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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 first 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 files,
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 his/her own field, 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 first two editions, created hundreds
of new illustrations specifically 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 “specifically
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 bas 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 E.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 Jowa. 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
find 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 1
General Principles



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 10-mm incisions and
“retraction” by 15 mm Hg CO, 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.
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MAKING THE 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 POSITION

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 foet. 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

5
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Fig. 2-1
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Fig. 2-2
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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- surgeon’s left foot is somewhat lateral to the right
terior aspect of the esophageal wall, the surgeon’s foot (Fig. 2-5). This positioning directs the point of
right foot is placed alongside the operating table. the needle toward the surgeon’s left foot at all times.
The surgeon’s body faces the patient’s feet, and the A similar change in body stance is illustrated in
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Figures 26 and 2-7, where Cushing sutures are Lembert-type suture for an esophagogastrostomy or
being inserted into a low-lying colorectal anasto- a coloproctostomy, a single stance would be effi-
mosis. Of course, if the surgeon chose to use the cient for the entire anastomosis.

Fig. 2-6
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Fig. 2-7
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Figures 2-8 and 2-9 illustrate insertion of Lem- who is standing on the patient’s right side, compared
bert sutures for the final layer of a gastrojejunal anas- with a position on the patient’s left side.
tomosis, showing the foot position of the surgeon,

Fig. 2-8
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Fig. 2-9
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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

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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USE OF INSTRUMENTS

With rare exceptions, all surgical instruments used
for soft tissue dissection should be held with fin-
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 firm 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 fin-
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 define 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, definitive,
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.

Use of Instruments 17

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 turn 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 fingers 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 finger
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 finger 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 finger 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 fingers flex.



Incision, Exposure,

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.
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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 fixed 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 DEHISCENCE
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
monofilaments (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 fine 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 monofilament 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 first assistant does
the same on the opposite side of the incision. Use
the scalpel with a firm 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
identified in the upper abdomen by observing the
decussation of fascial fibers. It can be confirmed 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 8mm 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. 3—7). Close the skin with in-
terrupted 4-0 nylon vertical mattress sutures, a con-
tinuous subcuticular suture of 4-0 polyglycolic (PG),
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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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 fin-
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 finger 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 blunttipped 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 filmy peritoneal attachments.
Because use of a large sponge does not permit
anatomic precision, small veins may be torn during
this type of gross dissection; therefore the sponge’s
applicability is limited to avascular planes.



Fig. 4-1

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-

Fig. 4-2



Fig. 4-3

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

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.

Fig. 4-6

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



Fig. 4-12

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-of-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 smail
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
the mucosal layer, it is identical with that described
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Fig. 4-13

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 singlelayer 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.

Cusbhing 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

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 singlelayer 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

Technique Of Successive Bisection
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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 modern
surgery. Although its rapidity of absorption might
seem to be an advantage, this rapidity is the result of
an intense inflaimmatory 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.

Cbhromic 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.

Polyglycolic Syntbetics

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.

Syntbetic Nonabsorbable Braided Sutures

Synthetic braided sutures include those made of
Dacron polyester, such as Mersilene, Ticron (Dacron

Knot-Tying Technique 35

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.

Syntbetic 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 O 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.

Monaofilament 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. 4-23b

ure 4-23a and Figure 4-23b. 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 finger should draw the deep
end of the ligature deep to the artery so the left in-
dex finger, the cystic artery, and the surgeon’s right
hand always form 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 monofilament suture material such as
0 or 1 Prolene, we have used modified fisherman’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. 4-25b). 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. 4-24

Fig. 4-25a

Fig. 4-25b



Fig. 4-25c¢
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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

Modern 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 5-1b
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.

STAPLING IN INVERSION

The circular stapler and the linear cutting stapler cre-
ate inverted staple lines thfat 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

STAPLING 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.

STAPLING 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
find 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 fine
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 0ccasions.
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-



Fig. 5-6

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 performing 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.
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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 fopical 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 surface, 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 surfaces), 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 Avitene causes the Avitene 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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Avitene 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-
finitive 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 band
bebind 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 band 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.

REFERENCES

Holcomb JB, Pusateri AE, Hess JR, et al. Implications of
new dry fibrin sealant technology for trauma surgery.
Surg Clin North Am 1997;77:943.

Jackson MR, Alving BM. Fibrin sealant in preclinical and
clinical studies. Curr Opin Hematol 1999;6:415.



.

Management of the

Contaminated Operation

Claudia L. 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 PO, 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
PO, 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

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

Hernia repair, breast biopsy

Elective colon resection

GI, respiratory, or GU tracts entered with minimal spillage

or with prior decolonization
Contaminated wound?
Traumatic
Inflammation or gross purulence
Major break in aseptic technique
GI, respiratory, or GU tract entered with gross spillage

Emergent colon resection for diverticular abscess

GI, gastrointestinal; GU, genitourinary.

“0Older classifications include a fourth category called “dirty,” which is now included in the “contaminated” cases category.
Adapted from Drebin JA. Surgical wound infection. In: Cameron JL (ed). Current Surgical Therapy, 6th ed. St. Louis, Mosby, 1998,
p 1079; and Chassin JL. 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 (GT) tract. The number of organisms and
proportion of anaerobic organisms increase along the
Gl 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 halflife 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 confirmed 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 @) 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. In 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 defined 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 [17]. 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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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-
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Fig. 8-1. (Reprinted, with permission, 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
affixed 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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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

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 laparo-
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
forefinger. 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 PUNCTURE 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.

PATIENT PREPARATION

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 CO,
measurement and pulse oximetry.
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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 10°-15° 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 mm trocar if a
10 mm 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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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 CO; 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.

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,



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 CO, 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 CO, pneumoperitoneum, which may pro-
duce hypercapnia and occasionally hypoxia. A sudden
increase in the end-tidal CO, level may indicate sub-
cutaneous emphysema, preperitoneal trapping of CO,
or injection of CO; 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 CO, 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 CO; 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 early 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
60°-90°. 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.

LAPAROSCOPIC 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.

LAPAROSCOPIC 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 60°-90° 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 8-9.

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

Fig. 8-8 Square and surgeon’s knot. Overhand Flat Knot. (Reprinted with permission, from Scott-Conner CEH (ed)
The SAGES Manual: Fundamentals of Laparoscopy and GI Endoscopy. New York: Springer-Verlag, 1999.)
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Fig. 8-9 Second opposing flat knot. (Reprinted with permission, 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. 8—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. 8-12).
Withdraw the knot pusher through the trocar and
pass endoscopic scissors down to cut the ligature.
As with all monofilament sutures, leave a tail of about
2 mm for security. Withdraw the grasper and inspect
the ligated stump for security.

LAPAROSCOPIC STAPLING

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 intracorporeal 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 TROCAR 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 CO,.
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 all laparo-
scopic operations. They are briefly considered here.
Hypercarbia from absorption of CO, 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 CO,, followed by a rapid fall as cardiac output
goes to zero. This rare complication is avoided by

aspirating to check for blood before insufflating CO,
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.

REFERENCES

Cuschieri A, Szabo Z. Tissue Approximation in Endoscopic
Surgery. Oxford, Isis Medical Media, 1995.

Green FL, Taylor NC. Operating room configuration. In: Lap-
aroscopic Surgery. Philadelphia, Saunders, 1994, pp
34-41.

Ponsky JF. Complications of Endoscopic and Laparoscopic
Surgery: Prevention and Management. Boston, Little
Brown, 1997.

SAGES Laparoscopy Troubleshooting Guide (http://www.
sages.org/).

Scott-Conner CEH. The SAGES Manual: Fundamentals of
Laparoscopy and GI Endoscopy. New York, Springer-
Verlag, 1999.
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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 bas 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.

OTHER INDICATIONS AND
METHODS 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-
roofing 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 inflaimmatory 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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Concepts in

Esophageal Surgery

Thomas H. Gouge

Advances in diagnostic studies, perioperative 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 THE 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
(CT) 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 THE 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-esophageal lesions
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 significantly 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 THE ESOPHAGUS:
TRANSHIATAL OR TRANSTHORACIC
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 THE
ESOPHAGUS: STOMACH, COLON,

OR JEJUNUM

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



72 Concepts in Esopbageal Surgery

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.

HIATUS 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 confirmed 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 fixed 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 significant 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 significant 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, Hx-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 confirms 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-
fined 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-
nificant additional time must pass before long-term
results are confirmed. 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 define 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 simplified. 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 Antireflux 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-

Pbaryngoesopbageal Diverticulum 75

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 débridement 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. Débridement 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 findings 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-
fine the presence and location of a perforation in al-
most all cases, but the study cannot accurately define
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 definitive 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: Boerbaave 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. Débridement, 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 finding. 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 débrided. 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.

ACHAILASIA

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 confirm 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 identified 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-
firmed 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 MOTILITY 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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1 1 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 Ib.

Perform preoperative esophagoscopy and biopsy.

Use computed tomography (CT) 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 perioperative 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 biatus 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. Turn 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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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



84 Esophbagectomy: Right Thoracotomy and Laparotomy

Fig. 11-5

Fig. 11-6



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 perform 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
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,
permitting 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-
noesophageal ligaments (Figs. 11-7, 11-8, 11-9).
The cephalad portion of the gastrohepatic ligament,
generally containing an accessory left hepatic artery,
should be doubly clamped, divided, and ligated with

Fig. 11-7

Fig. 11-8

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 finger, 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 Jeft 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 cm of omentum attached to
the arcade as a margin of safety. Discontinue this
dissection 6-8 cm proximal to the pylorus (Fig.
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-
lease the duodenum from its posterior attachments.

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-

Fig. 11-14



Fig. 11-15

creas. Move the finger laterally, exposing a lateral
duodenal “ligament” behind the descending duode-
num. Again, pinch the tissue between fingertip 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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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 2.0-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
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.

Fig. 11-19
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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



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.

Fig. 11-24
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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.



Surgeons who lack wide experience with this
anastomosis might find 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 final, 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 Esophagogastric 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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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-

Fig. 11-29
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Fig. 11-30

dle 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

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 mm 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.

COMPLICATIONS

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 (CT)-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 arrbytbmias. 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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1 2 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.

Hemorrbage. 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 diapbragm. 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 10-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 early mobilization.

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

The diaphragm should 7ot 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 monofilament 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
necessary to give more proximal exposure, and the
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 find.
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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-cm segment of

Fig. 12-1a

Fig. 12-1b
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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.

Esopbagogastrectomy: Left Thoracoabdominal Approach

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). Af-
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 (doublelumen) 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 fingers of both the surgeon and first
assistant should be inserted side by side underneath
the latissimus muscle while the electrocautery divides

Fig. 12-4

Fig. 12-3
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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

Esopbagogastrectomy: Left Thoracoabdominal Approach

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

Esophagogastrectomy: Left Thoracoabdominal Approach

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 fin-
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 finger 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

Esopbagogastrectomy: Left Thoracoabdominal Approach

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).
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Fig. 12-13a

Fig. 12-13b



Fig. 12-14a Fig. 12-14b

Fig. 12-15



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.

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.
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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).

Esopbagogastrectomy: Left Thoracoabdominal Approach

Transection of Stomach
and Esophagus

To treat a primary tumor of the lower esophagus,
apply either a long linear cutting stapler or a 90 mm
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 bas 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.



116

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

Esopbagogastrectomy: Left Thoracoabdominal Approach

Enlargement of Hiatus

Enlarging the hiatus is rarely necessary if the crura
have been skeletonized as described by division of
the phrenoesophageal ligament. 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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Fig. 12-21

Fig. 12-22
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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

Fig. 12-23

Esophbagogastrectomy: Left Thoracoabdominal Approach

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 fifth 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

Fig. 12-25
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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, 12-26¢). There are no vascu-
lar attachments in this area. The index finger emerges
cephalad to the aortic arch behind the mediastinal
pleura. Incise the mediastinal pleura on the index fin-
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

Esopbagogastrectomy: Left Thoracoabdominal Approach

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
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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-



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
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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 final linear 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.



126  Esopbagogastrectomy: Left Thoracoabdominal Approach

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
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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 fired and that the anastomosis is intact.
Confirm this by inserting the index finger through
the previously made gastrotomy incision and pass
the finger into the esophagus, confirming 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 fire. 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 3-0 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 fixed to the enlarged
diaphragmatic hiatus with interrupted 2-0 or 3-0 non-
absorbable sutures, which attach the gastric wall to
the margins of the hiatus (Fig. 12-34). These sutures






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 O
monofilament (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 monofilament 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 fine absorbable sutures.



130  Esopbagogastrectomy: Left Thoracoabdominal Approach



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 final diaphragm sutures and close
the muscles in two layers with a continuous 2-0 or
0 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.

COMPLICATIONS

See Chapter 11.
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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.
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. 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.

. 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.

. 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 finger 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 finger 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 fixed to
the aorta or vertebral column. If it is fixed, 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 finger with the volar aspect of the fingers 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 finger dissection free the esophagus from over-
lying pericardium and carina. With the other hand
insert one or two fingers, 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 filmy 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 fingers. 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
achieve 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 third branch down of
the left gastric artery enters the lesser curvature. At
this 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
until the lesser curvature has been amputated, leaving
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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 this Penrose

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 fingers’ 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 cm 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-



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 bemorrbage. 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 ml/hr 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
Perioperative 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
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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 cm 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 cm 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 tbe Cervical Esopbagus

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. Turn 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 