, 27 
Smead-Jones, 23 
synthetic nonabsorbable braided, 

35 
synthetic nonabsorbable 

monoftlaments, 35 
Suturing 

esophagostomy, 219 
foot and body pOSition for, 5 
forehand,5 
fundoplication, 157-159 
gastrojejunal anastomosis, 252, 

253/-254f, 255 
Heineke-Mikulicz pyloroplasty, 

246-248 
hernial ring, 794-795 
knot-tying technique and, 35-37 
laparoscopic, 58-60 
mesh, 786-788 
posterior gastropexy, 178-179 
seromuscular, 8, 27 
small bowel anastomosis by, 332 
Stewart method of, 29 
surgical instruments and, 16-18 

Synchronous cancer, 368 
Synchronous lesions, 367 
Synthetic nonabsorbable braided 

sutures, 35 
Synthetic nonabsorbable 

monoftlaments sutures, 35 

Tamoxifen for treating lobular 
carcinoma, 824 

Temporary colostomy 
complications of, 505 
indications for, 502 
operative strategy for, 502 
operative technique for, 502-505 
pitfalls related to, 502 
postoperative care, 505 
preoperative preparation for, 502 

Tension pneumothorax, 57 
Testicular swelling/complications 

avoiding, 782-783 

laparoscopic herniorrhaphy and, 
777-778 

Shouldice technique and, 761 
Therapeutic lymph node dissection 

(TLND) , 866 
Thiersch operation 

complications of, 555 
indications for, 553 
operative strategy for, 553 
operative technique for, 553-555 
pitfalls related to, 553 
postoperative care, 555 
preoperative preparation for, 553 

Thoracic duct, leaking, 138 
Thoracoabdominal incision, 102-103 
Thoracotomy, 69, 70 
Three-point technique. See Knot-

tying technique 
ThyrOid artery, inferior, 898-900 
Thyroid cancer, papillary, 885 
ThyrOid lobectomy, total, 894, 

901-902 
Thyroid nodule, 884-885 
Thyroid storm, 904 
Thyroidectomy 

complications of, 885-886, 904 
indications for, 884, 894 
operative strategy for, 894-896 
operative technique for, 896-903 
pitfalls related to, 894 
postoperative care, 904 
preoperative preparation for, 894 

Tissue(s) 
planes, 26-27 
stapled anastomosis and, 41-42 

Total duct excision 
incision for, 832 
vs. single duct excision, 831 

Total gastrectomy. See Gastrectomy 
Total lobectomy, 894, 901-902 
Total mastectomy. See Mastectomy 
Total pancreatectomy. See 

Pancreatectomy 
Total parathyroidectomy. See 

Parathyroidectomy 
Total thyroid lobectomy, 894, 

901-902 
Totally extraperitoneal approach 

(TEP) , 751 
complications of, 777-778 
operative strategy for, 771-773 
operative technique for, 776 

Tracheomalacia, 911 
Tracheostomy 

indications for, 887, 915 
operative strategy for, 915 
operative technique for, 915-917 
pitfalls related to, 915 
postoperative care, 917 
preoperative preparation for, 915 

Transabdominal Nissen 
fundoplication. See Nissen 
fundoplication 

Transabdominal preperitoneal 
(T APP) method 

complications of, 777-778 



inguinal hernia repair with, 751 
operative strategy for, 771-773 
operative technique for, 773-776 

Transabdominal ultrasonography, 
663 

Transanal endoscopic microsurgery, 
370 

Transduodenal diverticulectomy. See 
Diverticulectomy 

Transduodenal sphincteroplasty. See 
Sphincteroplasty 

Transsphincteric fistulas, 520, 521j, 
543, 544 

Transversalis dissection, 757-758 
Transverse colostomy 

complications of, 500 
indications for, 498 
operative strategy for, 498 
operative technique for, 498-500 
pitfalls related to, 498 
postoperative care, 500 
preoperative preparation for, 498 

Transverse fracture, 743 
Transverse rectus abdominal 

myocutaneous (fRAM), 822 
Trocar 

disposable, 942/-943/ 
Hassan, 943/ 
placement, 57-58, 161-162,210 
sites, closing, 62 

Truncal vagotomy. See Vagotomy 
Tumors 

bifurcation, 636-637 
hepatic duct bifurcation, 570 
islet cell, 665-666 
parotid, 883 
small bowel anastomosis, 325 

Turnbull "no touch" technique, 371 

Ulcer. See also specific types 
bleeding duodenal, 244-251 
gastric, 225-226 
marginal, 283, 674 
peptic, 225-227 
pyloroduodenal, 694 

Ulcerative colitis 
colorectal cancer and, 368 
management of, 365-366 

Ultrasonic shears, 45, 943/-9441 
Ultrasonography 

for colorectal cancer, 368 
endoscopic, 661 

intraoperative, 665 
trans-abdominal, 663 

Uncinate process 
dissection of, 681-683 
freeing, 702, 704-705 

Upper airway obstruction 
parathyroidectomy and, 911 
tracheostomy for, 915-918 

Upper Hand retractor, 21, 935/ 
Ureteral dissection, 424 
Urinary retention, 777 
Urogenital function, rectal cancer 

and, 378 

Vagal trunks 
left, 235-236, 239 
right, 236-237, 239 

Vagotomy, 72 
antrectomy and, 681-690 
with bile diversion, 194 
esophagocardiac junction 

dissection and, 305-306 
for gastric ulcer, 226 
highly selective, 226 
proximal gastric 

complications of, 242-243 
indications for, 238 
operative strategy for, 238-239 
operative technique for, 

239-242 
pitfalls related to, 238 
postoperative care, 242 

truncal 
for duodenal ulcer, 226 
pancreaticoduodenectomy and, 

664 
procedure, 234-237 
splenectomy and, 697-698 

Vas deferens complications, 
777-778 

Vascular injury 
laparoscopic herniorrhaphy and, 

777 
pancreatic resection and, 663, 

665 
during Veress needle technique, 

62 
Ventral hernia, 751 

complications of, 806 
indications for treating, 796 
operative strategy for treating, 

796-799 
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operative technique for treating, 
799-806 

pitfalls related to, 796 
postoperative care, 806 
preoperative preparation for, 796 

Veress needle, 55-56, 62, 944/ 
Vertical mattress (Stewart) stitch, 29 
Volvulus 

management of, 362-363 
symptoms of, 362 

Warthin's tumor, 883 
Wedge resection, 651 
Whipple resection, 668-669 
Wound(s) 

classification of, 47, 48 
disruption, 22-23 
dreSSings, 50 
healing, 524 
irrigation, 49-50 
protector, 49 
sepsis, 788 
stab, 257 

Wound closure, 50 
colectomy and, 395-396 
colonic diverticulitis operation 

and, 509 
Ripstein operation and, 512 
total gastrectomy and, 317 

Wound dehiscence 
hernia and, 22-23 
occult, 796 
operation for infected, 807-809 

Wound infection 
abdominal, 796 
after appendectomy, 351 
after colectomy, 396 
after gastric surgery, 229 
gastrectomy and, 259 
inguinal hernia and, 754 
laparoscopic herniorrhaphy and, 

778 
mastectomy and, 851 
plication technique and, 342 
Shouldice technique and, 761 
Thiersch operation and, 555 

W-pouch reservoir, purpose of, 375 

Zenker's diverticulum. See 
Pharyngoesophageal 
diverticulum 

Zollinger-Ellison syndrome, 316-317 




