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Foreword

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 su-
perbly qualified 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 measure 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 regularly for the past 12 years. Booth
Memorial is the only hospital outside the New York University Medical
Center to which New York University residents rotate. This simple fact
well underlines Dr. Chassin’s remarkable capability for teaching.

When a surgical complication develops after an operation, two or
three possibilities should be considered. First, of course, was the diag-
nosis correct? If it was, then the cause of the complication is usually
either an inadequate 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
discusses 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, M.D.

George David Stewart Professor and Chairman
Department of Surgery

New York University School of Medicine
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Preface

Spectacular developments in applied physiology during the past two dec-
ades have markedly reduced the number of deaths from respiratory,
cardiac, or renal complications following surgery. Currently the major
cause of preventable postoperative fatality is sepsis. The mortality rate
of such operations as esophagectomy, low anterior resection, and total
gastrectomy will be no greater than 1%-2% if leakage from the anas-
tomosis and contamination of the peritoneum are prevented. With
proper technique and good surgical judgment, these complications are
avoidable.

If we are to achieve this low mortality rate, scholarly attention must
be focused on surgical technique and on methods of teaching surgical
technique. This pedagogical problem first came to my attention in 1967
when, in addition to training my own residents, I accepted the assign-
ment of teaching fourth-year residents from the New York University
Medical School who began rotating to Booth Memorial Hospital for a
period of 2 or 3 months each. In the past 20 years I have guided resi-
dents through more than 4000 major operations. It is obvious that we
surgeons perform many intricate surgical maneuvers intuitively or au-
tomatically. Good teaching in the operating room, however, requires that
the preceptor analyze and demonstrate the best way to perform each
maneuver. He must also determine the pitfalls and danger points of
each step of the operation and then articulate a strategy that will make
the operation safe and efficient for the resident. This task stimulated my
writing this book.

Each operation described in this atlas is preceded by a brief review
of the indications for and the concept underlying the choice of the pro-
cedure among possible alternatives. Following this is a checklist of the
main points of preoperative care, then a list of pitfalls and danger points
that require the surgeon’s advance planning if success is to be consist-
ently achieved. Immediately preceding the description of each surgical
technique, I have written a section on operative strategy that analyzes
the danger points and the errors surgeons are prone to make; this anal-
ysis is accompamed by a detailed account of the maneuvers to be em-
ployed in avoiding these pitfalls.

This text is not a compendium of every operation of the gastroin-
testinal tract. For each disease state, I have described one operative tech-
nique, one that I have found to be valuable and safe when performed

XX1
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either by expert surgeons or by residents. Alternate techniques are in-
cluded only when indicated by variations in the anatomy or pathology.
This policy has provided the space required to describe in meticulous
detail each operation that is included. Discussions of the postoperative
care and complications are limited to those points that are pertinent to
the operation described. Methods of preventing such complications as
thromboembolism or atelectasis, which may occur after any operation,
are not discussed since whole texts on this subject alone are available.

The descriptions of operative technique have been immensely aided
by the excellent illustrations of Mr. Caspar Henselmann, whose drawings
are based on actual observation of the operations. The illustrations are
neither stylized nor idealized, but show the surgical field as the surgeon
sees it. The drawings take the reader through the operation step by step.
To further the teaching effectiveness, I have not separated the written
description of operations into text and legends, but rather have provided
a single narrative that follows the illustrations and explains those points
an illustration cannot show. Citations of figures are set in bold type so
that the reader can easily correlate the illustration with the correspond-
ing text. The elements of the book are arranged so that related ele-
ments—text and illustrations—are placed together on the same or facing
pages.

This volume describes the more common operations of the gas-
trointestinal tract. [Volume II will cover such areas as the biliary tract,
pancreas, spleen, hernia (abdominal, inguinal, femoral, and hiatal),
breast, and the thyroid and adrenal glands.] Considerable space is de-
voted to complicated operations, such as esophagogastrectomy and low
anterior resection, to enable both the surgeon in training and the more
experienced practitioner to study in detail those operations that he or
she will not perform every day and that are fraught with many technical
pitfalls. For the surgeon beginning training, I have emphasized in Ap-
pendixes A, B, and C the basic principles of foot, hand, and body stance;
the use and abuse of various instruments; and the fundamentals of dis-
secting, sewing, and achieving hemostasis. Since brand names of surgical
products and names of instruments vary with geography, an illustrated
glossary (Appendix D) is included to explain these items.

Unique to this atlas is the detailed discussion of stapled gastrointes-
tinal tract operations: indications, contraindications, precautions, com-
plications, and selected techniques. After studying 472 such anastomoses
my colleagues and I concluded that they are just as safe as sutured
anatomoses provided they are performed with equal sophistication; oth-
erwise, complications can be serious. Although surgical stapling has been
widely adopted throughout the United States and elsewhere, this tech-
nology has attracted scant critical analysis in surgical texts or in the surg-
ical literature, and coverage for the most part has been rather spotty. I
have described the technical details of those stapling procedures whose
safety and efficacy we have demonstrated by personal experience, in-
cluding a number of new techniques and modifications.

Not for two decades has a completely new American atlas of general
surgery by a single author been published. It was not a lack of humility
which led me to undertake this awesome task. Rather, it was my obser-
vation that when many operative techniques by multiple authors are



included in one text, the reader is confused as to which technique to use
under which circumstances. Also, often the master surgeon will inad-
vertently fail to record some important details of technique that make
a procedure safe in his hands. I hope that my description of operative
techniques and strategies that I have found valuable both in my practice
and in teaching will prove helpful to the reader. In writing about surgical
concepts and techniques I have tried to indicate which statements are
supported by data and which are still not thoroughly validated. The
references at the end of each chapter were selected primarily to elucidate
areas of controversy; a more exhaustive bibliography would be beyond
the scope of this book.

In compiling this volume I received considerable advice and criti-
cism from Drs. Kenneth M. Rifkind and James W. Turner, both Assist-
ant Directors of Surgery at Booth Memorial Hospital, and from Dr.
Simon D. Fink, for which I am grateful. I would like to record my debt
to Dr. Frank C. Spencer, Chairman, Department of Surgery at New York
University School of Medicine, for continually stimulating all of us in his
department to analyze and improve our performance both as surgeons
and as teachers. I would also like to thank Ms. Velinda Badaluco for
efficiently overseeing the administration of my office and the Booth
surgical department as well as the preparation of this manuscript. Mr.
Walter Green and the staff of Springer-Verlag New York were also of
great help in completing this project.

Words cannot express my gratitude to my wife Charlotte, without

whose support and understanding this work could not have been accom-
plished.

Preface
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Concept and Strategy in Surgery

Developing a Concept

Successful surgery requires study, advance
planning, clear thinking, and technical
skill. Brilliant execution of the wrong op-
eration at the wrong time can only lead to
disaster. To achieve consistently good re-
sults for each surgical condition the sur-
geon has to develop a concept that com-
bines analysis of the literature, study of
the disordered physiology, and compre-
hension of the hypothesis underlying the
contemplated operation.

To develop a concept properly a sur-
geon must:

Know the normal and pathological
physiology and anatomy.

Explore the relative merits of alterna-
tive operations.

Analyze the operation selected for the
problem at hand. Are there valid data to
demonstrate that it will accomplish the de-
sired goal? Is the mortality rate for the
procedure such that the benefit outweighs
the risk?

Reflect on his or her own experience of
complications and deaths following the
operation selected. This information is
more relevant than are the results that
may be reported from some renowned
medical center, where one surgeon may
have developed great expertise in a par-
ticular operation. Superior results under
such circumstances obviously do not indi-
cate that less-experienced surgeons will be
as successful.

Review postoperative complications and
poor results. When a complication or a
death occurs, the surgeon must analyze
the case carefully and attempt to make an

objective appraisal of what went wrong.
Was there poor judgment in the choice of
operation? Was the diagnosis inaccurate?
Was the assessment of the risk incorrect?
Was there an error of technique? Did the
surgeon lack the technical expertise to un-
dertake the procedure?

Keep records of mortality and morbid-
ity for each operation. Frequent analysis
of results increases the data base of the
surgeon’s own experience. The knowledge
the surgeon gains leads to self-renewal
and improved performance; without it the
surgeon learns nothing from experience.

Establishing Strategy

Establishing an operative strategy—the sur-
geon’s advance planning of the technical
steps in the operation—is vital to the safety
and efficiency of complex surgical proce-
dures. The operative strategy is what the
surgeon ponders the night before the op-
eration: Where are the pitfalls? How should
they be avoided? The thesis of this book
is that by studying strategy the surgeon
can reduce the incidence of operative mis-
adventures and postoperative complica-
tions.

Anticipating and analyzing potential
problems and danger points before an op-
eration will more likely lead to a successful
result than will frenzied activity in the op-
erating room after the surgeon and pa-
tient are already in deep trouble. Antici-
pation enhances the surgeon’s capacity for
prompt decision-making in the operating
room.



Concept and Strategy in Surgery

Strategy also includes planning the
sequence of an operation to clearly expose
vital structures early in the dissection so as
to avoid damaging them. Planning to com-
plete the simple steps first improves the effi-
ciency of an operation. Continuing in this
manner will simplify the more difficult
steps.

The reputation for being a rapid op-
erator is highly prized by some surgeons.
More important than speed, however, are
accuracy and delicacy of technique, espe-
cially when good anesthesia and patient-
support technology are available. Never-
theless, time should not be wasted. A reduc-
tion in operating time is not achieved
merely by performing rapid hand mo-
tions. An operation can be expedited with-
out sacrificing safety only when thought-
ful advance planning, anticipation, and an
alert recognition of anatomical landmarks
are combined with efficiency of execution.
Together, they will eliminate wasted mo-
tion and wasted time.

A discussion of the concept underly-
ing an operation and of operative strategy
will be found in the text preceding the
description of each operative technique.



Management of the

Contaminated Operation

The incidence of postoperative wound
sepsis varies with the magnitude of con-
tamination. The generally accepted clas-
sification of operative wounds according
to contamination, as listed by Altemeier et
al,, is:

1) Clean

Nontraumatic
No inflammation encountered
No break in technique

Respiratory, alimentary, genitouri-
nary tracts not entered

2) Clean—Contaminated

Gastrointestinal or respiratory tracts
entered without significant spillage

Appendectomy—not perforated—no
cloudy peritoneal exudate

Prepared oropharynx entered

Genitourinary or biliary tract entered
in absence of infected urine or bile

Minor break in technique
3) Contaminated

Major break in technique, or gross
spillage from gastrointestinal tract

Traumatic wound, fresh

Entrance of genitourinary or biliary
tracts in presence of infected urine or

bile

4) Dirty and Infected

Acute bacterial inflammation en-
countered, without pus

Transection of “clean” tissue for the
purpose of surgical access to a collec-
tion of pus

Perforated viscus encountered
Dirty traumatic wound

Table 2—-1 demonstrates the high in-
cidence of postoperative wound infection
in good hospitals, in which accurate ob-
servations were made and records kept. If
proper surgical technique and sound
strategy are employed, figures such as
these can be substantially reduced. The
methods that prevent wound infection
generally are effective also in preventing
deep abdominal and pelvic sepsis follow-
ing operative contamination.

TABLE 2—-1. Incidence of Infection in
Relation to Wound Classification

Incidence of

Wound

No. of Cases Infection
Foothills . F1V€

Foothils  Five  Hospital HOsPitals
Hospital” Hospitals" (%)" (%)
Total 23,649 15,613 4.8 7.4
% Clean 76.4 74.8 1.8 5.0
% Clean—con- 17.5 16.5 8.9 10.8
taminated

% Contaminated 3.2 4.3 21.5 16.3
% Dirty 2.9 37 380 285

“ Cruse JP, Foord R (1973) Arch Surg 107:206.
® Howard JM et al. (1964) Ann Surg 160 (Suppl.): 1.
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Management of the Contaminated Operation

Fig. 2-1

Management should be aimed at (1)
minimizing the bacterial inoculum and (2)
enhancing host tissue defenses.

Minimizing Bacterial Inoculum

As it is not possible to eliminate local per-
itoneal contamination in operations upon
the biliary or gastrointestinal tracts, the
surgeon should concentrate on localizing
the spill and minimizing the bacterial in-
sult to the abdominal wound and espe-
cially to the subcutaneous fat. Applying
wet gauze pads to the wound does not ac-
complish this as contaminated fluid can
penetrate the gauze. Before initiating the
contaminated portion of the operation,
the surgeon should insert an impermeable
plastic sheath to protect the wound and
the subcutaneous fat from contamination.
A device that may help accomplish this is

the Wound Protector, a ring drape (Figs.
2—1 and 2-2). At the conclusion of the
contaminated segment of the operation,
the gauze pads, wound protector drape,
gloves, and instruments all should be dis-
carded.

While it has long been customary to
pour several liters of saline into the peri-
toneal cavity just before closing the inci-
sion, the surgeon can achieve greater ef-
ficiency in washing bacteria out of the
operative field with the method employed
by chemists in preparing a chemically
clean glass beaker: five or six rinsings with
small quantities of liquid. During the con-
taminated portion of the operation, fre-



Enhancing Host Tissue Defenses

Fig. 2-2

quent irrigations with 100-200 ml saline,
followed by aspiration, are effective in
washing out bacteria as they are being
spilled into the field. At the same time, be
careful that this irrigation fluid does not
spill over into the subcutaneous tissues.
Replace the gauze pads after aspiration of
the saline is complete.

Adding an appropriate antibiotic to
the irrigating solution further enhances its
efficacy. When antibiotic sensitivity studies
are not available, a solution of 0.1% kana-
mycin is satisfactory in the abdomen, it has
been found. In advanced sepsis, a dilute
solution of an aminoglycoside and clin-
damycin may be preferred. In patients
with renal failure use these drugs with
caution as some absorption from the per-
itoneum is possible. Noon et al. reported
that antibiotic irrigation of the abdominal
cavity and the incision reduces the inci-
dence of wound infection. For situations
in which gram-positive organisms are a
threat—such as in operations that use
Marlex mesh to repair a hernia—50,000
units of bacitracin may be added to 500
ml of a 0.2% kanamycin solution. Lavage
of the subcutaneous tissues with 10% pov-
idone-iodine solution for a period of 60
seconds before closing the skin also has
produced a significant reduction in wound
infections, according to a study by Sinde-
lar and Mason.

Mechanical and antibiotic bowel prep-
aration (see p. 277) has been demon-
strated, in random studies conducted by
Clarke et al., to lower the incidence of
wound infection after colon anastomoses.
Similar preparation in patients who have
cancer of the stomach is appropriate be-
cause the necrotic interstices of the tumor
often harbor virulent bacteria.

When latex drains are brought from
a contaminated area in the abdomen
through the incision, bacteria enter the
subcutaneous tissues. The contamination
is lessened, Cruse and Foord found, if the
drain is brought out through a separate
stab wound, reducing the incidence of
wound infection. Cruse and Foord also
found that the adhesive plastic skin drape
failed to reduce the incidence of wound
infection.

Enhancing Host Tissue
Detenses

The defenses of host tissues are tremen-
dously impaired by such poor surgical tech-
niques as traumatic dissection, clamping
large bites of tissue in hemostats, and leav-
ing too many ligatures of too heavy a ma-
terial. All these make the tissues less able
to conquer bacterial invasion. In Cruse’s
study the use of the electrosurgical knife
almost doubled the wound infection rate.
Other factors that were correlated with

7



Management of the Contaminated Operation

marked increases in the incidence of wound
infection in clean wounds were malnutri-
tion, obesity, and diabetes.

Nutritional rehabilitation, including the
use of total parenteral nutrition when nec-
essary, helps restore the impaired immu-
nological defenses of the depleted patient.

Perioperative antibiotics (see p. 10) as-
sure a therapeutic level in the serum and
tissues before the incision. Even if minor
hematomas should form, presumably they
too will contain a therapeutic level of an-
tibiotic. Polk and Lopez-Mayor proved
that this reduces the incidence of wound
infection.

Effective evacuation, by suction cathe-
ters, of blood, fibrin, and serum from the
operative site restores the efficiency of
phagocytosis, which these substances im-
pair. Alexander et al. have noted that in-
fections are prevented by this means. This
is extremely important in the splenic bed
following splenectomy and in the pre-
sacral space following low colorectal anas-
tomosis. In both locations a relatively small
inoculum of bacteria combined with blood
and serum may produce an abscess,
whereas bacteria without blood or blood
without bacteria may prove harmless. In
the low colorectal anastomosis, infected
hematoma and the resultant abscess for-
mation probably are common causes of
anastomotic failure. In Cruse and Foord’s
study, the use of closed-suction drainage
following cholecystectomy reduced the in-
cidence of postoperative infection to 0%
as compared to 9.9% following the use of
Penrose latex drains.

Intermittent instillation of an antibiotic
solution into closed-suction or sump catheters
postoperatively is another method of en-
hancing the defenses of host tissues. The
antibiotic selected depends on the nature
of the contamination as well as on the pat-
tern of bacterial resistance to antibiotics in
each hospital. We have experienced favor-
able results with 0.1% kanamycin solution
in the presacral space following low colo-
rectal anastomosis and following total
proctectomy when the perineum has been
closed. In clean-contaminated and con-

taminated abdominal incisions, Mcllrath
et al. obtained excellent results postoper-
atively by injecting 10 ml Dab’s solution
into the closed-suction subcutaneous cath-
eter every 8 hours for 4 days. Instilling an
antibiotic solution has the additional ad-
vantage of preventing clotted serum from
obstructing the suction catheters.

Schwab and Kelly prefer to adminis-
ter continuous irrigation with a saline so-
lution (50 ml per hour) in the presacral
space after total proctectomy has been
performed.

Leaving the skin and subcutaneous tissues
completely unsutured, to close by granulation
and contraction is an excellent method of
preventing wound sepsis. To accomplish
healing of the abdominal wall in the ab-
sence of skin sutures, the abdomen should
be closed with a suture material that will
not produce chronic draining sinuses. Su-
tures of monofilament wire, using a mod-
ified Smead-Jones technique, will achieve
this end nicely.

Keep the skin edges separated post-
operatively by inserting a light packing
over fine mesh gauze for 5-10 days. Change
the packing daily, using a sterile tech-
nique. If the wound is clean, secondary
closure may be performed with sterile mi-
cropore adhesive strips. Interrupted nylon
vertical mattress skin sutures may also be
inserted in the operating room, about 2-3
cm apart. The sutures should be left un-
tied beneath the gauze pack until the ap-
propriate time.

This type of management is particu-
larly suitable for the gross contamination
that occurs in operations for advanced
peritonitis, gangrenous appendicitis, or
subphrenic abscess.

Management of Contaminated
Operative Wound

The following is our method of managing
a clean-contaminated incision. The exam-
ple is of an abdomen that has been ex-
posed to intestinal bacteria during an
open colon anastomosis.



Before the incision is closed, it is thor-
oughly irrigated with aliquots of 0.1%
kanamycin solution. The incision is then
closed with interrupted sutures of 2—0
monofilament stainless steel wire or No. 1
polyglycolic (PG) absorbable suture (see
Chap. 5). The subcutaneous tissue is again
irrigated with antibiotic solution. A section
of Silastic Jackson-Pratt tubing is selected,
3-5 mm in external diameter, with mul-
tiple perforations, equal in length to the
abdominal incision. The tube is brought
out through a puncture wound near one

Management of Contaminated Operative Wound

Fig. 2-3

pole of the incision, attached to a closed-
suction drainage device (Fig. 2-3), and
fixed to the skin by a suture. The skin in-
cision is closed with a continuous 4-0 PG
subcuticular stitch. Every 8 hours, follow-
ing the method of Mcllrath et al., 10 ml
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Dab’s solution is instilled into the subcu-
taneous catheter and the continuous suc-
tion omitted for 20 minutes. This is con-
tinued for 4 days after the operation, after
which the catheter is removed. The gauze
dressing on the wound is removed 2 days
after the operation, leaving the incision
uncovered. The exit puncture wound of
the suction catheter is redressed daily with
the application of a bit of povidone-iodine
ointment.

Dab’s solution contains 500 mg neo-
mycin, 100 mg polymyxin, and 80 mg gen-
tamycin in 1,000 ml normal saline; other
formulas may prove equally successful.

If the wound has been exposed to
particularly heavy or virulent contamina-
tion during the course of the operation,
we prefer to leave the skin open rather
than use the suction-catheter technique.

Management of Infected
Operative Wound

Infection of the operative wound may be
revealed by such signs as local erythema,
tenderness, fever, or tachycardia. If local
pain and systemic toxicity are out of pro-
portion to the degree of local findings in
the wound, one should suspect infection
by anaerobic organisms, especially Clos-
tridia.

If there is the slightest suspicion of
infection, the incision should be explored
by opening the skin down to the fascia.
Obtain samples for bacteriological identi-
fication. If infection is found, the skin
should be opened over the entire length
of the infected part of the wound, which
should then be irrigated. Necrotic tissue
should be debrided. The skin edges should
be kept open with gauze packing, which
should be changed once or twice daily.
This gives the surgeon the opportunity to
observe the area closely. Serious infec-
tions, such as necrotizing fasciitis or myo-
sitis, must be diagnosed early and treated
with appropriate systemic antibiotics and
debridement.

Perioperative Antibiotics

Studies by Polk and Lopez-Mayor and by
Altemeier et al. have demonstrated that
when significant contamination may be
anticipated because of the nature of the
operation, the incidence of wound infec-
tion 1s reduced if an adequate hlood level
of the proper antibiotic is provided before
the incision is made. This type of manage-
ment is appropriate for patients who
undergo open colon anastomosis, explo-
ration of an infected common bile duct,
cholecystectomy for acute cholecystitis, or
gastrectomy for carcinoma. Some institu-
tions use prophylactic antibiotics for elec-
tive cholecystectomy in the elderly because
patients over age 60 who suffer gallstones
have a high incidence of gram negative
and anaerobic bacteria in their bile.

Antibiotics should be initiated intra-
venously 2 hours before surgery and re-
peated after 4 hours and then every 6
hours for 3 doses. As a rule, continuing
the prophylactic antibiotic beyond 3-4
doses is of no value and raises the risk of
encouraging the development of antibiotic
resistance. Exceptions to this rule usually
are made for patients who have drainage
tubes in the pleural cavity or the common
bile duct. Whether these exceptions are
valid is not entirely clear from the data
currently available.

Which antibiotic to employ for pro-
phylaxis varies with the proposed opera-
tion and with the bacterial sensitivity
pattern in each hospital. Polk used ce-
phaloridine. We use cefazolin now because
we prefer intravenous administration. Ce-
phalothin should not be used for this pur-
pose because of its extremely rapid excre-
tion after intravenous administration.

Throughout this book, reference to
the use of prophylactic antibiotics imme-
diately before, during, and for 24 hours
following surgery will be indicated by the
term “perioperative antibiotics.”
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Rational Use of Drains

Purpose of Drains

Drains permit the escape from the body
of pus, blood, serum, lymph, bile, pan-
creatic juice, or intestinal contents. They
form a walled-off passageway, from the
source of pus or other undesirable collec-
tion, to the outside. This passageway or
tract must persist for a period long enough
to assure complete evacuation of the col-
lection.

In the presence of a discrete abscess,
the need for and purpose of a drain is
obvious and noncontroversial, as its ther-
apeutic benefits are clear. In most other
situations, the drain acts as a prophylactic
instrument to prevent the accumulation of
undesirable products. Because it is a for-
eign body, the drain also has the paradox-
ical effect of potentiating infection, as Ma-
gee et al. have pointed out. When and how
a drain should be used for prophylactic
purposes has long been a source of con-
troversy.

Pros and Cons
of Various Drains

Latex and Cigarette (Penrose)

Perhaps the most widely used method
of drainage in the United States, the soft
latex drain of various dimensions, is gen-
erally made of a thin radiopaque sheet of
rubber. It has the advantage of being in-
expensive. It is also successful in encour-
aging fibrosis, so that it forms a well-estab-
lished tract within 8-10 days.

However, there are many disadvan-
tages. If the surgeon does not take pains
to bring the drain out in a straight line
without any wrinkles, stagnant pools of
serum accumulate around the wrinkled
areas of the drain. After the drain is re-
moved, the patient may have a 24-hour
increase in temperature of 2°-3°. More
fundamentally, the latex drain does not
really empty a cavity. It simply permits the
secretions to overflow from the abdomen
to the outside. It is not particularly effec-
tive in evacuating oozing blood before a
clot forms. There is no method of irrigat-
ing the depth of the wound 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 1-2 cm stab wound in the
abdominal wall. This permits the retro-
grade passage of pathogenic bacteria down
into the drain tract, which accounts for the
occurrence of staphylococcal infection in
the drain site following an uncomplicated
cholecystectomy and subphrenic abscess
following an essentially sterile splenec-
tomy. These problems have been de-
scribed by Nora et al. and Cerise et al.



Tube Drain,
Polyethylene or Rubber

Both of these substances establish
tracts to the outside, as they are mildly ir-
ritating and stimulate adhesions. They are
effective in evacuating air and serum from
the pleural cavity and bile from the com-
mon bile duct. Drain-tract infection fol-
lowing the use of tube drains is rare, for
reasons discussed below.

Among the disadvantages of rubber
or polyethylene tubes is that they will clog
up with clotted serum or blood unless they
are a large size. However, large tubes are
unsuitable for placement deep in the ab-
dominal cavity for a period of more than
a few days, as there is considerable danger
of erosion through an adjacent segment of
intestine, which results in intestinal fistula.

Tube Drain, Silicone

Silicone or Silastic tubes are less re-
active than are other types of drains. They
are less prone to plug up as a result of the
clotting of serum. Because of the soft tex-
ture of silicone, erosion into the intestine
is uncommon.

One disadvantage of silicone drains
is that their lack of reactivity may result in
the failure of tract formation. When a Si-
lastic T-tube used in the common bile duct
is removed, the patient may develop bile
peritonitis, because a firm fibrous channel
has not been established between the bile
duct and the outside.

Sump Suction Drains

Generally constructed of polyeth-
ylene tubing, sump drains must be at-
tached to a source of continuous suction.

They are quite effective in evacuating
blood and serum, especially if suction is
instituted in the operating room, so that
the blood may be evacuated before it clots.
Instillation of an antibiotic solution also is
feasible when indicated. If used regularly,
fluid instillation is also effective in pre-
venting obstruction of the drain due to the
coagulation of serum or secretions. Drain

Pros and Cons of Various Drains

tract infections with sumps are uncommon
even though unsterile, bacteria-laden air
is drawn down into the depths of the pa-
tient’s wound by the continuous suction.
Baker and Borchardt have demonstrated
this phenomenon and have noted it may
be minimized by the low-volume suction
provided by a Gomco pump. A major dis-
advantage of sump drains is the require-
ment that the patient be attached perma-
nently to a suction device, thereby impairing
mobility.

Closed-Suction Drain

This device consists of one or two
multiperforated polyethylene catheters at-
tached to a sterile plastic container, which
is the source of continuous suction. This
is a closed system; the catheters are brought
out through puncture wounds. Morris has
reported that the incidence of infection is
lower than that encountered with other
techniques. Patient mobility is unim-
paired, for the plastic container is easily
attached to the patient’s attire. Irrigation
of the depths of the wound with an anti-
biotic solution can be undertaken by dis-
connecting the catheter from the suction
device and instilling the medication with
a sterile syringe.

The closed-suction drain should not
be left in the abdomen for more than 10
days as we know of cases where tissues
have been sucked into the fenestrations of
a Jackson-Pratt catheter so firmly that it
was impossible to remove the catheter ex-
cept by relaparotomy.

Gauze Packing

When a gauze pack is inserted into an
abscess cavity and is brought to the out-
side, the gauze in effect serves as a drain.
Unless the packing is changed frequently,
this has the disadvantage of potentiating
sepsis by providing a foreign body that

protects bacteria from phagocytosis.
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Prevention of
Drain-Tract Infection

Retrograde transit of bacteria from the
patient’s skin down into the drain tract is
a source of postoperative sepsis. As Nora
et al. and Cerise et al. have reported, this
problem occasionally follows clean opera-
tions such as elective cholecystectomy and
splenectomy. An analogy can be drawn
between an abdominal drain and an intra-
venous catheter placed in the superior
vena cava for total parenteral nutrition. In
the early days of this method, the intra-
venous catheter was a common cause of
phlebitis and sepsis despite the sterile
technique used to insert it. Two additional
precautions, which were later instituted,
helped eliminate these infections. These
precautions were 1) suture-fixation of the
catheter to its exit wound in the skin to
eliminate any possibility of to-and-fro mo-
tion of the catheter through the puncture
wound and 2) the addition of an antisep-
tic ointment like povidone-iodine to the
skin wound every time the dressing is
changed.

When a polyethylene sump or a sili-
cone closed-suction catheter is brought
through a puncture wound of the skin, it
is easy to suture it in place, like the intra-
venous catheter. Daily application of pov-
idone-iodine ointment and a sterile dress-
ing is also a routine precaution. On the
other hand, when a latex drain is brought
out through a 1-2 cm stab wound in the
abdominal wall, there is no possibility of
eliminating to-and-fro motion of the drain
or of retrograde passage of bacteria into
the drain tract. Consequently, when latex
or gauze drains must be used in cases of
established abscesses, the surgeon must
accept an added risk of retrograde con-
tamination with bacteria, in spite of sterile
technique when dressings are changed.

Management of
Intraperitoneal Sepsis

A distinction must be made, in managing
intraperitoneal sepsis, between an isolated
abscess—for instance, around the appen-
dix—and multiple abscesses involving the
intestines, accompanied by generalized
peritonitis. In treating peritoneal sepsis of
the latter type, “decortication”—excision
of the abscess and its surrounding fibrin—
is the goal, just as decortication of an em-
pyema cavity in the thorax is superior to
simple drainage. The presence of fibrin
and necrotic tissue prevents adequate
phagocytosis and perpetuates sepsis. When
peritoneal sepsis has progressed to the
point at which multiple abscesses involve
much of the small intestine, excising the
abscesses by the technique described by
Hudspeth, starting at the ligament of
Treitz and continuing to the terminal
ileum, serves simultaneously to eliminate
the infection and correct the chronic in-
testinal obstruction.

When treating a solitary abscess in
the periphery of the peritoneal cavity,
such as in the pelvis, the subphrenic space,
or the appendix, this radical type of op-
eration is not necessary. When the abscess
has developed rigid walls that do not collapse
after evacuation of the pus, large drains must
be inserted in order to establish a reliable
tract to the outside. Sometimes 2 to 5
weeks may be required for a rigid abscess
cavity to fill with granulation tissue. It is
not safe to remove the drains until inject-
ing the abscess with an aqueous iodinated
contrast medium has produced an X ray
that demonstrates the cavity is no longer
significantly larger in diameter than the
drainage tract. If this is not done, sub-
phrenic or pelvic sepsis can recur readily.
For rigid-walled abscesses of this type, sev-
eral large latex drains should be inserted
together with one or two sump drains. An
additional straight 10F catheter should be
inserted for intermittent instillation of an
appropriate dilute antibiotic solution. At
least one drain should be left in place until



the sinogram X ray shows that the abscess
cavity has essentially disappeared. Care
should be taken that none of the rigid
tubes comes into contact with the intestine
or stomach, as intestinal fistula can be a
serious complication.

Other Indications and
Methods of Drainage

Abscess

In abscesses of the extremities, trunk,
or perirectal area, the important step is to
unroof the abscess by making a cruciate
incision so that the tract will not close be-
fore all the pus has been evacuated. For
superficial abscesses, an unroofing proce-
dure is adequate, and any type of tempo-
rary drain is sufficient. When the danger
exists that the superficial portion of the
tract will close before deep healing takes
place, insertion of gauze packing is indi-
cated. This should be changed often
enough to keep the packing from blocking
the egress of pus.

Blood and Serum

The presence of blood, serum, or fi-
brin in a perfectly sterile area is not dan-
gerous to the patient. However, following
any major operation, the operative field is
never completely sterile. For this reason
postoperative puddles of blood or serum
in combination with even a small number
of bacteria, can result in abscess forma-
tion, because the red blood cell impairs
antibacterial defenses, as Davis and Yull
have stated. In the low colorectal anasto-
mosis, accumulated serum or blood in the
presacral space, together with secondary
infection and abscess formation is proba-
bly a frequent cause of anastomotic leak-
age. For these reasons, during any abdom-

Other Indications and Methods of Drainage

inal operation strenuous efforts should be
exerted to eliminate bleeding. If these ef-
forts have to be supplemented by some
type of drainage, the ideal method is to
insert one or two multiperforated Silastic
tubes, which are brought out through
puncture wounds in the abdominal wall
and attached to a closed-suction system. If
it is important to keep this system func-
tioning for more than 2 or 3 days, as it is
in the low colorectal anastomosis, then
tubes of large size—6 mm in external di-
ameter—should be employed, and pat-
ency guaranteed by intermittent instilla-
tion of a dilute antibiotic solution.

Following radical mastectomy or re-
gional lymph node dissections of the neck,
axilla, or groin, closed-suction drainage is
also extremely effective. Here, tubing of
smaller diameter is acceptable. This tech-
nique has also been successfully employed
following abdominoperineal proctectomy
with primary closure of the perineal floor
and skin.

Bile

Because bile has an extremely low
surface tension, it will tend to leak through
anastomoses by way of tiny defects or even
via suture tracts. This is essentially harm-
less if a passageway to the outside is estab-
lished. For this purpose either a sump
drain or closed-suction system works nicely.
Silastic tubes are contraindicated, as the
formation of a fibrous tract to the outside
for the bile is desirable. This is especially
true in the use of a T-tube in the common
bile duct. Following hepatic lobectomy, it
is worthwhile to use several cigarette and
sump drains, as there is a large empty
space following resection.

Pancreatic Secretions

Pure pancreatic juice in the abdomi-
nal cavity is not dangerous. This is evident
in patients who have pancreatic ascites or
fistula. However, if the pancreatic secre-
tion is activated by the presence of bile,
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duodenal contents, or pus, the trypsino-
gen is converted to trypsin and the adja-
cent tissues are subjected to a raging in-
flammatory reaction. Recently constructed
adjacent anastomoses may be digested and
destroyed. Eventually, hemorrhage from
retroperitoneal blood vessels ensues. Con-
sequently, it is important to evacuate bil-
ious and pancreatic secretions completely,
especially after Whipple pancreatic resec-
tion. This is accomplished by inserting a
long plastic catheter into the pancreatic
duct in the tail of the pancreas. The cath-
eter is brought through the segment of je-
junum to which the duct is anastomosed.
Then it is brought through a jejunostomy
opening to an outside drainage bag. Un-
less the tube is displaced accidentally, it
will convey all the pancreatic secretions
out of the abdominal cavity.

In addition, a sump suction catheter
should be inserted in the vicinity of the
anastomosis, between the tail of the pan-
creas and the jejunum. Daily irrigation
with an antibiotic solution may be neces-
sary to keep the drain functioning if it
must remain in for more than a few days.

Duodenal Stump

Occasionally, after closing a difficult
duodenal stump, the surgeon will have
some doubt about the adequacy of the su-
ture line. Under these conditions a 14F
whistle-tip or Foley catheter should be in-
serted as a lateral duodenostomy to pre-
vent the buildup of pressure in the duo-
denal stump (see Figs. 15-33 and 15-34).
After a difficult duodenal resection, even
if the closure appears to be satisfactory,
some surgeons prefer to institute drainage
in this area because there may have been
trauma to the head of the pancreas. For
this purpose a sump or latex drain is used,
provided that it does not come into contact
with the suture line. In general, it is pref-
erable to use the lateral duodenostomy
method or no drains at all.

Anastomosis

Placing a drain down to an anasto-
mosis of the gastrointestinal tract because
the surgeon has some doubt about its in-
tegrity makes little sense, according to
Berliner et al. and Manz et al. If anasto-
motic breakdown occurs, the presence of
a drain may not prevent generalized per-
itonitis. If the surgeon believes there is any
significant risk of anastomotic failure, the
anastomosis should be taken apart and be
done over again, or else both ends should
be exteriorized, to be reconnected at a sec-
ond-stage operation. The surgeon must
not fall into the trap of fuzzy thinking,
which would permit the acceptance of an
anastomosis that might be less than ade-
quate, rather than reconstructing the an-
astomosis or eliminating it from this stage
of the operation.

In treating some cases of Crohn’s dis-
ease accompanied by extensive cellulitis,
some surgeons believe the inflamed areas
should be drained. In reality, cases of cel-
lulitis or contamination, such as might fol-
low a perforated duodenal ulcer, do not
benefit from drainage. It is well estab-
lished that the peritoneal cavity as a whole
cannot be drained.

If complete hemostasis in the vicinity
of an anastomosis cannot be achieved,
there may be some merit to the insertion
of 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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Surgical Stapling:

Principles and Precautions

Principles of Stapling Gastric
and Intestinal Anastomoses

Preserving Tissue Viability

Preserving the viability of the tissues
distal to the line of staples is basic to the
concept underlying the use of staples to
perform a surgical anastomosis. The flow
of blood penetrates the double staggered
rows of staples that have been applied to
the tissues. Unless the tissues are much too
thick to be suitable for stapling, one will
notice blood oozing through the staple
line because the staples assume the config-
uration of a B when they are fired. Con-
sequently, there is tissue along the staple
line that completely escapes being en-
closed by the staples, permitting the pas-
sage of blood to and beyond the stapled
anastomosis. If the tissues being stapled
are so thick that compression by the sta-
pling device is likely to produce necrosis,
this technique is contraindicated. On the
other hand, if the tissues are so thin that
the staples cannot provide a firm approx-
imation, bleeding and anastomotic leakage
may occur.

There is some leeway when approxi-
mating tissues of varying thickness. Sta-
ples of two sizes are available for use with
the TA stapling devices. The 3.5 mm sta-
ple is 3.5 mm in leg length and 4.0 mm
wide across the base. The 4.8 staple also
is 4.0 mm wide across the base, but its leg
length is 4.8 mm. When the TA device is
compressed sufficiently so that the thin
black band on its handle reaches the exact
midpoint of the wide black band, the de-
gree of compression, using the 3.5 mm

staple, is approximately 1.5 mm. With the
same technique, the 4.8 mm staple com-
presses the tissues to approximately 2 mm.
An additional method of correcting for
the thickness of tissues is to tighten the
wing nut on the TA-55 device so that the
thin black band comes to rest at a point
proximal to the exact midpoint of the wide
black band. This compresses the tissues to
a width of 2.4 mm instead of 2.0 mm. With
the GIA stapler, no adjustments can be
made for tissues of varying thicknesses, as
only one staple size is available. The GIA
compresses tissues to a thickness of ap-
proximately 1.75 mm.

Stapling in Eversion

Even when tissues are stapled in
eversion, with mucosa facing mucosa, sat-
isfactory healing takes place. Ravitch et al.
(1966) have demonstrated this phenome-
non in anastomoses of the intestine. When
a sutured anastomosis is performed with
everting technique, the results are inferior
to the inverted seromuscular anastomosis.
On the other hand, the everted stapled
anastomosis in experimental animals healed
nicely with even less inflammation in the
first 10-15 days than did the inverted su-
tured anastomosis. Extensive experience
in humans, reported by Steichen and Ra-
vitch, confirms the safety of mucosa-to-
mucosa approximation when it is per-
formed by stapling devices (see also
Complications of Stapling Compared with
Suturing, p. 25).



Instruments Used in

Surgical Stapling

Stapling Devices Used for
Gastrointestinal Tract
Anastomosis

TA-55 and TA-90

The TA-55 applies a doubled stag-
gered row of staples approximately 55
mm long; the TA-90 applies a doubled
staggered row about 90 mm long. Each
may be used with 3.5 mm or 4.8 mm sta-
ples, according to the principles described
above. These devices are used to approx-
imate the walls of stomach or intestine in
an everting fashion. They find application
in closure of the duodenal stump, of the
gastric pouch in gastrectomy, and of the
end of the colon when a side-to-end col-
oproctostomy is performed.

GIA

The GIA device creates a stapled
anastomosis with the tissues in inversion.
It applies two doubled staggered rows of
staples while the knife in its assembly di-
vides the tissue between the two double
rows. It is used for side-to-side anasto-
moses, such as gastrojejunostomy, and
“functional end-to-end” anastomoses.

EEA

The EEA device utilizes a circular an-
vil, a circular staple cartridge, and a cir-
cular knife to produce a doubled stag-
gered row of staples that approximate two
tubular structures in inversion while the
knife cuts the tissue just inside the staple
line. This creates an end-to-end anasto-
mosis 21.4 mm in internal diameter. It
compresses the tissues to a thickness of
approximately 2.0 mm. While smaller car-
tridges that produce a circular anastomo-
sis of smaller diameter are available, only
one size of staple is obtainable. When the
device is inserted through the anal canal,
it is ideally suited for a low colorectal
anastomosis.

Instruments Used in Surgical Stapling

Because the outside diameter of the
cartridge is about 32.0 mm, the EEA de-
vice is not easily inserted into the esoph-
agus for use in this application. Whether
an anastomosis having an internal diame-
ter of less than 21.4 mm will prove ade-
quate for the passage of food remains to
be seen. Until this question has been set-
tled it may not be wise to use the EEA
cartridges, which produce anastomoses
with diameters smaller than this.

The EEA stapler has also been used
successfully for the Billroth I gastroduo-
denal anastomosis.

Other Stapling Devices

LDS

The LDS device can apply two sta-
ples, which serve as ligatures, while it di-
vides the tissue between these two staple-
ligatures. Its principal application is in di-
viding the branches of the gastroepiploic
vessels that supply the greater curvature
of the stomach, a procedure carried out
when the omentum is liberated during
gastrectomy. Some surgeons also find it
useful in dividing blood vessels in other
parts of the abdomen.

Skin Stapler

All the instruments mentioned above
are manufactured by the U. S. Surgical
Corp., which along with the Ethicon Com-
pany also makes staplers for closing skin
incisions. These staplers close skin inci-
sions efficiently and rapidly, with satisfac-
tory cosmetic results. Their major draw-
back is that staples are more expensive
than sutures for this purpose.

Fascia Stapler

Since the fascia stapler violates the
principles discussed in Chap. 5, we have
not used it in our operations.
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Indications for Stapling an
Anastomosis

Stapled anastomoses, when constructed
with proper technique, are no better and
no worse than those done with sutures (see
below). Stapling has the disadvantage of
increased expense. It has the advantage of
speed—a stapled anastomosis can gener-
ally be completed in 2-5 minutes—which
is a tremendous benefit in the poor-risk
patient who is critically ill and who may be
undergoing an emergency operation. Even
with the availability of skilled anesthesiol-
ogists, expert in the physiological support
of the desperately ill patient, there is in-
dubitably an advantage to completing the
operation speedily.

Stapling technology is also an attrac-
tive option for the low anterior resection
in patients who have lesions of the middle
third of the rectum at 6-10 cm from the
anal verge. Although there are many pit-
falls of a technical nature in the use of the
EEA device, after the technique has been
mastered it seems to be superior to sutur-
ing in this location.

Contraindications

The use of staples is contraindicated un-
der the same conditions that would make
construction of a sutured anastomosis
dangerous. There is no evidence that sta-
ples are safer than sutures, for instance,
in the presence of advanced peritonitis.

Another contraindication is the pres-
ence of tissues that are too thick or too
thin to meet the requirements for stapling,
as discussed above.

There are occasional, although rare,
instances in which the exposure does not
allow enough room to insert a stapling in-
strument into a body cavity. If this is the
case, it is contraindicated to apply traction
to the tissues in order to permit the intro-
duction of a stapling device.

Causes of Failure following
Stapled Anastomosis

Quality of the Tissues

The blood supply of the bowel to be
anastomosed must be vigorous when sta-
ples are used, just as it must be with su-
tures. Bowel that is not fit for suturing is
not suitable for stapling.

When the GIA is used to anastomose
the jejunum to the back wall of a gastric
pouch (see Fig. 15—47), at least 2.0-2.5 cm
of gastric wall should be left between the
GIA staple line and the closed end of the
gastric pouch. Otherwise, ischemia can de-
velop in this strip of stomach between the
two staple lines and produce anastomotic
failure. Do not let the ease of inserting sta-
ples impair good judgment about the ad-
equacy of tissue perfusion in the vicinity
of any staple line. Always think of blood
supply.

The stapling technique requires that
the bowel be of such quality that it will
remain viable when compressed to the
thickness mentioned above during the
process of constructing a stapled anasto-
mosis. For example, when a chronic ob-
struction has caused the gastric wall to be-
come hypertrophied to a thickness of 68
mm, compression by the TA-90 stapling
device to a thickness of 2.0-2.4 mm may
produce a linear tear in the serosa adja-
cent 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 accomplished 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 seri-
ous complications. On some occasions the
tissues may be so thick that the TA instru-
ment cannot be closed sufficiently to su-
perimpose one black band upon the other.
Obviously the stapling technique should
be abandoned in these cases.

Linear tension that exerts a distract-
ing force against a sutured anastomosis



certainly is detrimental. In the stapled
anastomosis this tension is even more un-
desirable. One should assume that the fine
wire in the staples will tend to cut through
tissues more readily than sutures, thereby
producing a leaking anastomosis. This is
a clinical impression unsupported by data,
but we have observed a colostomy closure
fail because of the postoperative dehis-
cence of the staple line. This occurred be-
cause the surgeon did not free enough
proximal and distal colon from adhesions
to the parietal peritoneum to relieve ten-
sion on the stapled closure. Other compli-
cations of this type are discussed in the
section on staple complications (see below).

Instrument Failure

Misalignment of the GIA instrument
may occur, especially if it has been dropped
on a ceramic floor and the two forks of
the instrument diverge instead of remain-
ing parallel. In this case the increased dis-
tance between the cartridge and the anvil
prevents the staples at the distal end of the
instrument from closing properly. As a
precaution, the staple formation should be
checked following the completion of each anas-
tomosis. In addition, when the GIA is used
frequently it should be test-fired once a
month on a latex drain or a sheet of plastic
to check proper B formation.

Partial failure of the knife assembly
in the GIA instrument may occur on rare
occasions. When this happens the scalpel
fails to make a complete incision between
the two double rows of staples. If this is
not detected by careful inspection, the re-
sulting anastomosis will have an extremely
narrow lumen.

Complete failure of the staple car-
tridge to discharge staples has been known
to happen. An inattentive surgeon may
not notice this, for pressure alone may
hold the bowel walls in apposition tem-
porarily. A cartridge will also fail to dis-
charge staples if it has been spent and not
replaced by a fresh cartridge before each
application of the instrument.

Causes of Failure following Stapled Anastomosis

If the staples do not close properly
when the TA device is fired with the two
black bands properly aligned, the cause
probably is excessive wear and tear on the
TA’s component parts. Should this hap-
pen, return the instrument to the com-
pany for repair. When these devices are
used often, they should be tested at reg-
ular intervals by firing them on a latex
drain or a piece of plastic and inspecting
the staples carefully. The B formation
should resemble those in Fig. 4-1a,b.
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Fig. 4-1a. Dimensions of 4.8 staples.
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Fig. 4—1b. Dimensions of 3.5 staples.
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Human Error—Instruments

If the operating room uses more than
one GIA instrument, the two main com-
ponents of each GIA must not be inter-
changed, as this may cause misalignment.
The serial number on each component of
each GIA should match.

In inserting the knife assembly of the
GIA device, each of the three components
of the knife assembly must be inserted in
its own channel. Otherwise one whole line
of staples may not be fired.

Occasionally, a novice at GIA stapling
will fire the knife assembly, then withdraw
the assembly and fire it a second time.
This second firing of the spent GIA car-
tridge causes many small bits of plastic to
be discharged into the lumen. These are
the pusher components of the cartridge,
which drive each staple out of the car-
tridge. Obviously, each cartridge should
be fired only one time.

The GIA push-bar/knife assembly
has a runner on its plastic handle. The
runner goes into a slot on the cartridge
fork; this aligns the knife assembly prop-
erly. If the knife assembly is fired with the
runner out of its slot, its components get
bent and jam, preventing the assembly
from being withdrawn. If this happens,
release the lock lever to partially separate
the two forks while the GIA is still in the
bowel lumen; then remove the device.

If the alignment pin of the TA-55
instrument is not pushed into the anvil,
the staples will undergo improper closure,
since the anvil and the cartridge may not
be lined up in their proper positions. In
the TA-90 device, the alignment pin con-
sists of a screw, which serves the same pur-
pose.

Never omit the insertion of the align-
ment pin. If the stomach is too wide to be
encompassed by one application of the
TA-90, do it in two steps. First, close the
TA-90 over 90 mm of stomach. While the
tissue is loosely in the jaws of the instru-
ment, drive the alignment screw pin
through the gastric walls into the anvil.

Tighten the wing nut. Then fire the sta-
ples. Reapply the TA-90 with a fresh car-
tridge and anvil in such a direction that
the gastric tissue damaged by the penetra-
tion of the alignment pin is included in
the specimen. Fire the staples; the gastric
wall will be stapled closed with complete
safety.

Immediately after each use, discard
both the spent staple cartridge and the an-
vil. This prevents the error of reusing a
spent cartridge that no longer contains
any staples.

If a TA instrument is not closed by
turning the wing nut at the end of the
handle to place the thin black band within
the confines of the wide black band, then
the distance between the cartridge and the
anvil will be excessive and the staples will
not close. This must be checked before
any staple cartridge is fired.

In using the EEA device, be sure to
tighten the screw on top of its anvil; this
will avoid excessive space between the car-
tridge and the anvil when the device is

fired.

Human Error—Judgment

A staple line should not cross the
mesentery of bowel. If this happens, in-
tramural hematomas may occur, which
would interfere with proper healing. Also,
mesenteric fat should not be included be-
tween the seromuscular layers of an
anastomosis.

Whenever the GIA device is used on
the gastric wall, carefully inspect the staple
line for gastric bleeding. Transfix bleed-
ing points with absorbable sutures. Occa-
sionally an entire GIA staple line in the
stomach bleeds excessively. If it does, the
entire staple line should be oversewn with
absorbable sutures inserted in the lumen
of the stomach. Although it is preferable
to insert sutures superficial to the staple



line, with the GIA device there may not be
sufficient tissue beyond the staples to ac-
complish this. On such occasions we have
not had complications when 4-0 PG atrau-
matic sutures were inserted in the lumen
of a GIA anastomosis and were passed
deep to the staples. These sutures must
not be tied with excessive tension. We have
not observed significant bleeding follow-
ing GIA stapling in organs other than
stomach. Minor bleeding may be con-
trolled by cautious electrocoagulation.

When an excessive amount of tissue
is bunched up in the crotch of the GIA,
firing the knife assembly may fail to incise
the bowel between the two doubled rows
of staples because the knife blade cannot
penetrate the compressed tissue. As a re-
sult there will be narrowing or absence of
an anastomotic lumen. Every GIA staple
line must be inspected upon removing the
instrument. If the incision between the
staple lines has not been made by the GIA
knife assembly, it should be accomplished
with a straight scissors. Although this type
of GIA failure is rare, its possibility should
not be overlooked.

Occasionally the GIA is used to cut
and staple across two layers of gastric wall,
as in the Janeway gastrostomy (see Chap.
17) or the Collis gastroplasty (Vol. II). Be-
cause the two layers of stomach may be
too thick for the GIA to compress them
safely to a 1.75 mm width, these staple
lines should be oversewn with sutures.

Multiple Allis clamps should be ap-
plied to the walls of intestine included in
a TA staple line. This prevents the bowel
from retracting out of the jaws of the in-
strument as the tissue is being com-
pressed. If the tissue should retract from
the jaws of the instrument, obviously the
stapled closure would fail.

If an anastomosis constructed by the
stapling technique has too small a lumen,
this inadequate lumen probably will not
dilate very much following the passage of
stool or food, as it will if interrupted su-
tures have been used. If a stapled stoma
is made too small, the two staggered rows
of staples may keep it that way perma-

Causes of Failure following Stapled Anastomosis

nently after the anastomosis has been con-
structed. Consequently, more attention
should be paid to the size of the lumen
when constructing a stapled anastomosis
than when constructing one by sutures.
We have seen staples remain intact in
anastomoses for as long as 5 years after
surgery.

Avoid making a false intramural pas-
sage when inserting the forks of the GIA
into stab wounds of the intestine or stom-
ach, as this would prevent the formation
of a proper anastomosis. Place each fork
accurately in the lumen of the intestine or
stomach.

The tissues of the bowel and esoph-
agus should be in a relaxed position when
a stapling device is applied to them. If ex-
cessive tension is applied to the tissue
while the stapler is being fired, this tends
to make the tissue too thin for proper pur-
chase by the staples.

Special Precautions

1) After completing a stapled anas-
tomosis, always inspect the entire circum-
ference meticulously to ascertain that each
staple has been formed into an adequate
B. Test the lumen by invaginating the
bowel wall with the index finger. Any
point at which two or more staple lines
cross should be carefully checked for pos-
sible leakage. Inspect the serosa for pos-
sible cracks or tears. If there is any doubt
about the integrity of a stapled anasto-
mosis, oversew it with a layer of inter-
rupted seromuscular Lembert sutures. If
the saving of time is a consideration, use
a continuous Lembert suture of 4-0 atrau-
matic PG. Although the need to oversew
the staple line will occur in no more than
1%—2% of the cases managed by a surgeon
experienced in performing stapled anas-
tomoses, oversewing can be an essential
step in preventing leaks in some situations.
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Fig. 4-2

2) In the last step of a functional end-
to-end anastomosis, the defect is closed
with a TA-55 device. If the two GIA sta-
ple lines (Fig. 4-2) are kept in perfect ap-
position during this maneuver, after the
TA-55 is fired six rows of staples can be
seen to come together at one point. We
believe that such a point is weak and that
it permits the development of an anasto-
motic leak, because the presence of many
staples and much tissue in one spot results
in the failure of proper closure. Occasion-
ally this can be seen in the operating room
when carefully inspecting the completed
anastomosis. To prevent this weak point
we have modified our technique by delib-
erately avoiding perfect apposition of the
two GIA staple lines. Greater security will
be achieved when applying the TA-55 if
the bowel is aligned so that the GIA staple
lines are not in exact apposition (Figs. 4-3
and 4-4).

A better way of avoiding this problem
is to use our modification of the functional
end-to-end anastomosis, as illustrated in
Figs. 28-33, 28-34, 28-35, and 28-36.

3) Using the EEA for colorectal anas-
tomosis is an excellent technique, pro-
vided that precautions are taken to avoid
the many possible technical pitfalls. These

* are described in Chap. 30.

One general problem in inserting the
EEA anvil into the colon or esophagus oc-
curs when the lumen is too narrow to ac-
commodate the anvil’s 32 mm diameter.

Fig. 4-3

Fig. 4—4



This may result from muscle spasm, per-
haps induced by narcotics such as fen-
tanyl, which is commonly employed in the
administration of “balanced” anesthesia.
Excessively forceful dilatation tears the
seromuscular coat of the colon. If dilating
the bowel results in tissue too thin to hold
staples firmly, stapling is contraindicated.
We do not believe the smaller EEA car-
tridges should be used in either the esoph-
agus or the rectum because the resulting
stoma may be too small.

Complications of Stapling
Compared with Suturing*

Although the first clinically useful stapling
device was developed by DePetz in 1927,
further progress was not remarkable until
the early 1960’s when the Institute for Ex-
perimental Apparatus and Instruments in
Moscow developed a group of instruments
capable of performing gastrointestinal tract
anastomoses. Since these instruments were
somewhat cumbersome and required that
individual staples be inserted into the in-
strument by hand prior to each use, they
did not receive widespread acceptance.
Ravitch et al. (1959) were responsible for
introducing a modified form of the Rus-
sian stapling device to this country. A
great advance in the utility of the staplers
was achieved with the development of in-
stant loading with sterile cartridges, each
containing as many as 33 staples. Ravitch
and his associates also reported further
studies in animals and humans and de-
scribed techniques for the performance of
gastrectomy as well as small bowel and co-
lonic anastomoses.

It has been estimated, on the basis of
staple sales, that several hundred thou-
sand operations using Auto Suture stapling

*From “The Stapled Gastrointestinal Tract Anastomosis:
Incidence of Postoperative Complications Compared with
the Sutured Anastomosis,” by Jameson L. Chassin, M.D.,
Kenneth M. Rifkind, M.D., Barry Sussman, M.D., Barry
Kassel, M.D., Arnold Fingaret, M.D., Sharon Drager,
M.D., Pamela S. Chassin, in Annals of Surgery, Vol. 188,
No. 5, November 1978. Copyright © 1978 by J.B. Lippin-
cott Company. Reprinted by permission.

Complications of Stapling Compared with Suturing

techniques were performed in the United
States last year. Acceptance of staplers has
largely bypassed the academic institutions
where the necessity of teaching residents
basic surgical techniques may have had a
higher priority than study of the new tech-
nology.

Gritsman, one of the pioneers in the
development of the Russian stapling ap-
paratus, in 1966 reported a collective se-
ries of 1,663 stapled gastric resections per-
formed by a large number of surgeons in
the USSR, with a mortality rate of 2%. He
compared these with a second series, which
he collected from the world literature, of
52,886 gastrectomies done with suture
technique by 62 surgeons, with a mortality
rate of 4.4%. Steichen and Ravitch re-
ported 147 of their own stapled gastroin-
testinal operations with 11 complications.
Latimer and associates studied 112 stapled
operative procedures with a stapler-
related complication rate of 1.9%. Lawson
and associates reported 122 operations on
the alimentary canal done with stapling
devices, accompanied by a 4.0% compli-
cation rate. No study has yet been re-
ported comparing complications following
stapled anastomoses with those following
hand-sutured procedures performed by
the same group of surgeons. In an effort
to shed light on the relative merits of these
two techniques, the authors are reporting
a study of this type with reference to 812
consecutive gastrointestinal procedures.

Material and Methods

By reviewing the operating room log
book of the Booth Memorial Medical Cen-
ter for the period between July 1, 1973
and June 30, 1977, the names and chart
numbers of all patients having gastroin-
testinal operations were obtained. These
charts were then reviewed to determine
the nature of each operative procedure,
the technique of anastomosis and any
complications which may have occurred
during the course of hospitalization.
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Classification of Complications

Complications of anastomoses were
grouped in three categories: 1) If an en-
terocutaneous fistula, leak, hemorrhage, or
obstruction occurred at the site of the
anastomosis, this was obviously a “related”

complication. Included also are cases of

perianastomotic abscess and generalized
peritonitis. 2) If the patient developed a
subphrenic or pelvic abscess at a distance
from the anastomosis with no direct con-
tact, this was considered “possibly related,”
as was the development of intestinal ob-
struction due to adhesions not at the anas-
tomotic site. 3) Complications were consid-
ered “unrelated” if the patient developed
such conditions as myocardial infarction,
atelectasis, cerebrovascular accident, or
pulmonary embolism. A study of compar-
ative wound infection rates is not included
in this report even though the technique
selected for anastomosis might indeed
have influenced the incidence of infection
in the incision. The reason for this omis-
sion stems from the fact that skin wounds,
contaminated by the intra-abdominal pro-
cedure, were either left open, sutured
closed, or drained according to the prej-
udices of the surgeon. Since there was no
uniform pattern of wound management
during the period under study, a statistical
review of infected wounds as a “related”
complication would prove meaningless.

Classification of Operative

Procedures

Each gastrointestinal anastomosis was
considered to be an operative procedure.
Consequently, if a patient had both a small
bowel resection with anastomosis and a co-
lon resection with anastomosis, these were
counted as two procedures. Billroth II
subtotal gastrectomy, for the purpose of
this study, was classified as two proce-
dures: 1) duodenal stump closure and 2)
gastroenterostomy. In this way it was pos-
sible to calculate the specific morbidity rate
for each type of suture or staple proce-
dure.

Anterior resections performed at or
below the peritoneal reflection were clas-

sified as being done by suture if no staples
were involved. These were all end-to-end
anastomoses in this series. The Baker side-
to-end colorectal anastomosis is a special
case combining an everted stapled closure
of the distal end of colon with suture anas-
tomosis between the side of colon and the
end of the rectal stump. In only two cases
were low colorectal anastomoses done ex-
clusively with staples. The new EEA sta-
pling device, especially designed to per-
form this type of anastomosis, was not
available during the time period of this
study.

Surgical Technique

In each case the operative techniques
were those described by Ravitch and
Steichen. The everted stapled closures
were not turned in with an additional layer
of sutures in the cases included in this se-
ries. Ten attending surgeons and twelve
surgical residents performed the opera-
tions, utilizing the Auto Suture TA-55,
TA-90, and GIA stapling devices. When
anastomoses were performed by hand su-
turing, standard techniques were utilized.
In most cases involving either the small
bowel or colon, open anastomoses were
constructed using fine catgut for the mu-
cosa and interrupted nonabsorbable su-
tures for the seromuscular layer, although
occasionally a one-layer technique was
used.

Case Selection

All gastrointestinal anastomoses done
during the period under study were re-
viewed. Six patients were rejected because
they died of unrelated causes, such as my-
ocardial infarction, stroke, or preexisting
sepsis, so soon after operation as not to
allow sufficient time to elapse for an anas-
tomotic complication to become manifest.
All other cases were included in the study.
Whether staples or sutures were to be uti-
lized in any case was a decision left entirely
to the judgment or personal preference of
the operating surgeon.



Technical Training

Although a course of instruction in
surgical stapling given at the University of
Pittsburgh was attended by the senior au-
thor, much of the staff’s early training in
the application of the stapling devices was
provided by representatives of the manu-
facturer.

Adverse Factor Analysis

Since this is a retrospective study, it
is possible that a disproportionate number
of patients with conditions having an ad-
verse effect on anastomotic healing might
have accumulated in one of the two groups
under study, thus jeopardizing the validity
of the comparison. Consequently, seven
categories of adverse factors were se-
lected: 1) emergent or urgent nature of
the surgery; 2) peritonitis, gastrointestinal
perforation, or intra-abdominal abscess;
3) gangrenous intestine; 4) gastric or in-
testinal obstruction; 5) Crohn’s disease; 6)
carcinoma, localized; 7) nonresectable car-
cinoma, liver metastases, or peritoneal car-
cinomatosis.

Most surgeons would agree from their
personal experience that these factors do
have an adverse effect on anastomotic
healing, and statistical validation for most
of the above items is evident in the report
by Schrock et al. Charts of patients in-
cluded in this study were reviewed for the
presence of any of the above adverse fac-
tors. The incidence rate of each adverse
factor was calculated individually for the
various suture and staple techniques. Not
subjected to this adverse factor analysis
were colostomy closures and anterior re-
sections because these cases were not done
under emergency conditions and few of
the other adverse factors were operative.

Complications of Stapling Compared with Suturing

Results

Mean age of all patients having su-
tured anastomoses was 62.5 years com-
pared to 63.3 for stapled cases. Analysis of
the specific mean ages for each of the su-
tured and of the stapled operative proce-
dures under study did not disclose any
clinically significant differences.

Table 4-1 summarizes the incidence
of factors having an adverse effect on
anastomotic healing. It is obvious that with
the exception of Crohn’s disease, each of
the adverse factors was more prevalent in
patients undergoing stapled procedures.
For example, 24% of 438 stapled anasto-
moses were done under emergency con-
ditions compared to 9% of sutured pro-
cedures. Carcinomatosis, gastric or
intestinal obstruction, gangrene of bowel,
and infection were also more prevalent
among the stapled cases.

Complications following each of the
operative procedures under study are
summarized in Table 4-2. There is no sta-
tistically significant difference in the inci-
dence of “related” complications between
the sutured and stapled groups when
tested by the Chi-square method (3.0% vs
2.8%). The same is true of the incidence
of “possibly related” complications for the
two groups (1.4% vs 1.3%). Itis interesting
to note that of the 27 complications fol-
lowing those operative procedures of the
types listed in Table 4-1, 22 occurred in
patients having adverse factors. All of the
complications are described in Tables 4-3
through 4-10.

As will be evident from a perusal of
Tables 4-3 through 4-10, it is often dif-
ficult to ascertain whether a complication
was related to the healing anastomosis or
whether it was an inevitable result of the
pathological process for which the opera-
tion was performed. In questionable cases
the complications were included in our
statistics as “possibly related.”
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Table 4-1. Incidence of Factors with Adverse Effect on Anastomotic Healing
Nonresectable
Operations Perforation =~ Bowel = Obstruc- Crohn’s CA or
No.  Nonelective  or Pus Gangrene tion  Disease Carcinoma Metastases

Gastrojejunal

sutured 32 19% 3% 0 26% 0 29% 23%

stapled 111 22% 5% 0 18% 1% 35% 24%
Duodenal stump

sutured 31 13% 0 0 — 0 13% 3%

stapled 68 28% 6% 0 —* 0 29% 3%
Ileocolonic

sutured 57 7% 7% 5% 7% 14% 67% 9%

stapled 85 21% 20% 6% 15% 11% 71% 12%
Colocolonic

sutured 71 6% 8% 4% 1% 1% 54% 8%

stapled 61 8% 8% 0 2% 2% 63% 33%
Small intestine

sutured 30 30% 6% 3% 10% 0 30% 30%

stapled 106 39% 18% 20% 24% 3% 42% 27%
Esophagogastric

sutured 4 0 0 0 0 0 100% 25%

stapled 6 0 0 0 0 0 100% 33%
Total

sutured 224 9% 6% 3% 7% 4% 46% 13%

stapled 438 24% 11% 6% 14% 3% 47%. 21%

“Not relevant.

Discussion

The incidence of anastomotic com-
plications (Table 4-2) following stapled
procedures was so nearly identical with
that following hand-sutured operations as
to be startling. Review of the data in Table
4-1 indicates that if there is any bias in
this retrospective study, it heavily favors
the sutured procedures. A much higher
proportion of acutely ill patients undergo-
ing emergency surgery had their anasto-
moses performed by the stapling tech-
nique in order to save operating time.
Patients suffering from abdominal ab-
scess, peritonitis, gangrenous bowel, intes-
tinal obstruction, and peritoneal carci-
nomatosis underwent anastomoses by
stapling far more frequently than by su-
turing. With respect to cases of small in-
testinal obstruction undergoing resection
and anastomosis, of the 28 cases in this
series, 25 were anastomosed with staples;
of 22 with strangulation of small bowel, 21

had stapled procedures. It is notable that
69% of all 32 anastomotic complications
occurred in patients with one or more ad-
verse factors.

Schrock and his associates demon-
strated that a marked increase in the in-
cidence of clinically apparent anastomotic
leakage followed ileocolonic and colonic
resections if the operations were done un-
der emergency conditions or were accom-
panied by bacterial or fecal contamination,
operative hemorrhage, or shock. For ex-
ample, when peritonitis, abscesses, or
fistulae were encountered at operation,
anastomoses leaked in 10.5% of cases,
compared to 3.7% in the absence of infec-
tion. Emergent cases exhibited an 8.2%



Table 4-2. Complications following Sutured
and Stapled Operative Procedures

Complications

Possibly
No. Related Related
Gastrojejunostomy
sutured 32 0 1 (3%)
stapled 111 1 (1%) 3 (3%)
Duodenal stump closure
sutured 31 2(6%) 0
stapled 68 3(4%) O
Ileocolonic
sutured 57 30B% 2 4%)
stapled 85 3(4%) 2 2%)
Colocolonic
sutured 71 0 1 (1%)
stapled 61 0 0
Small intestine
sutured 30 18%) O
stapled 106 4(4%) 1(1%)
Closure colostomy
sutured 33 0 0
stapled 33 2(6%) 0
Esophagogastric
sutured 4 0 0
stapled 6 0 0
Anterior resection
sutured 38 38%) O
Baker 44 0 0
stapled 2 0 0
Total
sutured 296 9 (3.0%) 4 (1.4%)
stapled 472 13 (2.8%) 6 (1.3%)
Baker 44 0 0
Total 812

leak rate. Even the presence of a localized
colonic carcinoma resulted in a rate of
clinical leakage twice that of operations
performed for benign disease. Our study
tends to confirm their findings with re-
spect to both sutured and stapled anasto-
moses. Crohn’s disease is included in our
list of adverse factors due to the fact that
most of our patients undergoing surgery
for this condition had sustained one of the
complications of the disease which pro-
duced some variety of intraperitoneal in-
fection.

Complications of Stapling Compared with Suturing

Although the procedure of right
hemicolectomy with primary anastomosis
has a reputation for successful healing
even when performed under unfavorable
conditions, Table 4-5 demonstrates that
a number of anastomotic complications
occurred following ileocolectomy per-
formed in the presence of carcinomatosis,
intestinal necrosis, peritonitis, or abscess.
Welch and Donaldson noted a high mor-
tality (18%) when right colectomy with
anastomosis was performed for acute co-
lonic obstruction, while Dutton et al. found
that 36% of their patients died following
emergency resection and anastomosis of
the obstructed right colon.

In one patient a pelvic abscess fol-
lowed subtotal colectomy and ileosigmoid
stapled anastomosis done for an acutely
obstructing carcinoma of the left colon.
This is considered by the authors to be a
case of poor surgical judgment, as results
with preliminary colostomy followed by
staged resection for left colon obstruction
have been superior to one-stage resection
(Dutton et al., 1976; Welch and Donald-
son, 1974). In our series, closure of colos-
tomy resulted in no deaths and only a 3%
incidence of anastomotic complications.

Three cases of subhepatic or sub-
phrenic abscess, cited in Table 4-3, fol-
lowed gastrectomy either for carcinoma or

Table 4-3. Complications following
Gastrojejunostomy

Sutured (32)
Related—(0)
Possibly related—(1)
Subhepatic abscess after gastrectomy for ob-
structing ulcer; relap.
Stapled (111)
Related—(1)
Postoperative gastric hemorrhage, three units;
no relap.; technical error
Possibly related—(3)
Subhepatic abscess after gastrectomy for car-
cinoma; relap.
Subhepatic abscess after gastrectomy for car-
cinoma of residual gastric pouch; relap.
Obstruction due to fibrosis at efferent stoma
after gastrojejunostomy for Crohn’s duode-
nitis; relap.
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obstruction. In each of these cases it is con-
sidered highly improbable that the infec-
tion resulted from any leak at the site of
the gastrojejunostomy. Rather, contami-
nation by virulent organisms present in
the stomach appears to be the likely cause
of these infections.

In the case of the postoperative gas-
tric hemorrhage following a stapled gas-
trojejunostomy, this was considered to be
a technical error. Performed early in our
experience with stapling techniques, in-
adequate attention was paid to the oozing
of blood from the gastrojejunal staple line.
It is now known that it is imperative to
correct this bleeding by means of electro-
coagulation or suture ligation.

In reviewing duodenal stump closure
it is notable that two of the five leaks oc-
curred in patients with gastric carcinoma
in whom the duodenum appeared to be
free of pathology. The only fatal duodenal
complication occurred in a patient in shock
undergoing emergency gastrectomy for
massive hemorrhage from a large poste-
rior penetrating duodenal ulcer, in whom
the precaution was taken of performing a
tube duodenostomy at the time of gastrec-
tomy. This was not successful in prevent-
ing duodenal fistula and peritonitis. In
two stapled duodenal closures, minor leaks
appeared along the drain tracts. In one
patient, who was discharged from the hos-
pital healed, a duodenal fistula occurred
along the drain tract on the twenty-first
postoperative day. Another patient with a
duodenal leak following stapled closure
underwent reoperation on the fourth
postoperative day. No gross leak could be
seen, but drains were inserted and the fis-
tula persisted for three weeks. This com-
plication was considered due to a technical
error in that the duodenal stump was ex-
cessively scarred, making it too thick for
proper closure by stapling. Since the sta-
pling device will compress tissues to a
thickness of 1 to 1.5 mm when using the
3.5 mm staple, it is important to remem-
ber that no tissue which may be necrotized
by this degree of compression should be
stapled. Vital to the success of any stapled

Table 4—4. Complications following
Closure of Duodenal Stump

Sutured (31)
Related—(2)

Duodenal fistula after gastrectomy for carci-
noma; healed without relap.

Duodenal leak and peritonitis following suture
closure of duodenum and tube duodenos-
tomy during emergency gastrectomy for
massive hemorrhage—fatal

Stapled (68)
Related—(3)

Duodenal fistula healed in four weeks—minor;
no relap.

Duodenal fistula along drain tract following
gastrectomy for carcinoma appeared on p.o.
22, after discharge from hospital; healed in
three weeks—minor; no relap.

Duodenal leak; reoperation p.o. 4 to insert tube
duodenostomy; healed in two weeks; technical
error—stump too thick for stapled technique

closure is the viability of the tissue distal
to the staple line. Stapling is not equivalent
to a completely hemostatic ligature. One
can uniformly observe a brief period of
gentle oozing through the stapled closure.
When tissue is too thick for this to occur,
the technique is contraindicated. Some
leeway in this area may be obtained by us-
ing the larger 4.8 mm staple, which will
permit the closure of moderately thick-
ened tissue. With the use of the larger sta-
ple, the tissue compression may be ad-
Justed to a 2-2.4 mm thickness.

One of the technical failures follow-
ing a stapled anastomosis occurred in a
patient with a strangulating inguinal her-
nia requiring resection of the patient’s



ileum. The resection and anastomosis was
carried out in the inguinal incision after
which the anastomosed segment was
pushed through the fairly narrow hernial
ring into the abdominal cavity. This com-
plication was attributed to the technical
error of applying excessive force to a fresh
anastomosis. Another technical error was
responsible for a large fecal fistula which
followed stapled anastomosis for closure
of a transverse colostomy. The operation
was performed through a small incision
with inadequate mobilization of colon from
adjacent adhesions. This resulted in ex-
cessive tension on the stapled closure, with
consequent leakage.

Needless to say, in an indeterminate
number of additional cases, technical er-
rors were detected and corrected during
the course of stapling. Of course, this is
also true of suture techniques, but sur-
geons spend five years in a residency pro-
gram learning all the pitfalls of hand su-
turing. By contrast, the radically different
technique of stapling is frequently applied
with minimal preceptorship. Upon the
completion of any stapling procedure, it
behooves the surgeon to examine the en-
tire anastomosis with meticulous care to
seek out any possible imperfections. In the
case of gastrojejunal anastomoses with the
GIA device, complete hemostasis must be
assured prior to completion of the proce-
dure.

In our earlier application of stapled
anastomoses to the small intestine, the au-
thors felt some apprehension that the
everted staple line might give rise to post-
operative adhesions due to the rim of ex-
posed mucosa. It was gratifying to observe
that during the 4-year period of this study
no patient returned with intestinal ob-
struction due to an adhesion involving one
of these everted lines of staples. Since the
period of observation is a brief one, some
degree of apprehension remains and it
may be advisable, when convenient, to
cover the everted mucosa with adjacent
mesentery or omentum.

Complications of Stapling Compared with Suturing

Among the 32 complications related
to anastomotic healing listed in Tables 4-3
through 4-10, there were only four fatal-
ities from sepsis. This low rate is consid-
ered to be due to the emphasis in this in-
stitution upon prompt relaparotomy in all
cases suspected of having anastomotic
leakage. In these situations the anasto-
mosis is generally divided and both limbs
of intestine are exteriorized either as en-
terostomy or colostomy and mucous fis-
tula.

Table 4-5. Complications following
Ileocolonic Resection and Anastomosis

Sutured (57)
Related—(3)

Perianastomotic abscess after palliative right
colectomy in 75 year old patient with carci-
nomatosis; relap. p.o. 10

Obstruction, inflammation at anastomosis; re-
lap. for bypass p.o. 15 (probable leak)

Death p.o. 11 of 90 year old following resection
and jejunocaecostomy for gangrene of ileum;
febrile p.o. course; no autopsy (suspected
leak)

Possibly related—(2)

Recurrent pelvic abscess after resection for per-
forated Crohn’s ileitis with pelvic abscess and
peritonitis; relap. p.o. 11

Transient small bowel obstruction in patient
with peritoneal metastases; Cantor tube

Stapled (85)
Related—(3)

Leak and peritonitis after subtotal colectomy
and ileosigmoidostomy for Crohn’s colitis;
relap. p.o. 8

Subhepatic abscess adjoining anastomosis; pa-
tient readmitted for I. & D. p.o. 26

Obstruction due to kink, adhesions and small
abscess at anastomosis in 90 year old; prob-
able leak; relap. p.o. 9

Possibly related—(2)

Small pelvic abscess noted at relap. for intes-
tinal obstruction 15 days after emergency
subtotal colectomy and ileosigmoid anasto-
mosis for acutely obstructing carcinoma of
left colon

RUQ abscess and infected ascites after resec-
tion right colon for necrotic tumor with per-
itoneal carcinomatosis; relap. p.o. 3. Died of
pulmonary emboli p.o. 12
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Table 4-6. Complications following Colon
Resection and Colocolonic Anastomosis

Table 4-8. Complications following
Colostomy Closure

Sutured (71)
Related—(0)
Possibly related—(0)
Postoperative small bowel obstruction success-
fully treated by Cantor tube
Stapled (61)

No anastomotic complications

The satisfactory results following sta-
pling procedures in this series were not
due to the efforts of a single experienced
and skillful surgeon, but rather of a large
number of staff surgeons and residents. It
should be noted, however, that acquisition
of experience and skill with these instru-
ments was achieved in a gradual, orga-

Table 4-7. Complications following Small
Intestinal Anastomoses

Sutured (30)
Related—(1)

Enterocutaneous fistula, 12 days duration, after
side-to-side ileosigmoidostomy for carcino-
matosis with obstruction

Stapled (105)
Related—(4)

Leak following operation for strangulated her-
nia; resection done in groin and anastomosis
forcibly reduced into abdominal cavity via
hernial opening; relap. p.o. 7; technical error

Enterocutaneous fistula following resection and
anastomosis of multiple segments of small
bowel for strangulating intestinal obstruction
and abdominal abscesses, 10 days after hys-
terectomy; healed on hyperalimentation

Enterocutaneous fistula following 2 small intes-
tinal resections, sigmoid resection and drain-
age of abscesses for Crohn’s enterocolitis and
peritonitis; died of sepsis

Enterocutaneous fistula following small bowel
resection and resection enterovesical fistula
in 71 year old with carcinomatosis and ob-
struction; died of sepsis

Possibly related—(1)

Relaparotomy, enterolysis for adhesive small
bowel obstruction 30 days after resection of
jejunal angiodysplasia; no leak
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Sutured (33)
No anastomotic complications
Stapled (33)
Related—(2)
Obstruction; perianastomotic inflammation; re-
resection p.o. 14
Fecal fistula; stapled anastomosis constructed
under tension; technical error

nized fashion. No one inexperienced in
the stapling technique performed an
anastomosis without a preceptor being
part of the operating team. Despite its ap-
parent simplicity, there are just as many
pitfalls to be avoided in learning stapling
techniques as there are in learning how to
sew. Once this technique is mastered,
there appears to be no significant differ-
ence in results, comparing stapled and su-
tured anastomoses. Since the average sta-
pled anastomosis takes no more than two
to three minutes to perform, one reason
for the increasing popularity of stapling is
readily apparent. At present, approxi-
mately 60% of the anastomoses in our in-
stitution are done with stapling tech-
niques. They are particularly appropriate
in critically ill patients in whom curtail-
ment of operating and anesthesia time
may be important.

Table 4-9. Complications following
Esophagogastrostomy

Sutured (4)

No anastomotic complications
Stapled (5)

No anastomotic complications




Table 4-10. Complications following
Anterior Resection of Rectum

Sutured (38)
Related (3)
Perianastomotic abscess; drained transrectally
Fecal fistula; conservative treatment
Localized leak in patient with gauze pack in
place for 3 days due to presacral hemor-
rhage. No relap.
Sutured and stapled (Baker side-to-end) (44)
No anastomotic complications
Stapled (2)
No anastomotic complications

In conclusion, data presented in this
study do not show any significant differ-
ence in the incidence of anastomotic com-
plications when stapled anastomoses are
compared with sutured procedures in the
gastrointestinal tract.
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Achieving Exposure

Many dangerous surgical mishaps occur
because the operative exposure is inade-
quate. The first step in obtaining good ex-
posure is a well-planned incision of suffi-
cient length.

The second step requires that the in-
testines be packed away from the area of
operation. If a dissection requires the ex-
posure of a large portion of the abdominal
cavity, such as for left hemicolectomy or
excision of an abdominal aortic aneurysm,
the small intestine should be exteriorized
into a sterile plastic bag for the duration of
the dissection.

The third step is the retraction of the
wound edges. This is accomplished by
having an assistant apply a Richardson re-
tractor to the abdominal wall, and deep
retractors, such as the Harrington, to
deeper structures. In some situations, a
mechanical self-retaining retractor, such
as the Balfour, may be inserted to separate
the lips of a long abdominal incision. In
the thoracoabdominal incision, a Fino-
chietto retractor is excellent for separating
the ribs.

One disadvantage of using a mechan-
ical self-retaining retractor in the abdo-
men is that it may inflict trauma if intense
pressure is exerted against the rectus mus-
cles. This pressure can be lessened by us-
ing long incisions and by padding the
musculature with moist gauze pads. If the
Balfour retractor is not needed for expo-
sure, it should not be used, as prolonged
pressure, ischemia, and trauma of the ab-
dominal muscles all encourage wound in-
fection.

The “chain” retractor (Fig. 5-1), de-
veloped at the University of Alabama
Medical School, as reported by Aldrete et
al., is an inexpensive improvisation that
permits the insertion of a retractor blade
beneath the lower end of the sternum or
beneath either costal margin. The retrac-
tor 1s attached to an ordinary link chain,
which can be purchased in a hardware
store for about $2.00. To the side rail at
the head of the operating table the anes-
thesiologist attaches a curved steel post
borrowed from the gynecological lithot-
omy stirrup set. 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 re-
tracted forcefully cephalad and anteriorly
to elevate the sternum by as much as 8-10
cm.

This device is ideal for operations
around the lower esophagus, such as a va-
gotomy or hiatus hernia repair. It does not
require the purchase of new instruments
other than 25-30 cm of chain. It may be
installed when necessary, without prepa-
ration, even in the middle of an operation.
It 1s also very helpful in liberating the
splenic flexure of the colon. Here the de-
vice is placed on the left side of the op-
erating table and the retractor is posi-
tioned to draw the left costal margin to the
left, cephalad and anteriorly, thus improv-
ing exposure tremendously. Whenever
exposure for operations on the biliary
tract is difficult, application of the “chain”
retractor to the right costal margin can be
of great benefit.
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Fig. 5-2

Another mechanical retractor that is
attached to the operating table to improve
upper abdominal exposure is the Upper
Hand retractor (Fig. 5-2) developed by
Lally. This device is a steel bridge that is
attached to both sides of the operating ta-
ble and passes across the patient at the
midsternal level. Its height is set at 4-10
cm above the sternum, depending upon
the type of retraction desired. Two sepa-
rate retractor blades can be attached 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 attached to the bridge to re-
tract the liver for biliary tract surgery; this
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method sometimes eliminates the need for
a second assistant.

The primary aim of the “chain” and
the Upper Hand retractors is not to re-
duce the number of assistants in the op-
erating room, though. These devices are
used because the exposure they provide in
upper abdominal incisions cannot be du-
plicated by hand-held retractors.



Incisions for Abdominal
Surgery

Although many surgeons have long be-
lieved that transverse incisions are stronger
and have a lower incidence of dehiscence
than midline incisions, this belief is false
(see following section). Some think that
the upper transverse incision interferes
less with respiration than does the upper
midline incision. Clinically, this does not
appear to be important. A long, vertical
midline incision gives excellent exposure for
all parts of the abdomen. It also provides
flexibility, since extensions in either direc-
tion are simple to execute. With the aid of
either the “chain” or Upper Hand retrac-
tor, splenectomy, splenic flexure resection,
hiatus hernia repair, vagotomy, pancrea-
tectomy, and biliary tract surgery can eas-
ily be done. Whenever exposure in the
upper abdomen by this technique is in-
adequate, it is a simple matter to extend
the midline incision into a right or left
thoracoabdominal approach by dividing the
costal cartilage and intercostal muscles.
Yet another advantage of midline incisions
is the speed with which they can be opened
and closed.

In spite of these advantages, we often
use a subcostal approach for cholecystec-
tomy because a shorter length of incision
provides direct exposure of the gallblad-
der bed. If the gallbladder has already
been removed, and if a secondary com-
mon duct exploration is necessary or a
pancreaticoduodenectomy is contem-
plated, a midline incision extending 6-8
cm below the umbilicus provides excellent
exposure and is preferred.

For the usual appendectomy, the tra-
ditional McBurney incision affords reason-
able exposure, a strong abdominal wall,
and a good cosmetic result. To accomplish
the same exposure with a vertical incision
would require either a long midline or
paramedian incision or an incision along
the lateral border of the rectus muscle,
which might transect two intercostal nerves
and produce some degree of abdominal
weakness.

Avoiding Wound Dehiscence and Hernia

Avoiding Wound Dehiscence
and Hernia

Although a number of reports have ap-
peared in the literature specifying rates of
dehiscence well under 1%, both Efron and
a Lancet editorial reported that the inci-
dence of abdominal wound disruption is
more like 3%-5% throughout the world
for “routine” surgery performed by sur-
geons who do not have a particular inter-
est in avoiding this complication. As re-
cently as 1975, Goligher et al. in a controlled
study found a 10% incidence of wound
dehiscence in 107 patients whose wounds
had been closed in multiple layers, using
chromic catgut, rather than with mass su-
tures. Because abdominal wound dehis-
cence has been followed by mortality rates
as high as 35% and by a high incidence of
large incisional hernias, the problem de-
serves close study.

The major causes of wound disrup-
tion are:

Inadequate strength of suture mate-

rial

Rapid absorption of suture material,

e.g., catgut

Knots becoming untied, especially
with some monofilaments like nylon
and Prolene

Sutures tearing through the tissue

All these causes except the last are
self-explanatory; suture tear is poorly
understood by the majority of surgeons.
A stitch will tear through if it is tied too
tightly or if it encompasses too small a
mass of tissue. While it is true that in some
patients there appears to be a diminution
in the strength of the tissue and its resist-
ance to tearing, especially in the aged and
in extremely depleted individuals, this
does not explain the fact that many wound
disruptions occur in healthy patients.
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Through extensive experience in the ex-
perimental laboratory with healing lapa-
rotomy wounds in normal and protein-de-
pleted rats, we have compiled unpublished
data demonstrating that as long as the in-
cision is held together for a sufficient pe-
riod of time, healing does occur. The rate
of increase in the tensile strength of the
healing wound is markedly depressed after
an animal has lost 25% of its body weight,
but 3 weeks following the laparotomy, sat-
isfactory wound strength has developed.
The problem, therefore, when collagen
deposition takes place at a slow rate, is to
support these wounds for a sufficient pe-
riod of time to permit healing to occur.
When a healthy, middle-aged patient with
good muscular development disrupts the
incision following an uncomplicated cho-
lecystectomy, there must be a mechanical
explanation. Invariably the surgeon has
closed the wound with multiple small
stitches of fine suture material. Under
these circumstances, a healthy sneeze by a
muscular individual tears the sutures out
of the fascia and peritoneum because the
muscle pull exceeds the combined suture-
tissue strength.

If the problem, then, is to maintain
tissue approximation during a sneeze or
abdominal distension for a period of time
sufficient for even the depleted patient to
heal, what is the best technique to use? We
now have adequate data to identify the
principles that must be observed if the rate
of dehiscence is to be reduced below 1%,
especially in the poor-risk patient. 1) Jones
et al., Sanders et al., Jenkins, and Spencer
et al. found that proper technique de-
mands that a large mass of tissue be in-
cluded in the stitch. 2) According to Sand-
ers et al., Jenkins, and Martyak and Curtis,
the stitch must be tied in a relatively loose
fashion so that approximation is achieved
and not much more.

Although Jones used a near-and-far
type stitch with monofilament wire, re-
sulting in only one dehiscence in 197
cases, his description and illustrations seem
to indicate that no more than 1 cm of tis-
sue was included in the stitch on either
side of the incision. Spencer used a bite of
3 c¢cm on each side of the linea alba and
placed his wire sutures 1 cm apart. He ex-
perienced one wound disruption in 293
patients. According to Tera and Alberg,
a midline incision closed in this manner
resists 3 times the bursting force of a par-
amedian incision closed in layers and 1.7
times that of a transverse incision, when
tested in a cadaver.

In clinical trials Goligher et al. found
that the use of a layer closure, supple-
mented by large and closely spaced reten-
tion sutures through all the layers of the
abdominal wall and skin, can keep the
wound dehiscence rate in the vicinity of
1%. However, these retention sutures have
to be left in place for at least 2 weeks,
which often results in pain and infection
because they cut the skin. Also, if the pa-
tient develops a serious subcutaneous ab-
scess, adequate drainage in the presence
of retention sutures is quite difficult. The
development of necrotizing fasciitis is much
less likely if the skin can be laid open
widely; this is not possible when retention
sutures are used.

There is evidence that the mass clo-
sure of the midline incision need not be
done exclusively with wire nor exclusively
with interrupted sutures. Jenkins and
Martyak and Curtis reported on studies in
which the same large-size tissue bites using
one continuous suture of No. 2 nylon were
taken in the linea alba, resulting in a min-
imal number of wound disruptions.
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Modified Smead-Jones Wire
Closure of Midline Incisions

Since 1961 virtually all the abdominal sur-
gery we have performed has been through
midline incisions, which have been closed
by the modified Smead-Jones technique
described below. (Appendectomies were
done by the McBurney incision and are
not included in this series.) Most cholecys-
tectomies have been performed through
right subcostal incisions. From 1961 to
1970, because of the mistaken belief that
the transverse incision was less prone to
wound dehiscence, 478 of these subcostal
incisions were closed with continuous cat-
gut to the peritoneum and interrupted
cotton sutures to the fascia. There were
five wound disruptions in this group, for
a 1% dehiscence rate.

Since 1970 over 300 subcostal inci-
sions have been closed by the modified
Smead-Jones technique, with no dehis-
cences noted. A retrospective study is un-
der way of approximately 1500 midline
and 300 subcostal incisions, performed by
the author or residents under his super-
vision, that employed a modified Smead-
Jones technique using monofilament wire.
Preliminary results of this study reveal
that 30% of the patients were operated
upon for carcinoma and 30% underwent
colon resection and anastomosis. The mean
age of the patients was in the seventh dec-
ade. Many of the patients, encountered
before parenteral hyperalimentation be-
came available, were nutritionally de-
pleted and seriously ill, including a num-
ber with abdominal sepsis. Incisions made
through a previous scar in the abdominal
wall were eliminated from the study. There
was only one wound dehiscence in this
group of 1800 cases. The patient was an
83-year-old debilitated man suffering from
carcinomatosis. His dehiscence was due to
a technical error: an inadequate bite of tis-
sue was enclosed in the abdominal sutures,
all of which cut through by the eighth
postoperative day.

Although there was some trepidation
at the onset of this study that the intra-

abdominal loops of wire might trap intes-
tine, it is striking that there were no cases
of intestinal fistula or other evidence that
the bowel was lacerated by a wire suture.
In the 1800 abdominal closures, using
probably 16,000 sutures, there were only
three suture sinuses leading to a wire
stitch. There were six instances in which
the end of a broken wire had penetrated
the skin, with no evidence of surrounding
inflammation; this complication occurred
in thin patients. In two cases, marked in-
duration appeared for a distance of 2-3
cm at the fascial level of the wound. Upon
exploration, a granuloma was found in
each case. Since both of these granulomas
were in contiguity with a wire suture, it
was assumed that this represented a for-
eign-body reaction secondary to the wire
knot.

While the above statistics reveal that
complications from monofilament wire,
used by the technique to be described, are
astonishingly rare, wire does have one se-
rious disadvantage. It appears to produce
a higher incidence of pain in the incision
than is seen with other types of suture
material. It is estimated that 2%—4% of
patients who undergo this type of abdom-
inal closure require the removal of one or
two of the wire sutures from the abdomi-
nal wall because of localized pain. This is
generally performed as an office proce-
dure, using local anesthesia. In six cases
(0.3% of the series), because of the per-
sistent complaint of incisional pain, which
was not localized, general anesthesia was
employed for the removal of all the wire
sutures in the abdominal wall. One expla-
nation for the pain is that after a period
of 6-12 months, some of the steel wire su-
tures break, as revealed by X ray. It is re-
markable that, as far as we know, none of
these broken wires has given rise to any
clinically evident intra-abdominal compli-
cation. One-third of the six patients con-
tinued to experience pain even after all
the wires had been excised.
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Although the incidence of complica-
tions accompanying this technique is min-
imal, nevertheless the complaint of pain is
annoying to patient and surgeon alike.
Consequently, other suture materials
should be studied for use in abdominal
closure. A brief trial of 0 Prolene using
the same technique of closure revealed an
excessive number of suture sinuses and in-
cisional pain, probably because of the
large number of knots required. Although
we have not had any experience with it,
there is also a technique that uses contin-
uous No. 2 nylon in the abdominal wall,
taking large bites of tissue, with the knots
tied inside the abdominal cavity; Martyak
and Curtis have reported it has produced
no dehiscence in 280 operations.

A trial at Booth Memorial Hospital of
250 consecutive abdominal closures, using
No. 1 synthetic absorbable polyglycolic
(PG) sutures resulted in no wound disrup-
tions, but one patient developed a large
hernia around a colostomy that had been
brought out through the midline section.
In our series of 1800 wire closures, there
were no massive incisional hernias, except
in one patient who developed necrotizing
fasciitis. When postoperative incisional
hernias did appear, the diameter of the
ring was almost always 1-3 cm, as though
one wire had either broken or cut through.
Often the location of the hernia was ad-
jacent to the umbilicus, where special care
should have been taken to avoid leaving
a gap in the closure.

While the nature of suture material
may change in the future, it seems clear
that a mass closure of the midline incision,
paying special attention not to tie the
stitches too tightly, can virtually eliminate
the problem of wound disruption. An ab-
sorbable suture, similar to the polyglycolic
material, but that can remain strong for 1
or 2 months instead of only 2-3 weeks,
would be the ideal stitch for abdominal
closure.

Operative Technique for
Midline Incision

Making the Incision

Hold a large gauze pad in the left
hand and apply lateral traction on the
skin, as 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. 5-3). The initial stroke
should go well into the subcutaneous fat.
Then reapply the gauze pads to provide
lateral traction against the subcutaneous
fat, and 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 up-
per abdomen by observing the decussation
of fascial fibers. Confirm this by palpating
the tip of the xiphoid, which indicates the
midline.

The custom of discarding the scalpel
used for the skin incision, in the belief that
it has thereby incurred bacterial contami-
nation, is not supported by data, as Jacobs
has shown, or by logic; it need not be ob-
served.

Whether towels or an adherent sheet
of plastic (Vi-Drape) are affixed to the skin
in an effort to prevent contamination




from the skin into the incision is up to the
surgeon. There does not appear to be any
data proving the advantage in covering
the skin with either material.

Because the subcutaneous fat seems
to be the body tissue most susceptible to
infection, every effort should be made to
minimize trauma to this layer. Use as few
hemostats and ligatures as possible; most
bleeding points will stop spontaneously in
a few minutes. If not, ligate small bites of
tissue with 4-0 PG. Electrocoagulation of
subcutaneous fat causes extensive trauma,
which encourages wound infection. This
modality should not be used in this layer.

Continuing lateral traction with gauze
pads, divide the linea alba with the scalpel.
If the incision is to be continued around
and below the umbilicus, leave a 5—8 mm
patch of linea alba attached to the umbil-
icus to permit purchase by a suture when
the closure is being accomplished. Other-
wise, a gap between sutures may appear at
the umbilicus, leading to an incisional
hernia.

As Martyak and Curtis have sug-
gested, the peritoneum should be opened
well to the left of the falciform ligament.
When the peritoneum is opened close to
its attachment to the undersurface of the
left rectus muscle, virtually no blood ves-
sels are encountered. Consequently, ele-
vate the peritoneum between two forceps
and incise it just above and to the left of
the umbilicus. Using a Metzenbaum scis-
sors, continue this incision in a cephalad
direction until the upper pole of the inci-
sion is reached. If bleeding points are en-
countered here, grasp them with small he-
mostats and electrocoagulate or ligate them.

So as not to cut the bladder, be cer-
tain when opening the peritoneum in the
lower abdomen to identify the prevesical
fat and bladder. As the peritoneum ap-
proaches the prevesical region, the pre-
peritoneal fat cannot be separated from
the peritoneum and becomes somewhat
thickened and more vascular. If there is
any question about the location of the up-
per margin of the bladder, note that the
balloon of the indwelling Foley catheter

Operative Technique for Midline Incision

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 this does not improve exposure. How-
ever, opening the fascial layer down to and
beyond the pyramidalis muscles to the
pubis does indeed improve exposure for
low-lying pelvic pathology.

Closure of Midline Incision

This closure is almost identical with
that reported by Spencer et al. in 1963. As
mentioned above, we have modified the
Smead-Jones technique by increasing the
width of the tissue bite, which is in accord
with the clinical data compiled by Sanders
et al. and Jenkins indicating that the large
bite and the loose suture are essential in
preventing dehiscence. It is not necessary,
in the upper abdomen, to include the per-
itoneum or falciform ligament in the su-
ture, and this layer is generally ignored.
Below the umbilicus there is no distinct
linea alba, and the rectus muscle belly is
exposed. In this region include the peri-
toneum in the stitch.

Apply Kocher clamps to the linea
alba at the midpoint of the incision, one
clamp on each side. Below the umbilicus
the Kocher clamps should include a bite
of peritoneum as well as of anterior fascia.
With the suture of 2-0 monofilament
stainless steel wire or No. 1 PG, 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 of wire within
a large loop (Fig. 5-4). The purpose of
the small loop is simply to orient the linea
alba so that it will remain 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 elim-
inate the gap between adjacent sutures.
Insert the next suture no more than 2 cm
below the first. Large curved Ferguson
needles are used for this procedure.
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To tie wire sutures properly, the wire
must be entirely free of kinks. Accomplish
a loose square throw and then pull the two
wire ends in opposite directions until the
knot has achieved adequate tension to ap-
proximate the tissue. Avoid excessive tension!
Draw the two strands of wire sharply in an
anterior direction. This maneuver sets the
knot while the second square throw is
being developed. Again draw the two ends
of wire laterally to close the knot. Then
apply a third square throw and tighten it.
Grasp the two ends of the wire in a small
hemostat. The assistant should apply sky-
ward traction on this hemostat to elevate
the abdominal wall and facilitate the in-
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sertion of the next stitch. If No. 1 PG is
used, tie each suture with four square
knots. When half the incision has been
closed, start at the other end and ap-
proach the midpoint with successive su-
tures (Fig. 5—4). Do not tie the last few
stitches, thus leaving enough space to in-
sert the remaining stitch under direct vi-
sion. In no case should the surgeon insert
a stitch without at all times seeing the
point of the needle.

Then tie all the remaining sutures.
Apply a straight Crile clamp to each stitch
just above the knot, and use a wire scissors
to cut the wires just adjacent to the straight
clamp, which should be rotated to turn the



Fig. 5-5

short tails of the wire down toward the
fascia. This helps prevent the sharp wire
ends from irritating the subcuticular nerve
endings (Fig. 5-5).

Accomplish skin closure by inter-
rupted 4-0 nylon vertical mattress su-
tures, a continuous subcuticular suture of
4-0 PG, or staples.

A description of the McBurney inci-
sion is included in Chap. 24; the Pfannen-
stiel incision will be found in Chap. 42; and
the subcostal incision under “Cholecystec-
tomy” in Vol. II of this work.

References
References

Aldrete JS et al. (1977) Scientific exhibit
at Clinical Congress Am Coll Surgeons. Dallas
TX

Efron G (1965) Abdominal wound dis-
ruption. Lancet 1:1287

Goligher JC et al. (1975) A controlled
clinical trial of three methods of closure of lap-
arotomy wounds. Br | Surg 62:823

Jacobs HB (1974) Skin knife-deep knife:
The ritual and practice of skin incisions. Ann
Surg 179:102

Jenkins TPN (1976) The burst abdomi-
nal wound—a mechanical approach. Br | Surg
63:873

Jones TE et al. (1941) The use of alloy
steel wire in the closure of abdominal wounds.
Surg Gynecol Obstet 72:1056

Lally JJ (1967) New exposure instrument
for the upper abdomen. Int Surg 47:396

Lancet Editorial (1977) Burst abdomen.
Lancet 1:28

Malt RA (1977) Abdominal incisions, su-
tures and sacrilege. N Engl | Med 297:722

Martyak SN, Curtis LE (1976) Abdomi-
nal incision and closure. Am | Surg 131:476

Sanders R] et al. (1977) Principles of ab-
dominal wound closure—I. Animal studies.
Arch Surg 112:1184

Spencer FC et al. (1963) Experiences
with wire closure of abdominal incisions in 293
selected patients. Surg Gynecol Obstet 117:235

Tera H, Aberg C (1976) Tissue strength
of structures involved in musculo-aponeurotic

layer sutures in laparotomy incisions. Acta
Chir Scand 142:349

43



Esophagus



Operations to Resect, Replace,
or Bypass the Esophagus

Concept: Selection of Operation
for Carcinoma near
Esophagogastric Junction

A number of surgeons have asserted that
resection of the lower esophagus and
proximal stomach for lesions near the gas-
tric cardia, followed by esophagogastric
anastomosis, is an operation with a high
mortality rate and a high incidence of re-
flux esophagitis. Moreover, some say this
operation is no better from the nutritional
point of view than total gastrectomy with
esophagojejunostomy. Our experience is
completely to the contrary. After total gas-
trectomy, dumping is common and nutri-
tional rehabilitation is often difficult. On
the other hand, we have observed that
very few patients experience serious symp-
toms of reflux esophagitis following eso-
phagogastrectomy with an end-to-side an-
astomosis. No dietary restrictions have
been necessary. In 44 consecutive cases,
among patients whose average age was
over 70, we encountered (and reported)
no clinical anastomotic leaks and no deaths.

If a tumor occupies a large segment
of the gastric fundus, requiring more than
50% of the stomach to be removed for an
adequate cancer operation, then total gas-
trectomy is indicated because the gastric
remnant will be too small to permit con-
struction of a proper end-to-side esopha-
gogastric anastomosis. The end-to-end
anastomosis results in an excessive num-
ber of leaks as well as reflux bile esopha-
gitis. Otherwise, esophagogastrectomy
properly performed is a safe operation
with good nutritional and symptomatic re-
sults. There are no data as yet from fol-

low-up studies comparing total gastrec-
tomy with esophagogastrectomy, to indicate
whether total gastrectomy results in longer
survival in patients suffering from cancer
of the gastric cardia or fundus.

For cancer of the distal 10-15 cm of
the esophagus, we have found a left tho-
racoabdominal incision with esophagogas-
tric resection and anastomosis to be ex-
tremely successful. If the tumor extends
more proximally than was anticipated, we
simply mobilize the esophagus above the
arch of the aorta and perform a supra-
aortic anastomosis.

Concept: Selection of Operation
for Lesions of Mid- and Upper
Esophagus

Except for lesions of the lower 10~15 cm
of the esophagus, the operation of choice
for carcinoma of the esophagus is subtotal
resection by right thoracotomy, combined
with mobilization of the stomach through
a midline laparotomy. This should be fol-
lowed by end-to-side esophagogastric
anastomosis at the apex of the right chest
or in the neck. With adequate preopera-
tive preparation, this operation too can be
done safely and result in good postoper-
ative digestive function. In some institu-
tions a course of preoperative radiation is
given to these patients. Conclusive data to
support this policy are not yet available.
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Operations to Resect, Replace, or Bypass the Esophagus

As an alternative, it has been sug-
gested that patients who have carcinoma
of the midesophagus might undergo staged
procedures. As the first stage the colon is
interposed between the cervical esophagus
and stomach through a substernal tunnel.
This is followed by irradiation and then by
removal of the thoracic esophagus. Be-
cause the majority of the patients who suf-
fer from squamous cell carcinoma of the
midesophagus have a limited life expect-
ancy, and because a one-stage esophago-
gastrectomy can be done with a low mor-
tality rate, this is the procedure of choice.

In those patients whose carcinoma is
located in the neck or the upper thorax,
the choice lies between an interposition of
the left colon from the neck to the stom-
ach or an esophagogastric anastomosis in
the neck. Using stapled anastomoses to
expedite the procedure, it is feasible in
one stage to resect the esophagus and to
complete a colon interposition operation.
However, satisfactory results can also be
obtained with cervical esophagogastros-
tomy.

Patients who suffer corrosive esoph-
agitis (lye) and who require total esopha-
gectomy or complete esophageal bypass
are probably best handled by the inter-
position of the isoperistaltic left colon be-
tween the cervical esophagus or pharynx
and stomach. This has been described by
Belsey and by Glasgow et al. Similarly, for
patients who have nonresectable carcino-
mas of the midesophagus, a colon bypass
of the same type is preferred, although
the reversed gastric tube advocated by
Heimlich has some enthusiastic support-
ers. When using either the colon or a re-
versed gastric tube, it would appear pref-
erable to make the proximal anastomosis
in the cervical region, as there appears to
be a small but significant incidence of leak-
age following anastomoses of these two
types. If the leakage occurs in the neck,
the resulting esophagocutaneous fistula is
far less serious than from a similar leak in
the thorax.

Concept: Colon or Jejunal
Interposition following
Resection of Lower Esophagus
for Reflux Esophagitis

Almost all cases of stricture following re-
flux esophagitis can be managed by dilat-
ing the esophageal stricture, by lengthen-
ing the esophagus via a Collis gastroplasty,
and by some type of fundoplication to
eliminate reflux. On rare occasions intra-
operative dilatation of the esophagus re-
quires so much force that the esophageal
wall bursts and must be resected. While it
may be hypothesized that esophagogastric
resection an end-to-side and anastomosis
supplemented by a Nissen-type fundopli-
cation might be successful in these cases,
there has been an inadequate trial of this
procedure to provide data in its support.
On the other hand, Belsey, Glasgow et al.,
and others have demonstrated that the in-
terposition of colon between the esopha-
gus and stomach successfully prevents a
recurrence of reflux esophagitis. The use
of jejunal interposition, as described by
Merendino, has achieved less popularity
than colon interposition because it is more
difficult to mobilize an adequate vascular
pedicle in the jejunum than the colon.
Consequently, following resection of the
esophagus for the sequelae of reflux
esophagitis, the interposition of a segment
of left transverse colon, supported on a
pedicle of left colic artery, seems prefera-
ble. The esophagocolonic anastomosis in
these cases is performed end-to-end; the
cologastric anastomosis is the end-to-side
type. A modified fundoplication is con-
structed around the cologastric anasto-
mosis. Operations for gastroesophageal
reflux and its complications are described
in Vol. II of this work.
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Esophagectomy:

Right Thoracotomy and Laparotomy

Indications

Esophagectomy via right thoracotomy is
indicated in carcinoma of the esophagus,
except for tumors of the distal 10-15 cm.

Preoperative Preparation

Institute nutritional rehabilitation,
either by intravenous hyperalimen-
tation or by nasogastric tube feeding,
in patients who have lost more than
10 Ibs. This is an important factor in
lowering the mortality rate for this
operation.

Perform preoperative esophagoscopy
and biopsy.

Improve oral and dental hygiene, if
necessary.

Stop patient from smoking.
Conduct a pulmonary function study.

Preoperative radiation therapy is a
controversial issue. Until more data
are accumulated as to the effect ra-
diation has on postoperative survival,
no definitive statement can be made.

Preoperative bronchoscopy is indi-
cated in those patients whose lesion
may have invaded the left main bron-
chus or trachea.

A nasogastric tube should be passed
the morning of the operation.

Perioperative antibiotics should be
administered.

Pitfalls and Danger Points

Hemorrhage from aorta
Perforation of trachea or bronchus
Anastomotic leak

Anastomotic stenosis

Inadvertent interruption of gastro-
epiploic arcade on greater curvature
of stomach

Operative Strategy

When a tumor of the esophagus is densely
adherent to the aortic arch, extreme cau-
tion is indicated. If the aorta is inadvert-
ently perforated while the tumor is being
removed from the arch, it will be ex-
tremely difficult to salvage the patient. If
the surrounding aortic wall is indurated
by fibrosis or tumor, this will make control
of hemorrhage virtually impossible. Fur-
thermore, it is doubtful that heroic meas-
ures for the resection of such invasive tu-
mors will prove any more beneficial to the
patient than would a palliative operation
to bypass the lesion. The same is probably
true of tumors that invade the right main
bronchus. Long-term survival following
the resection of a carcinoma of the middle
esophagus is generally limited to those pa-
tients whose lesion is confined to the
esophagus and shows no evidence of ex-
trinsic invasion.



In favorable cases of this type, both
Logan and Skinner have performed rad-
ical operations, including excision of the
right and left mediastinal pleura, exten-
sive mediastinal lymph node dissection,
and thoracic duct dissection. Logan’s mor-
tality rate for these operations was over
20%, but modern postoperative care can
lower this rate. Up to now the survival
data are inadequate to prove that this pro-
cedure is effective.

Anastomotic leakage and postopera-
tive stenosis have been minimized by the
adoption of several techniques. Obviously
it is important to maintain the blood sup-
ply to the stomach. This requires meticu-
lous attention to the gastroepiploic arcade.
The esophageal hiatus must be enlarged
sufficiently to prevent any element of
venous compression, as deficiency of the
venous circulation is as detrimental as ar-
terial ischemia. Also, as Chassin has pointed
out, the use of an end-to-side esophago-
gastric anastomosis has markedly reduced
the incidence of anastomotic leaks (see
Chap. 8).

Since the submucosal spread of 4thinterspace

esophageal carcinoma has been observed
by microscopy to extend a considerable
distance cephalad from the visible carci-
noma, a 10 cm margin of apparently nor-
mal esophagus should be removed with
the specimen. The upper limit of the spec-
imen should be checked by frozen section
examination.

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 upper anastomosis. Prepare the
right neck, the right hemithorax, and the
abdomen. Rotate the operating table
slightly so that the abdomen is parallel

Operative Technique

with the floor. Perform a midline upper
abdominal incision for a preliminary ex-
ploration of the liver and lower esophagus
to help determine whether an attempt
should be made at resection. A moderate
degree of hepatic metastasis does not con-
traindicate a palliative esophagectomy.
Then make an incision along the course
of the fourth intercostal space from the
sternum to the posterior axillary line in
men (Fig. 7-1). In women, make the skin
incision in the inframammary fold. Incise

)
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Fig. 7-1
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Fig. 7-3
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the pectoral and anterior serratus muscles
with the electrocoagulator along the fourth
interspace (Figs. 7-2 and 7-3). Similarly
incise the intercostal muscles along the up-
per border of the fifth rib. Identify the
internal mammary artery near the sternal
margin, where it is divided and occluded
by ligature. Enter the pleura of the fourth
intercostal space, and then divide the car-
tilaginous portion of the fourth rib near
its articulation with the sternum (Fig. 7—4).
Clamp the neurovascular bundle, divide it
and ligate with 2-0 cotton (Fig. 7-5).

Fourth rib

Operative Technique
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Fig. 74
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Insert a Finochietto retractor over
gauze pads and separate the ribs. If an
additional costal cartilage requires division
for adequate exposure, do not hesitate to
perform this maneuver. Retract the lung
anteriorly, cover it with gauze pads and
hold it with Harrington retractors.

To perform this procedure, some
geons prefer to make a complete poster-
olateral incision from the region of the
paraspinal muscles to the sternum through
the fourth or fifth interspace, but we have
found the above exposure to be satisfac-
tory. Also, using the anterior incision per-
mits the placing of the patient in a position
that is convenient for operating in the ab-
domen, in the thorax, and even in the
neck, as necessary.

Mobilization of Esophagus

Make an incision in the mediastinal
pleura, exposing the esophagus. The azy-
gous vein should then be identified, skel-
etonized, divided, and ligated with 2—-0
cotton (Fig. 7-6). Encircle the esophagus
with the index finger at a point away from
the tumor. Dissection will reveal several
small arterial branches to the esophagus.
Divide each branch between Hemoclips.
Wherever the pericardium or pleura are
adherent to the tumor, excise patches of
these structures and leave them attached
to the specimen. Also include adjacent
mediastinal lymph nodes in the specimen.
Dissect the esophagus from the apex of
the chest to the diaphragmatic hiatus. This

=
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Operative Technique

Fig. 7-7

will require the division of the proximal
vagal trunks. In order to minimize the
spillage of tumor cells, ligate the lumen of
the esophagus proximal and distal to the
tumor, utilizing narrow umbilical tapes or
TA-55 surgical staples.

Remove the Harrington retractors
and gauze pads permitting the right lung
to expand. Cover the thoracic incision
with a sterile towel.

Mobilization of Stomach

Expose the abdominal incision. Use
a “chain” retractor to elevate the sternum.
Elevate the left lobe of the liver in a ceph-
alad direction with either a Harrington or
Weinberg retractor and incise the perito-
neum overlying the abdominal esophagus.
Mobilize the lower esophagus as in per-
forming a vagotomy and transect the vagal
trunks and the surrounding phreno-
esophageal ligaments (Figs. 7-7, 7-8, and

Fig. 7-8
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Fig. 7-9
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7-9). The cephalad portion of the gastro-
hepatic ligament, generally containing an
accessory left hepatic artery, should be
doubly clamped, divided, and ligated with
2—0 cotton or Hemoclips (Fig. 7-10). In-
sert the left hand behind the esophagus
and cardia of the stomach, elevate the gas-
trophrenic ligaments on the index finger
and transect them (Fig. 7-11). This dis-
section will lead to the cephalad short gas-
tric vessel; divide it between clamps and
ligate it, along with the remaining short
gastrics. The spleen need not be removed.

gastric a.



Fig. 7-11

Operative Technique

Gastrophrenic
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Fig. 7-12a

Fig. 7-12b
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Gastroepiploic
arcade preserved

Divide and ligate the left gastroepi-
ploic artery, but do the remainder of the
dissection outside the gastroepiploic ar-
cade, which must be kept intact and free of
trauma. This is accomplished by dividing
the greater omentum serially between Kelly
clamps, leaving 3-5 cm of omentum at-
tached to the arcade as a margin of safety.
Discontinue this dissection 6-8 cm proxi-
mal to the pylorus (Figs. 7-12a and 7-12b).

With the greater curvature of the
stomach elevated, 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 en-
circle it with a Mixter clamp and then di-
vide it between 2—0 cotton ligatures. Skel-
etonize the left gastric artery (Fig. 7-13)



Fig. 7-13

so that two 2—0 cotton ligatures may be
placed on the proximal portion of the ar-
tery and one on the specimen side. Tran-
sect the vessel. Follow this with an exten-
sive Kocher maneuver.

Kocher Maneuver

Make an incision in the peritoneum
lateral to the proximal duodenum (Fig.
7-14). Insert the left index finger behind
the peritoneum and compress this tissue
between fingertip and thumb, causing the
retroperitoneal blood vessels and fat to fall
away. Incise the peritoneum on the index
finger with a scissors until the third por-
tion of the duodenum is reached. Note
that dividing the peritoneum alone is not
sufficient to release the duodenum from
its posterior attachments. There remains
a ligamentous structure connecting the
posterior duodenum to the region of
Gerota’s fascia.

. gastric a.

Operative Technique
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Incision
in peritoneum

Fig. 7-15

This ligamentous structure is easily
delineated by inserting the left index fin-
ger behind the pancreas. Move the finger
laterally, exposing a lateral duodenal “lig-
ament” behind the descending duo-

denum. Again, pinch the tissue between
fingertip and thumb, which will leave vas-
cular and fatty tissue behind, allowing this
ligamentous structure to be divided. Incise
it with a Metzenbaum scissors (Fig. 7-15).
Repeat this maneuver, going around the
second and third portions of duodenum
(behind the hepatic flexure); this will lead
to the point at which the superior mes-
enteric vein crosses over the duodenum.
Be careful: excessive traction with the in-
dex finger may tear the branches of this
vessel.



For esophagogastric resection the
Kocher maneuver need not be continued
much beyond the junction of the second
and third portions of the duodenum. At
this point the left hand is easily passed be-
hind the head of the pancreas, which
should be elevated from the renal capsule,
vena cava, and aorta (Fig. 7-16). This will
permit the pyloroduodenal segment to be
placed high in the abdomen, 8-10 cm
from the esophageal hiatus, which in turn
will permit the gastric fundus to reach the
thoracic apex, or neck, without tension.

Operative Technique

Pyloromyotomy

Although in many instances satisfac-
tory results may be obtained without it,
pyloromyotomy is generally performed at
this point in order to prevent secondary
operations for excessive gastric stasis due
to vagotomy. Pyloromyotomy is accom-
plished by making a 1.5-2.0 cm incision
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across the anterior surface of the pyloric
sphincter muscle (Figs. 7-17, 7-18, 7-19).
It is difficult to do this in an adult who has
normal muscle, but much easier in an in-
fant who suffers hypertrophic pyloric ste-
nosis. Frequently, sharp dissection with a
No. 15 scalpel blade must be done through
most of the circular muscle. Make a blunt
separation of the muscle fibers with a he-
mostat until the mucosa bulges out. This
procedure may be expedited by invagi-

Fig. 7-17

nating the anterior gastric wall into the
pyloric sphincter with the index finger to
divulse the few remaining circular muscle
fibers. Exercise care not to perforate the
mucosa; this is prone to occur at the duo-
denal end of the incision.

Advancement of Stomach into
Right Chest

Divide the right crux of the dia-
phragm transversely, using electrocautery
(Fig. 7-20), and further dilate the esoph-
ageal hiatus manually. Advance the stom-
ach into the right hemithorax, which should
again be exposed by expanding the Fino-
chietto retractor. There must be no con-
striction of the veins in the vascular pedi-
cle of the stomach at the hiatus. Suture the
wall of the stomach to the margins of the

Fig. 7-18
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hiatus by means of interrupted 3-0 cotton
or Tevdek sutures spaced 2 cm apart in
order to avoid postoperative herniation of
bowel into the chest.

With the right lung retracted, expose
the esophagogastric junction in the right
chest. Generally, when the esophageal car-
cinoma is located in the middle or upper
esophagus, it is not necessary to remove
the lesser curvature of the stomach and
the celiac lymph nodes.

Fig. 7-20
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After clearing the areolar tissue and
the fat pad from the region of the esoph-
agocardiac junction, apply a TA-55 sta-
pler 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 TA-55 stapler. Place a rub-
ber glove over the divided esophagus and
fix it in place with a narrow tape ligature.
Lightly electrocoagulate the everted gas-

Stapled closure
at gastroesophageal
junction

—
i

tric mucosa and remove the stapling de-
vice (Fig. 7-21). It is not necessary to in-
vert this stapled closure with a layer of
sutures; the fundus of the stomach reaches
the apex of the thorax without tension.
Take care to avoid twisting the stomach
and its vascular pedicle.

—

N~

FOWNN

F v

B

.\

Fig. 7-21



Esophagogastric Anastomosis

Select a point on the proximal esoph-
agus 10 cm above the tumor for the anas-
tomosis. Before removing the specimen,
insert the posterior layer of sutures to at-
tach the posterior esophagus to the ante-
rior seromuscular layer of the stomach at
a point 6-7 cm from the cephalad end of
the fundus (Fig. 7-22). The posterior
layer should consist of about five inter-
rupted atraumatic 4-0 cotton Cushing su-
tures. Each bite should be 5 mm in width
and deep enough to catch submucosa. Us-
ing the Stratte needle-holder (see Glos-
sary) often makes suturing the esophagus
easier.

Operative Technique

Transect the posterior wall of the
esophagus with a scalpel at a point 6 mm
beyond the first line of sutures. One can
be certain that the esophageal mucosa has
been transected when the nasogastric tube
appears in the esophageal lumen. Now
make a transverse incision in the stomach
and control the bleeding points. This in-
cision should be slightly longer than the
diameter of the esophagus (Fig. 7-22).

Staples occluding
esophageal lumen

Proximal esophagus

Incision in post.
wall of esophagus

Layer of interrupted
Cushing sutures
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Approximate the posterior mucosal
layer by means of interrupted 4-0 atrau-
matic PG sutures, with the knots tied in-
side the lumen (Fig. 7-23). Then pass the
nasogastric tube from the proximal esoph-
agus through the anastomosis into the
stomach.

In accordance with the suggestion of
Fisher et al., detach the specimen by divid-
ing the anterior wall of the esophagus with
a scissors in such fashion as to leave the
anterior wall of the esophagus 1 cm longer

than the posterior (Fig. 7—24). This ma-
neuver will enlarge the stoma if the inci-
sion in the stomach is large enough to
match that of the elliptical esophageal lu-

men.

Fig. 7-23
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Execute the anterior mucosal layer by
means of interrupted sutures of 4-0 PG,
with the knots tied inside the lumen, thus
inverting the mucosa (Fig. 7-25). Accom-
plish the second anterior layer by means
of interrupted Cushing sutures of 4-0 cot-
ton (Fig. 7-26). The sutures must not be
tied with excessive force.

At this point, some surgeons (Boyd et
al.) prefer to perform a Nissen fundopli-
cation, which can be done if there is
enough loose gastric wall to permit a
wraparound without constricting the
esophagus. Otherwise, a partial fundopli-
cation may be accomplished by inserting
several sutures between the outer walls of
the esophagus and adjacent stomach. We
have observed that even if fundoplication
is not performed, few patients develop re-
flux esophagitis following this operation—
as long as end-to-side esophagogastric an-
astomosis 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 with a solution of
methylene blue, injected into the nasogas-
tric tube by the anesthesiologist, in order
to test the anastomosis for leakage.

Inner layer
of PG sutures

Fig. 7-25

As a final, essential step in this oper-
ation, prevent tension on the anastomosis
by tacking the fundus of the stomach to
the prevertebral fascia and mediastinal
pleura at the apex of the thorax. Use in-
terrupted sutures of 3-0 cotton or Tevdek
for this purpose (Fig. 7-26). These sutures
must not penetrate the lumen of the stom-
ach, for as Fisher et al. have noted, a gas-
tropleural fistula may result.

As soon as the specimen has been re-
moved, examine the proximal end of the
esophagus by frozen section to see if there
has been submucosal extension of the can-
cer. If the pathologist notices tumor cells
in the esophageal margin, more esopha-
gus should be resected.

Stapled Esophagogastric
Anastomosis

A stapling technique developed by
Chassin for this anastomosis is described
in Chap. 8.
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- Suture fixing
stomach to pleura

Outer layer of
Cushing sutures

Cervical Esophagogastric
Anastomosis " 7t

In treating carcinoma of the mid-
esophagus it is often necessary to resect I
the entire thoracic esophagus to obtain a
sufficient margin of normal tissue above
the tumor. This requires an esophagogas-
tric reconstruction in the neck.

With the patient’s head turned slightly
to the left, make an oblique incision along
the anterior border of the right sterno-
mastoid muscle (Fig. 7-27). Carry the in-
cision through the platysma. Identify (Fig.

Fig. 7-27 69
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Omohyoid M.

Sternomastoid M. Sternohyoid M.

Fig. 7-28

7-28) and transect the omohyoid muscle. thyroid gland (Fig. 7-29). The middle thy-
Retract the sternomastoid muscle and ca- roid vein, when present, should be doubly
rotid sheath laterally and retract the pre- ligated and divided. Place the areolar tis-
thyroid muscles medially, exposing the sue between the gland and the carotid

Middle
thyroid v.

| Recurrent
laryngeal n.
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sheath on stretch by upward and medial
retraction of the thyroid. Identify and ske-
letonize the inferior thyroid artery, which
crosses the lower third of the surgical field
in a transverse direction, by a Metzen-
baum 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 that it may
be preserved (Fig. 7-29).

Fig. 7-30

Operative Technique

At this point the tracheoesophageal
groove will be seen and the cervical esoph-
agus can be encircled by the surgeon’s in-
dex 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
during this dissection. Although the infe-
rior thyroid artery generally will have to
be ligated and divided before the esoph-
agus is mobilized, in some cases its course
is low enough in the neck so that it can be
preserved.

Thyroid gland
Esophagus

TA-55 stapler
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Since the thoracic esophagus has been
dissected 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 se-
lected, apply a TA-55 stapler to the spec-
imen side (Fig. 7-30) and transect the
esophagus flush with the stapler. Remove
the specimen through the thoracic inci-
sion.

Now pass the fundus of the stomach,
which has already been passed into the
thorax, through the thoracic inlet into the
cervical region. The fundus should reach
the hypopharynx without tension. Anchor
it to the prevertebral fascia with several
3-0 cotton sutures. Then construct an

end-to-side anastomosis by the same tech-
nique described above (Figs. 7-31, 7-32
and 7-25, 7-26).

We have not been impressed by the
various stapling techniques recommended
for the esophagogastric anastomosis in the
neck.

Lavage the operative site with an an-
tibiotic solution and initiate wound closure
by inserting a layer of interrupted 4-0 PG
sutures approximating the anterior bor-
der of the sternomastoid to the prethyroid
strap muscles. Several similar sutures may

Fig. 7-31




be used loosely to approximate the pla-
tysma. Close the skin, generally by means
of a continuous 4-0 PG subcuticular su-
ture, leaving sufficient space to bring a la-
tex drain out from the prevertebral region
through the lower pole of the incision.

Closure

Make a stab wound in the ninth in-
tercostal space. Insert a 36F multi-eyed
plastic catheter through the stab wound
and use 4-0 catgut to suture 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

Fig. 7-33

Operative Technique

or five interrupted pericostal sutures of
No. I PG and approximate the serratus
and pectoral muscles in layers by means of
continuous 2-0 atraumatic PG (Figs. 7-33
and 7-34). Close the skin with continuous
3—0 nylon or subcuticular 4-0 PG.

Close the abdominal wall in the usual
fashion by means of interrupted 2—0 stain-
less steel wire sutures.

Major
pectoral m.
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Postoperative Care

Keep the nasogastric tube on low suction
for 4-5 days. The patient should be per-
mitted nothing by mouth until an esopha-
gram with an aqueous contrast medium
has been performed in the X-ray depart-
ment on the seventh postoperative day to
ascertain the integrity of the anastomosis.
If no leak can be seen, the patient is given
a liquid diet. This should be advanced to
a full diet in 3-5 days.

The thoracic drainage tube is at-
tached to Pleur-Evac underwater drainage
for 4-5 days, and the routine steps for
management of a postoperative thoracot-
omy patient are carried out, including fre-
quent determination of arterial blood gases
and pH. Tracheal suction is used with cau-
tion to avoid possible trauma to the anas-
tomosis. Ventilatory support is employed
when necessary.

Prophylactic antibiotics are continued
until removal of the thoracotomy drainage
tube.

Intravenous hyperalimentation is
continued if the patient is malnourished.

Complications

Anastomotic leaks constitute by far the
most important complication of this op-
eration, but they are preventable if proper
surgical technique is used. Over half the pa-
tients who develop clinical leakage die, ac-
cording to the literature. Triggiani and
Belsey have reported that unless the anas-
tomosis is defunctionalized by cervical eso-
phagostomy combined with adequate tho-
racic drainage, most patients will not survive



an intrathoracic anastomotic leak. It is
possible that reopening the thorax and
wrapping the perforated anastomosis with
a pedicled flap of parietal pleura, using
Grillo’s technique, may obviate the need
for cervical esophagostomy in these cases.

On two occasions we have observed
a small perianastomotic collection of con-
trast material in patients who were studied
by X-ray esophagrams on the seventh
postoperative day. In both cases there was
absolutely no clinical evidence of leak.
Both were treated conservatively, and oral
feedings were instituted five days after the
abnormal X-rays without ill effect. These
were both end-to-end esophagogastric
anastomoses, a technique now avoided
whenever possible.

Fisher et al. have reported finding a
gastropleural fistula following leakage from
one of the sutures used to tack the stom-
ach to the mediastinal pleura. This case
proved fatal. As consultants we have seen
one similar case involving a stitch between
the gastric wall and the diaphragmatic hia-
tus. In this patient, bile-stained fluid ap-
peared in the thoracic drainage tube on
the second postoperative day. This was
confirmed by the insertion into the naso-
gastric tube of methylene blue dye, which
was recovered in the thoracic drainage.
The problem was managed by prompt re-
opening of the thoracic incision and clo-
sure of the defect in the gastric wall by
several inverting 4—0 cotton seromuscular
sutures. The patient made an uneventful
recovery.

A subphrenic or subhepatic abscess
may follow an operation for an ulcerated
malignancy because a necrotic tumor often
harbors virulent organisms. The incidence
of this complication can be reduced by an-
tibiotic irrigation during the procedure
and by administering prophylactic anti-
biotics before and during the operation.
Treatment is by surgical drainage.

References

Pulmonary complications were com-
mon in the past, but their incidence has
been minimized by proper postoperative
pulmonary care. Whenever indicated by
arterial oxygen and carbon dioxide deter-
minations, postoperative ventilatory sup-
port should be utilized, especially in aged
patients whose pulmonary reserve is di-
minished.

Cardiac failure and arrhythmia are
not uncommon in patients who are in
their seventh or eighth decade of life.
Generally, with careful monitoring and
early detection, these complications can be
easily managed. This requires the use of
a Swan-Ganz catheter for measurement of
pulmonary wedge pressure and of cardiac
output in some of these cases.

In the absence of recurrent medias-
tinal cancer, stenosis of the anastomosis
has not occurred in any of the cases Chas-
sin has managed and reported on. When
this complication does occur, repeated
passage of Maloney bougies may reverse
the condition.
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Esophagogastrectomy

Left Thoracoabdominal

Indications

Esophagogastrectomy by the left thora-
coabdominal approach is indicated for
malignant lesions of the distal 10-15 cm
of the esophagus, of the esophagogastric
junction, and of the gastric fundus.

Preoperative Care

In these cases nutritional rehabilitation is
often the most important single preoper-
ative measure. Also

Cessation of smoking

Pulmonary function studies

Preoperative esophagoscopy and
biopsy
Perioperative antibiotics

Nasogastric tube before the opera-
tion

Pitfalls and Danger Points

Anastomotic failure.

Vascularity of gastric pouch. Meticu-
lous attention must be paid to pre-
serving the entire arcade of right gas-
troepiploic artery and vein along
greater curvature of stomach.

Hemorrhage. Occasionally, left gas-
tric artery is imbedded in tumor by
invasion from metastatic lymph nodes.
Unless this vessel can be identified,
transecting the artery through the tu-
mor may produce hemorrhage that
is difficult to control.

Pancreas. Trauma to tail of pancreas
while spleen and gastric lesion are
being removed may induce acute
hemorrhagic pancreatitis.

Sepsis. Some malignancies in proxi-
mal portion of stomach are ulcerated
and bulky with areas of necrosis that
contain virulent bacteria. These may
produce postoperative subhepatic or
subphrenic abscesses by contaminat-
ing the operation even if there is no
anastomotic leakage.

Inadequate cancer operation. Be-
cause gastric and esophageal malig-
nancies can spread for some distance
submucosally without being visible,
frozen section studies of both proxi-
mal and distal margins of the excision
are helpful.

Paralysis of the diaphragm.

Operative Strategy

Objectives of
Esophagogastrectomy

In operations done for cure the ob-
jective is the wide removal of the primary
tumor, along with a 6-10 cm margin of
normal esophagus in a proximal direction
and a 6 cm margin of normal stomach be-
low. 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 in or-
der to remove the left gastric artery at its
origin and to remove the celiac lymph
nodes. Splenectomy and removal of the
lymph nodes at the splenic hilus should be
done for all lesions of the lower esophagus
and proximal stomach. Any suspicious
nodes along the superior border of the
pancreas should be removed also.

Thoracoabdominal Incision with
Preservation of Phrenic Nerve
Function

When gastric cancer encroaches upon
the gastroesophageal junction, an opera-
tion that is done by abdominal incision ex-
clusively is contraindicated for several rea-
sons. In the first place, this anastomosis
will frequently require the surgeon’s hand
and the needle-holder to be in an awk-
ward position, and may result in leakage.
Furthermore, the abdominal incision makes
it difficult to perform a wide excision of
possible areas of invasion of the distal
esophagus. Some upper gastric lesions we
have seen have extended up into the
esophagus as far as 10 cm.

The left thoracoabdominal incision,
we have found, is both safe and effica-
cious. It is easy to divide all the muscles of
the thoracic cage rapidly by electrocau-
tery. Even patients in their eighties have
tolerated this incision well when given ad-
equate postoperative support.

The diaphragm should not be incised
radially from the costal margin to the
esophageal hiatus because this would tran-
sect the phrenic nerve and paralyze the
left diaphragm. Many patients who re-
quire gastric surgery for cancer are aged
and have limited pulmonary reserve, and
as atelectasis is a common postoperative
complication, it is better to make a circum-
ferential incision in the periphery of the
diaphragm so as to preserve phrenic nerve
function and normal diaphragmatic mo-
tion.

Operative Strategy

Postoperative pain at the site of the
divided costal margin has been alleged to
be common following the thoracoabdom-
inal incision. In our experience proper re-
suturing of the costal margin with mono-
filament steel wire results in solid healing
of this area. Pain has not been a problem.

Anastomotic Leakage

Delicacy of suture technique and ad-
equate exposure are very important in
preventing anastomotic 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 this is a
hazardous technique. Instead, 1 cm pos-
terior segments of two additional ribs
should be resected, and the esophagus
should be liberated behind the arch of the
aorta and passed up to a supra-aortic po-
sition. This exposure permits the anasto-
mosis to be done in a manner less trau-
matic to the tissues than an anastomosis
constructed high up under the aortic arch.
Otherwise, the surgeon’s hand and wrist
are situated in an awkward position, which
makes smooth rotation of the wrist and
needle-holder very difficult. Jerky sutur-
ing motions produce small tears in the
esophagus, especially in the difficult pos-
terior layer.

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

In a report published in the Annals of
Surgery, we have shown that the end-to-
end esophagogastric anastomosis carries
with it a much higher rate of leakage as
well as a higher mortality rate than the
end-to-side. Explanations for the in-
creased complication rate following end-

to-end esophagogastrostomy are not hard
to find:
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It is necessary to close a portion of
the end of the stomach because of the dis-
parity between the lumen of the stomach
and that of the esophagus. This increases
the technical difficulty of doing the end-
to-end anastomosis (Figs. 8—1a and 8-1b).

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

Inserting the posterior layer of
esophagogastric sutures may be difficult
because traction is often being applied to
the esophagus to improve exposure while
the surgeon’s hand and the needle-holder
device may have to assume positions that
are awkward for efficient and nontrau-
matic suturing. This produces imperfec-

tions in the suture line. As seen in Fig.
8-2a, protection from posterior leakage is
achieved in the end-to-side cases by the
buttress effect of a 6-7 cm segment of gas-
tric wall behind the esophagus. In end-to-
end operations, however, there is no sec-
ond line of defense against technical error.

Although the anterior layer of either
the end-to-end or the end-to-side esoph-
agogastrostomy is much easier than the
posterior layer to construct without tech-
nical defects, even here the end-to-side
version offers advantages. Fig. 8-2b illus-
trates how the anterior wall of the esoph-
agus invaginates itself into the stomach for




additional protection. If this were at-
tempted with an end-to-end anastomosis,
the large inverted cuff would produce ste-
nosis at the stoma (Fig. 8-1b).

Additional protection against leakage
from the anterior aspect of the end-to-side
anastomosis can be achieved by perform-
ing a Nissen fundoplication around the
anastomosis. This also helps prevent post-
operative gastroesophageal reflux, but it
requires the presence of a large gastric
pouch and can not be performed, unless
modified, when the proximal stomach has
been resected.

Avoiding Postoperative Reflux
Esophagitis

Another serious drawback of an end-
to-end esophagogastric anastomosis is the
occurrence of reflux esophagitis in pa-
tients who achieve long-term survival. This
can be avoided by implanting the end of
the esophagus end-to-side into the stom-
ach at least 6 cm beyond the proximal
margin of the gastric pouch. This type of
construction functions as a valve, probably
because air in the gastric pouch behind the
distal esophagus compresses the overlying
esophagus. This is fortunate, as there is
rarely enough remaining stomach to fash-
ion an adequate “fundoplication” when
the gastric fundus has been resected.

When the anastomosis is performed
by our stapling method, described below,
there should preferably be a distance of 8
cm between the proximal gastric margin
and the overlying esophagus because the
stapled anastomotic stoma uses a slightly
larger area of anterior gastric wall than
does the suture technique.

Operative Strategy

Efficacy of Stapling Techniques
for the Esophagogastric
Anastomosis

We have developed and reported, in
the American Journal of Surgery, a stapling
technique for end-to-side esopha-
gogastrostomy that has been used in 21
consecutive cases without evidence of leak,
either on clinical grounds or when checked
by routine esophagram X-rays on the sev-
enth postoperative day. It can be done
swiftly, and after a long and sometimes
complicated dissection, an accurate anas-
tomosis that takes only 2 or 3 minutes of
operating time constitutes a welcome epi-
logue, especially when treating poor-risk
patients.

Use of the recently introduced EEA
stapling device, presents the surgeon with
a serious dilemma. The EEA comes in
large and small models. The large one has
an external diameter of over 3 cm, which
is much too big for the average esophagus.
If a small model is used, the diameter of
the resulting stoma may be too small to
permit the passage of certain foods. In
general, anastomoses made by staplers
that produce two staggered rows of staples
are quite difficult to stretch by bougien-
age. Until we have more data on the ef-
fects of the small EEA, its use is contrain-
dicated. The diameter of the circle of
staples laid down by the large EEA is only
2.2 cm, which is marginally acceptable.

Another drawback to the EEA tech-
nique is that it requires a 3 cm incision in
the anterior gastric wall to introduce the
device into the stomach. This incision,
which must be closed after firing the EEA,
may interfere with the blood supply to the
anastomosis. General acceptance of the
EEA technique for esophageal anasto-
moses awaits further data. Until this data
becomes available we are continuing to use
our method of esophagogastric stapling,
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which is faster and less prone to technical
complications than is the EEA procedure.
None of our 21 patients experienced any
anastomotic leak, nor did any of them re-
quire postoperative bougienage for stric-
ture.

Postoperative Sepsis

To prevent postoperative sepsis, be
meticulous in avoiding spillage of the gas-
tric content, which can contaminate the
subhepatic or subcutaneous space. Any in-
struments that come in contact with the
lumen of the stomach or esophagus should
be treated as dirty, and the area should be
walled off wherever possible. During the
operation, the operative field should be
irrigated frequently with a dilute antibiotic
solution.

Operative Technique

Incision and Position

With the aid of sandbags and wide
adhesive tape across the patient’s hips, el-
evate the patient’s left side to a 60° angle.
Pad the patient’s left arm and suspend it
in a forward position (Fig. 8-3).

Begin the incision at the umbilicus
and continue it up the midline about half-
way to the xiphoid. Then explore the ab-
domen. The presence of metastasis of a
moderate degree to the celiac lymph nodes
or to the liver does not constitute a con-
traindication to resection.

Fig. 8-3



Redirect the incision to cross the cos-
tal margin into the sixth intercostal space
and continue it to the region of the erector
spinal muscle near the tip of the scapula.
After the skin incision has been com-
pleted, use the coagulating current to di-
vide the latissimus dorsi muscle in as cau-
dal a location as possible (Fig. 8—4). The

Operative Technique

Fig. 8—4
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Fig. 8-5

index fingers of both the surgeon and first
assistant should be inserted side by side
beneath the latissimus muscle while the
electrocoagulator divides the muscle (Fig.
8-5). A similar method should be applied
to the division of the anterior serratus
muscle. The rhomboid muscles medial to
the scapula need not be divided unless a
supra-aortic dissection proves necessary.
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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 the inter-
costal musculature by electrocautery along
the superior surface of the seventh rib and
enter the pleura (Fig. 8-6). Divide the cos-
tal margin with a scalpel or a rib cutter.
Divide the internal mammary artery, deep
and slightly lateral to the costal margin,
and ligate or electrocoagulate it (Fig. 8-7).

Latissimus dorsi m.

Intercostal m.

Operative Technique

Fig. 8-6
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Ant. serratus m.

el
s

Divided costal
cartilages

Fig. 8-7

Then incise the diaphragm in a cir-
cumferential fashion (Figs. 8-7 and 8-8)
along a line 3—4 cm from its insertion into
the rib cage. Use the electrocoagulator for
this incision, which should extend laterally
about 15-20 c¢m from the divided costal
margin. Spread the intercostal incision by
inserting a Finochietto retractor.
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Liberation of Esophagus

Divide the inferior pulmonary liga-
ment with long Metzenbaum scissors, going
in a cephalad direction until the inferior
pulmonary vein has been reached. Col-
lapse the lung, cover it with moist gauze
pads and retract it in a cephalad and an-
terior direction with Harrington retrac-
tors.

Incise the mediastinal pleura from
the aorta to the hiatus, beginning at a
point above the tumor (Fig. 8-9). Encircle
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the esophagus first with the index finger
and then with a latex drain (Fig. 8-10).
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 struc-
tures. If the pleura of the right thoracic
cavity or pericardium has been invaded by
tumor, include it in the resection. The dis-
section of the esophagus should free this
organ from the arch of the aorta down to
the hiatus. Generally, only two or three
branches of the descending aorta will join
the esophagus. These should be occluded

by Hemoclips and divided. Use an umbil-
ical tape ligature or a row of 3.5 mm sta-
ples (TA-55) to occlude the lumen of the
esophagus (above the tumor) in order to
prevent the cephalad migration of the tu-
mor cells (Fig. 8-11), but delay division of
the esophagus until the stomach is mobi-
lized.
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Splenectomy

Retract the spleen medially and di-
vide the lienophrenic ligament (Fig. 8-12).
Gently elevate the spleen and tail of the
pancreas from the retroperitoneal tissues
by finger dissection. Divide 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 cotton. It may be convenient to
remove the spleen as a separate specimen
after dividing each of the short gastric ves-
sels. Do this on the anterior aspect of the
stomach to visualize the greater curvature
accurately, thereby avoiding any possibil-
ity of trauma to the stomach.
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Gastric Mobilization

The gastroepiploic arcade along the
greater curvature of the stomach must be
preserved with compulsive attention to detail, as
the inadvertent occlusion of this vessel in
a clamp or ligature will result in inade-
quate vascularity of the gastric pouch and
anastomotic leakage. Preservation of the
arcade is accomplished from above down
by inserting the index finger behind the
gastrocolic omentum, which is then di-
vided between clamps. Be sure always to
leave 3—4 cm of redundant omentum attached
to the vascular arcade. Continue the dis-

Lienophrenic lig.

Splenic a.

section to a point 6—8 cm cephalad to the
pylorus (Figs. 8—13a and 8-13b). The
greater curvature now should be elevated.
In order to accomplish this, incise its avas-
cular attachments to the posterior parietal
peritoneum at the pancreas.
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Fig. 8-14b
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Identify the celiac axis by palpating
the origins of the splenic, hepatic, and left
gastric arteries. Dissect lymphatic and ar-
eolar tissues away from the celiac axis to-
ward the specimen. Skeletonize the coro-
nary vein, and divide and ligate it with 2—0
cotton. Immediately cephalad to this
structure is the left gastric artery which
should be doubly ligated with 2-0 cotton
and divided (Figs. 8—14a and 8-14b). In-
cise the gastrohepatic ligament near its at-
tachment to the liver (Fig. 8-15). An ac-
cessory left hepatic artery generally can be
found in the cephalad portion of the gas-
trohepatic ligament. Divide this and ligate
it with 2-0 cotton, and divide the remain-
der of the ligament and the peritoneum
overlying the esophagus.
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Fig. 8-15

Hiatal Dissection

A gastrophrenic ligament attaches
the posterior aspect of the gastric fundus
to the posterior diaphragm. Divide this,
using the left index finger as a guide. If
tumor has encroached upon the hiatus,
leave crural musculature attached to the
tumor and divide it from the surrounding
diaphragm with the electrocautery. This
may require division and ligature of the
inferior phrenic artery. Divide the vagus
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Fig. 8-16

nerves just below the hiatus (Fig. 8-16)
and divide the phrenoesophageal liga-
ments; this frees the esophagus and stom-
ach from the arch of the aorta down to
the duodenum.

Kocher Maneuver

In order to achieve maximum up-
ward mobility of the gastric pouch, divide
the avascular lateral duodenal ligament
and pass a hand behind the duodenum
and the head of the pancreas (Figs. 8-17
and 8-18). If necessary, continue this
Kocher maneuver along the duodenum as
far distally as the superior mesenteric vein
(see Figs. 7-15 and 7-16).

Incision in

Fig. 8-17

L. vagus n.

Gastrophrenic
lig.

} Y43
.;1),} \

{ J
T J
/




Pyloromyotomy

Make a longitudinal incision 1.5-2.0
cm long across the anterior surface of the
pylorus. Carefully deepen it, using the
scalpel as well as blunt dissection, until the
mucosa pouts out (Figs. 8—19a, 8-19b, and

Fig. 8-19a

Operative Technique
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Fig. 8-19¢

8-19c). Because the pyloric sphincter is
not hypertrophied, as it is in infants who
require this operation, it is easier to per-
forate the mucosa than it is in infants. The
greatest danger of perforation is at the
duodenal end of the pyloromyotomy. A
tiny mucosal perforation may be repaired
with 5-0 silk sutures and covered with
omentum. A significant rent in the mucosa
should be corrected by converting the py-
loromyotomy into a Heineke-Mikulicz py-

loroplasty. Pyloroplasty is a less desirable
procedure than pyloromyotomy because
it may impair the intramural flow of blood
from the duodenum up into the gastric
pouch. The objection may be merely the-
oretical, however, as many surgeons have
used the pyloroplasty as a routine drain-
age procedure in esophagogastrectomy.
Fisher et al. have been satisfied merely to
dilate the pylorus by invaginating the an-
terior wall of the stomach forcibly into the
pylorus, using a finger. We have success-
fully used this technique in a few patients.

Transection of Stomach and of
Esophagus

To treat a primary tumor of the
lower esophagus, apply the TA-90 Auto
Suture stapler in an oblique fashion so as
to remove the stump of the left gastric ar-
tery, the celiac lymph nodes on the lesser
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curvature of the stomach, and 5-6 cm of ation illustrated in Figs. 8-20a and 8-20b,
the greater curvature. To treat lesions of apply the stapler so that 5-6 cm of normal
the proximal stomach, which is the oper- stomach distal to the lesion are removed.
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Divide the upper stomach between
two TA-90 Auto Suture staplers. Make an
incision with the scalpel flush with the sta-
pler that is attached to the residual gastric
pouch. If two TA-90 staplers are not
available, the first stapler should be ap-
plied to the stomach, fired, and then reap-

Fig. 8-21
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Fig. 8-22

plied 1 cm lower on the gastric wall. The
transection should be made flush with the
stapler on the gastric pouch. Sterilize the
area by lightly running the electrocoagu-
lator over the mucosa and remove the de-
vice. Before applying the stapling device,
be certain that the nasogastric tube has
been withdrawn, as transfixing the naso-
gastric tube with a row of staples can com-
plicate the procedure considerably.

In a previous step the esophageal lu-
men proximal to the tumor was occluded
with a row of staples (Fig. 8—21). Now
transect the esophagus 8-10 cm proximal
to the tumor and remove the specimen
(Fig. 8-22). Submit the proximal and dis-
tal margins of the specimen to frozen sec-
tion examination.
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Fig. 8-23

Enlargement of Hiatus

Make a transverse incision by electro-
cautery in the left branch of the crux (Fig.
8-23). This should be of sufficient mag-
nitude to allow the gastric pouch to pass
into the mediastinum without constriction of
its venous circulation.

Enlargement of Thoracic Incision
if Supra-aortic Anastomosis Is
Necessary

A properly fashioned end-to-side
esophagogastric anastomosis requires the
presence of at least 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 that the esophagus can
be passed behind the arch into a supra-
aortic position. This will make the anas-
tomosis far simpler and safer to perform,
and requires only a few minutes to accom-

plish.



Now move to a position on the left
side of the patient. Extend the skin inci-
sion up from the tip of the scapula in a
cephalad direction between the scapula
and the spine. With the electrocautery di-
vide the rhomboid and trapezius muscles
medial to the scapula. Retract the scapula
in a cephalad direction and free the erec-
tor 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. 8-24). Divide and either

Operative Technique
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ligate or electrocoagulate the intercostal
nerves with their accompanying vessels
(Fig. 8-25). Reinsert the Finochietto re-
tractor (Fig. 8-26). If the exposure is still
inadequate, a segment of the fourth rib
may also be excised, but this has rarely
been necessary.

Enter the space between the anterior
wall of the esophagus and the aortic arch
with the index finger (Fig. 8-27a—c). There
are no vascular attachments in this area.
The index finger will emerge cephalad to
the aortic arch behind the mediastinal
pleura. Incise the mediastinal pleura on

Fig. 8-27a

Fig. 8-27b
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Fig. 8-27c

the index finger, making a window ex-
tending along the anterior surface of the
esophagus up to the thoracic inlet. Now
dissect the esophagus free of all its attach-
ments in the mediastinum in the vicinity
of the aortic arch. Avoid damage to the
left recurrent laryngeal nerve, to the tho-
racic duct, and to the left vagus nerve lo-
cated medial to the esophagus above the
aortic arch. One or two vessels may have
to be divided between Hemoclips.

Incision in
mediastinal
pleura

Vagus n.

Deliver the esophagus from behind
the aortic arch up through the window in
the pleura between the left carotid and
subclavian arteries (Fig. 8-28). If the space
between the carotid and subclavian arter-
ies is narrow, bring the esophagus out
through a pleural incision lateral to the
subclavian artery. Irrigate the medias-
tinum and the esophageal lumen with an-
tibiotic solution.

The esophagogastric anastomosis, as
described below, should be constructed in
a position lateral and anterior to the aortic
arch. Exposure for the anastomosis in this



location is excellent. Bring the esophagus
down over the anterior wall of the stom-
ach. An overlap of 6-7 cm is desirable. If
the esophageal dissection has been carried
out without undue trauma, the esophageal
segment will have an excellent blood sup-
ply even though its distal 10 cm has been
liberated from its bed in the mediastinum.

Esophagogastric Anastomosis,
Sutured

The technique of sutured esophago-
gastric anastomosis is described and illus-
trated in Chap. 7.

Operative Technique

Esophagogastric Anastomosis
Performed by Stapling
Technique

The stapling technique for esopha-
gogastric anastomosis involves attaching
the posterior aspect of the distal esopha-
gus to the anterior wall of the stomach. It
requires an overlap to enable 7-8 cm of
the esophagus to lie freely over the front
of the stomach. If a 7-8 cm overlap is not
available, this stapling technique is con-
traindicated.
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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. 8-29). Insert one fork
of the GIA stapling device through the
stab wound into the stomach and the other
fork into the open end of the overlying
esophagus (Fig. 8-30). The GIA device
should be inserted to a depth of 3.5-4.0
cm. Fire and remove the stapling device.
This step will leave both the end of the
esophagus and a large opening in the
stomach unclosed (Fig. 8-31). The poste-
rior layer of the anastomosis will already
have been accomplished by the GIA de-
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Fig. 8-31

vice. Complete the remainder of the
anastomosis in an everting fashion by
triangulation with two applications of the
TA-55 stapler. To facilitate this, insert a
4-0 temporary guy suture through the
full thickness of the anterior esophageal
wall at its midpoint, carry the suture
through the center of the remaining open-
ing in the gastric wall (Fig. 8-32), and tie
the suture. Apply Allis clamps to approx-
imate the everted walls of the esophagus
and stomach. Apply the first Allis clamp
just behind the termination of the GIA
staple line on the medial side. Hold the
suture and the Allis clamps so that a

Fig. 8-32
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TA-55 device can be applied just beneath
the clamps and the suture (Fig. 8-33).
Tighten and fire the stapling device. Ex-
cise the esophageal and gastric tissues
flush with the stapling device with a Mayo
scissors. Leave the guy suture intact.

Use an identical procedure to ap-
proximate the lateral side of the esopha-
gogastric defect. Apply additional Allis
clamps. Then place the TA-55 stapling
device into position deep to the Allis
clamps and the previously placed guy su-
ture. Close and fire the stapler and remove
the redundant tissue with the Mayo scis-
sors (Fig. 8-34). It is essential that a small
portion of the lateral termination of the
GIA stapled anastomosis be included in
the final TA-55 staple line. Include the
guy suture also in this last application of

Fig. 8-33
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the TA-55. These measures eliminate any the nasogastric tube into the gastric pouch.
possibility of leaving a gap between the The appearance of the completed stapled
various staple lines. The integrity of the anastomosis is shown in Fig. 8-35.
anastomosis may be tested by inserting a

sterile solution of methylene blue through

Fig. 8-35 A
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Whether a Nissen fundoplication is to
be constructed following this anastomosis
depends upon the judgment of the sur-
geon and the availability of loose gastric
wall. In some cases a partial fundoplica-
tion can be accomplished.

Stabilizing the Gastric Pouch

To prevent any gravity-induced ten-
sion on the anastomosis, the apex of the
gastric pouch should be sutured to the
mediastinal pleura or the prevertebral fas-
cia with 3-0 cotton or Tevdek sutures.

The gastric pouch should then be
fixed to the enlarged diaphragmatic hiatus
with interrupted 3—0 cotton or Tevdek su-
tures, which attach the gastric wall to the
margins of the hiatus (Fig. 8-35). These
sutures should be 2 cm apart and should

Fig. 8-36

not penetrate the gastric mucosa, lest they
induce a gastropleural fistula.

Closure

Irrigate the thoracic and abdominal
cavities with an antibiotic solution. This
should be suctioned off and the incision
in the diaphragm closed with interrupted
sutures of 2—0 cotton (Fig. 8-36). Take
fairly large (1 cm) bites, as a dehiscence of

Sutures in
diaphragm



this suture line can have serious conse-
quences, such as herniation of small intes-
tine into the chest.

Excise approximately 1 cm of carti-
lage from the costal margin to improve
apposition (Fig. 8-37). Close the incision
in the costal margin with one or two su-
tures of 2—0 monofilament stainless steel
wire (Fig. 8-38). Insert four or five per-
iocostal sutures of No. 2 PG to approxi-

Fig. 8-38 N

1 cm of costal cartilage
being trimmed off

Fig. 8-37
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Pericostal
sutures

mate the sixth and seventh ribs (Fig.
8-39). Bring a 30F plastic catheter through
the ninth intercostal space in the anterior
axillary line and carry it up to the level of
the anastomosis. Suture it there to the par-
ietal pleura posterior to the aorta, using
4-0 catgut. 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 ante-
rior to the lung up to the apex of the
thorax. Tie the pericostal sutures and
close the muscles in two layers with a con-
tinuous 2—0 PG atraumatic suture in each
(Figs. 8—40 and 8-41).
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Fig. 842

Close the abdominal portion of the
incision with interrupted 2—0 stainless steel
wire Smead-Jones sutures as described in
Chap. 5. Use staples or a subcuticular su-
ture to close the skin (Fig. 8-42). No
drains should be used in the abdominal
cavity, but a subcutaneous suction catheter
can be used if gastric contents have caused
contamination (see Chap. 2).

Postoperative Care

(See Chap. 7.)

Complications

(See Chap. 7.)
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Operations for Peptic Ulcer

Selection of Operation for
Duodenal Ulcer

Any peptic ulcer requires free acid to sus-
tain it. Reducing the acid peptic content
of gastric secretions cures the ulcer. This
can be accomplished surgically by resect-
ing three-quarters of the stomach to
remove a large number of acid-secreting
parietal cells. Unfortunately, such opera-
tions have produced a high incidence of
undesirable postoperative symptoms. With
the development of vagotomy, however,
extensive resection of the stomach has be-
come unnecessary. Vagotomy, then, should
be routinely employed in surgery for duo-
denal ulcer. Which type of vagotomy, and
which type of resection or drainage pro-
cedure should be employed, is a contro-
versial question.

Antrectomy and Vagotomy

If removal of the gastrin-secreting
antrum is combined with some form of
gastric vagotomy, the postoperative secre-
tion of free acid approaches zero levels.
The chance of peptic ulcer recurring after
this procedure is 0-2%. Counterbalancing
this favorable aspect are studies by Go-
ligher et al. (1979) and Herrington et al.
that show an elective mortality rate of
0—2% when the patient is in expert hands,
as well as a 3%—6% incidence of unsatis-
factory results. Postgastrectomy fatalities
generally follow a disruption of the duo-
denal suture line or acute necrotizing pan-
creatitis. Techniques aimed at preventing
these two complications are discussed un-
der “Operative Strategy” in Chap. 15.

Drainage Procedures and
Vagotomy

According to Goligher et al. (1979),
when pyloroplasty is combined with trun-
cal vagotomy, the long-term recurrence
rate of peptic ulcer is about 10% and the
incidence of undesirable postoperative se-
quelae such as dumping or bile gastritis is
not much different from that which fol-
lows antrectomy. On the other hand, the
generally reported mortality rate for va-
gotomy and a drainage procedure per-
formed under elective conditions is 0.5%.
Because it is simple technically, this oper-
ation is often selected for the poor-risk
patient, especially in cases of massive hem-
orrhage from a duodenal ulcer. Resection
in these cases sometimes is difficult, and
the reported operative mortality is high
except when it is done by an expert.

Truncal versus Selective
Vagotomy

The aim of selective vagotomy is to
interrupt the vagal fibers going to the
stomach while preserving the branches en-
tering the liver and the celiac ganglion.
The procedure was devised in the hope it
would eliminate undesirable postvago-
tomy sequelae, such as diarrhea. The re-
sults of studies at Vanderbilt University by
Sawyers et al. suggest that selective vagot-
omy reduces the incidence of incomplete
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gastric vagotomy. Since the incidence of
significant postvagotomy diarrhea has in
our experience been minimal and since
selective vagotomy requires considerable
operating time as well as the devasculari-
zation of the lesser curvature of the gastric
pouch, this procedure has not achieved
widespread popularity. If the additional
dissection required for selective vagotomy
is to be performed, the surgeon might well
choose a proximal gastric vagotomy with-
out a drainage procedure. In any case,
anyone undertaking to perform gastric
surgery should master the art of perform-
ing some type of vagotomy in a complete
fashion. '

Choice of Drainage Procedure

Unless there is edema of the duo-
denal bulb or extreme fibrosis, pyloro-
plasty is simpler than gastrojejunostomy.
The Mikulicz pyloroplasty, the simplest of
drainage procedures, is suitable for 90%
of the patients who require drainage. On
occasions when a markedly fibrotic pylo-
roduodenal area must be incised to con-
trol bleeding, the Finney pyloroplasty may
be indicated, as it can compensate for a
certain degree of rigidity of the tissues,
which may make the Mikulicz technique
inapplicable. Some surgeons believe that
the Finney pyloroplasty, with its large
stoma, is the technique of choice. It is in-
teresting that Goligher’s group (1979)
found fewer undesirable long term seque-
lae after vagotomy and gastrojujunostomy
than after vagotomy-pyloroplasty. As this
part of their study was not done at ran-
dom, its significance is not clear.

In comparing the Jaboulay gastro-
duodenostomy with the more traditional
pyloroplasty techniques, there appears to
be inadequate data to demonstrate any ad-
vantage.

Billroth I versus Billroth 11
Gastrectomy

There are now extensive data to dem-
onstrate that the Billroth I operation,
when combined with adequate vagotomy,
produces as low an incidence of duodenal
ulcer recurrence as the Billroth II. Billroth
I has the advantage of eliminating afferent
loop complications that occasionally follow
the gastrojejunal type of reconstruction.
Herrington, who has had vast experience
with this procedure, believes that the gas-
troduodenal anastomosis is safe for most
patients who suffer severe duodenal ulcer
disease. In addition, White has pointed
out that the incidence of postoperative ste-
atorrhea is less after the Billroth I than
after the Billroth II operation.

Proximal Gastric Vagotomy
(Parietal Cell Vagotomy) without
Drainage Procedure

History teaches us that early enthu-
siasm for new procedures in the treatment
of duodenal ulcer is often followed by dis-
appointment. Consequently, one must be
skeptical until follow-up studies of 10-20
years’ duration become available. Never-
theless, proximal gastric vagotomy is an
operation that has many exciting features.
First, it has the lowest mortality rate (0.3%)
of all operations for duodenal ulcer, pri-
marily because the gastrointestinal tract is
not entered and there is no need for dis-
section in the region of the ulcer. While
some experienced surgeons have reported
a 2% ulcer recurrence rate, others have
found recurrences in 20% of their cases.
Unquestionably, the extension of the op-
eration to encompass the lower 5-7 cm of
the esophagus and the esophagogastric
junction has improved the rate of success.
The only reported fatal operative compli-
cation has been necrosis of the lesser cur-
vature, which seems to occur less than
once in a thousand cases, leading to spec-
ulation that it may be secondary to exces-
sive operative trauma or hematoma.



Of all the operations being done for
duodenal ulcer, proximal gastric vagot-
omy has by far the fewest undesirable
postoperative digestive sequelae.

Another attractive feature of this op-
eration is that in cases of recurrent ulcer,
secondary antrectomy offers no great dif-
ficulty technically unless a splenectomy has
been performed. In this instance, the
blood supply to the residual gastric pouch,
following antrectomy, proximal gastric va-
gotomy, and splenectomy would be pre-
carious, as is evident from a study of the
blood supply of the stomach (see Fig.
15-1). While it is still too early for a defin-
itive decision, it appears likely that this
procedure will replace most of the other
alternatives.

Summary

When done by an expert, vagotomy
and antrectomy can be accomplished with
low mortality and will provide a long-term
cure for duodenal ulcer in 99% of the pa-
tients operated on. Less experienced sur-
geons should heed Goligher’s (1979) ad-
vice to avoid gastrectomy in the deeply
penetrating posterior ulcer because “va-
gotomy and gastroenterostomy yield over-
all results not greatly inferior to those of
resection” and “it would be preferable to
have several recurrent ulcers, for which
one can reoperate with a good chance of
success, than to incur a single operative
death.” The same statement could proba-
bly apply to proximal gastric vagotomy if
the surgeon has mastered the technique.
Since 10- to 20-year follow-up data are not
available, proximal gastric vagotomy can-
not yet be named the operation of choice
for duodenal ulcer.

One must be impressed by the 0%
hospital mortality in 375 cases Goligher et
al. subjected to gastrectomy (117), vagot-
omy-antrectomy (132), or vagotomy-gas-
trojejunostomy (126). They attribute the
absence of fatalities among the 249 pa-
tients subjected to gastric resection to the
good judgment exercised by the surgeons
in rejecting for gastrectomy those patients

Concept: Selection of Operation for Gastric Ulcer

for whom the duodenal dissection seemed
hazardous. These patients underwent va-
gotomy and gastroenterostomy instead;
they also had no mortality.

Concept: Selection of Operation
for Gastric Ulcer

Most patients who have a duodenal ulcer
display increased acid output, while gastric
ulcer is often accompanied by below-av-
erage measurements of gastric acid secre-
tion. The etiology of gastric ulcer is re-
lated to gastric stasis, which allows the acid
to remain in contact with the mucosa for
an abnormally long period of time. This
situation is obvious in patients who have
a chronic duodenal ulcer and a partial ob-
struction and then develop a secondary
gastric ulcer. Another hypothesis for the
pathogenesis of gastric ulcer is impair-
ment of the mucosal resistance to acid.
This permits back diffusion of the acid,
which produces tissue destruction. Pa-
tients who have both duodenal and gastric
ulcers should be treated by an operation
designed to cure the duodenal ulcer. Pa-
tients who have ulcers in the pyloric chan-
nel or the immediate prepyloric region
should also receive the same surgical man-
agement as is indicated for duodenal ul-
cer.

Gastric ulcer patients who have low
gastric acidity and who do not fit into the
above categories respond very nicely to
conservative resection of the lower
40%—-50% of the stomach, followed by gas-
troduodenal anastomosis without vagot-
omy. Following this procedure the rate of
ulcers recurring is less than 1% according
to a report by Davis et al. from the Mayo
Clinic. There are inadequate data to dem-
onstrate the need to add vagotomy to the
resection in these cases. Tanner encoun-
tered one case of recurrent ulcer in 1,000
gastrectomies he performed for gastric
ulcer. In the absence of cancer, the Bill-
roth I type gastrectomy is preferred.
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Because there is always the possibility
of a malignancy in a chronic gastric ulcer,
if feasible the ulcer itself should be in-
cluded in the area of stomach to be re-
sected. Cryostat frozen section examina-
tion of all gastric ulcers should be
performed because if a carcinoma is di-
agnosed, this is an indication for a more
extensive resection than would be neces-
sary for the cure of a benign ulcer.

Occasionally a chronic, deeply pene-
trating ulcer is situated high on the lesser
curvature of the stomach. If this can easily
be encompassed by a Schoemaker-Hoff-
meister type gastric resection without im-
pinging on the esophagogastric junction,
then this is the preferred method of man-
agement. If the ulcer is large, is sur-
rounded by edema, and impinges on the
esophagogastric junction, multiple quad-
rant biopsies for frozen section analysis
should be taken through a gastrotomy in-
cision. If the biopsies are negative, a 40%
gastrectomy, including antrum and pylo-
rus (Madlener operation), should be car-
ried out without further disturbing the
ulcer. If the ulcer is benign it should be
completely healed by both X-ray and gas-
troscopy within 6 weeks after the Made-
lener operation.

Some surgeons advocate vagotomy
and pyloroplasty for the definitive treat-
ment of gastric ulcer if the biopsies are
benign. Although good short term results
have been reported with this technique,
and although it may be suitable for the
extremely poor-risk patient, extensive data
support partial gastrectomy. When per-
formed for gastric ulcer, gastrectomy is
almost as safe a procedure as vagotomy
and pyloroplasty. The latter operation is
followed by an excessive number of recur-
rent ulcers within 5-10 years.

Still under study for the treatment of
benign gastric ulcer is the use of proximal
gastric vagotomy combined with local ex-
cision. It is too soon to make a definitive
judgment on its value.

Indications

Hemorrhage of massive proportions or re-
current hemorrhage while patient is un-
der treatment in hospital.

Perforation of ulcer. Plication is the
treatment of choice for perforated duo-
denal ulcer, but there are a number of ex-
ceptions. In patients who have a prior his-
tory of symptoms, whose perforation has
not been of long duration, and in whom
massive contamination has not occurred,
a definitive operation aimed at curing the
ulcer is indicated. In the case of gastric
ulcer the perforation is frequently quite
large or may be located on the posterior
wall of the antrum where plication with
omentum can not be done satisfactorily.
Under these conditions emergency gas-
trectomy is mandatory. Otherwise the in-
cidence of reperforation will be frequent
and often lethal. Because chronic gastric
ulcer has a high recurrence rate, some sur-
geons believe that most gastric perfora-
tions should be resected, not plicated.

Gastric outlet obstruction. Definitive gas-
tric surgery should be done following a
period of nasogastric suction of sufficient
duration to permit any edema in the hy-
pertrophied gastric walls to recede. On the
other hand a transient obstruction in a
patient who does not have a previous his-
tory of ulcer may be managed by a trial of
medical therapy.

Intractability. Medical management by
means of frequent feedings, antacids, and
cimetidine has been successful in manag-
ing over 90% of those patients who have
duodenal ulcers. However, when a patient
has experienced four or five recurrences
of duodenal ulcer over a period of years,
surgery is indicated. The recurrence rate
of gastric ulcer following successful med-



ical management is notoriously high. In a
study by Littman, 42% of the patients suf-
fering from gastric ulcers experienced a
recurrence within 2 years of apparently
successful medical management. Also, in
the absence of duodenal pathology, the in-
cidence of complications and fatalities fol-
lowing surgery for gastric ulcer is consid-
erably lower than after surgery for
duodenal ulcer. For these reasons defini-
tive gastric ulcer surgery should be un-
dertaken after only one or two recur-
rences.

Preoperative Preparation

Nasogastric suction for patients with
pyloric obstruction; in other cases,
passage of nasogastric tube morning
of operation

Gastric analysis for determining basal
and maximal acid output

Gastroscopy and biopsy of gastric
ulcers

Serum gastrin determination in pa-
tients whose gastric analysis or clinical
picture suggests multiple endocrine
adenopathy
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Truncal Vagotomy

Indications

Patients who are having surgery for duo-
denal ulcer should generally undergo va-
gotomy as well (see also Chap. 9).

Preoperative Preparation

(See Chap. 9).

Pitfalls and Danger Points

Esophageal trauma
Splenic trauma
Inadequate vagotomy

Disruption of esophageal hiatus with
postoperative hiatal hernia; gastro-
esophageal reflux

Operative Strategy

Esophageal Trauma

The best way to avoid trauma to the
esophagus is by performing most of the
esophageal dissection under direct vision.
Forceful, blind, finger dissection can be
dangerous. After the peritoneum overly-
ing the abdominal esophagus is incised
(Figs. 10-1, 10-2, and 10-3), the crural
musculature should be clearly exposed.
The next vital step in this sequence is to
develop a groove between the esophagus
and the adjoining crux on each side. This
should be done under direct vision, using
a peanut dissector (Fig. 10—4). Only after

the anterior two-thirds of the esophagus
has been exposed is it permissible to insert
the index finger for encircling the esoph-
agus.

Splenic Trauma

Splenic trauma can be prevented by
avoiding any traction that will draw the
stomach toward the patient’s right. This
may avulse the splenic capsule because of
attachments between the omentum and
the surface of the spleen. Consequently,
all traction on the stomach should be ap-
plied on the lesser curvature side and di-
rected toward the patient’s feet. Avulsion
of a portion of the splenic capsule, in the
absence of gross disruption of the splenic
pulp, does not require splenectomy. Ap-
plication of Surgicel gauze, sutures, or in
some cases Avitene powder may control
bleeding satisfactorily.

Incomplete Vagotomy

In the majority of cases of recurrent
marginal ulcer, it turns out the posterior
vagal trunk has not been divided. This
trunk is generally the largest encountered
in the vagotomy operation. The surgeon’s
failure to locate the posterior vagus sug-
gests an inadequate knowledge of the
anatomy of the posterior vagus. The right
(posterior) vagal trunk is frequently 2 cm
or more distant from the right lateral wall
of the esophagus. It is often not delivered
into the field by the usual maneuver of



Operative Strategy

Fig. 10-1

Fig. 10-2 Fig. 10-3

encircling the esophagus with the index To improve tissue-recognition skill
finger. If the technique described below is the surgeon should place each nerve spec-
carefully followed, this trunk will rarely be imen removed from the vicinity of the
overlooked. esophagus into a separate bottle for his-
tological examination. Each bottle should
have a label indicating the anatomical area
from which the nerve was removed. The
pathological report that arrives several
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days after the operation will serve as a test
of the surgeon’s ability at visual nerve
identification. The surgeon may be sur-
prised to find that four or five separate
specimens of nerve have been removed in
a complete truncal vagotomy. Frozen sec-
tion examination is helpful but not conclu-
sive because it cannot prove that all the
vagal nerve branches have been removed.
The surgeon must gain sufficient skill at
identifying nerve trunks in order to be
certain that no significant nerve fiber re-
mains.

Hiatus Hernia

Although significant hiatal hernia fol-
lowing vagotomy occurs in no more than
1%—2% of cases, this percentage can prob-
ably be reduced if the surgeon repairs any
large defects seen in the hiatus after the
dissection has been completed. It has been
noted that the lower esophageal sphincter
functions better when it rests upon a but-
tress of solid crural musculature. It may
be weakened if there is a hiatal defect
along its posterior margin.

Operative Technique

Incision and Exposure

Make a midline incision from the
xiphoid to a point about 5 cm below the
umbilicus. The incision can be extended
into the xiphocostal junction if necessary.
Elevate the sternum 8-10 cm by means of
an Upper Hand or “chain” retractor. El-
evate the upper half of the operating table
about 10°. Retract the left lobe of the liver
in a cephalad direction utilizing either
Harrington or Weinberg retractors. In
rare instances the triangular ligament has
to be incised and the left lobe of the liver
retracted to the patient’s right for expo-
sure.

Using long DeBakey forceps and long
Metzenbaum scissors incise the perito-
neum overlying the abdominal esophagus
(Figs. 10-1, 10-2, and 10-3). Next, iden-
tify the muscles of the right and left
branches of the crux. Use a peanut dissec-
tor to develop a groove between the
esophagus and the adjacent crux, expos-
ing the anterior two thirds of the esoph-
agus (Fig. 10—4). At this point insert the
right index finger gently behind the

esophagus and encircle it.

Fig. 104

Left (Anterior) Vagal Trunk

In our experience, whereas the pos-
terior trunk often exists as a single struc-
ture in the abdomen, the anterior vagus
divides into two or more trunks in over 50%
of the cases. The main left trunk generally
runs along the anterior wall of the lower
esophagus, and the other branches may be
closely applied to the longitudinal muscle
of the anterior esophagus. The major
nerve branches may be accentuated by
caudal traction on the stomach, which will
make the anterior nerves prominent against
the esophagus. After applying Hemoclips
remove segments from each of the ante-
rior branches (Fig. 10-5). Any suspicious
fibers should be removed with forceps and
sent to the pathology laboratory for anal-
ysis.



L. vagus n.

Fig. 10-5

Identification of the Right
(Posterior) Vagus

The posterior vagal trunk often is sit-
uated 2 or 3 cm lateral and posterior to
the right wall of the esophagus. Conse-
quently, its identification requires that
when the surgeon’s right index finger en-
circles the lowermost esophagus, going

Operative Technique

from the patient’s left to right, the finger-
nail should pass over the anterior aorta.
The finger should then go a considerable
distance toward the patient’s right before
the finger is flexed. Then the fingernail
rolls against the deep aspect of the right
branch of the crural muscle. When this
maneuver is completed, the right trunk,
a structure measuring 2-3 mm in diame-
ter, is contained in the encircled finger to
the right of the esophagus (Fig. 10—6). Its
identification may be confirmed in two
ways. First, look for a major branch going
toward the celiac ganglion. Second, insert
a finger above the left gastric artery near
the lesser curvature of the stomach and
draw the left gastric vessel in a caudal di-
rection. This applies traction to the pos-
terior vagus, which then stands out as a
stout cord. The right trunk rarely divides
in the abdomen above the level of the
esophagogastric junction.
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Apply a long Mixter clamp to the
nerve; place Hemoclips above and below
the clamp; remove a 2-3 cm segment of
nerve and submit for histological study.

Rotate the esophagus and inspect the
posterior wall. At the conclusion of this
step the lower 5 cm of esophagus should
be cleared of all nerve fibers. One should
see only longitudinal muscle throughout
its entire circumference (Fig. 10-7).

Suture of Crural Musculature

At this time if the hiatus admits two
or more fingers alongside the esophagus,
one or two sutures of 0 cotton or Tevdek
should be placed to approximate the mus-
cle bundles behind the esophagus, taking
care to leave a gap of one finger’s breadth
between the esophagus and the newly con-
structed hiatus. No attempt at fundopli-
cation or any other antireflux procedure
need be undertaken unless the patient had
symptoms or other evidence of gastro-
esophageal reflux and esophagitis before
the operation.

Hemostasis should be checked before
going on to the gastric resection or drain-
age procedure.

Postoperative Care

(See Chaps. 12 and 13.)

Complications

Operative perforations of the esoph-
agus must be carefully repaired with
two layers of interrupted sutures. If
additional exposure is needed, do not
hesitate to extend the abdominal in-
cision into the left sixth or seventh
intercostal space. For additional se-
curity, cover the suture line with gas-
tric wall by performing a Nissen fun-
doplication when repairing a low
esophageal tear.

Postoperative gastric stasis
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Proximal Gastric Vagotomy

Indications

Intractable Duodenal Ulcer

As mentioned in Chap. 9, proximal
gastric vagotomy without a drainage pro-
cedure has the smallest number of unde-
sirable postoperative sequelae and the low-
est mortality rate of any operation for
duodenal ulcer. On the other hand, the
incidence of recurrent ulcer after this pro-
cedure may reach 10% over the course of
a 5-10 year follow-up period. Because
many of the complications following
drainage procedures and gastric resection
can be extremely unpleasant—such as
dumping, weight loss, and malabsorp-
tion—it may prove worthwhile to assume
the risk of a 10% recurrence rate to avert
all these complications.

Duodenal Ulcer with
Hemorrhage

When bleeding from a duodenal ul-
cer can be controlled by suture through a
duodenotomy incision that does not tran-
sect the pylorus, proximal gastric vagot-
omy is an acceptable alternative to truncal
vagotomy combined with either antrec-
tomy or pyloroplasty.

Duodenal Ulcer with Perforation

In cases of early perforation, which
can be easily controlled by plication, the
addition of proximal gastric vagotomy
helps assure the long-term cure of the ul-
cer.

Contraindications

Duodenal Ulcer with Obstruction

Although some surgeons have treated
obstructing duodenal ulcers by perform-
ing proximal gastric vagotomy combined
with forceful dilatation of the stricture,
there are as yet inadequate data to support
this combined procedure.

Preoperative Care

Gastrointestinal X rays
Gastric analysis
Gastroscopy when indicated

Nasogastric tube on morning of
operation

Pitfalls and Danger Points

Hematoma of gastrohepatic ligament
Incomplete vagotomy

Damage to innervation of pyloric
antrum

Injury to spleen
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Operative Strategy

Exposure

Visibility of the area around the lower
esophagus is greatly enhanced if either the
“chain” or Upper Hand retractor is at-
tached so that the blade underlying the
lower border of the sternum elevates the
sternum and also draws it in a cephalad
direction.

Prevention of Hematoma and
Injury to Gastric Lesser Curve

Hematomas in the region of the gas-
trohepatic ligament along the lesser curve
of the stomach increase the difficulty of
identifying the terminal branches of the
nerve of Latarjet. Furthermore, rough
dissection and hematomas in this area may
damage the deserosalized muscle along
the lesser curve to such an extent that ne-
crosis may occur. Although this has been
reported in less than 0.3% of the cases sur-
veyed, it is probable that this complication,
which is often fatal, can be prevented by
gentle dissection and avoidance of hema-
tomas. Resuturing the peritoneum pro-
duces inversion of the deserosalized por-
tion of the lesser curve. This also helps
prevent necrosis and perforation in this
regiomn.

Preserving Innervation of
Antrum

Both the anterior and posterior nerves
of Latarjet terminate in a configuration
resembling the foot of a crow. As de-
scribed below, the crow’s-foot portion of
these nerves maintains the innervation of
the antrum and pylorus and ensures ad-
equate emptying of the stomach.

Adequacy of Proximal Vagotomy

Hallenbeck et al. demonstrated that
the incidence of recurrent postoperative
ulcer dropped markedly when they ex-
tended the dissection so that the lower
esophagus was completely freed of any
vagal innervation. This required meticu-
lous removal of all nerve branches reach-
ing the lower 5-7 cm of the esophagus and
the proximal stomach. Grassi noted that
one reason the proximal vagotomy tech-
nique fails is that surgeons sometimes
overlook a branch leading from the pos-
terior vagus nerve to the posterior wall of
the upper stomach. He named this the
“criminal nerve.” If all the vagal nerve
branches that enter the distal esophagus
or proximal stomach are divided, inter-
ruption of the criminal nerve will be in-
cluded in the dissection.

Postoperative Gastroesophageal
Reflux

Sanker et al. and Temple and Mc-
Farland have observed that the lower
esophageal sphincter may become incom-
petent following proximal gastric vagot-
omy because of the extensive dissection
that must be done in the region of the
esophagogastric junction. To prevent
postoperative gastroesophageal reflux,
Sanker has recommended that posterior
gastropexy be done routinely with proxi-
mal gastric vagotomy. Although we have
not routinely added a step to the proximal
gastric vagotomy operation aimed at pre-
venting reflux, this step should certainly
be included for those patients who have
shown preoperative evidence of gastro-
esophageal reflux. Whether this step should
be the modified posterior gastropexy rec-
ommended by Sanker or the operation
developed by Hill or by Nissen depends
on the operative findings and the experi-
ence of the surgeon.



Operative Technique

Incision and Exposure

With the patient supine, elevate the
head of the operating table 10°~15°. Make
a midline incision from the xiphoid to a
point 5 cm below the umbilicus. Insert an
Upper Hand or “chain” retractor to ele-
vate the lower sternum about 8-10 cm.
Insert a self-retaining retractor of the Bal-
four type without excessive tension to sep-
arate the margins of the incision. Depend-
ing on the patient’s body habitus, use
either a Weinberg or Harrington retractor
to elevate the left lobe of the liver above
the esophageal hiatus. On rare occasions
this exposure may not be adequate, and
the triangular ligament of the left lobe of
the liver may have to be divided, with the
left lobe retracted to the patient’s right.

Identification of Right and Left
Vagal Trunks

Expose the peritoneum overlying the
abdominal esophagus and transect it
transversely, using a long Metzenbaum
scissors and DeBakey forceps. Extend the
peritoneal incision to uncover the muscu-
lar fibers of the crura surrounding the
esophageal hiatus (see Figs. 10-1, 10-2,
and 10-3). Separate the anterior two-thirds
of the circumference of the esophagus
from the adjacent right and left crux of
the diaphragm, using scissors and peanut-
sponge dissection under direct vision (see
Fig. 10—-4). Thereupon, encircle the
esophagus with the right index finger.

Because the right (posterior) vagus
nerve is frequently 2 cm or more away
from the esophagus, a special maneuver
should be employed to insure that the in-
dex finger includes this vagal trunk in its
encircling motion. In order to accomplish
this, pass the right index finger behind the
esophagus, beginning in the groove be-
tween the left branch of the crux and the
left margin of the esophagus. Then pass
the fingernail along the anterior wall of
the aorta and curve it anteriorly along the

Operative Technique

posterior aspect of the right side of the
diaphragmatic crux. The fingertip then
enters the operative field adjacent to the
right crux. As a result of this maneuver,
the index finger almost invariably will con-
tain both vagal trunks in addition to the
esophagus. The right vagus generally is
considerably larger than the left and is al-
most always a single trunk. Encircle it with
narrow umbilical tape to which a hemostat
is attached. The left (anterior) vagus can
be identified generally at the right anterior
surface of the lower esophagus. Encircle it
in a similar fashion with narrow umbilical
tape.

Identification of Crow’s Foot

Pass the left index and middle fingers
through an avascular area of the gastro-
hepatic omentum and enter the lesser sac.
This enables the nerves and blood vessels
along the lesser curvature of the stomach
to be elevated and put on stretch. The an-
terior nerve of Latarjet, which is the ter-
mination of the left vagus trunk as it in-
nervates the anterior gastric wall, can be
seen through the transparent peritoneum
adjacent to the lesser curvature of the
stomach. It intermingles with terminal
branches of the left gastric artery, which
also go to the lesser curvature. As the
nerve of Latarjet reaches its termination,
it divides into four or five branches in a
configuration that resembles a crow’s foot.
These terminal branches innervate the
distal 6-7 cm of antrum and pylorus; they
should be preserved (Figs. 11-1 and 11-2a).
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Hepatic branches
of 1. vagus n.

Ant. nerve
of Latarjet

L. gastric a.

Line of division of
branches of ant.
nerve of Latarjet

Fig. 11-1

Dissection of Anterior Nerve of
Latarjet

After identifying the crow’s foot, in-
sert a Mixter right-angle clamp beneath
the next cephalad branch of the nerve and
the accompanying blood vessels (Fig.
11-2b). This branch is 67 cm cephalad to
the pyloric muscle. After the clamp has
broken through the peritoneum on both
sides of these structures, divide them be-
tween Adson hemostats and carefully li-
gate with 4-0 cotton (Fig. 11-2c). Alter-
natively, each branch may be doubly ligated
before being divided. Repeat the same
maneuver many times, ascending the lesser
curvature of the stomach and taking care
not to include more than one branch in
each hemostat. In order to preserve the

innervation of the antrum, the hemostats
must be applied close to the gastric wall so
as not to injure the main trunk of the
nerve of Latarjet. Great care should be
taken not to tear any of these small blood
vessels, as they tend to retract and form
hematomata in the gastrohepatic liga-
ment, obscuring the field of dissection.
This is a particular hazard in obese pa-
tients. Trauma to the musculature of the
gastric wall should be avoided, as this area
of lesser curvature is not protected by a
layer of serosa.
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Fig. 11-2b

Fig. 11-2c

Continue the dissection of the ante-
rior layer of the gastrohepatic ligament
until the main trunk of the left vagus
nerve is reached. Retract this trunk toward
the patient’s right by means of the umbil-
ical tape. At the conclusion of the dissec-

tion, the left vagus nerve should be com-
pletely separated from the wall of the
esophagus for a distance of 6-7 cm above
the esophagogastric junction. Any small
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Fig. 11-3 Rmer

nerve branching from the vagus nerve to
this portion of the esophagus should be
divided. In this fashion all the branches
from the left vagus to the stomach are in-
terrupted, with the exception of those in-
nervating the distal antrum and pylorus.
Preserve the hepatic branch of the vagus
trunk also, for it leaves the left vagus and
goes to the patient’s right on its way to the
liver.

Dissection of Posterior Nerve of
Latarjet

Now delineate the posterior leaflet of
the gastrohepatic omentum as it attaches
to the posterior aspect of the lesser cur-
vature of the stomach. Again, the crow’s

foot should be identified and preserved.
Each branch of the left gastric artery and
vein, together with each terminal branch
of the posterior nerve of Latarjet, should be
individually isolated, doubly clamped, di-
vided, and ligated (Fig. 11-3). Take care
to make this division close to the gastric
wall in order to preserve the main nerve
of Latarjet. Continue this dissection in a
cephalad direction until the previously
identified right vagal trunk can be seen
alongside the distal esophagus. When this
dissection has been properly completed, it
will be evident that the right vagus nerve
and the gastrohepatic ligament are situ-
ated far to the right of the completely bare
lesser curvature. Now dissect away the
posterior aspect of the esophagus from
the posterior vagus nerve for a distance of
7 cm above the esophagogastric junction
so that no branches from this trunk may
reach the stomach by way of the distal
esophagus.



Fig. 11-4

Pay special attention to the criminal
nerve described by Grassi, which is a
branch of the posterior vagal trunk pass-
ing behind the esophagus to the posterior
wall of the gastric cardia. If the surgeon’s
left hand can be passed between the freed
vagal trunks and the distal esophagus as
well as the gastric fundus, this would help
insure that the extent of the dissection has
been adequate. In addition, carefully in-
spect the longitudinal muscle fibers of the
distal esophagus. Any tiny fibers resem-
bling nerve tissue should be divided or
avulsed from the musculature throughout
the circumference of the lower 7 cm of
esophagus (Fig. 11-4).

Complications

Repair of Lesser Curvature

Repair the deserosalized portion of
the lesser curvature using interrupted 4-0
cotton sutures to approximate the perito-
neum over the denuded gastric muscula-
ture (Fig. 11-5).

Close the abdominal incision in the
usual fashion, without drainage.

Postoperative Care

Continue nasogastric suction and intrave-
nous fluids for 48 hours. At the end of
this time the patient generally is able to
tolerate the postgastrectomy type of diet.
Usually the postoperative course is un-
eventful, and undesirable postoperative
gastric sequelae, such as dumping, are dis-
tincly uncommon.

Complications

One complication, which seems to be
unique to proximal gastric vagotomy, is
necrosis of the lesser curvature. Although
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Fig. 11-5

this is quite rare (0.3% of all proximal gas-
tric vagotomy operations), it is often fatal
when it occurs. It probably results from
trauma or hematoma of the gastric wall in
an area that lacks serosa. Prevention re-
quires accurate dissection. It is hoped that
reperitonealization of the lesser curvature
by suturing (Fig. 11-5) will also help avoid
this complication. Treatment requires early
diagnosis and resection.
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Pyloroplasty, Heineke-Mikulicz

Indications

This operation is generally performed for
the surgical treatment of duodenal ulcer
in the poor-risk patient, especially one
undergoing emergency surgery for mas-
sive hemorrhage (see Chap. 9).

Preoperative Preparation

(See Chap. 9.)

Pitfalls and Danger Points

Suture line leak
Inadequate lumen

Operative Strategy

Even if fibrosis and inflammation of the
duodenum are present, as they may be in
severe ulcer disease, in most cases a Hei-
neke-Mikulicz pyloroplasty is feasible.
When the duodenum appears too inflex-
ible to allow the performance of this pro-
cedure, the Finney pyloroplasty or gastro-
jejunostomy should be elected. These latter
two operations, although slightly more
complicated than the Heineke-Mikulicz,
give assurance of producing an adequate
lumen for gastric drainage.

Another method of assuring an ade-
quate lumen in the pyloroplasty is to use
a one-layer suture line for the Heineke-
Mikulicz pyloroplasty. This prevents the
inversion of an excessive amount of tissue.

Covering the pyloroplasty suture line
with omentum is important for two rea-
sons: 1) This step helps prevent leakage
from the one-layer suture line. 2) Adhe-
sions between the suture line and the un-
der surface of the liver may cause angu-
lation and partial obstruction unless
omentum is used to separate these two
structures.

Operative Technique

Kocher Maneuver

In the majority of cases a pyloroplasty
requires a Kocher maneuver to provide
maneuverability of the tissues. This is ac-
complished by grasping the peritoneum
lateral to the duodenum with forceps and
making an incision in this peritoneal layer.
Alternatively, in many patients the sur-
geon’s index finger may be insinuated be-
hind the common bile duct and portal
vein, pointing towards the ampulla of Va-
ter. The finger then slides toward the pa-
tient’s right. Overlying the fingertip is not
only a thin layer of peritoneum but also
an avascular lateral duodenal ligament
that attaches the duodenum to the under-
lying retroperitoneal structures. Incise the
peritoneal layer either with scissors or
electrocautery, then stretch the lateral
duodenal ligament with the fingertip and
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Fig. 12-1

divide it similarly. It is rarely necessary to
mobilize the hepatic flexure to perform a
complete Kocher maneuver (see Figs. 7-14,
7-15, and 7-16).

Pyloroduodenal Incision

Make a 5 cm incision across the lower
antrum, the pyloric sphincter, and the
proximal duodenum, with the incision
centered on the pyloric muscle (Fig. 12-1).
Apply a Babcock clamp to the cephalad
and one to the caudal cut ends of the py-
loric sphincter and draw apart the two
Babcock clamps. Transfix any bleeding
points either with 4-0 chromic catgut su-
ture-ligatures or with careful electro-
coagulation. Close the incision trans-
versely, which will provide a patulous
lumen for gastric drainage.

Suture of Pyloroplasty

Use one layer of sutures to prevent
excessive tissue inversion. Most techniques
call for a through-and-through suture. As
the gastric wall is much thicker than the
duodenal, it is difficult with this type of
technique to prevent eversion of mucosa
between the sutures. Consequently, we
prefer either a deep “seromucosal” (see
Fig. B—16) or interrupted Lembert sutures
of 4-0 cotton. Insert the first suture at the
midpoint of the suture line (Fig. 12-2).
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Fig. 12-3

Proceed with the closure from one corner
to the midpoint and then from the other
corner to the midpoint, inverting just
enough of the seromuscular coat to pre-
vent any outpouching of mucosa between
the sutures (Figs. 12-3 and 12-4).

Then suture omentum loosely over
the pyloroplasty to prevent adhesions to
the undersurface of the liver.



Stapling of Pyloroplasty

Instead of suturing the pyloroplasty
incision as described above, apply Allis
clamps to the incision, approximating the
tissues in eversion, mucosa to mucosa.
Then apply the TA-55 device to the
everted tissues just deep to the line of Allis
clamps (Fig. 12-5). It should be loaded
with 4.8 mm staples in most cases. Drive
home the alignment pin, tighten the de-
vice, and fire the staples. Excise redundant
tissue with a scalpel and lightly electro-

Fig. 12-5

Operative Technique

coagulate the everted mucosa, and remove
the TA-55 instrument. Carefully inspect
the staple line to be sure satisfactory “B”
staple formation is carried out (Fig. 12—-6).
Bleeding points may be controlled by con-
servative electrocoagulation or sutures of
4-0 PG. Place omentum over this stapled
closure.
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Fig. 12-6

Postoperative Care

Administer nasogastric suction until gas-
tric and bowel function resume.

Complications

Complications following this operation are
rare, although delayed gastric emptying
occurs occasionally, as does suture-line

leakage.



1 3 Pyloroplasty, Finney

Indications

Pyloroplasty is performed to provide gas-
tric drainage following vagotomy.

Preoperative Preparation

(See Chap. 9.)

Operative Strategy

Unlike the gastroduodenotomy incision
made for the Heineke-Mikulicz pyloro-
plasty, which is in the anterior midline, for
the Finney pyloroplasty the gastroduo-
denal incision is kept close to the greater
curvature side of the stomach and the
pancreatic side of the proximal duo-
denum (Fig. 13-1). If the incision is not
made in this manner, there will be exces-
sive tension on the anterior suture line.

Operative Technique

Kocher Maneuver

Make a Kocher maneuver to mobilize
the first and second portions of the duo-
denum.

Pyloroduodenal Incision

Insert a layer of interrupted 4-0 cot-
ton Lembert sutures to approximate the
greater curvature of the stomach to the
superior portion of the proximal duo-
denum. These sutures should be inserted
fairly close to the greater curvature of the
stomach and fairly close to the junction of
the duodenum and pancreas. Continue
this suture line for a distance of 5-6 cm
from the pylorus (Fig. 13-1).

When the sutures have been tied,
make an inverted “U”-shaped incision along
a line 5-6 mm superficial to the suture line
(Fig. 13—1). Carry this incision through
the full thickness of the pyloric sphincter.
After the incision has been made the mu-
cosal surface of both the gastric antrum
and duodenum can easily be seen.

139



Pyloroplasty, Finney

140

Fig. 131

Completion of Suture Line

Begin the mucosal suture at the in-
ferior surface of the divided pyloric
sphincter. Pass a needle armed with 3-0
atraumatic PG through the full thickness
of stomach and duodenum at the pyloric
sphincter and tie it (Fig. 13-2). Continue

Fig. 13-2

the suture in a caudal direction as a con-
tinuous locked stitch until the lowermost
portion of the incision is reached. Then
pass the needle from inside out on the
stomach side. Approximate the anterior
mucosal layer by means of a continuous




Fig. 13-3

Connell or continuous Cushing suture
(Fig. 13-3), which should be terminated
when the cephalad end of the incision is
reached. Close the anterior seromuscular
layer by means of interrupted 4-0 cotton
Lembert sutures (Fig. 13—4). At the con-
clusion the lumen should admit two fin-
gers.

Fig. 13-4

Complications

Postoperative Care

Same as for Heineke-Mikulicz pyloro-
plasty (see Chap. 12).

Complications

Same as for Heineke-Mikulicz pyloro-
plasty (see Chap. 12).
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Gastrojejunostomy

Indications

Gastrojejunostomy is performed to assure
gastric drainage following vagotomy, when
the duodenum is too inflamed or fibrotic
to permit a pyloroplasty.

In patients who have inoperable car-
cinoma of the pancreas that occludes the
duodenum, gastrojejunostomy will suc-
cessfully bypass the obstruction. Routine
vagotomy is not necessary, as these pa-
tients have a short life expectancy, and
marginal ulcers do not seem to occur fol-
lowing gastrojejunostomy for pancreatic
carcinoma.

Preoperative Preparation

(See Chap. 9.)

Pitfalls and Danger Points

Postoperative gastric bleeding
Anastomotic obstruction

Operative Strategy

Traditionally, gastrojejunal anastomoses
have been placed on the posterior wall of
the antrum in the hope they will improve
drainage. Posterior drainage is dependent
drainage only when the patient is lying in
bed flat on his or her back. It is question-
able, however, whether the average pa-
tient spends enough hours in this position
during sleep to warrant the additional dif-

ficulty of placing the gastrojejunostomy in
posterior location. We prefer to do an an-
terior gastrojejunostomy along the greater
curvature of the antrum, situated no more
than 5-7 cm from the pylorus.

Operative Technique

Incision

Make a midline incision from the
xiphoid to the umbilicus. In cases of duo-
denal ulcer, carry out vagotomy as de-
scribed above.

Freeing the Greater Curvature

Beginning at a point about 5 cm
proximal to the pylorus, doubly clamp,
divide, and individually ligate the branches
of the gastroepiploic vessels on the greater
curvature of the stomach, separating the
greater omentum from the greater cur-
vature of the stomach for a distance of 6-8
cm.

Gastrojejunal Anastomosis

Identify the ligament of Treitz and
bring the jejunum in an antecolonic fash-
ion, going from the patient’s left to right.
Make a longitudinal scratch mark with the
back of a scalpel blade on the antimesen-
teric border of the jejunum, beginning at
a point no more than 12-15 cm from the
ligament of Treitz. The scratch mark
should be 4 cm in length. This will mark
the eventual incision into the jejunum for
the anastomosis.



Operative Technique

Fig. 14-1

Because of the large size of the anas-
tomosis, continuous suture material is quite
satisfactory in this situation. After freeing
a 6 cm segment of greater curvature from
omentum, initiate (close to the greater
curve) a continuous Lembert suture of
atraumatic 3—0 PG on the left side of the
anastomosis and approximate the sero-
muscular coats of the stomach and je-
junum for a distance of about 5 cm (Fig.
14-1). Lock the last posterior Lembert su-
ture. Then make incisions, 4 cm long, on
the antimesenteric border of the jejunum
and along the greater curvature of the
stomach. Begin approximating the poste-
rior mucosal layer at the midpoint of the
incision, utilizing 3—-0 PG doubly armed
with straight needles. Insert and tie the

first suture. Continue the suture toward
the patient’s left as a continuous locked
suture, penetrating both mucosal and ser-
omuscular coats. Terminate it at the left
lateral margin of the incision. At this time,
with the second needle initiate a similar
type stitch from the midpoint to the right
lateral margin of the incision (Figs. 14-2a
and 14-2b). Approximate the anterior
mucosal layer by means of a continuous
Connell or continuous Cushing-type stitch.
The two sutures should meet anteriorly
near the midline and be tied to each other.
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Operative Technique: Gastrojejunostomy by Stapling

Fig. 14-3

Close the anterior seromuscular layer
with the same curved needle that was uti-
lized for the posterior layer. This should
progress as a continuous Lembert suture
(Fig. 14-3) from the right lateral margin
of the anastomosis toward the left lateral
margin. Terminate the suture by tying it
to itself (Fig. 14—4). The anastomosis should
admit two fingers.

Operative Technique:
Gastrojejunostomy by Stapling

Clearing the Greater Curvature
of the Stomach

Clear the greater curvature of the
stomach by dissecting away the omentum
as described above.

Application of the GIA

Identify the proximal jejunum and
bring it to an antecolonic position as de-
scribed above. With the electrocautery
make a stab wound on the antimesenteric
side of jejunum at a point 12-15 cm from
the ligament of Treitz. Make a second stab
wound along the greater curvature of the
stomach at a point about 10 cm from the
pylorus. Insert one fork of the GIA device
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Fig. 14-5
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Operative Technique: Gastrojejunostomy by Stapling

Fig. 14-6

into the jejunum and one fork into the
stomach (Fig. 14-5). Align the jejunum so
that its antimesenteric border is parallel to
the fork of the GIA and lock the device.
Check the proposed gastrojejunal staple
line to insure that the forks of the GIA
include no tissue other than stomach and
jejunum. Now fire the GIA and remove it.

Apply an Allis clamp to the anterior
termination of the GIA staple line. Apply
a second Allis clamp to the posterior ter-
mination of the GIA staple line. Inspect
the GIA staple line carefully for bleeding.
Control any bleeding point, either by cau-
tious electrocoagulation or by the inser-
tion of 4-0 PG atraumatic suture-liga-
tures.

Closure of Stab Wound

Approximate the remaining defect in
the anastomosis in an everting fashion by
applying several Allis clamps. Apply the
TA-55 stapler deep to the Allis clamps
and push the alignment into place. If the
gastric wall is of average thickness use 3.5
mm staples; otherwise, the larger size will
be necessary. Fire the TA-55 stapler and
excise the redundant tissue with a Mayo
scissors (Fig. 14-6). Lightly electrocoagu-
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Fig. 14-7

late the everted mucosa and remove the
stapling device. The lumen should admit
two fingers without difficulty. Place a 4-0
seromuscular Lembert suture to fix the
stomach to the jejunum on the right lat-
eral margin of the newly stapled anasto-
mosis (Fig. 14-7).

Postoperative Care

Administer nasogastric suction until there
is evidence that gastric and bowel function
have resumed.

Complications

Gastric bleeding is a rare complication,
occurring in 1%—2% of the cases. Anas-
tomotic leakage and obstruction are even
less common than gastric bleeding.



Indications

(See Chap. 9.)

Preoperative Preparation

(See Chap. 9.)

Pitfalls and Danger Points

Inadequate duodenal stump closure

Trauma to pancreas resulting in post-
operative acute pancreatitis

Incomplete removal of distal antrum
Splenic trauma

Laceration of common bile duct or
ampulla of Vater during ulcer dissec-
tion

Inadequate lumen in gastroduodenal

anastomosis (Billroth I) with postop-
erative obstruction

Inadvertent gastroileostomy (Billroth
I1)

Excessive length of afferent limb
(Billroth II)

1 5 Gastrectomy for Peptic Ulcer

Operative Strategy

Duodenal Stump

Most of the serious postoperative
complications of gastric surgery involve a
failure of the duodenal stump closure.
This leads to disruption and duodenal fis-
tula or trauma to the pancreas, which re-
sults in acute pancreatitis. Because these
complications result from persistent ef-
forts to dissect the duodenum away from
the pancreas when there is advanced fi-
brosis surrounding a penetrating duo-
denal ulcer, the simplest means of pre-
venting trouble is for the surgeon to
become aware early in the operation that
the duodenal dissection is fraught with
danger. When the difficult duodenum is
identified early in the course of operation,
either vagotomy with drainage procedure
or proximal gastric vagotomy should be
performed. If as a result of poor judg-
ment the surgeon gets into difficulty after
having broken into a posterior penetrat-
ing duodenal ulcer, he or she should be
aware of the Nissen technique and the
Cooper modification of it, as well as the
procedure of catheter duodenostomy.
These procedures, described below, can
prove to be lifesaving. A successful Nissen
maneuver, however, requires that the an-
terolateral wall of the duodenum be plia-
ble and of fairly normal thickness. If this
wall is shrunken and contracted with fi-
brosis or acutely inflamed, it may not be
suitable for inversion into the pancreas by
the Nissen-Cooper method.
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Fig. 15-3

Catheter Duodenostomy

In any case, a surgeon who doubts
the security of the suture line after having
closed the duodenal stump should insert
a catheter into the duodenum for post-
operative decompression. This provides a
valuable safety valve and prevents disrup-
tion of the duodenal suture line in most
instances.

Marginal Ulcer

Among the causes of postoperative
marginal ulcer is the erroneous transec-
tion of the antrum proximal to the pylo-
rus, thereby leaving antral mucosa in con-
tact with the alkaline bilious secretions.
Although an error of this type is not com-
mitted in the presence of normal anatomy,
this mistake is indeed possible when the
area is obscured by inflammation and fi-
brosis. When the landmarks of the pyloric
sphincter are obscured, the surgeon should

Operative Strategy

use frozen section biopsy to confirm the
absence of antral mucosa at the cut end of
the duodenal stump. If the line of tran-
section 1s indeed in the duodenum, Brun-
ner’s glands will be seen by the patholo-
gist.

Splenic Trauma

Hemorrhage from the spleen is most
frequently the result of traction along the
greater curvature of the stomach. This re-
sults in avulsion of a portion of the splenic
capsule adherent to the greater omentum.
If downward traction is necessary, it should
be applied to the lesser curvature. We
have reported that when a portion of
splenic capsule has been avulsed, it can
generally be managed by direct pressure
over a sheet of Surgicel gauze.

Ligating the Bleeding Point in
Duodenal Ulcer

The most common source of bleed-
ing in patients who undergo emergency
surgery for massive hemorrhage is a pos-
terior duodenal ulcer eroding into the
gastroduodenal artery. When the defect in
this artery is identified, it should be closed
by inserting three mattress sutures of 2—0
cotton. This should be done so as to inter-
rupt the artery proximal, distal, and deep
to the bleeding point. The arterial anat-
omy of the stomach and the proper liga-
tion of a bleeding point in the gastro-
duodenal artery is illustrated in Figs. 15-1,
15-2, and 15-3.
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Avoiding Postoperative Wound
Infection

Patients who undergo resective pro-
cedures for ulcer in the presence of chronic
obstruction or massive hemorrhage are
more prone to develop postoperative
wound infection than are patients who
undergo elective surgery for duodenal ul-
cer. The former group should receive per-
loperative systemic antibiotics and anti-
biotic irrigation of the abdominal cavity
and the wound at the conclusion of the
anastomotic procedure. The skin of the
abdominal wound in such cases should be
managed as a contaminated incision (see
Chap. 2).

Operative Techniques:
Billroth I and II

Incision

The incision should be midline, from
the xiphoid to a point 5 cm below the um-
bilicus. Use an Upper Hand or “chain” re-
tractor to elevate the lower margin of the
sternum and a Harrington to elevate the
lower surface of the liver. Perform a va-
gotomy when indicated (see Chap. 10).

Evaluation of Duodenal
Pathology; Control of Bleeding
Ulcer

In many cases, characteristic findings
from the patient’s history and radio-
graphic studies, as well as preoperative en-
doscopic visualization of the duodenum,
make it unnecessary to open the duo-
denum to confirm the accuracy of the di-
agnosis of ulcer.

In the presence of active ulcer bleed-
ing, a longitudinal incision across the py-
lorus and into the proximal 3 cm of the
duodenum will generally provide good
visualization of a posterior ulcer that is
penetrating into the gastroduodenal ar-
tery. This artery should be transfixed with
sutures of 2—0 cotton proximal and distal

to the bleeding point. In addition, a suture
should be placed deep to the bleeding
point (Fig. 15-3) in order to occlude a hid-
den posterior branch of the gastroduo-
denal artery. This branch, generally the
transverse pancreatic artery, may produce
retrograde bleeding following an appar-
ently successful proximal and distal liga-
tion of the gastroduodenal artery. Accord-
ing to Berne and Rosoff, the failure to
include all the branches in the operative
ligatures will not become apparent unless
the surgeon plucks the thrombus out of
the lumen of the ulcerated artery to de-
termine whether control of hemorrhage
is complete.

It is not easy, when viewing the duo-
denum from its anterior aspect, to evalu-
ate the potential difficulty of dissecting the
posterior wall of the duodenum off the
pancreas. Just how difficult the procedure
may be will not be known until the pos-
terior dissection is initiated. One should
pay attention, however, to the quality and
flexibility of the anterior wall of the duo-
denum. If the wall is soft and maneuver-
able, it will be useful should a Nissen-type
stump closure become necessary. A mark-
edly fibrotic, rigid, or edematous anterior
wall indicates that closing the stump will
be difficult. Marked edema or scarring in
the region of the pylorus, pancreas, and
hepatoduodenal ligaments is a relative
contraindication to gastrectomy.

When the surgeon is uncertain of the
nature of the pathology, a short incision
may be made in the proximal duodenum
in order to visualize the ulcer pathology.
This will enable the surgeon to make a
more accurate estimate of the technical
expertise required to perform the resec-
tion. When in doubt, it is better to per-
form a vagotomy and a drainage proce-
dure or proximal gastric vagotomy rather
than a heroic duodenal dissection, for fa-
tal duodenal leakage or acute pancreatitis
may follow the dissection.



Operative Techniques: Billroth I and II

Dissection of Greater Curvature

Incise the avascular portion of the
gastrohepatic ligament to the right of the
lesser curvature and pass the left hand be-
hind the lesser curvature and antrum of
the stomach, emerging deep to the gas-
troepiploic arcade along the greater cur-
vature of the stomach (Fig. 15—4). This
manuever serves to elevate the greater
omentum from the underlying mesoco-
lon, which contains the middle colic artery.
Isolate the branches going from the gas-
troepiploic arcade to the greater curvature
of the stomach, then doubly clamp and
divide each. Continue this process up
along the greater curve of the stomach
until the halfway point between the pylo-
rus and the diaphragm is reached (Fig.
15-5).

Next dissect the distal segment of the
gastroepiploic arcade from the antrum.
The distal 4 cm of this dissection should
be done with care, as a number of fragile
veins in the vicinity of the origin of the
right gastroepiploic vessels may easily be
torn. While the dissection of the greater
curvature 1s under way, it is important si-
multaneously to divide the congenital
avascular attachments between the back
wall of the antrum and the pancreas. The
completion of this dissection frees the en-
tire distal half of the gastric greater cur-
vature.

Division of Left Gastric Vessels

Select a point on the lesser curvature
about halfway between the esophagogas-
tric junction and the pylorus. This serves
as a reasonably good approximation of the
upper margin of the antral mucosa. Insert
a large hemostat between the lesser cur-
vature and the adjacent vascular bundle,
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arcade

Gastroepiploic

Fig. 15-6a

which should be divided between addi-
tional hemostats. Place two ligatures, con-
sisting of either 0 cotton or a double
strand of 2—0 cotton, on the proximal side
and another one on the specimen side
(Figs. 15—6a and 15-6b). Preferably there
will be at least a 1 cm stump of left gastric
artery beyond the cotton ties. This ligated
pedicle should be carefully inspected for
hemostasis, as occasionally the bulky na-

Fig. 15-6b

ture of the ligature permits a trickle of
blood to continue through the lumen of
the artery. Several additional small ve-
nous branches to the lesser curvature may
require individual ligatures, as they may
get torn during the insertion of the mass
ligatures.



Division of Stomach

If vagotomy is adequate, no more
than 50% of the stomach need be removed
(Fig. 15-7). This is accomplished by ap-
plying Allen clamps for a distance of 3 or
4 cm, at an angle 90° to the greater cur-
vature of the stomach. The amount of
stomach in the Allen clamp should equal
the width of the gastrojejunal or gastro-
duodenal anastomosis that will be per-
formed in a subsequent step.

After the gastric wall has been incised
midway between these two clamps, apply
a TA-90 Auto Suture stapler at a some-
what cephalad angle to close the lesser
curvature portion of the residual gastric
pouch (Fig. 15-8). Now fire the stapler.

Fig. 15-8

Operative Techniques: Billroth I and 11

Fig. 15-7
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Fig. 15-11

Place another Allen clamp opposite the
stapler and divide the gastric tissue flush
with the stapler. Lightly electrocoagulate
the gastric mucosa before removing the
stapling device (Fig. 15-9a). Invert the sta-
pled portion of gastric pouch, using a
layer of interrupted 4-0 cotton Lembert
sutures (Fig. 15-9b). Apply a gauze pad
over the exposed mucosa on the specimen
side and fix it in place with umbilical-tape
ligatures, leaving the Allen clamps in po-
sition.

Operative Techniques: Billroth I and II

When a stapling device is not used,
the lesser curvature should be divided be-
tween Allen clamps (Fig. 15-10) and then
closed in several layers. For the first layer
use 3—0 PG on a straight intestinal needle.
Initiate this suture on the lesser curvature
of the gastric pouch just beneath the Allen
clamp. Then pass the straight needle back
and forth beneath the Allen clamp to
make a basting stitch, terminating it at the
base of the Allen clamp (Fig. 15-11). After
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trimming off excess gastric tissue (Fig.
15-12) remove the Allen clamp, return
the same suture to its point of origin as a
continuous locked suture (Fig. 15-13),
and tie it to its point of origin. This will
complete hemostasis of this suture line.
Then invert the mucosa, using one layer
of interrupted 4-0 cotton Lembert sutures
(Fig. 15-14).

Operative Techniques: Billroth I and 11

Duodenal Dissection in Absence
of Advanced Pathology

Identify, ligate, and divide the right
gastric artery (Fig. 15-15).

Apply traction to the specimen in an
anterior direction to expose the posterior
wall of the duodenum and the anterior
surface of the pancreas. Five or six blood
vessels of small size can usually be identi-
fied going from the pancreas to the back
wall of the duodenum. Divide each be-
tween Crile hemostats and ligate each with
3—0 or 4-0 cotton. If there has been some
scarring in this area, the stump of a small
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Fig. 15-15

artery may retract into the substance of
the pancreas. In such a case it is prudent
to control the bleeding with a mattress su-
ture of 4-0 cotton. After 1.5 cm of the
posterior duodenal wall has been freed
from the underlying pancreas, dissection
may be discontinued, as this is adequate
either for turning in the duodenal stump
or for gastroduodenal end-to-end anasto-
mosis. In any case, the dissection should
always be in a plane very close to the pos-
terior wall of the duodenum.

Division of Duodenum

Apply an Allen clamp immediately
distal to the pylorus and transect the duo-
denum flush with the clamp, which should
be left on the specimen (Fig. 15-16). Be-
fore discarding the specimen, remove the
clamp and inspect the distal end of the
specimen to ascertain that a rim of duo-
denal mucosa has been removed. This will
help assure that there is no remaining an-
tral mucosa left behind in the duodenal
stump. If there is still a question, the pres-
ence or absence of the antrum should be
confirmed by frozen section examination
of the distal end of the specimen.



Operative Techniques: Billroth I and II

Fig. 15-16

Insert an index finger into the duo-
denal stump in order to check the location
of the ampulla of Vater. The ampulla is
situated on the posteromedial aspect of
the descending duodenum at a point ap-
proximately 7 cm beyond the pylorus. Oc-
casionally the orifice of the duct of San-
torini can also be palpated along the back
wall of the duodenum. If the duodenal
dissection has not continued beyond the
gastroduodenal artery, there need be no
concern about damage to either the duct
of Santorini or the main pancreatic duct.

When the dissection continues beyond this
point, special attention must be paid to
these structures. When the duct of San-
torini is divided, the open duct must be
closed with a nonabsorbable suture-liga-
ture. If the ampulla has been divided in-
advertently and is separated from the
duodenum, it should be reimplanted into
the duodenal stump or into a Roux-Y seg-
ment of the jejunum.
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Fig. 15-17

Billroth I Gastroduodenal
Anastomosis

When at least 1 cm of healthy poste-
rior duodenal wall is available, a routine
type of gastroduodenal anastomosis should
be constructed. The Allen clamp previ-
ously applied to the unsutured portion of
the gastric pouch should contain a length
of stomach approximately equal to the di-
ameter of the duodenal stump. Insert the
corner sutures by the Cushing technique.
Complete the remainder of the posterior
layer with interrupted 4—0 cotton sero-
muscular Lembert sutures (Fig. 15-17).
To prevent postoperative obstruction, care
should be taken that an excessive amount
of tissue is not inverted.

Remove the Allen clamp and approx-
imate the mucosal layer by using a double-
armed 4-0 PG suture, initiating it at the
midpoint of the posterior layer where the
knot is tied (Fig. 15-18). We prefer to use
straight needles for this procedure. Take
small bites, as a continuous locked suture
is inserted (Fig. 15—-19). Approximate the
anterior mucosal layer with a continuous
Connell or Cushing suture, which should
be terminated at the middle point of the
anterior layer (Fig. 15-20). This layer of
sutures should be reinforced by a sero-
muscular layer of interrupted 4—0 cotton
Lembert sutures (Fig. 15-21). At the “an-
gle of sorrow,” where the Hoffmeister
shelf of the gastric pouch meets the duo-
denal suture line at its lateral margin, in-
sert a crown stitch by taking seromuscular
bites of the anterior wall of the gastric
pouch, then of the posterior wall of the
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Fig. 15-22

gastric pouch, and then returning to catch
the wall on the duodenal side (Fig. 15-22).
If the sutures have been properly inserted,
the lumen should admit the tip of the sur-
geon’s thumb. Loosely suture omentum
over the anastomosis.

Any bleeding points encountered in
the cut edge of the stomach or duodenum
during the above procedure should be oc-
cluded either by catgut suture-ligature or
electrocoagulation.

Closure of Duodenal Stump

Closure of the healthy duodenal
stump is generally accomplished by one
layer of an inverting Connell suture of 4-0
PG supplemented by a layer of inter-
rupted 4-0 cotton Lembert sutures. Initi-
ate the Connell suture by placing a half
purse-string stitch at the right lateral mar-
gin of the duodenum. Continue this strand
to the middle of the duodenal stump, and
initiate a second strand of 4-0 PG at the
left margin of the duodenal stump. Con-
tinue this also to the middle of the stump,
where it should be terminated by tying it
to the first strand (Fig. 15-23).

Though it is simple to insert a layer
of interrupted Lembert seromuscular su-
tures as a second layer when the tissues
are not thickened (Figs. 15-24 and 15-25),
suturing the fibrotic duodenum requires
judgment and skill. If the stitch is placed
deep, through the mucosa, and then tied
with strangulating force, a fistula may re-
sult. Once a small leak occurs, the pow-
erful duodenal digestive juices may erode
the adjacent tissue—with disastrous re-
sults.



Fig. 15-23

Fig. 15-24
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After the Connell suture has been
completed, take a forceps and test the
flexibility of the tissue by pushing down
tentatively on the suture line. Manipulat-
ing the tissue in this manner increases the
accuracy of one’s judgment about the best
place for the Lembert sutures. A common
error is to insert the seromuscular Lem-
bert stitch too close to the Connell suture
line. If this is done with a pliable duo-
denum of normal thickness, no harm will
result. However, sewing thick, fibrotic tis-
sue into apposition without first suffi-
ciently inverting the Connell suture line
creates a lateral shearing force that will
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Fig. 15-26a

Fig. 15-27

cause a small tear when the suture is tied
(Fig. 15—26a). If the suture also penetrates
the mucosa of the duodenum, this mishap,
combined with excessive shearing force,
may produce a duodenal fistula. The fis-
tula can be prevented if the surgeon in-
verts the Connell suture line for a distance
of 2-3 mm before placing the Lembert su-

Fig. 15-26b

ture (Fig. 15-26b). If the duodenal serosa
has a small tear after the Lembert suture
is tied, either the above error (Fig. 15-26a)
was committed or the suture was tied too
tightly.



Dissection of Difficult Duodenum

If the posterior duodenal wall and
adjacent pancreas are replaced by fibrosis,
scalpel, rather than scissors, dissection
should be used (Fig. 15-27). It is not nec-
essary to apply hemostats when incising
dense scar tissue, but it is important to
keep the plane of dissection close to the
posterior wall of the duodenum, thus
avoiding trauma to the pancreas. When
the dissection enters the posterior duo-
denum at the site of the penetrating ulcer,
this “window” in the duodenum should be
enlarged by an incision extending proxi-
mally from the ulcer toward the pylorus.
The incision permits the surgeon’s index
finger to be inserted into the duodenal lu-
men. With the finger as a guide, dissection
around the borders of the ulcer may be
resumed.

It is obviously not necessary to re-
move the base of the ulcer during this dis-
section. The base of the ulcer is really the
anterior surface of the pancreas, which
should not be disturbed. When the duo-
denum is dissected off the pancreas be-
yond the dense scar tissue, small hemo-
stats may again be applied to the vessels
on the pancreatic side. The vessels are
then divided; any bleeding from the duo-
denum, which is generally minimal in the
presence of fibrosis, can be ignored. If the
dissection is successful, the caudal lip of
the ulcer will be dissected away from the
duodenum and, after a few more milli-
meters of dissection, the posterior duo-
denal wall may assume a fairly normal ap-
pearance. If at any point it appears that
liberating the caudal lip of the ulcer is be-
coming dangerous, dissection should be
discontinued and closure of the stump by
the Nissen-Cooper technique (see below)
carried out. Otherwise, 1.5 cm of posterior
duodenal wall is liberated.

Operative Techniques: Billroth I and II

Another contraindication to further
dissection of the caudal lip of the ulcer is
contiguity of the ampulla of Vater. This
should be checked by frequent palpation
with the index finger in the duodenal lu-
men. After an adequate segment of pos-
terior duodenum has been liberated, clo-
sure may be performed as described above
(Figs. 15-23, 15-24, and 15-25).

When a posterior duodenal or pylo-
roduodenal penetrating ulcer involves the
hepatoduodenal ligament, it may be nec-
essary to identify the course of the com-
mon bile duct. Make an incision in the
proximal common bile duct, for the inser-
tion of a 16F catheter or a No. 4 Bakes
dilator, either of which should be passed
down to the ulcer. By noting the location
of the guide, one can avoid damaging the
duct.

Closure of Difficult Stump by
Nissen-Cooper Technique

When it is deemed hazardous to free
the posterior duodenum beyond a callous
ulcer, closure can be accomplished by in-
serting interrupted 4—0 cotton Lembert
sutures to attach the free anterior and an-
terolateral walls of the duodenum to the
distal lip of the ulcer (Fig. 15-28). Use a

Fig. 15-28

167



Gastrectomy for Peptic Ulcer

168

Fig. 15-30

second layer of Lembert sutures to invert
the first suture line by suturing the pliable
anterior wall to the proximal lip of the
ulcer and to the adjacent pancreatic cap-
sule (Fig. 15-29). Devised by Nissen and
by Cooper, this technique was used exten-
sively by Harrower. A variation of it (Fig.
15-30) involves inserting the first layer of
sutures so as to attach the free anterior
wall of the duodenum to the proximal lip
of a large ulcer crater. This may be rein-
forced by a layer of Lembert sutures be-
tween the duodenum and adjacent pan-
creatic capsule. It is essential that the anterior

wall of the duodenum be soft, pliable, and
long enough for use in the Nissen-Cooper
maneuver without causing tension on the
suture line. A Kocher maneuver must be
performed to liberate the duodenum for
this type of closure.

Closure of Difficult Duodenal
Stump—Duodenal Stenosis

Occasionally, chronic duodenal ulcer
disease produces an annular stenosis at
some point in the proximal 3—4 cm of the
duodenum. If there is no active bleeding,
it is safe to close a healthy duodenum
proximal to an ulcer. On the other hand,
it is unwise to attempt an inversion of the
duodenal stump proximal to an area of
marked stenosis. There simply is not
enough room to invert the normal diam-
eter of proximal duodenum into a stenotic
segment. In such cases, the duodenum
should be dissected down to the point of
stenosis and perhaps 1 cm beyond (Fig.
15-31). It is then a simple matter to turn
in the stenosed area. Usually only 3—4 in-
terrupted Lembert sutures of 4—0 cotton
are required for each of the two layers be-
cause of their narrow diameter (Fig. 15-32).



Fig. 15-32

Closure of Difficult Duodenal
Stump—Catheter Duodenostomy

Surgeons at the Massachusetts Gen-
eral Hospital (as noted by Austen and
Baue) and Parkland Hospital (as observed
by Jones et al.) have reported their expe-
rience with catheter duodenostomy, which
is designed to protect the integrity of a
difficult duodenal stump closure. Properly
performed, this technique, which prevents
the buildup of intralumenal pressure
against the newly sutured stump, has been
surprisingly safe. If there is doubt about
the integrity of the duodenal stump suture
line, place a No. 14F whistle-tip or Foley
catheter through a tiny incision in the lat-
eral wall of the descending duodenum.

Operative Techniques: Billroth I and II

This maneuver is easier to perform before
the duodenal stump is closed. Pass a right-
angled (Mixter) clamp into the open duo-
denum, press the tip of the clamp laterally
against the duodenal wall, and make a 3
mm stab wound to allow the tip of the
clamp to pass through the duodenal wall.
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Fig. 15-33

Use the Mixter clamp to grasp the tip of
the catheter and draw it into the duodenal
lumen (Fig. 15-33). Close the incision
around the catheter with a 4-0 cotton
purse-string suture. Wrap the catheter
with omentum and bring it out through a
stab wound in the abdominal wall, leaving
some slack to allow for postoperative ab-
dominal distention. Suture the catheter to
the skin with heavy silk. In addition, bring
a latex Penrose drain from the area of the
duodenotomy out through a separate stab
wound in the lateral abdominal wall (Fig.
15-34).

There may be some occasions when
the surgeon may find it impossible to in-
vert the duodenal stump, even with the
techniques described earlier. This should
happen rarely, but if it does occur, the
catheter may be placed directly in the
stump of duodenum, which should be
closed as well as possible around the cath-
eter. The lateral duodenostomy is much
to be preferred, however.

Following the operation, place the
catheter on low suction until the patient
passes flatus, after which it is attached to
a tube leading to a plastic bag for gravity
drainage. The catheter should be irrigated
twice each day with 5 ml of sterile saline.
If the patient does well, the Penrose drain
can be removed by the eighth postopera-
tive day. Three days later partly withdraw
the catheter so its tip lies just outside the
duodenum. Low suction should be ap-
plied. If the volume of suction drainage
does not exceed 100 ml per day, the cath-
eter can be gradually withdrawn over the
next day or two.
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Fig. 15-35

Duodenal Closure with Surgical
Staples

If the duodenal wall is not thickened
markedly with fibrosis or edema, and if an
8—10 mm width of duodenum is available,
the stump may safely be closed by the use
of the Auto Suture TA-55 stapling device.
Apply the stapler to the duodenal stump
before dividing the specimen. After the
stapler has been fired, apply an Allen
clamp on the specimen side and with a
scalpel transect the stump flush with the
stapling device (Fig. 15-35). Lightly elec-
trocoagulate the everted mucosa of the
duodenal stump before removing the sta-
pling device. Ravitch et al. (see Chap. 4)
see no need to invert this closure with a
layer of sutures. Their experimental and
clinical evidence shows that despite the
eversion of duodenal mucosa in this type
of closure, healing is essentially equal to
that of the sutured duodenal stump. Gen-
erally, we cover the stapled stump with
omentum or the pancreatic capsule with
a few sutures, but do not invert the mu-
cosa.

When the duodenal wall is at all
thickened, the larger size (4.8 mm) staples
should be used, as this reduces somewhat
the degree of compression applied to the
tissues by the stapling device. There should
be blood circulation to the narrow rim of
tissue that lies distal to the staple line. This
is generally manifested by a slight oozing
from the tissues despite the staples. It
must be emphasized again: If the duo-
denal wall is so diseased that it probably
would not heal if closed by sutures, sta-
pling it will fail too.
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Fig. 15-36

Closure of Difficult Duodenal
Stump by Billroth I

Gastroduodenostomy

In the hands of an expert such as
Nyhus, “If one can close the duodenum,
one can anastomose to it.” While it is not
always necessary to liberate the distal lip of
the ulcer crater, the duodenum should be
dissected away from the pancreas at least
to this point. The usual technique of gas-
troduodenal anastomosis, as described in
Figs. 15-17 though 15-22, must be mod-
ified. In the region of the ulcer crater only
one posterior layer of interrupted 40 cot-
ton sutures should be inserted, taking a
bite of stomach, of underlying fibrosed
pancreas, and of the distal lip of the ulcer
crater and duodenum, with the knot tied
inside the lumen (Fig. 15-36). If the ulcer

crater is so deep that the posterior anas-
tomotic suture line will not be buttressed
by the underlying pancreatic bed of the
ulcer, the use of this technique may be
hazardous. Because surgery for duodenal
ulcer has declined in the past decade,
fewer surgeons have had the opportunity
to develop experience and judgment in
managing the difficult duodenum. It is
not wise for the inexperienced surgeon to
perform a Billroth I anastomosis unless
the above precautions are followed.
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Fig. 15-37

Billroth II Gastrojejunal
Anastomosis

Although there are many variations
in the technique of constructing Billroth
IT anastomoses, we have preferred a short
loop antecolonic anastomosis of the Schoe-
maker-Hoffmeister type. It does not seem
to matter whether the afferent segment of
the jejunum is attached to the greater cur-
vature of the gastric pouch or to the lesser
curvature. In most cases a shorter loop can
be used when the afferent loop goes to the
greater curvature of the pouch. The dis-

tance from the ligament of Treitz to the
gastric pouch should be no greater than
12—15 cm. The major portions of the
transverse colon and omentum should be
brought to the patient’s right for the an-
tecolonic anastomosis.

The antimesenteric aspect of the je-
junum should be scored by making a
scratch line with a scalpel blade. Place the
first posterior suture line posterior to but
parallel with the scratch line. This assures
that the stoma is accurately placed and
may help prevent postoperative obstruc-
tion of the gastric outlet. Attach the je-
junum to the gastric pouch with inter-
rupted 4-0 cotton seromuscular Lembert
sutures placed about 5 mm apart (Fig.
15-37). Attach hemostats to the first and
last stitches which should be left long while
all the remaining cotton tails are cut.
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If any gastric wall protrudes from the
Allen clamp, remove the excess with a scal-
pel incision flush with the clamp (Fig.
15-38). Then make an incision along the
antimesenteric scratch line in the jejunum.
Open the mucosa of the jejunum (Fig.
15-39). Bleeding points may be controlled
by electrocoagulation. The incision in the
jejunum should be a few millimeters shorter
than the diameter of the opening in the
gastric pouch.
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The Allen clamp then should be re-
moved and the gastric pouch opened.
Bleeding points on the anterior aspect of
the gastric pouch must be carefully con-
trolled by means of 4-0 chromic suture-
ligatures. The posterior wall will be con-
trolled by the mucosal locked suture. Ini-
tiate this suture at the middle point of the
posterior layer with a double-armed 3-0
chromic catgut or PG suture, which should
be inserted through the full thickness of
the gastric and jejunal walls and tied (Figs.
15—40a, 15—40b, and 15—40c). Straight in-
testinal needles are preferred for this pro-
cedure. Start a continuous locked suture
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Fig. 15-40a

Fig. 15-40c

Fig. 15-40b from the middle point and go first to the

right and then to the left. Suturing is ex-
pedited if the first assistant grasps the
straight needle with a straight hemostat,
pulls it through the tissue and then hands
it back to the surgeon. Accomplish the an-
terior mucosal layer with the same straight
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needle by means of a continuous Connell
or continuous Cushing suture. Initiate the
suture line first at the right-hand margin
of the anastomosis (Fig. 15—41a) and then
on the left (Fig. 15-41b), working both
needles towards the middle point, where
the two strands should be tied to each
other (Fig. 15—41c). Complete the anterior
layer with a row of interrupted 4-0 cotton
seromuscular Lembert sutures (Figs.
15—41d and 15-42) on curved needles. At

Fig. 15—41a

Fig. 15-41b

.
P
Fig. 15-41d

Fig. 15—41c
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Fig. 15-42

the medial margin of the anastomosis, the
“angle of sorrow,” insert a crown stitch.
(Fig. 15—43). Occasionally, two crown su-
tures are inserted for added security.

In the poor-risk patient, to minimize
anesthesia time the seromuscular suture
layer should be inserted in over-and-over
continuous Lembert fashion using 3—-0 PG
instead of interrupted cotton or silk. The
mucosal layer may be closed by the same
technique as described above. When this
anastomosis is performed with care, there
seems to be no disadvantage to the use of
a continuous PG seromuscular suture.



Fig. 1543
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Billroth II Gastrojejunal
Anastomosis by Stapling
Technique

Isolate the vasa breviae along the
greater curvature individually by passing
a Kelly hemostat behind the vessels. Then
use the LDS instrument to divide the ves-
sels and to apply stainless steel clips to
both cut ends simultaneously (Fig. 15—44).
When stapling is used, it is not necessary
to close the lesser curvature as a separate
step. Instead, apply a TA-90 stapler across
the entire stomach, tighten it and fire.
(Fig. 15—45). Generally, the 4.8 mm sta-
ples are used for this purpose. A large
Payr clamp should be applied to the spec-
imen side of the stomach, and the stomach
divided flush with the TA-90 by a scalpel.
Lightly electrocoagulate the everted mu-
cosa and remove the TA-90 device. Close
the duodenal stump by stapling with the
TA-55 device, and remove the specimen.

(Fig. 15—46).

Fig. 1544
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It is imperative that the nasogastric
tube not be permitted to lie anywhere in
the vicinity of the staple line during this
step. If the nasogastric tube gets trapped
in the gastric staple line, it will not be pos-
sible to remove the tube postoperatively
without another laparotomy.

Next identify the ligament of Treitz
and bring a segment of proximal jejunum
in antecolonic fashion to the greater cur-
vature side of the gastric pouch. Approx-
imate the antimesenteric border of the je-
junum with a 4-0 cotton suture to a point
on the greater curvature of the stomach
about 2 cm proximal to the TA-90 staple
line. Make small stab wounds in the gastric
pouch and the jejunum adjacent to this
suture and just deep to it. Then insert the
GIA stapling device so that one fork en-
ters the gastric pouch parallel to the TA-90



Fig. 1547

staple line and the other fork enters the
jejunum and is placed exactly along the
antimesenteric border (Fig. 15—47). Care
should be taken that no other organ or
tissue is permitted to intrude between the
stomach and jejunum being grasped by
the GIA device. When the GIA stapler has
been inserted to the 4 cm or 5 cm mark,
close and lock the device (Fig. 15-47).
Then reinspect the area. There should be
a width of 2 cm of posterior gastric wall
between the TA-90 staple line and the
GIA staple line. Also, the gastric and je-
junal tissues should be exactly apposed to
each other in the hub of the GIA device.
At this point fire and remove the GIA.

Operative Techniques: Billroth I and II

Apply an Allis clamp to the anterior
termination of the GIA staple line and an-
other to the posterior termination of the
same staple line. Carefully inspect the mu-
cosal surface of the GIA anastomosis for
bleeding, as arterial spurting from the gas-
tric wall may occur occasionally. If this
should happen, transfix the vessel with a
fine chromic or PG suture-ligature. Lesser
bleeding may be controlled by cautious
electrocoagulation. On rare occasions there
may be multiple bleeding points: The en-
tire mucosal suture line should then be
oversewn with a locked continuous suture
of 4-0 PG. The needle must be inserted
deep to the staples in performing this ma-
neuver. This should be necessary in no
more than 1% or 2% of all cases, and gen-
erally indicates a defective, misaligned
GIA device.
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& fk’ & Bader

Fig. 15-48

After hemostasis is assured, approx-
imate the gastric and jejunal layers of the
open stab wounds in an everting fashion
with several Allis or Babcock clamps. Close
the defect with one application of a TA-55
stapler deep to the line of Allis clamps
(Fig. 15—48). This staple line must include the
anterior and posterior terminations of the GIA
staple line, guaranteeing that there will be
no defect between the two lines of staples.
Excise the redundant tissue, lightly elec-
trocoagulate the everted mucosa, and re-
move the TA-55 device. Alternatively, the
stab-wound defect may be closed in an in-
verting fashion by various suturing tech-
niques. Then place a single 4-0 cotton
seromuscular suture at the right termina-
tion of the gastrojejunal GIA anastomosis
(Fig. 15—49). Palpation of the gastroje-
junal stoma should admit two fingers. A
three-dimensional diagram of the anasto-
mosis is shown in Fig. 15-50.

Fig. 15-50



Drainage, Irrigation, and Closure

To reduce the incidence of postop-
erative wound infection, especially when
gastrectomy has been undertaken in the
presence of active hemorrhage or to cor-
rect a long-standing gastric outlet obstruc-
tion, the abdominal cavity as well as the
subcutaneous tissues should be irrigated
thoroughly with an antibiotic solution.

In Billroth II operations, whenever
the surgeon thinks that a duodenal closure
is less than perfect, a closed-suction drain
should be brought out from the vicinity of
the duodenal stump through a stab wound
in the right upper quadrant. The drain
should be separated from the actual duo-
denal suture line by a layer of omentum.
Accomplished this way, drainage does no
harm to the patient. Close the abdominal
wall in the usual fashion, after taking
pains to assure that the efferent limb of
the jejunum descends freely and without
any kinks.

Postoperative Care

Nasogastric suction should be continued
for several days.

Oral intake can be resumed when
there is evidence of bowel function. For
the first 4-6 weeks following gastric resec-
tion the composition of the diet should be
low in carbohydrates and fluids and high
in protein and fat, so as to reduce the os-
molarity of the meals. Liquids should
largely be eliminated from meals and be
consumed beginning one hour after meals.
Very sweet drinks should be avoided. If
this course is followed, the transitory
dumping symptoms, which many patients
have in the early postgastrectomy period,
will be eliminated. Generally, after 4-6
weeks most patients can take an unlimited
diet.

Complications

Complications

Duodenal Fistula

In the presence of an adequate drain,
the appearance of duodenal content in the
drainage fluid without any other symp-
toms may not require vigorous therapy.
On the other hand, if there are signs of
spreading peritoneal irritation, prompt
relaparotomy is indicated. If no drain was
placed during the initial operation, im-
mediate relaparotomy should be under-
taken whenever there is reason to suspect
duodenal leakage. On rare occasions, re-
laparotomy can be performed before the
intense inflammatory reaction of the duo-
denal tissues occurs, and the defect may
be closed by suture. This is very seldom
possible, however. If suturing of the virgin
duodenum at the first operation was not
successful, an attempt at secondary sutur-
ing will fail unless considerable additional
duodenum can be freed from the pan-
creas for a more adequate closure. In most
cases the operation is done to provide ex-
cellent drainage. A small sump-suction
drain should be inserted into the fistula,
and additional latex and sumps placed in
the area. If a controlled duodenocuta-
neous fistula can be achieved, this will gen-
erally close after a few weeks of intrave-
nous hyperalimentation.

Leaks from Billroth I gastroduodenal
anastomoses, while rare, are even more
serious than from duodenal stump (Bill-
roth II) procedures. Generally, they should
be treated by the Graham technique of
closing a perforated duodenal ulcer with
a segment of viable omentum (see Figs.
16-2 and 16-3). Multiple sump drains
should also be inserted.

Acute Pancreatitis

This serious complication can best be
avoided by preventing trauma to the pan-
creas during the initial operation. Ther-
apy here is identical with that for acute
pancreatitis in the patient who has not
undergone an operation.
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Gastric Outlet Obstruction

In the gastroduodenal anastomosis,
obstruction is generally due to the inver-
sion of too much tissue, which produces
a mechanical block. If this condition does
not respond after a period of conservative
treatment, reoperation to convert to a Bill-
roth II anastomosis will probably be nec-
essary.

Be aware that Billroth II gastroje-
junal anastomosis occasionally develops an
outlet obstruction, which appears to be
due to a malfunction of the efferent loop
of the jejunum. This diagnosis can be con-
firmed by postoperative gastroscopy, which
demonstrates the absence of any mechani-
cal stomal obstruction. Relaparotomy in
these cases is of no value. Generally, a pe-
riod of several weeks of conservative treat-
ment with hyperalimentation intrave-
nously will be successful. We managed one
patient by inserting a 3 mm plastic naso-
gastric tube weighted with a small rubber
finger cot containing 1 ml mercury. We
passed this tube into the efferent jejunal
loop for a distance of 10-12 cm. Contin-
uous infusion of a blenderized diet was
well tolerated by the patient for a period
of 8 weeks, at the end of which time she
had achieved complete recovery of func-
tion.

Hiatt advocates the use of the hor-
mone coherin in similar cases.

Bilious Vomiting Syndrome

Toye and Williams have described an
unusual syndrome following Billroth II
gastrectomy: Patients are able to eat a sat-
isfactory diet but are afflicted by episodes
in which they vomit clear bile not accom-
panied by ingested food. Sometimes these
episodes do not occur until several years
after the operation. The patients tend tc
remain well nourished. They do not ex-
perience pain after meals, as seen in al-
kaline gastritis. The syndrome appears to
result from the gastric pouch’s intolerance
of the bile that enters from the afferent
loop. This bile is promptly ejected by the

stomach while ingested food remains un-
disturbed. There is no obstruction or mal-
function of the afferent loop in these
cases. This condition can be corrected
surgically by using the technique illus-
trated in Figs. 15-51 and 15-52.

Transect the afferent limb of je-
junum just at its point of entry into the
gastric pouch. Use a TA-55 stapler to
close the gastric side of the jejunum. Then
anastomose the open end of the afferent
segment to the side of the efferent seg-
ment of the jejunum. This anastomosis
should take place at a point 50 cm distal
to the gastrojejunostomy. It converts the
efferent limb of the jejunum into a Roux-
Y configuration. Vagotomy is necessary to
prevent marginal ulceration following this
type of Roux-Y anastomosis.

Alkaline Gastritis

The entrance of bile and other duo-
denal secretions into the gastric pouch
sometimes results in severe gastritis ac-
companied by superficial ulcerations,
metaplasia of the gastric mucosa, weight
loss, and severe pain that is accentuated by
eating. Alkaline gastritis may occur after
the pylorus has been bypassed, removed,
or rendered ineffective by pyloroplasty.
Occasionally it is seen in a patient who has
not been operated on but has a patulous
pyloric sphincter.

After the diagnosis has been con-
firmed by endoscopy and biopsy, surgical
relief can be obtained by total diversion of
the bile and duodenal contents from the
gastric pouch, as described above in the
discussion of bilious vomiting.
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Fig. 15-51

Afferent Loop Syndrome

For many years the symptoms dis-
cussed under bilious vomiting and alkaline
gastritis were attributed to intermittent af-
ferent loop obstruction. It was hypothe-
sized that a partial obstruction at the en-
trance of the afferent jejunum into the
gastric pouch resulted in the accumulation
of bile and duodenal contents under pres-
sure in the afferent jejunum. Suddenly, it
was alleged, the jejunum expelled its con-
tents forcefully into the gastric pouch,
which resulted in vomiting. This mecha-
nism must be extremely rare, however.
Patients who experience bilious vomiting
syndrome and alkaline gastritis do not ex-
hibit a dilated afferent loop; nor is there
evidence of an obstructed afferent stoma
in these cases.

Fig. 15-52

On the other hand, complete me-
chanical blockage of the afferent stoma
does result in an acute closed-loop ob-
struction, manifested by excruciating up-
per abdominal pain and retching. Gas-
trointestinal X rays at this moment will
show a complete block at the afferent
stoma, which can be confirmed by endos-
copy. This situation is a surgical emer-
gency, for if the distended afferent loop
bursts lethal peritonitis will result. Ob-
viously, emergency surgery for the correc-
tion of the obstruction is essential. When
X rays reveal no dilatation of the afferent
loop, and no other evidence of organic
stomal obstruction can be discovered, af-
ferent loop malfunction is probably not
the cause of the patient’s symptoms.
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One cause of acute afferent stomal
obstruction is jejunogastric intussuscep-
tion, another condition that may require
emergency surgical correction. This diag-
nosis can be confirmed by endoscopy.

Most afferent loop symptomatology
can be prevented by assuring that the dis-
tance between the ligament of Treitz and
the gastric pouch is never more than
12-15 cm. Enthusiasts of the Billroth I
gastrectomy are quick to point out that
gastroduodenostomy averts this group of
complications.

Internal Hernia

Herniation of the small bowel into
the antecolonic jejunal loop has been re-
ported following antecolonic Billroth II
gastrojejunal anastomoses. This compli-
cation is quite rare and has never been
observed by us, but it does make another
argument in favor of gastroduodenos-
tomy.

Dumping Syndrome

Much has been written about the
“dumping syndrome,” which may occur in
any patient whose pylorus has been ren-
dered nonfunctional. It is more common
in the patient who has an asthenic habitus
and who has never achieved normal body
weight, even before surgery. These pa-
tients should probably be subjected to a
proximal gastric vagotomy rather than
gastrectomy, even if the recurrence rate of
duodenal ulcer is higher after this opera-
tion than after vagotomy—antrectomy.
When dumping does occur, the best ther-
apy is a low-carbohydrate, high-protein,
high-fat diet, in which fluid is not permit-
ted during mealtime. As Sawyers and Her-
rington have pointed out, rarely is a patient
so disabled by dumping as to require the
interposition of an antiperistaltic jejunal
segment between the gastric pouch and
the remainder of the alimentary canal.

Postvagotomy Diarrhea

Postvagotomy diarrhea appears to be
rare in this region of the world, even after
a truncal vagotomy. When diarrhea oc-
curs, a complete investigative study to rule
out other causes of this condition, such as
nontropical sprue, should be carried out.
Sawyers has reported some success in the
control of intractable diarrhea by placing
a reversed segment of the jejunum about
100 cm down from the ligament of Treitz.

Recurrent Ulcer

Recurrent peptic ulcer following a
gastrectomy is often the result of the sur-
geon’s having overlooked the right vagus
trunk during a vagotomy or having failed
to perform a vagotomy in a case of duo-
denal ulcer. Another cause of recurrent
ulcer is the surgeon’s having left behind
gastrin-secreting antral mucosa on the
duodenal stump following a Billroth II
gastrectomy. Rarely will an ulcer recur be-
cause some residual antral mucosa was left
behind in the gastric pouch. Here the se-
cretion of gastric acid, even though sub-
normal following a vagotomy, is sufficent
to suppress the secretion of gastrin. Yet
another important cause of recurrent ul-
cer 1s the Zollinger-Ellison syndrome, which
the surgeon may have overlooked during
the diagnostic study of the peptic ulcer
before the operation.

Malabsorption

Smith and Jeffries have made the fol-
lowing observations about malabsorption:

Anemia may be caused by inadequate
iron absorption. Folic acid and vita-
min B,, deficiencies also may develop
on rare occasions following gastrec-
tomy.



Another late complication is osteo-
malacia or osteoporosis caused by
poor calcium or vitamin D absorp-
tion.

Steatorrhea and diarrhea develop in
some cases and may contribute to
malnutrition. These cases should be
studied for the presence of gluten en-
teropathy, which may be unmasked
by the gastrectomy.

Although almost all the early compli-
cations are manageable, the occur-
rence of malabsorption and malnu-
trition many years after a gastrectomy
is quite difficult to treat. Following a
40%-50% gastrectomy, these compli-
cations seem to be very rare, however.
It is not certain that vagotomy and
pyloroplasty are completely devoid of
these late complications.
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Pertorated Peptic Ulcer

Concept

Perforated Gastric Ulcer

Not all free perforations of gastric
ulcers are susceptible to simple plication
techniques. Often the ulcer is quite large
and surrounded by edema. When the per-
foration occurs on the posterior surface of
the antrum, adequate repair by plication
techniques is generally not possible. Also,
gastric ulcers have a high rate of recur-
rence. For these reasons, in a good-risk
patient, in whom the diagnosis of perfo-
ration has been made reasonably early,
gastric resection is preferred to simple pli-
cation. If for technical reasons, a sound
plication cannot be constructed, then gas-
tric resection is mandatory, regardless of
the risk, as a recurrent gastric leak into the
peritoneal cavity is almost always fatal.

Perforated Duodenal Ulcer

If a perforated duodenal ulcer is
treated with a simple closure, about one-
third of the patients will remain nonsymp-
tomatic. Perhaps two-thirds will develop
recurrent ulcer symptoms, and one-half of
these will require definitive surgery at a
later date.

In the good-risk patient who comes
to the operating room within 8 hours of
the first sign of perforation, vagotomy and
antrectomy or pyloroplasty has proved to
be a safe operation, according to Jordan
and associates. Consequently, in middle-
aged patients, especially males, who have
a history of chronic duodenal ulcer symptoms,
a definitive operation including vagotomy
and antrectomy or pyloroplasty or proxi-
mal gastric vagotomy is indicated unless
the peritoneal insult is severe.

Another category of patients, in whom
vagotomy and antrectomy should be done
if possible, are those whose perforation is
accompanied by acute bleeding. These pa-
tients have a posterior penetrating ulcer
as well as the anterior perforation. They
experience a high mortality rate unless a
definitive operation is accomplished early.

Whether to do a plication or a defin-
itive operation on young good-risk pa-
tients whose duodenal ulcer perforations
are fresh and who have had no prior ulcer
symptoms is a controversial matter, because
over 60% of these patients will never need
further definitive surgery if simple plica-
tion is done. The long-term ill effects of
pyloroplasty or antrectomy are avoided if
plication is combined with a proximal gas-
tric vagotomy. Plication with proximal gas-
tric vagotomy may well be the ideal treat-
ment for these patients, but pending the
accumulation of more data, it should be
regarded as a procedure still under study.



Simple plication of the ulcer is indi-
cated for patients in poor general health,
the aged, and patients who have waited
many hours between the onset of perfo-
ration and surgical therapy.

Preoperative Preparation

Fluid and electrolyte resuscitation,
primarily with a balanced salt solu-
tion

Nasogastric suction
Systemic antibiotics

Monitoring of hourly urine output,
central venous pressure, or pulmo-
nary artery wedge pressure, as indi-
cated

Pitfalls and Danger Points

Inadequate fluid and electrolyte re-
suscitation

Inadequate closure of perforation

Operative Strategy

The most important initial step in the op-
erative strategy is to determine, on the ba-
sis of the principles discussed above,
whether the patient should be treated by
plication or by vagotomy and excisional
therapy. On technical grounds alone, very
large defects in the stomach or duodenum
are better handled by resection than by
attempted plication. Also, if it appears that
plication will produce duodenal obstruc-
tion, a definitive procedure is indicated.

In most perforated duodenal ulcers,
an attempt to close the defect by sutures
alone will often result in the stitch tearing
through the edematous tissue. It is pref-
erable simply to place a plug of viable
omentum over the defect and use through-
and-through sutures to hold the omentum
in contact with the wall of the duodenum.
This avoids tension on the sutures.

Operative Technique of Plication

It is important to irrigate the abdom-
inal cavity thoroughly with large quantities
of saline and then with a dilute antibiotic
solution to remove the contamination from
the peritoneal cavity.

Operative Technique
of Plication

Incision

A midline incision from the xiphoid
to the umbilicus provides good exposure
and can be made rapidly.

Identification of Perforation

By following the lesser curvature as-
pect of the stomach down to the pylorus,
the perforation along the anterior wall of
the duodenum generally becomes quickly
evident (Fig. 16—1). In some cases it is
sealed off either by omentum or by the
undersurface of the liver. If this area is
not the site of the perforation, then the
entire stomach must be carefully searched,
up to the esophagus and including the en-
tire posterior surface of the stomach in the
lesser sac. On rare occasions an unusual
type of perforation may be found some-
where in the small intestine or colon, as,
for instance, that secondary to a sharp fish
bone.

Plication of Perforation

Generally, insert 3—0 silk (or PG) on
an atraumatic intestinal needle beginning
at a point about 5 mm above the perfo-
ration. Bring the stitch out at a point 5
mm distal to the perforation and leave it
untied. Two additional sutures of the
same type are needed for the average per-
foration. Next, isolate a viable segment of
omentum and place it over the perfora-
tion. Tie the three sutures over the plug
of omentum in order to fasten it in place

(Figs. 16-2 and 16-3).
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Fig. 16-1

Fig. 16-2
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Fig. 16-3

Peritoneal Lavage

Using large volumes of warm saline,
thoroughly lavage the peritoneal cavity
with multiple aliquots until the gastric con-
tents and fibrin are removed from the sur-
faces of the bowel and peritoneum. The
final liter of lavage fluid should be a dilute
antibiotic solution, all of which should
then be aspirated.

Abdominal Closure

Close the midline incision without
drainage by the modified Smead-]Jones
technique, using 2—0 monofilament stain-
less steel wire, as described in Chap. 5.
Unless the patient has advanced peritoni-
tis, the skin may be closed in routine fash-
ion after inserting a closed-suction drain,
as described in Chap. 2.

Postoperative Care

Nasogastric suction

Intravenous fluids; parenteral hyper-
alimentation for malnourished pa-
tients or those suffering advanced
peritonitis

Systemic antibiotics, the selection of
which is governed by the results of
bacteriological cultures, aerobic and
anaerobic, obtained during the op-
eration

Reference

Complications

Subphrenic and subhepatic abscesses oc-
cur mainly in patients whose operations
have been delayed for more than 8-12
hours after the perforation.

Duodenal obstruction, caused by the
plication, should be suspected if gastric
emptying has not returned to normal by
the eighth or ninth postoperative day.
This may be confirmed by a gastrointes-
tinal X-ray series.

Reperforation of the same duodenal
ulcer may occur in rare cases, and the sur-
geon must be alert to detect this compli-
cation. When it does occur, gastric resec-
tion is mandatory if there is to be any hope
of stopping the duodenal leak.

Reference

Jordan GL Jr et al. (1966) Acute gastro-
duodenal perforation: comparative study of
treatment with simple closure, subtotal gas-
trectomy and hemigastrectomy and vagotomy.

Arch Surg 92:449
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Indications

When gastric suction is to be achieved
without traversing the esophagogas-
tric junction or the nasopharynx

For gastric tube feeding

Concept

Patients who have a history of reflux
esophagitis often tolerate nasogastric tubes
poorly. Occasionally a patient who has un-
recognized reflux esophagitis develops a
virulent esophagitis after a period of 2
weeks with an indwelling nasogastric tube.
This may progress rapidly to an extensive
stricture. Although this complication is
uncommon, when it does occur, manage-
ment is extremely difficult.

Some surgeons believe that nasogas-
tric intubation increases the incidence of
bronchopneumonia in patients who have
pulmonary problems or an inadequate
gag reflex. Improved nursing care and
good nasotracheal suction can successfully
prevent postoperative pulmonary compli-
cations. Consequently, the need for gas-
trostomy is no longer as great as it was a
decade ago.

For those rare patients who require
long-term gastric tube feeding, the Jane-
way gastrostomy is more convenient than
the usual Stamm gastrostomy, as the Jane-
way does not require an indwelling tube.

Pitfalls and Danger Points

Gastric leak into the peritoneal cavity

Operative Strategy

When constructing a tube gastrostomy,
the gastrostomy opening must be carefully
sutured to the anterior abdominal wall
around the stab wound made for the exit
of the tube. Otherwise, gastric contents
may leak out around the tube and escape
into the abdominal cavity.

Operative Technique

Stamm Gastrostomy

Tube gastrostomy is generally done
as part of some other operation on the
gastrointestinal tract, so the abdominal in-
cision will already have been made. If nec-
essary, it can be extended upward into the
epigastrium to expose the stomach. Using
2—0 atraumatic PG, insert a circular purse-
string suture with a 1.5 cm diameter. Do
this in the midportion of the stomach,
closer to the greater than to the lesser cur-
vature (Fig. 17-1).



Operative Technique

Fig. 17-1

Grasp the left side of the incised linea
alba with a Kocher clamp and elevate it.
Then make a stab wound through the
middle third of the left rectus muscle at
the level of the purse-string suture. Pass
a Kelly hemostat through the stab wound
from the peritoneum outward. The Kelly
should grasp the tip of an 18F Foley cath-
eter, which has a 5 ml bag. Draw the cath-
eter into the abdominal cavity with the he-
mostat. With the electrocoagulator make
a stab wound into the anterior gastric wall
in the middle of the previously placed
purse-string suture (Fig. 17-1). Insert the
Foley catheter into the stomach, tighten
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Fig. 17-3

the purse-string suture, and tie it so as to
invert the gastric serosa (Fig. 17-2). Invert
this purse-string suture in turn with a sec-
ond concentric 2-0 PG purse-string suture
(Fig. 17-3). Inflate the Foley catheter bal-
loon and draw the stomach toward the an-
terior abdominal wall. Insert Lembert su-
tures of PG in four quadrants around the
Foley catheter to sew the stomach to the
anterior abdominal wall around the stab
wound (Fig. 17—4). When these four Lem-
bert sutures are tied, the anterior gastric
wall will be firmly anchored to the abdom-
inal wall (Fig. 17-5).



Operative Technique

Fig. 17-5

Janeway Gastrostomy, Stapled

Make a midline incision in the mid-
epigastrium for a distance of 10-12 cm.
This may be performed under local anes-
thesia in the poor-risk patient. Apply Bab-
cock clamps to the anterior gastric wall

near the lesser curvature. Then apply the
GIA stapling device (Fig 17-6). Fire the
device, laying down four rows of staples,
and incising for a distance of about 4 cm
between the staples (Fig. 17-7). This pro-
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Fig. 17-6

Fig. 17-7

vides a tunnel of gastric mucosa about 4
cm in length, which is sufficient to pass
through the abdominal wall. Reinforce the
line of staples with a layer of continuous
3—0 atraumatic PG seromuscular Lembert
sutures, so as to invert the staples (Fig.
17-8).

Make a vertical incision, about 1.5 cm
in length, in the skin overlying the middle
third of the left rectus muscle. Deepen the
incision through the rectus muscle with
the aid of the electrocautery, then dilate
it by inserting the index finger.

Grasp the gastric nipple and draw it
to the outside by passing a Babcock clamp
into the incision in the rectus muscle. This
brings the gastric wall into contact with the



Operative Technique

Fig. 17-8

Fig. 17-9

anterior abdominal wall, to which it should
be fixed with two Lembert sutures of 3—0
PG. Then transect the tip of the gastric
nipple with a Mayo scissors, leaving enough
gastric tissue to reach the skin level. Insert
an 18F catheter into the stomach to test
the channel.

Accomplish immediate maturation of
the gastrostomy by interrupted mucocu-
taneous sutures of 3—0 PG, which should

pass through the entire thickness of the
gastric wall and catch the subcuticular
layer of the skin.

Close the abdominal incision in the
usual fashion and apply a sterile dressing
(Fig. 17-9). Leave the catheter in place
until the wound heals.

After healing has taken place, gastric
feeding can be given by inserting a cath-
eter into the stomach while the feeding is
being administered. The catheter should
be removed between meals.
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Gastrectomy for Cancer

Concept: How Radical an
Operation for Gastric Cancer?

Points of Controversy

For the past 30 years there has been
great confusion over the choice of opera-
tions for gastric malignancies. The pen-
dulum has swung from partial gastrec-
tomy to total gastrectomy and back again.
Lacking adequate data that correlates sur-
vival statistics with various lesions, sur-
geons have based their choice of opera-
tions on anatomical study of the distribution
of lymphatic metastases. The routine use of
total gastrectomy for all gastric malignan-
cies has been shown not to improve sur-
vival of patients. Several major controver-
sies still remain:

1) Proximal gastric lesions are treated
by total gastrectomy by some surgeons and
by resection of the lower esophagus and
proximal stomach by others (see Chaps. 6
and 8).

2) According to Hoerr and to Nyhus,
antral malignancy requires only a distal
two-thirds gastrectomy, including adja-
cent lymph nodes, duodenum, and omen-
tectomy. On the other hand, Menguy rec-
ommends an 80%—90% gastrectomy, with
division of the left gastric artery at its or-
igin, omentectomy, and splenectomy, fol-
lowed by gastroduodenostomy or gastro-
jejunostomy.

Anatomical Zones of Spread

Direct Extension

Spread by direct invasion of gastric
malignancy can involve a number of or-
gans. Posteriorly, the tumor can invade
the body or tail of the pancreas, the mid-
dle colic artery, or the transverse colon, all
of which can be included in the specimen.
Invasion of the aorta contraindicates re-
section. Extension into the left lobe of the
liver is amenable to resection, as is exten-
sion into the crura of the diaphragm.

Lymphatic Metastasis

A malignancy of the cardia or fundus
drains into the paracardial, left gastric,
and pancreaticolienal lymph nodes. A tu-
mor of the body or antrum drains into the
left gastric and accompanying lymph nodes
on the lesser curvature of the stomach,
and into the greater curvature nodes.
Cancer involving the prepyloric area drains
into the hepatic artery and subpyloric
node groups. In general, the more ad-
vanced tumors tend to metastasize to nodes
at greater distances from the primary site
than listed above.

Operation for Lesions of Cardia
and Fundus

As described in Chaps. 6 and 8, small
to medium-sized lesions of the proximal
stomach and esophagogastric junction are
best handled by resecting the lower esoph-
agus and proximal stomach, including
transection of the left gastric artery at the
celiac axis to include these nodes in the
specimen. The paracardial lymph nodes
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around the diaphragmatic crura should
also be included. The spleen and lymph
nodes around the tail and superior border
of the pancreas should be removed. If the
tail of the pancreas has been invaded by
tumor, this too should be included in the
specimen.

After the dissection has been com-
pleted, the surgeon can decide whether to
perform an esophagogastric resection with
end-to-side esophagogastric anastomosis
or a total gastrectomy with Roux-Y esoph-
agojejunostomy. The esophagogastric end-
to-side reconstruction offers most patients
the possibility of a normal diet and normal
nutrition because the end-to-side tech-
nique generally prevents reflux esophagi-
tis. If more than half the stomach has to
be resected to provide an adequate margin
beyond a proximal gastric carcinoma, and
if the left gastric vessels and celiac lymph
nodes are removed, what remains after
the resection is a small tubular segment of
gastric antrum. In this case an end-to-end
esophagogastric anastomosis is doomed to
failure because there is no way of pre-
venting the reflux of bile and gastric juice.
Also, as Chassin has reported, the rate of
anastomotic leakage following the end-to-
end anastomosis is much higher than after
the end-to-side. Soga et al. advocated not
only total gastrectomy but also hemipan-
createctomy, splenectomy, and extensive
lymphadenectomy for advanced lesions of
the proximal one-third of the stomach.

On the other hand, a number of
proximal lesions are localized in the area
of the esophagogastric junction. These
can be resected with an adequate margin,
while sufficient stomach is preserved for
the construction of an end-to-side anas-
tomosis at a point 6—7 cm beyond the
proximal cut edge of the remaining gastric
segment. Sometimes the proximal portion
of the residual gastric pouch can be shaped
into a partial fundoplication. Even when
this has not been done, we have rarely en-
countered a serious degree of gastro-
esophageal reflux in our end-to-side
reconstructions.

In summary, if enough stomach can
be spared for an end-to-side anastomosis,
esophagogastrectomy is the procedure of
choice. Otherwise, total gastrectomy fol-
lowed by some type of esophagojejunal
reconstruction on the Roux-Y principle is
indicated. Whether the addition of a je-
Jjunal substitute pouch is of value in these
cases has yet to be determined, although
some experienced surgeons believe that
the Hunt-Lawrence pouch is helpful.

Operation for Lesions of Body

A malignancy in the body of the
stomach involving most of the lesser cur-
vature requires total gastrectomy. Circum-
scribed lesions of the body may be treated
by subtotal gastrectomy, as described be-
low for lesions of the antrum.

Operation for Lesions of Antrum

Studies by Paulino and Roselli of the
lymphatic distribution of metastases have
demonstrated that when a lesion is con-
fined to the antrum and is not so large as
to extend into the body of the stomach,
involvement of the splenic and pancreatic
lymph nodes is rare. Consequently, it ap-
pears unnecessary to perform a routine
splenectomy for lesions of the distal stom-
ach. A major drawback of including the
spleen in a resection, which also involves
the ligation of the left gastric artery at its
origin, is that ischemia or gangrene of the
residual gastric pouch may develop. After
a left gastric ligation and the division of
the left gastroepiploic artery, the blood
supply of the residual gastric pouch is lim-
ited. There is often a posterior gastric
branch that arises from the splenic artery
proximal to the origin of the left gastro-
epiploic. It is possible to preserve this ar-
tery if care is taken during the operation,
but it is a small vessel and is easily trau-
matized. In addition, there are collateral
branches from the inferior phrenic vessels
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and intramural circulation from the
esophagus. Gangrene of the residual
stomach following the combined gastrec-
tomy and splenectomy has been reported
by Spencer and by Thompson. If a rim of
only a few centimeters of gastric tissue is
left attached to the esophagus, intramural
circulation will suffice. However, anasto-
mosis of this tissue to the side of the je-
junum or to the duodenum results in a
high incidence of reflux alkaline esopha-
gitis. The reconstruction here should be
to a Roux-Y segment of the jejunum as in
total gastrectomy. As to postoperative nu-
trition, this operation seems to offer no
advantage over total gastrectomy.

Since there is insufficient data to
demonstrate that this radical subtotal re-
section improves a patient’s chances of
survival, most surgeons agree with the
conservative philosophy of Hoerr, who is
supported by Nyhus, Cady, and Paulino
and Roselli. The more conservative ap-
proach to treating malignancy of the distal
stomach is to do a small operation for the
small tumor and a large operation for the
large tumor. If the tumor is localized to
the antrum and is small, a two-thirds gas-
tric resection that includes the accompa-
nying omentum and adjacent lymph nodes
plus 3-5 cm of the duodenum constitutes
an adequate operation.

For larger carcinomas of the distal
stomach, the left gastric artery may be li-
gated at its origin and included in the
specimen, together with the nodes along
the lesser curvature of the stomach and
the lesser omentum. A hepatic artery node
dissection down to the pylorus should be
included, together with any visible sub-
pyloric and right gastric nodes, the lymph
glands around the origin of the right gas-
troepiploic artery and the upper border of
the pancreas. The spleen should not be
removed. The spleen provides a good
blood supply to the gastric pouch through
the short gastric vessels, which is impor-
tant if the left gastric artery is divided at
its origin. Adjacent organs should be in-
cluded when there is evidence of direct in-
vasion. Total gastrectomy should be done

if most of the lesser curve of the stomach
is invaded.

Unless a large margin (8-10 cm) of
normal appearing gastric wall has been in-
cluded in the specimen, frozen section his-
tological examination of both ends of the
specimen should be carried out as signif-
icant submucosal spread of cancer may
occur.

Preoperative Preparation

The patient should receive nutritional re-
habilitation by tube feeding when feasible
or by intravenous hyperalimentation.

Antibiotic preparation of the stomach
is necessary because necrotic tumor often
harbors virulent bacteria similar to those
in the colon. The same intestinal antibiot-
ics are used here as are employed for co-
lon preparation.

Perioperative systemic antibiotics also
should be administered.

Operative Strategy

Blood Supply to Residual Gastric
Pouch

As mentioned above, whenever the
left gastric artery is divided at its origin
and splenectomy is performed, the blood
supply to the gastric pouch may be inad-
equate. Thus one should avoid a splenec-
tomy in these cases unless so little gastric
pouch is left behind that it may receive
adequate nourishment through the intra-
mural channels from the esophagus if the
posterior gastric and inferior phrenic col-
laterals prove inadequate. If there is any
doubt about the adequacy of the blood
supply, perform a total gastrectomy.



Duct of Santorini

When carcinoma approaches the py-
loric region, microscopic spread into the
proximal 4-5 cm of the duodenum is pos-
sible. When as much as 5 cm of the duo-
denum is mobilized, the dissection will
have progressed beyond the gastroduo-
denal artery. In this area there is a risk
that the duct of Santorini will be tran-
sected. Since the duodenal wall is free of
inflammation in cases of this type, this
structure may well be identifiable in which
case it should be divided and ligated. If
the duct of Santorini communicates with
the duct of Wirsung, the pancreatic juice
will then drain freely into the larger duct,
and there should be no postoperative dif-
ficulty. In some cases, the duct of Santo-
rini does not communicate with the main
duct. In this event, despite the ligature, a
pancreatic fistula may well develop. This
will probably require a secondary opera-
tion to anastomose a Roux-Y segment of
the jejunum to the transected duct for in-
ternal drainage. Fortunately, in most cases
the two ducts do communicate.

Operative Technique

The technique for removing lesions of the
cardia and fundus is described in Chap. 8.
Distal gastrectomy in the usual case of an-
tral carcinoma is performed by the same
technique described for peptic ulcer (Chap.
15), except that additional duodenum may
have to be resected. Frozen section ex-
amination should be performed on the
distal margin of the duodenum in such
cases. Omentectomy should be carried
out, and the left gastric artery may be di-
vided at its origin, as described in Chap.
19. Remove the lymph nodes along the
left gastric, the gastroduodenal, the right
gastric, and the right gastroepiploic arter-
ies together with the gastrohepatic omen-
tum along the lesser curve.

Lavage of the operative site with a
dilute antibiotic solution helps to counter-
act bacterial contamination.

References
Postoperative Care

Postoperative care is identical to that fol-
lowing gastrectomy for peptic ulcer (Chap.
15), with the addition of intravenous hy-
peralimentation when indicated.

Complications

Complications are similar to those follow-
ing gastrectomy for peptic ulcer (Chap.
15), but subphrenic and subhepatic sepsis
is more common because of the increased
bacterial contamination in carcinoma cases.
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Indications

Zollinger-Ellison syndrome

Malignant tumors arising from mid-
portion of stomach and occupying
more than two-thirds of the lesser
curvature

Malignant tumors arising in proximal
stomach, if more than 50% of stom-
ach must be resected

Palliation in patients who have ob-
structing or bleeding tumor, pro-
vided that degree of metastasis is not
massive and that primary tumor is
not technically difficult to resect

On rare occasions, life-threatening
hemorrhage from extensive erosive
gastritis

Preoperative Preparation

Preoperative gastroscopic biopsy or lavage
cytology should be positive for malignancy
before a total gastrectomy is elected. Oth-
erwise, the diagnosis should be confirmed
by frozen section at surgery.

For malnourished patients, adminis-
ter preoperative intravenous hyperali-
mentation.

Administer perioperative systemic
antibiotics.

Carry out mechanical and antibiotic
preparation of the colon if there is a pos-
sibility that the tumor has invaded the
middle colic artery or the transverse colon.

Insert a nasogastric tube.

Pitfalls and Danger Points

1) Improper reconstruction of alimentary
tract, which can lead to postoperative
reflux alkaline esophagitis.

2) Erroneous diagnosis of malignancy:
Patients have undergone total gastrec-
tomy when surgeons have misdiag-
nosed a large posterior penetrating ul-
cer as a malignant tumor. Because
benign gastric ulcer can be cured by
relatively simple surgery, this error
may have serious consequences for the
patient. If preoperative gastroscopic
biopsy has been negative, perform a
gastrotomy and with a scalpel or a bi-
opsy punch obtain a direct biopsy of
edge of ulcer in four quadrants.

3) Inadequate anastomotic technique, re-
sulting in leak or stricture.

4) Sepsis, either in wound or subhepatic
and subphrenic spaces, due to contam-
ination by gastric contents.

5) Failure to identify submucosal infiltra-
tion of carcinoma in esophagus or duo-
denum beyond the line of resection.



Operative Strategy

Exposure

If the primary lesion is a malignancy
of the body of the stomach that does not
invade the lower esophagus, a midline in-
csion from the xiphocostal junction to a
point 6—8 cm below the umbilicus may
prove adequate for total gastrectomy if the
Upper Hand or “chain” retractor is used
to elevate the lower sternum. If the tumor
is approaching the esophagogastric junc-
tion, it may be necessary to include 6-10
cm of lower esophagus in the specimen to
circumvent submucosal infiltration by the
tumor. In this case a left thoracoabdom-
inal incision is indicated, as described in
Chap. 8. No esophageal anastomosis should
ever be performed unless there is excel-
lent exposure.

Esophageal Anastomosis

We prefer an end-to-side esophago-
jejunal anastomosis because it permits in-
vagination of the esophagus into the je-
junum. This results in a lower incidence
of leakage. With end-to-end esophagoje-
junostomy, invagination would result in
constriction of the lumen.

The lumen of the anastomosis can be
increased also if the anterior wall of the
esophagus is left 1 cm longer than the pos-
terior wall. This converts the anastomosis
from a circular shape to an elliptical one,
adding to its circumference.

The anastomotic technique requires
close attention, for, according to Schrock
and Way, two-thirds of the fatalities that
followed total gastrectomies they did were
caused by leakage, and one-fifth of all re-
sections for cancer resulted in anastomotic
disruption.

Operative Strategy

Prevention of Reflux Alkaline
Esophagitis

An anastomosis between the end of
the esophagus and the side of the jejunum
combined with a side-to-side jejunojeju-
nostomy (Fig. 19-1), results in a high in-
cidence of disabling postoperative alkaline
esophagitis, according to Scott et al. (1965),
Schrock and Way, and Paulino and Ro-
selli. This must be prevented by utilizing
the Roux-Y principle in all cases. The dis-
tance between the esophagojejunal anas-
tomosis and the jejunojejunal anastomosis
must be 50 cm to prevent reflux of the
duodenal contents into the esophagus.
This is a far more important consideration
than is the construction of a jejunal pouch
for a reservoir. Although we have used the
Hunt-Lawrence [as described by Scott et
al. (1965)] and the Paulino pouches in
good-risk patients, metabolic studies done
by Scott et al. (1968) have not produced
sufficient data to demonstrate their supe-
riority over a single-limb esophagojeju-
nostomy done by the Roux-Y principle.
When a jejunal pouch is employed, we
prefer to use a stapling technique for its
construction in order to save time in an
already lengthy operation. The technique
described below was free of complications
in nine cases studied.

Extent of the Operation

When performing a total gastrectomy
for adenocarcinoma of the stomach, the
surgeon must be aware that microscopic
submucosal infiltration may occur in the
esophagus as far as 10 cm proximal to a
grossly visible tumor and occasionally well
down into the duodenum. Frozen section
microscopic examination of both the
esophageal and duodenal ends of the
specimen should be obtained in order to
avoid leaving behind residual submucosal
carcinoma. In Schrock’s series, micro-
scopic tumor was found at the esophageal
or duodenal margin or both in 33% of
patients.
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Fig. 19-1

The lymph nodes along the celiac
axis should be swept up with the specimen
when the left gastric artery is divided at its
origin. The lymphatics along the hepatic
artery also should be removed, along with
those at the origin of the right gastroepi-
ploic artery. Whether it is beneficial to
skeletonize the hepatic artery and portal
vein all the way to the hilus of the liver is
not clear.

Routine resection of the body and tail
of the pancreas increases the mortality
rate from this operation because pan-
creatic complications can occur; at the
same time it has not been proved that this
additional step improves a patient’s long-
term survival. However, if the tail of the
pancreas shows evidence of tumor inva-
sion, then this portion of the pancreas
should be included in the resection.

The anatomy of the structures in-
volved in this operation can be seen in Fig.
19-2.

Ulcerated and necrotic gastric tumors
may harbor virulent bacteria, so patients
with these maladies should be prepared by
being given preoperative intestinal anti-
sepsis as well as prophylactic systemic an-
tibiotics. This appears to be especially ap-
plicable to malignant lymphoma. The
abdominal cavity should be irrigated with
an antibiotic solution at intervals during
the operation in order to minimize the ef-
fect of local contamination.



Gastroduodenal a.

R. gastroepiploic a.

Ant. \
pancreaticoduodenal a. \

Fig. 19-2

Operative Technique

Incision and Exposure

In many cases adequate exposure is
obtained by a midline incision from the
xiphocostal junction to a point 6 cm below
the umbilicus, along with the use of an
Upper Hand or “chain” retractor. When
the carcinoma approaches the esophago-
gastric junction, a left thoracoabdominal
approach should be used.

Operative Technique

Short gastric a.
L. gastroepiploic a.

Inf.
pancreaticoduodenal a.

Sup. mesenteric v.
Middle colic a. and v.

Exploration and Determination
of Operability

Tumors are considered nonresecta-
ble when there is posterior invasion of the
aorta, the vena cava, or the celiac axis. In-
vasion of the body or tail of the pancreas
is not a contraindication to operation; nor
is invasion of the left lobe of the liver, as
these structures can be included in the
specimen if necessary.

When there is only a moderate de-
gree of distant metastasis in the presence
of marked symptomatology (obstruction
or hemorrhage), a palliative resection may
be indicated if it can be done safely.
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Fig. 19-3

Invasion of the root of the mesoco-
lon, including the middle colic artery, does
not contraindicate resection if leaving these
structures attached to the specimen re-
moves the tumor. This often requires the
concomitant resection of a segment of the
transverse colon. It is surprising that, in
some patients, removing a short segment
of the main middle colic artery does not
impair the viability of the transverse colon,
as long as there is good collateral circula-
tion.

Lienophrenic lig.

Splenic a.

Splenectomy

With a scalpel or Metzenbaum scis-
sors incise the avascular lienophrenic lig-
ament that attaches the lateral aspect of
the spleen to the undersurface of the dia-
phragm (Fig. 19-3). As this incision reaches
the inferior pole of the spleen, divide the
lienocolic ligament; the posterior surface
of the pancreatic tail then can be seen.
This can be elevated gently from the ret-
roperitoneal space. Palpate the splenic ar-
tery near the distal end of the pancreas,
encircle it with 2—0 cotton, and ligate it
and the splenic vein. Divide these vessels
between ligatures, releasing the tip of the
pancreas from the hilus of the spleen. In-
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Fig. 19—4

cise a fold of posterior parietal perito-
neum along the upper border of the body
of the pancreas to separate the pancreas
from the specimen. The spleen may be left
attached to the greater curvature of the
stomach, or it may be more convenient to
divide and ligate the short gastric vessels
and remove the spleen as a separate spec-
imen. In the retroperitoneal dissection,
expose the fascia of Gerota and the left
adrenal gland. If there is evidence of tu-
mor invasion, include these structures in
the specimen.

intestine

Omentectomy

Separate the entire gastrocolic omen-
tum from the transverse colon by scalpel
and scissors dissection through the avas-
cular embryonic fusion plane, as seen in
the coronal section of the abdomen in Fig.
19—4. Be alert to the difference in texture
and color of the fat in the epiploic ap-
pendices of the colon and that of the
omentum. Considerable bleeding will be
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Fig. 19-7

avoided by keeping the plane of dissection
between the appendices and omentum
(Fig. 19-5). Next elevate the omentum
from the transverse mesocolon (Fig. 19-6).
Expose the anterior surfaces of the pan-
creas and duodenum, along with the ori-
gin of the right gastroepiploic vessels. Li-
gate the latter at their origin with 2-0
cotton and divide them, sweeping all ad-
jacent lymph nodes toward the specimen
(Fig. 19-7).

Operative Technique

Pancreatic Resection

If the body and tail of the pancreas
are to be resected, incise the peritoneum
along the lower border of the pancreas.
Ligate the splenic artery near its origin
from the celiac axis and divide it. Trace
the splenic vein to its junction with the
portal vein, and ligate and divide it there.
The inferior mesenteric vein enters the
splenic near its termination. Divide and li-
gate this vessel also. If the pancreas is of
average thickness, apply a TA-55 stapler
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Fig. 19-8a

with 3.5 mm staples across the neck of
pancreas and fire it, in the manner of
Pachter et al. Incise the pancreas along the
stapler and leave the tail of the pancreas
attached to the specimen. If the body of
pancreas is too thick to undergo stapling,
even with 4.8 mm staples, divide the organ
with a scalpel and close the cut end by
overlapping interrupted mattress sutures
of 3—0 Prolene. Occlude the pancreatic
duct by an individual suture-ligature.

The pancreas should be resected only
when invaded by tumor.

Fig. 19-8b

Celiac Axis Dissection and
Division of Left Gastric Vessels

With the greater curvature of the
stomach elevated and retracted toward the
patient’s right, it is a simple matter to pal-
pate the left gastric artery as it travels
from the region of the aorta, anteriorly,
to meet the lesser curvature of the stom-
ach. When there is tumor in this area,
either the splenic or hepatic artery may be
followed in a proximal direction. This will
lead to the celiac axis and to the origin of
the left gastric. By dissecting the areolar
and lymphatic tissue away, the artery may



Accessory 1. hepatic a._\ :

Fig. 19-9

be skeletonized (Fig. 19-8). A blunt-tipped
Mixter right-angle clamp is very helpful in
delineating the circumference of the ar-
tery. Use the clamp to pass 2-0 cotton lig-
atures around the vessel. After it has been
doubly ligated, divide it. The coronary
vein, which is situated just caudal to the
artery, often is identified first in the course
of the dissection. This, too, should be di-
vided and ligated, and the lymphatic tissue
swept toward the specimen. At the conclu-
sion of this step, the superior border of
the adjacent pancreas and the anterior
surface of the celiac axis and the aorta
should be free of lymphatic tissue.

Operative Technique

Ligated |. gastric a.

Hepatic Artery Node Dissection

Make an incision in the peritoneum
overlying the common hepatic artery as it
leaves the celiac axis. Carry this incision
down to the origin of the gastroduodenal
artery. There are lymph nodes overlying
the hepatic artery; dissect them toward the
lesser curve of the gastric specimen, leav-
ing the artery skeletonized (Fig. 19-9). If
desirable, the lymph node dissection may
be pursued to the hilus of the liver by skel-
etonizing the hepatic artery, portal vein,
and common bile duct. Adequate data are
not yet available to indicate how extensive
a lymph node dissection should be done.
Consequently, we do not routinely extend
the hepatic artery dissection beyond the
origin of the gastroduodenal.
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Suspicious nodes in the subpyloric re-
gion and the superior margin of pancreas
should be excised and the splenic artery
should be skeletonized up to the distal end
of the pancreas.

Division of Duodenum

Divide and ligate the right gastric ar-
tery. Perform a Kocher maneuver, and if
the malignancy involves the distal stomach
dissect the duodenum from the anterior
surface of the pancreas for a distance of
5 cm. Extensive duodenal dissection is not
necessary when the distal antrum is free
of tumor.

If a stapled closure of the duodenum
is elected, apply the TA-55 Auto Suture
stapler to the duodenal stump. Generally,
4.8 mm staples are used. Fire the stapler
and apply an Allen clamp to the specimen
side of the duodenum. Divide the duo-
denum flush with the stapling device, as
in Fig. 15-45. Ligate the distal end of the
specimen with umbilical tape behind the
Allen clamp and remove the clamp. Cover
the distal end of the specimen with a ster-
ile rubber glove, which should be fixed in
place with an additional umbilical tape lig-
ature.

When it is elected to suture the duo-
denal stump, the technique illustrated in
Figs. 15-23, 15-24, and 15-25 should be
followed.

Dissection of the
Esophagocardiac Junction:
Vagotomy

After the triangular ligament has
been divided, retract the left lobe of the
liver to the patient’s right and incise the
peritoneum overlying the abdominal
esophagus. Using a peanut dissector, dis-
sect away the esophagus from the right
and left branches of the diaphragmatic
crux. Then encircle the esophagus with

the index finger and perform a bilateral
truncal vagotomy, as described in Chap.
10. Incise the peritoneum overlying the
right crux (Fig. 19-9). Identify the ceph-
alad edge of the gastrohepatic ligament,
which contains an accessory left hepatic
branch of the left gastric artery. Divide
this structure between clamps at a point
close to the liver, thus completing the di-
vision of the gastrohepatic ligament.

Pass the left hand behind the esoph-
agocardiac junction, a maneuver that will
delineate the avascular gastrophrenic and
any remaining esophagophrenic liga-
ments, all of which should be divided (Fig.
19-10). This frees the posterior wall of the
stomach. In order to minimize further
spill of neoplastic cells into the esophageal
lumen, occlude the esophagogastric junc-
tion with umbilical tape or an application
of staples with the TA-55.

Preparation of Roux-Y Jejunal
Segment

After identifying the ligament of
Treitz, elevate the proximal jejunum from
the abdominal cavity and inspect the mes-
entery to determine how it will reach the
apex of the abdominal cavity for the
esophagojejunal anastomosis. In some pa-
tients who have lost considerable weight
before the operation, the jejunum will
reach the esophagus without the need to
divide anything but the marginal artery.
In patients whose jejunal mesentery is
short, it may be necessary to divide several
arcade vessels. Transillumination is a val-
uable aid in dissecting the mesentery with-
out undue trauma.

Generally, the point of division of the
jejunum is about 15 cm distal to the liga-
ment of Treitz, between the second and
third arcade vessels. Make an incision in
the mesentery across the marginal vessels,
and divide and ligate them with 2—0 cot-
ton. Divide and ligate one to three addi-
tional arcade vessels to provide an ade-
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quate length of the jejunum to reach the
esophagus without tension (Fig. 19-11).

Apply a TA-55 stapler to the point
on the jejunum previously selected for di-
vision. Fire the stapler. Apply an Allen
clamp just proximal to the stapler and di-
vide the jejunum flush with the stapler.
Lightly electrocoagulate the everted edge
and remove the stapler.

Next make a 3—-4 cm incision in the
avascular portion of the transverse meso-
colon to the left of the middle colic artery.
Deliver the stapled end of the jejunum
through the incision in the mesocolon to

the region of the esophagus. After the je-
junal segment is properly positioned, su-
ture the defect in the mesocolon to the
wall of the jejunum in order to prevent
herniation later.

Whenever the mesenteric dissection
for the Roux-Y offers difficulty or threat-
ens the blood supply of the jejunum, this
step may be simplified by resecting a seg-
ment of the jejunum (Fig. 19-12). This
technique avoids the division of any ar-
cade blood vessels.



Fig. 19-12

End-to-Side
Esophagojejunostomy

For reasons discussed in Chap. 8, we
prefer an anastomosis of the end-to-side
type. The anticipated site of the esophag-
eal transection should be 6-10 cm above
the proximal margin of the visible tumor.
If the diaphragmatic hiatus is excessively
large, narrow it with one or two 2—0 cotton
sutures (Fig. 19-13). Then insert several
interrupted 3—0 cotton sutures between
the undersurface of the diaphragm and
the posterior wall of the jejunum to pre-
vent tension on the anastomosis caused by
gravity. The sutures should be placed
fairly close to the point at which the mes-

Operative Technique

Jejunum
to be
resected

entery meets the jejunum, so as to pre-
serve the antimesenteric border for anas-
tomosis.

Before beginning to construct the
anastomosis, mark the exact site of the an-
ticipated jejunal incision by making a
scratch with a scalpel along the antimesen-
teric border of the jejunum. This will serve
as a guide for the insertion of the first
layer of esophagojejunal sutures. Then
place the specimen on the patient’s chest.
This will expose the posterior wall of the
esophagus for the first layer of anasto-
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motic sutures. Place a 4-0 atraumatic cot-

ton Cushing suture beginning at the right
lateral portion of the esophagus. With the
same needle take a bite at the right lateral
margin of the jejunal scratch mark. Place
a similar suture at the left lateral margins
of the esophagus and jejunum. Apply he-
mostats to each suture, as none will be tied

Operative Technique

until the suture line has been completed
(Fig. 19—-14). Note that the anticipated in-
cision in the jejunum will be slightly longer
than the diameter of the esophagus.
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Fig. 19-15

With three or four additional Cush-
ing sutures of 4-0 cotton, complete the
posterior seromuscular layer of the anas-
tomosis by successive bisection (see Figs.
B-22 and B-23). After inserting the su-
tures, but before tying them, it is helpful
to divide the posterior wall of the esoph-
agus. Do this in a transverse manner, us-
ing a scalpel, until the mucosa has been
transected. Complete the incision with a
Metzenbaum scissors, leaving the anterior
wall of esophagus intact. Now tie and cut
the sutures, but leave the right and left
lateralmost sutures long, with the identi-
fying hemostats attached.

Make an incision in the antimesen-

teric border of the jejunum, as previously
marked. If there appears to be consider-
able redundant mucosa, this may be ex-
cised with a Metzenbaum scissors. Control
excessive bleeding with 4-0 PG suture-lig-
atures or careful electrocoagulation. Now
approximate the posterior mucosal layers
by interrupted sutures of atraumatic 4-0
PG, with the knots tied inside the lumen
(Fig. 19-15). Instruct the anesthesiologist
to pass the nasogastric tube farther down
the esophagus. When the tube appears in
the esophageal orifice, guide it down the
jejunum.



Fig. 19-16
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Divide the remaining esophagus so
that the anterior wall is 1 cm longer than
the already anastomosed posterior wall
(Figs. 19-16, 19-17, 19-18, 19-19). Re-
move the specimen and ask the patholo-
gist to perform a frozen section examina-
tion of both the proximal and distal
margins. If the frozen section examination
is positive for malignancy, further excision
is indicated.
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Line of transection through
ant. esophageal wall, which
is left 1 cm longer than post.
wall

Jejunum




Fig. 19-20

Approximate and invert the anterior
mucosal layer by 4-0 PG atraumatic su-
tures, interrupted, with the knots tied in-
side the lumen (Fig. 19-20). If it is diffi-
cult to invert the mucosa by this technique,
the procedure may be accomplished with
interrupted “seromucosal” sutures of 4-0
PG, 4-5 mm wide, inserted so as to include
the cut end of the esophageal muscularis
and mucosa (Fig. B-16).

Complete the final anastomotic layer
by inserting interrupted 4-0 cotton Cush-
ing sutures to approximate the outer lay-
ers of the esophagus and jejunum (Fig.
19-21). Each suture should encompass a
bite of about 5 mm of esophagus and of
jejunum. The peritoneum overlying the
diaphragmatic hiatus can now be brought

Operative Technique

Fig. 19-21
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Fig. 19-22

down over the anastomosis. Attach it to
the anterior wall of the jejunum by several
interrupted 4-0 cotton stitches (Fig. 19-22).
A sagittal section of the completed anas-
tomosis can be seen in Fig. 19-23.

On occasion the esophagus will ap-
pear to be unusually narrow, secondary
either to spasm or atrophy. In this case
gentle digital dilatation by the surgeon be-
fore constructing the anastomosis may
serve to accomplish a somewhat larger
anastomotic lumen than would otherwise
be the case. If desired, it is possible to per-
form the anastomosis over a 40F Hurst or
Maloney esophageal bougie instead of the
nasogastric tube.

The area should be irrigated inter-
mittently with an antibiotic solution.

Construction of Stapled
Substitute Gastric Pouch

Experienced surgeons such as Scott
et al. (1965) and Paulino and Roselli be-
lieve that the Hunt-Lawrence type pouch
may be advantageous, so we shall describe
this technique. To save operating time we
developed a staple technique for the con-

struction of this pouch. The technique has
proved to be rapid and safe.

Draw the transverse colon in a ceph-
alad direction and inspect the proximal je-
junum. Select a segment that will reach
most easily to the esophagus and pass this
segment through an incision in the trans-
verse mesocolon. The afferent loop of the
jejunum is generally placed to the patient’s
left and the efferent loop to the patient’s
right. Sufficient jejunum (about 50 cm)
should be delivered into the suprameso-
colic space to provide for an end-to-side
esophagojejunal anastomosis and then for
a side-to-side jejunojejunostomy about 15
cm in length. When the proper amount of
jejunum has been laid out in the upper
abdomen, select a point for division on the
afferent limb of the jejunum. Divide the
mesentery of the jejunum for a short dis-
tance. Then apply a TA-55 stapler to the
jejunum and fire it. Apply an Allen clamp
to the jejunum proximal to the stapler and
divide the jejunum flush with the stapler.
Lightly electrocoagulate the everted mu-
cosa on the stapler. Pass the segment of
the jejunum grasped by the Allen clamp
down through the incision in the meso-
colon, to be used later for the end-to-side
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jejunojejunostomy. Most of the time it will
not be necessary to divide a single major
arcade vessel in the mesentery to accom-
plish this step.

Now construct a side-to-side anasto-
mosis between the antimesenteric margins
of the afferent and efferent limbs of the
jejunum. A distance of 8 cm should be left
between the anticipated site of the esoph-
agojejunostomy and the beginning of the
side-to-side jejunojejunostomy. The first
step in the latter procedure is to make a
long incision—approximately 16 cm—
through the antimesenteric wall of the as-
cending limb of the jejunum. Make an in-
cision of the identical length through the
antimesenteric wall of the descending limb
of the jejunum (Fig. 19-24). Continue this
incision within 1 cm of the closed, stapled
end of the ascending jejunum. Apply mul-
tiple Allis clamps to the posterior cut
edges of both limbs of the jejunum to ap-
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Fig. 19-25

proximate them. Apply a TA-90 stapling
device, loaded with 3.5 mm staples, deep
to the Allis clamps to accomplish approx-
imately half of the posterior layer of the
jejunojejunostomy. Rotate into place the
thumb screw that aligns the TA-90 device.
Tighten the TA-90 to the proper guide-
lines and fire it (Fig. 19-25). Excise the
redundant mucosa superficial to the TA-90
and electrocoagulate the mucosa. Remove
the TA-90 and apply additional Allis
clamps to the remaining posterior walls of
the jejunum. Make certain to apply one of
the Allis clamps so that the previously applied
line of staples will be crossed by the second ap-
plication of the TA-90. Apply the TA-90
stapler, adjust it, and fire (Fig. 19-26); this
completes the posterior anastomosis (Fig.
19-27). Again excise redundant mucosa.
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Fig. 19-26

Bleeding points may be controlled with
electrocoagulation or suture-ligatures of
4-0 PG. On rare occasions the posterior
line of staples may bleed enough to re-
quire a continuous locked 4-0 PG suture
to the mucosa. Although the posterior an-
astomosis has been constructed in an in-
verting fashion, the anterior walls of the
jejunum should be joined in an everting
fashion by applying Allis clamps to ap-
proximate the anterior layers of the je-
junum, mucosa to mucosa.

Be sure to apply an Allis clamp to the
serosal surface of the proximal termina-
tion of the posterior TA-90 staple line, so
that the staple line will be included in the
next application of staples and will form
the anterior anastomosis. Again apply the
TA-90 deep to the Allis clamps, adjust,
and fire (Fig. 19-28). Follow this by excis-
ing the redundant tissue.

Fig. 19-27

Fig. 19-28
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The final step in the anastomosis be-
gins with the application of an Allis clamp
to the serosal surface of the distal margin
of the posterior line of staples. Apply a sec-
ond Allis clamp to the proximal margin of
the remaining defect in the anastomosis so
as to make the final TA-90 staple line in-
clude both terminations of the everted
lines of staples. Apply the stapler deep to
the Allis clamps, adjust, and fire.

Again, excise the redundant tissue
flush with the stapling device and lightly
electrocoagulate the mucosa (Fig. 19-29).
After removing the TA-90 stapler, trans-
fix or electrocoagulate any bleeding points.
Carefully inspect the entire staple line to catch
technical errors or mechanical failures in
the closure of the staples. Then ask the
anesthesiologist to inject 400-500 ml of a
methylene blue solution into the newly
fashioned gastric pouch so that any pos-
sible point of leakage may be detected.
Fig. 19-30 illustrates the pouch in coronal
section.

Operative Technique

Fig. 19-30

Now construct an end-to-side esopha-
gojejunal anastomosis by the suture method
illustrated in Figs. 19—14 through 19-23.

Anastomose the divided proximal
segment of the jejunum, which is being
held by an Allen clamp, to the side of the
descending limb of the jejunum at a point
50 c¢cm from the distal end of the newly con-
structed pouch. Complete this after remov-
ing the Allen clamp, by the Roux-Y sta-
pling technique described below.

Any defects in the mesentery that
might permit herniation of the small bowel
should be closed by appropriate sutures of
interrupted cotton or continuous PG.
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Fig. 19-31

Although no extensive experience
with it has yet been reported, the distal
pouch described by Paulino has many at-
tractive features. It is illustrated in Fig.
19-31. There is one anastomosis less than
in the Hunt-Lawrence method. It is easily
performed by a stapling technique similar

to that described for the Hunt-Lawrence
pouch (Figs. 19-24 through 19-30). Al-
though Paulino reported leaving 25 cm
between the esophagojejunostomy and the
pouch, we prefer a distance of 50 cm.



Roux-Y Jejunojejunostomy,
Sutured

Attention should now be directed to
restoring the continuity of the small intes-
tine by doing an end-to-side anastomosis
between the cut end of the proximal je-
junum and the side of the Roux-Y limb.
This anastomosis should be made 50 cm
from the esophagojejunal anastomosis in
order to prevent bile reflux. After the
proper site on the antimesenteric border
of jejunum has been selected, make a lon-
gitudinal scratch mark with a scalpel. Use
interrupted 4—0 cotton Lembert sutures
for the posterior seromuscular layer of the
end-to-side anastomosis (Fig. 19-32). When
all these sutures have been placed, make
an incision along the previously marked
area of the jejunum and remove the Allen
clamp from the proximal segment of the
jejunum. Approximate the mucosal layers,
using 4—0 chromic catgut doubly armed
with straight needles (Fig. 19-33). Take
the first stitch in the middle of the poste-
rior layer and tie it. Close the remainder
of the posterior mucosal layer with a con-
tinuous locked suture (Fig. 19-34). Ap-
proximate the anterior mucosal layer with
a continuous suture of either the Connell

Operative Technique

Fig. 19-33

Fig. 19-34

or Cushing type. Then close the final an-
terior seromuscular layer with interrupted
4-0 cotton Lembert sutures (Fig. 19-35).
Test the lumen by invaginating the je-
Junum with the index finger.
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Stapled Roux-Y
Jejunojejunostomy

In most cases, especially those involv-
ing poor-risk patients, we prefer to per-
form the Roux-Y jejunojejunostomy with
a stapling technique. To accomplish this,

Fig. 19-35

the proximal segment of the jejunum is
approximated to the Roux-Y limb. With
the electrocautery make a 1.5 cm longi-
tudinal incision on the antimesenteric bor-
der. Insert a GIA stapling device, one fork
into the descending segment of the je-
junum and the other fork into the open
end of the proximal segment of the je-
junum (Fig. 19-36). Be certain that the
open end of the proximal segment of jejunum
is placed so that the opening faces in a cephalad



Fig. 19-37

direction. 1f the limbs of the jejunum are
not joined in this manner, there is in-
creased risk of narrowing the lumen of the
jejunum. When the GIA device is in place,
lock, and fire; it will be seen that the first
layer of the anastomosis has been com-
pleted in a side-to-side fashion between
the antimesenteric borders of both seg-
ments of the jejunum (Fig. 19-37).

To close the remaining defect in the
anastomosis, apply an Allis clamp to the
right-hand termination of the staple line
and another Allis to the left-hand termi-
nation of the staple line. Insert a guy su-
ture into the midpoint of the remaining
defect on the proximal segment of the je-
junum and pass it through the midpoint
of the defect on the distal segment of the
jejunum (Fig. 19-38). When the guy su-
ture approximates these two points, apply
Allis clamps to the right side of the defect
to approximate the two segments of the
jejunum in an everting fashion. Complete
this part of the anastomosis by applying
and firing the TA-55 stapling device deep
to the Allis clamps and the guy suture
(Fig. 19-39). Excise the redundant mu-
cosa flush with the stapling device, but
preserve the guy suture. Lightly electro-
coagulate the everted mucosa.

Operative Technique

Fig. 19-38

Use Allis clamps again to close the
remaining defect and apply the TA-55
stapler once more deep to the Allis clamps
and the guy suture. When the stapler is
fired and the redundant mucosa excised,
the anastomosis is complete. It can be seen
that the lumen is quite large (Fig. 19—40).

Close the remaining potential defects
between the mesentery of the proximal
and distal jejunum with interrupted su-
tures of 4-0 cotton to prevent herniation.

Modifications of Operative
Technique for Patients with
Zollinger-Ellison Syndrome or
Benign Disease

When total gastrectomy is being per-
formed for the Zollinger-Ellison syn-
drome or for benign disease, several mod-
ifications are indicated. First, it is not
necessary to excise considerable lengths of
the esophagus or duodenum. Both these
structures are divided close to the margins
of the stomach. Second, it is not necessary
to remove the spleen or omentum, and the
greater curvature dissection can be carried
out by dividing each of the vasa breviae
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between the greater curvature of the
stomach and the greater omentum, leav-
ing the omentum behind. Third, dissec-
tion of the lymph nodes in the region of
the celiac axis, hepatic artery, and pan-
creas is not indicated. But for the fore-
going modifications, the technique is es-
sentially the same as for cancer operations;
however, the incidence of postoperative
complications is far lower in patients with
the Zollinger-Ellison syndrome.

Wound Closure

Irrigate the abdominal cavity again
with saline and antibiotic solution. If he-
mostasis is excellent and the anastomoses
have been performed with accuracy, we do
not insert drains into the abdominal cavity.
Otherwise, one or two 6 mm Silastic Jack-
son-Pratt catheters may be brought out
from the vicinity of the anastomosis
through puncture wounds in the abdom-
inal wall and attached to closed-suction
drainage. Kanamycin in a dosage of 25 mg
in 25 ml of sterile saline should be injected
every 8 hours into each drainage catheter
for a few days.

Fig. 19-39

Fig. 19-40




Postoperative Care

Administer nasogastric suction for 4
days. If a pouch has been con-
structed, suction may be continued
longer.

Administer perioperative antibiotics.

Patients who required intravenous
hyperalimentation for nutritional re-
habilitation before the operation
should continue with this therapy.

As in other esophageal anastomoses,
absolutely nothing should be permit-
ted by mouth until the seventh post-
operative day, at which time an
esophagram should be performed in
the X-ray department. If no leakage
is identified, a liquid diet should be
initiated. This may be increased rap-
idly according to the patient’s toler-
ance.

Long-term postoperative manage-
ment requires all patients to be on a die-
tary regimen that counteracts dumping.
The diet should be high in protein and fat
while low in carbohydrate and liquids. Fre-
quent small feedings are indicated. Lig-
uids should not be consumed during and
1 or 2 hours after meals in order to pre-
vent hyperosmolarity in the lumen of the
proximal jejunum. Some patients may re-
quire several months of repeated encour-
agement to establish adequate caloric in-
take following total gastrectomy. Others
seem to do well with no dietary restric-
tions.

Dietary supplements of vitamins, iron,
and calcium as well as continued injections
of vitamin B, are necessary in the long-
term management of patients following
total gastrectomy.

References
Complications

Sepsis of the abdominal wound or the sub-
phrenic space is one complication that fol-
lows surgery for an ulcerated gastric ma-
lignancy. Early diagnosis and management
are necessary.

Leakage from the esophagojejunal
anastomosis 1s the most serious postoper-
ative complication, but should occur rarely
if proper technique has been used. A mi-
nor degree of leakage may be managed by
prompt institution of adequate sump suc-
tion drainage in the region, supplemented
every 8 hours by injection through the
drainage catheter of 50 ml of saline with
suitable antibiotics. A nasogastric tube of
the sump type should be passed to a point
just proximal to the esophagojejunal anas-
tomosis for continuous suction. Nutri-
tional support by parenteral hyperalimen-
tation is essential, as are systemic antibiotics.
In more serious cases, a diverting cervical
esophagostomy may be required. Fortu-
nately, a properly performed Roux-Y
anastomosis will divert duodenal and pan-
creatic enzymes from the leak. If the
Roux-Y technique has not been used, ex-
teriorization of the jejunal segment, tem-
porary occlusion of the distal esophagus,
and cervical esophagostomy become nec-
essary to control the septic process.
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Exposure of the Third and Fourth
Portions of the Duodenum

Indications

Tumor
Bleeding

Concept

Because the third portion of the duo-
denum is located behind the superior mes-
enteric vessels and transverse mesocolon,
a direct approach to it would be hazard-
ous. Liberating the right colon and small
bowel mesentery from their attachments
to the posterior abdominal wall permits
the surgeon to elevate the right colon and
entire small bowel to a position over the
patient’s thorax. This changes the course
of the superior mesenteric and middle
colic vessels so that they travel directly
cephalad, leaving the transverse portion of
the duodenum completely exposed.

Preoperative Care

Nasogastric tube

Some lesions in the third and fourth
portions of the duodenum may be
biopsied by the endoscopist, which
permits more accurate planning of
the operation

Pitfalls and Danger Points

Trauma to superior mesenteric
artery or vein

Trauma to pancreas

Operative Strategy

After liberating the right colon by incising
the peritoneum of the right paracolic gut-
ter, divide the renocolic attachments. Con-
tinuing in this plane, the surgeon will be
able to free the entire mesentery of the
small intestine in an entirely avascular dis-
section. It is important to devote special
attention to the superior mesenteric vein
as it emerges from the pancreas; rough
traction in the area may avulse one of its
branches, producing troublesome bleed-
ing.

In planning a resection of the third
and fourth portions of the duodenum, it
should be noted that to the right of the
superior mesenteric vessels the blood sup-
ply of the third portion of the duodenum
arises from many small branches of the in-
ferior pancreaticoduodenal arcade. These
must be dissected, divided, and ligated
delicately, one by one, to avoid pancreatic
trauma and postoperative acute pancrea-
titis. The distal duodenum is not attached
to the body of the pancreas to the left of
the superior mesenteric vessels; its blood
supply arises from branches of the supe-
rior mesenteric artery, as does that of the
proximal jejunum. These are easy to iden-
tify and control.

If the pancreas has not been invaded,
it is possible to resect the third and fourth
portions of the duodenum for tumor and
then to construct an anastomosis between
the descending duodenum and the je-
junum, so long as the ampulla is not in-
volved. When working in this area, it is
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essential that the ampulla of Vater be
identified early in the dissection.

Operative Technique

Incision

A long midline incision from the
midepigastrium to the pubis gives excel-
lent exposure for this operation.

Liberation of Right Colon

Make a Metzenbaum incision in the
peritoneum of the right paracolic gutter.
Insert the index finger to separate the per-
itoneum from underlying fat and areolar
tissue; this will provide an avascular plane.
When the hepatic flexure is encountered,
the electrocoagulator can help control
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bleeding as the peritoneum is cut. It is not
generally necessary to dissect the greater
omentum off the transverse colon in this
operation. It is important, however, to
continue the division of the paracolic per-
itoneum around the inferior portion of
the cecum and to move on medially to lib-
erate the terminal ileum, all in the same
plane (Fig. 20-1). Identify the renocolic
ligament at the medial margin of Gerota’s
fascia. Division of this thin, ligamentous
structure will completely free the right
mesocolon.

Liberation of Small Bowel
Mesentery

Insert the left index finger beneath
the remaining avascular attachments be-
tween the mesentery of the small bowel




Operative Technique

and the posterior wall of the abdomen; in- bles the anatomy of patients who have a
cise these attachments until the entire congenital failure of rotation or malrota-
small intestine up to the ligament of Treitz tion of the bowel (Fig. 20-2).

is free and can be positioned over the pa-

tient’s thorax. This configuration resem-

Sup. mesenteric
a.and v.
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Resection of Duodenum

There is no structure lying over the
third and fourth portions of the duo-
denum or proximal jejunum at this time.
If a tumor of the duodenum is to be re-
sected, it is important to determine now if
it is safe to do so. If some portion of the
pancreas has been invaded, a decision will
have to be made whether a partial or total
pancreatectomy is indicated for the pa-
tient’s pathology. If the duodenum is free,
dissection is best begun by identifying the
blood supply of the distal duodenum, di-
viding each vessel between clamps, and li-
gating. As the pancreatic head is ap-
proached, the dissection should be done
with delicacy. It is possible to identify and
divide each of the small vessels arising
from the pancreas. This frees the duo-
denum and permits resection and anas-
tomosis.

About 1 cm of the duodenum should
be freed from the pancreas proximal to
the point of transection. This permits an
end-to-end anastomosis between the prox-
imal duodenum and a segment of the je-
junum that is brought over for this pur-
pose. Mere closure of the distal duodenum
plus a gastrojejunostomy is not a satisfac-
tory operation, as the proximal duo-
denum will eventually dilate to huge pro-
portions and form a blind loop. If for
some reason the end of the duodenum is
suitable for closure but not for anasto-
mosis, a side-to-side anastomosis between
the second portion of the duodenum and
proximal jejunum is a second-best alter-
native.

Closure

After the anastomosis has been per-
formed, return the right colon and small
bowel to the abdomen. Make no attempt
to reestablish the posterior attachments of
the mesentery. Close the abdomen in rou-
tine fashion.

Postoperative Care

Aside from the administration of nasogas-
tric suction until bowel function has re-
sumed with the passage of flatus, postop-
erative care 1s routine. Be aware that acute
pancreatitis is a possible complication of
any dissection in the region of the pan-
creas. If the serum amylase remains ele-
vated and the patient shows any signs of
acute pancreatitis, nasogastric suction
should be continued until no danger ex-
ists.

Postoperative Complications

Pancreatitis
Anastomotic leaks



Small Bowel Resection and Anastomosis

Indications

Tumor

Trauma

Strangulation

Crohn’s enteritis with complications
Ischemic enteritis

Preoperative Preparation

Nasogastric intubation
Perioperative antibiotics

Pitfalls and Danger Points

The small bowel anastomosis is generally
quite safe unless there is also some im-
pairment of the blood supply or advanced
peritoneal sepsis. When the small bowel
anastomosis fails because of mechanical
errors, the leak almost invariably occurs at
the mesenteric border, where the serosa
has not been adequately cleared of blood
vessels and fat.

Operative Strategy

Requirements for Successful
Bowel Anastomosis

1) A good blood supply is required for
optimal healing. Determine this by noting
the pulsatile flow after dividing a terminal
arterial branch in the region where the
bowel is to be transected. There should be
no hematoma near the anastomosis, as this
may impair circulation.

2) Accurate apposition of the seromuscu-
lar coats is essential. There should be no
fat or other tissue between the two bowel
walls being sutured. The seromuscular su-
ture must catch the submucosa, where
most of the tensile strength of the intestine
is situated. Optimal healing of an anasto-
mosis requires serosa-to-serosa approxi-
mation. Special attention must be devoted
to the mesenteric border of any anasto-
mosis. This is the point at which several
terminal blood vessels and accompanying
fat are dissected off the bowel wall to pro-
vide the surgeon with sufficient visibility
to permit accurate insertion of the sero-
muscular suture. If fat and blood vessels
are cleared away from a 1 cm width of
serosa around the circumference of an an-
astomosis, there need be no worry about
impairing the blood supply of the bowel.
The increased accuracy with which the su-
tures are inserted will minimize anasto-
motic complications.

3) A sufficient length of bowel must be
freed proximal and distal to each anasto-
mosis to insure there will be no tension
whatever on the healing suture line. Al-
lowance should be made for some degree
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of foreshortening of the length of the in-
testine in case postoperative distension oc-
curs.

4) Do not apply excessive force in tying
the anastomotic sutures as this will result
in strangulation of tissue. If the suture
should inadvertently have been placed
through the full thickness of the bowel
and into the lumen, strangulating the su-
ture will cause the intestinal contents to
leak. The suture should be tied with no
more tension than is needed to approxi-
mate both intestinal walls.

5) Avoid using the electrocoagulator for
transecting the bowel. According to Kott and
Lurie, when the bowel is transected with
the electrocautery device, especially if the
device is set for coagulating current, the
tissue trauma thus induced prolongs the
lag period that precedes the development
of tensile strength in the healing anasto-
mosis.

6) Do not apply excessive force to the for-
ceps when manipulating the ends of the
bowel to be anastomosed. If the imprint
of forceps teeth is visible on the serosa
after the forceps has been removed, the
surgeon obviously has compressed the tis-
sue with too much force. When a curved
needle is used, the needle must be passed
through the tissue with a rotatory motion
to.minimize trauma. As discussed in detail
in Appendix B, it does not matter whether
an intestinal anastomosis is constructed
with one or two layers or whether a sta-
pling method is used, as long as proper
technique is employed.

7) Before constructing stapled intestinal
anastomoses, learn the pitfalls, both technical
and conceptual, of the method. Study the
strategy of avoiding the complications of
surgical stapling (see Chap. 4). We have
published a report demonstrating that
when done by those who have learned the
technique, stapled anastomoses are no
more prone to complications than are
sewn anastomoses. This is surprising, con-
sidering that many stapled anastomoses
are, in part, of the everting type, which
most surgeons believe is not conducive to
optimal healing in the sutured anastomo-
sis.

8) Some errors often are made by
residents who are learning the art of
anastomotic suturing. One is inserting the
outer layer of seromuscular sutures with
the collapsed bowel resting on a flat sur-
face. An even worse error consists in put-
ting the left index finger underneath the
back of the anastomosis while inserting the
anterior seromuscular sutures. Both er-
rors make it possible to pass the seromus-
cular suture through the bowel lumen and
then to catch a portion of the posterior
wall. When the sutures are tied, an ob-
struction is created. While some of these
sutures may later tear out of the back wall
in response to peristalsis, others may re-
main permanently in place and produce
a stenosis. In order to prevent this com-
plication, simply have the assistant grasp
the tails of those anastomotic sutures that have
already been tied. Skyward traction on these
sutures keeps the lumen of the anasto-
mosis wide open while the surgeon inserts
additional sutures.

9) Another error consists in inserting
anastomotic sutures while the bowel is un-
der linear tension. This stretches the bowel
wall so that it becomes relatively thin, mak-
ing it difficult to enclose a substantial bite
of tissue in the suture. A sufficient length of
the intestine, proximal and distal, should be
loosely placed in the operative field. After the
first seromuscular bite has been taken, the
needle is then ready to be reinserted into
the wall of the opposite segment of intes-
tine. At this time it is often helpful to use
forceps to elevate the distal bowel at a
point 3—4 cm distal to the anastomosis.
Elevation relaxes this segment of the bowel
and permits the suture to catch a substan-
tial bite of tissue, including the submu-
cosa. Each bite should encompass about 5
mm of tissue. These stitches should be
placed about 5 mm from each other.
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Contraindications to Anastomosis

Because of the excellent blood supply
and substantial submucosal strength of the
small bowel, anastomoses are often suc-
cessful even in the presence of such ad-
verse circumstances as intestinal obstruc-
tion and gross contamination of the
abdominal cavity. Consequently, the only
major contraindications to a primary small
bowel anastomosis are peritoneal sepsis,
questionable blood supply, or a patient
whose condition on the operating table is
precarious. In these cases both ends of the
divided small bowel may be brought to the
skin as temporary enterostomies.

Fig. 21-1

Operative Technique: Small
Bowel Anastomosis by Suturing

Incision

For the best exposure of the small
bowel, use a midline vertical incision.

Division of Mesentery

Expose the segment of intestine to be
resected by laying it flat on a moist gauze
pad on the abdominal wall. With a scalpel
make a V-type incision in the mesentery
to be removed, carrying it through the su-
perficial peritoneal layer only, in order to
expose the underlying blood vessels (Fig.
21-1). Apply medium-size hemostats in
pairs to the intervening tissue. Divide the
tissue between hemostats and ligate each
with 2-0 cotton. After the wedge of mes-

241



242

Small Bowel Resection and Anastomosis

entery has been completely freed, apply
Allen clamps to the bowel on the specimen
sides. Apply linen-shod Doyen noncrush-
ing intestinal clamps proximal and distal
to prevent spillage of intestinal contents.
Remove the diseased segment of intestine
by scalpel division.

Open Two-Layer Anastomosis

Considerable manipulative trauma to
the bowel wall can be eliminated if the an-
terior seromuscular layer of sutures is the
first layer to be inserted. This should be
done by the technique of successive bisec-
tion (see Appendix B). First, insert a Lem-

Fig. 21-3a

bert 4-0 cotton atraumatic seromuscular
suture on the antimesenteric border. Then
insert the second suture on the mesenteric
border, (Fig. 21-2). Tie both sutures.
Next, bisect the distance between these
two sutures and insert and tie the third
Lembert suture at this point. Follow this
sequence until the anterior seromuscular
layer has been completed (Fig. 21-3a).
Retain the two end sutures as guys, but cut
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Fig. 21-3c¢ % l\
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Fig. 21-4

Fig. 21-5

the tails of all the remaining sutures. The
bowel should then be rotated by passing guy su-
ture A behind the anastomosis (Fig. 21-3b) so
that the posterior layer is on top (Fig.
21-3c).

Fig. 21-6

Accomplish closure of the mucosal
layer with 4-0 chromic catgut, preferably
double-armed with straight needles. Insert
the two needles at the midpoint of the
deep layer (Fig. 21-4). Tie the suture and
close the posterior layer, which should in-
clude both mucosa and a bit of seromus-
cular tissue, with a continuous locked su-
ture (Figs. 21-5, 21-6, and 21-7). Turning
in the corners with this technique is sim-
ple. Bring the needle from inside out
through the outer wall of the intestine
(Fig. 21-8). Then complete the final mu-
cosal layer, using either the Connell tech-
nique or a continuous Cushing suture
(Fig. 21-9). After this mucosal layer has
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been completed, insert the final seromus-
cular layer of interrupted 4-0 Lemberts
(Fig. 21-10). The technique of successive
bisection is not necessary in the final layer
because the two segments of bowel are al-
ready in accurate apposition.

After all the suture tails have been
cut, inspect carefully for imperfections in
the suture line, especially at the mesenteric
margin. Test the patency of the lumen by
invaginating one wall of the intestine
through the anastomosis with the tip of
the index finger.

Fig. 21-7
Open One-Layer Anastomosis

The first step in constructing an end-
to-end anastomosis in one layer is identical
with Figs. 21-2 and 21-3a. Insert inter-
rupted Lemberts on the anterior sero-
muscular layer. Cut the tails of all the su-
tures except the two at the end, and rotate
the bowel to expose the opposite, unsu-
tured bowel (see Figs. 21-3b and 21-3c).
Approximate this too with interrupted
4-0 cotton seromuscular Lembert sutures,
paying special attention to the mesenteric
border, where fat and blood vessels may
hide the seromuscular tissue from view if
the dissection has not been thorough.

After the anastomosis is completed,
check it closely for defects. Test the size of
the lumen by invaginating the wall with a
fingertip.

Fig. 21-8

Fig. 21-10
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Alternatively, instead of Lemberts,
“seromucosal” stitches may be inserted
(Fig. 21-11). This suture enters the sero-
muscular layer and like the Lembert pen-
etrates the submucosa, but instead of
emerging from the serosa the needle
emerges just beyond the junction of the
cut edge of the serosa and underlying mu-
cosa. This stitch has the advantage of in-
verting a smaller cuff of tissue than does
the Lembert or Cushing technique and
may therefore be useful when the small
bowel lumen is small. When inserted
properly the seromucosal suture does in-
vert the mucosa, but not to the extent that
the Lembert stitch does.

Closure of Mesentery

Close the defect in the mesentery by
a continuous suture of 2—-0 PG on a large,
intestinal-type needle. Take care not to
pierce the blood vessels.

Operative Technique: Small
Bowel Anastomosis Using
Stapling Technique

In our experience, the most efficient
method of stapling the small bowel is a
two-step functional end-to-end technique
which we have developed. This requires
the two open-ended segments of the small
bowel to be positioned so that their anti-
mesenteric borders are in apposition. In-
sert a GIA stapling device, one fork into
the proximal and the other fork into the
distal segment of the intestine (Fig. 21-12).
Fire the GIA instrument, which will form
one layer of the anastomosis in an invert-
ing fashion (Fig. 21-13). Apply one Allis
to the left-handed termination of the sta-
ple line and the other Allis to the right-
handed termination. Then draw the two
Allises apart (Figs. 21-14 and 21-15).
Close the remaining defect in the anasto-
mosis in an everting fashion after applying
4-5 Allises to maintain apposition of the
walls of the proximal and distal segments
of bowel (Fig. 21-16).
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Fig. 21-12
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Fig. 21-18
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Fig. 21-14

After all the Allis clamps have been
aligned, staple the bowel in eversion by
applying a TA-90 device just deep to the
Allis clamps. Insert and tighten the align-
ment pin, tighten the wing nut until the
two black bands overlap, and fire the de-
vice (Fig. 21-16). To be sure there are no
gaps in the closure it is essential that the
line of staples cross both the right-handed

Fig. 21-16

and left-handed terminations of the GIA
staple line. Generally, staples of 3.5 mm
size should be used unless the bowel wall
is very thick, in which case 4.8 mm staples
are preferable. Excise the redundant bowel
flush with the stapling device, using Mayo
scissors. Lightly electrocoagulate the
everted mucosa.
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Carefully inspect the staple line to be
sure each staple has formed a proper B.
Bleeding may be controlled by conserva-
tive electrocoagulation or by using 4-0
atraumatic PG sutures.

Close the defect in the mesentery
with a continuous 2—0 atraumatic PG su-
ture. If feasible, cover the everted mucosa
by the mesenteric suture line to minimize
the possibility of it becoming a nidus of
adhesion formation.

Whether the anastomosis is sutured
or stapled, it is advisable to cover it with
a layer of omentum, whenever possible, to
prevent adhesions.

Postoperative Care

Administer nasogastric suction until bowel
function resumes, as indicated by the pas-
sage of flatus.

Complications

Although it is quite uncommon for the
patient to develop complications following
a small bowel anastomosis, postoperative
obstruction does occasionally occur. Anas-
tomotic leaks accompanied by intraperi-
toneal sepsis or enterocutaneous fistula
are rare except after resection in the face
of sepsis or when mesenteric circulation is
impaired.
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Enterolysis for Intestinal Obstruction

Indications

Enterolysis is indicated in acute cases of
complete small bowel obstruction.

Concept: When to Operate?

Despite long years of experience, in cases
of acute small bowel obstruction a surgeon
often can not determine preoperatively
whether strangulation has taken place.
Numerous retrospective studies confirm
this fact. There is more risk in overlooking
strangulation of the intestine than there is
in possibly performing an unnecessary op-
eration on a patient who might have been
salvaged by successful long-tube suction.
Consequently, most surgeons feel that a
patient suffering a recent onset of acute
complete intestinal obstruction, confirmed
by flat X rays of the abdomen, should be
operated upon as soon as rehydration has
taken place. When strangulation is sus-
pected, rapid resuscitation may be accom-
plished within 1 hour and continued in
the operating room with appropriate
monitoring.

Many surgeons are willing to attempt
conservative treatment for a longer period
of time in the postoperative patient in the
belief that the adhesions are fibrinous and
may be disrupted by the passage of a long
intestinal tube. Another common expla-
nation of postoperative obstructions is to
call them paralytic ileus. In most opera-
tions, after the seventh postoperative day
the persistence of ileus, as manifested by

intestinal distention and failure of the pa-
tient to pass stool or flatus, is probably the
result of anastomotic obstruction or some
intraperitoneal pathology such as hema-
toma or sepsis. An internal hernia of the
small intestine through a pelvic suture line
following abdominoperineal resection or
abdominal hysterectomy is another com-
mon cause of this clinical complex. For
these reasons, even in the postoperative
patient conservative treatment should be
limited to a fixed number of days. If no
response is forthcoming, relaparotomy is
safer than continued persistence in con-
servative management.

Preoperative Preparation
Nasogastric or long-tube suction should be

instituted before the operation.

Pitfalls and Danger Points

Inadvertent laceration and spillage of the
contents of the intestine is a hazard of this
procedure.
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Operative Strategy

Approach to Densely Adherent
Abdomen

While the contents of the normal
small intestine may be sterile, in intestinal
obstruction the stagnation of bowel con-
tent often results in an accumulation of
virulent bacteria and toxic products. When
these are spilled in the peritoneal cavity,
the likelihood of postoperative mortality
and infection increases. To avoid this mis-
hap, dissection should be done carefully
and patiently.

The basic dissection strategy consists
of entering the abdominal cavity through
a scar-free area. Even though an old mid-
line scar is frequently used to reenter an
abdomen to relieve an obstruction, it is
advantageous to make some part of the
incision through an area of the abdomen
above or below the old scar. Access to the
peritoneal cavity through an unscarred
area often gives the surgeon an opportu-
nity to assess the location of adhesions in
the vicinity of the anticipated incision.
After the free abdominal cavity is entered
and any adherent segments of intestine
freed, the remainder of the incision should
be carefully opened. If the earlier incision
was closed with wire sutures, the electro-
cautery device, set on a mild cutting cur-
rent, should be used to incise the linea alba
until the wires are identified, cut, and re-
moved. The electrocautery is more etfi-
cient than cold-steel scalpel blades, which
become dull each time they strike a wire
and must be changed frequently.

The next aspect of the strategy em-
ployed to free a densely adherent abdo-
men is to attach Kocher clamps to the per-
itoneum and linea alba on one side of the
incision. After the clamps are elevated, a
Metzenbaum scissors can generally be in-
sinuated behind the various layers of avas-
cular adhesions to incise them (see Fig.
22-1). If the left index finger can be
passed around a loop of bowel adherent
to the abdominal wall, this will help guide
the dissection. The aim is to free all the

intestine from the anterior and lateral ab-
dominal wall, first on one side of the in-
cision and then on the opposite, so the an-
terior and lateral layers of parietal
peritoneum are completely free of intes-
tinal attachments (see Fig. 22-2).

Once the intestine has been freed,
trace a normal-looking segment to the
nearest adhesion. If possible, insert an in-
dex finger into the leaves of mesentery
separating the two adherent limbs of the
intestine. By gently bringing the index fin-
ger up between the leaves of mesentery,
often the adherent layer can be stretched
into a fine, filmy membrane, which is easily
divided with a scissors (see Fig. 22-3). In
general, the strategy is to insinuate either
the left index finger or the closed blunt-
tipped curved Metzenbaum scissors be-
neath an adhesion to delineate the plane,
then to withdraw the closed scissors and
to cut the fibrous layer. A guiding princi-
ple should be to perform the easy dissection
first. If this principle always is followed, the
difficult portion of a dissection will be-
come easy. Avoid tackling a dense adher-
ent mass head on; if the loops of intestine
going to and coming from the adherent
mass are dissected on their way in and on
their way out of the mass of adhesions, a
sometimes confusing collection of intes-
tine can be easily untangled.

In the case of an acute small bowel
obstruction, frequently there are only one
or two adhesions and a markedly dis-
tended proximal bowel. When this occurs,
be careful not to permit the distended
bowel to leap out of a small portion of the
incision, as it may be torn inadvertently in
the process. If possible, first deliver the
collapsed bowel (distal to the point of ob-
struction) and then trace it retrograde up
to the point of obstruction. The adhesion
can then be divided under direct vision
and the entire bowel freed.



Relaparotomy for Postoperative
Obstruction

To reexplore the postoperative ab-
domen we most often reenter the same in-
cision, usually in the midline. Since most
relaparotomy operations are done after
the eighth to tenth postoperative day,
some sharp dissection may be necessary to
enter the abdomen.

To divide adhesions in these cases,
many of the loops of bowel can be sepa-
rated by inserting the index finger be-
tween the leaves of adjoining mesentery.
By elevating the finger, the adhesion can
be stretched between the bowel segments.
Often the adhesion may be disrupted by
pinching it gently between the thumb and
index finger without damaging the serosa
of the bowel.

When multiple abscesses between the
leaves of mesentery contribute to the bowel
obstruction, it is best to excise each abscess
by gently peeling off its fibrinous walls
from the mesentery and serosa, aided by
copious irrigation with warm saline, ac-
cording to the technique described by
Hudspeth. This is feasible, if the dissec-
tion is done patiently, in most cases in
which the diagnosis has not been delayed
so long that the abscess walls have become
fibrotic.

Operative Intestinal
Decompression

If the diameter of the small bowel ap-
pears to be so distended that closing the
incision would be difficult, operative de-
compression of the bowel will make the
abdominal closure simpler and may im-
prove the patient’s postoperative course.
Decompression may also lessen the risk of
inadvertent laceration of the tensely dis-
tended intestine.

For this procedure we prefer to use
the Baker intestinal tube. This is essen-
tially a plastic Foley catheter, 270 cm long,
with a 5 ml balloon at its tip. It may be
passed through the patient’s nose by the
anesthesiologist or introduced by the sur-

Operative Technique

geon through a Stamm gastrostomy. It is
then passed through the pylorus with the
balloon deflated. The balloon is partially
inflated and the tube milked around the
duodenum to the ligament of Treitz and
then down the small intestine. Meanwhile,
intermittent suction should be applied for
the aspiration of gas and intestinal con-
tent. Caution should be exercised in milk-
ing the tube through the intestine, as the
distended bowel has impaired tensile
strength and can easily be torn. In patients
who have relatively few adhesions, the
Baker tube may be removed at the conclu-
sion of the decompression and a nasogas-
tric tube substituted for postoperative suc-
tion. In patients who have extensive serosal
damage due to universal adhesions, it may
be desirable to perform a stitchless plica-
tion by leaving the Baker tube in place for
10-14 days.

Management of Serosal Damage

Small areas of intestine from which
the serosa has been avulsed by dissection
require no sutures for repair if the sub-
mucosa has remained intact. This is evi-
dent in areas where some remnants of
muscle fibers remain. Otherwise, when
only thin mucosa bulges out and the mu-
cosa is so transparent that bubbles of fluid
can be seen through it, the damage is ex-
tensive enough to require inversion of the
area with several interrupted 4-0 cotton
Lembert sutures.

Operative Technique

Incision and Bowel Mobilization

A long midline incision is preferable.
If the site has an earlier incision, start the
new incision 3—5 cm cephalad to the upper
margin of the old incision so that the ab-
domen can be entered through virgin ter-
ritory. Carry the skin incision through the
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middle of the old scar and down to the
linea alba. After opening the upper por-
tion of the incision, identify the peritoneal
cavity, then carefully incise the remainder
of the scar. At the same time dissect away
any adherent segments of underlying in-
testine (Fig. 22-1).

Divide adhesions by the method de-
scribed above in “Operative Strategy,” un-
til the entire anterior and lateral portion
of the abdominal wall and parietal peri-
toneum are free of underlying adhesions

(see Fig. 22-2). Thereupon, free the re-
mainder of the bowel of adhesions, from
the ligament of Treitz to the ileocaecal
valve. Accomplish this by delicate Metz-
enbaum scissors dissection, alternately
sliding the scissors underneath a layer of
fibrous tissue to visualize its extent and
then cutting the adhesion. This can be

Fig. 221



Operative Technique

done more efficiently if the left index fin-
ger can be insinuated in such a way as to
circumscribe the adherent area, or if the
index finger can be brought between the
leaves of mesentery separating the adher-
ent bowel, thereby placing the adhesion
on stretch and making it visible (Fig.
? 22-3). In some cases there are adhesions

g | \ of a cartilaginous nature, especially in pa-
t‘. . — tients whose obstruction is due to multiple

| | | malignant implants. Bold scalpel incisions
{ ( should be made to divide adhesions of this

type. Again, by doing the easy dissection

first, the difficult parts will become easier.

Fig. 22-3 253
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Repair of Damage to Bowel Wall

Small areas of damage to the bowel
wall, as evidenced by the protrusion of a
thin transparent layer of mucosa, should
be repaired by interrupted 4-0 cotton
seromuscular Lembert sutures. If there
are larger areas of damage, such as a lon-
gitudinal rent, they may be repaired by
one or two layers of Lembert sutures in a
transverse manner. Extensive damage re-
quires a bowel resection with anastomosis
either by sutures or stapling.

Closure

After decompressing the bowel, re-
place it in the abdominal cavity. If there
has been any spillage, thoroughly irrigate
the abdominal cavity with large volumes
of warm saline solution followed by lavage
with a dilute antibiotic solution. Close the
abdominal wall in the usual fashion with
a modified Smead-Jones technique (see
Chap. 5).

Postoperative Care

Nasogastric or long intestinal tube
suction will be required postopera-
tively until evidence of bowel func-
tion returns, as manifested by the
passage of flatus or stool per rectum,
or active bowel sounds.

Perioperative antibiotics

Complications

Recurrent intestinal obstruction
Intestinal fistula or peritonitis

Reference
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Indications

Operations for intestinal obstruction
due to extensive adhesions, when pa-
tient has already undergone numer-
ous similar operations

Patients who suffer extensive serosal
damage following division of many
adhesions

Concept

After extensive adhesions involving most
of the small intestine have been dissected,
or the patient has undergone numerous
similar operations, it can be anticipated
that adhesions will reform after enter-
olysis. With the aim of causing these adhe-
sions to form in an orderly fashion, Noble,
and Childs and Phillips, performed a su-
ture plication of the entire small intestine
so that the bowel could not twist around
localized adhesions.

Baker has developed a technique for
accomplishing the same end by passing a
270 cm tube through a jejunostomy open-
ing down to the cecum. This decom-
presses the small bowel after enterolysis.
In addition, by leaving the tube in place
for 10 days and by arranging the bowel in
an orderly fashion (Fig. 23-1), any adhe-
sions that develop presumably will form in
a similar orderly fashion. In a series of 52
cases reported by Baker, 46 results were
excellent and only one developed a post-
operative obstruction, which responded to
suction through a long intestinal tube.

2 f)) Baker Tube Stitchless Plication

Since Baker’s is a simpler procedure, it has
largely replaced the intestinal suture-pli-
cations of the Noble or Childs type for
patients who have recurrent obstructions
due to adhesions.

Preoperative Preparation

Nasogastric or long-tube suction should be
administered to the patient before the op-
eration.

Pitfalls and Danger Points

Trauma to the bowel while passing the
Baker tube is a hazard of this procedure.

Operative Strategy

The 18F Baker tube, 270 cm long with a
5 ml bag at its tip, should be passed either
through a jejunostomy or a gastrostomy.
Of the two routes, the gastrostomy has far
fewer postoperative complications than
the jejunostomy and is the much pre-
ferred method. A gastrostomy of the
Stamm type should be used (see Figs. 17-1
through 17-5). It is not advisable to pass
the tube by the nasogastric route, as the
tube must remain in place for at least 10
days. Also, in some cases a second naso-
gastric tube may be required to decom-
press the stomach postoperatively.
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Fig. 23-1

If the stomach or the duodenum has been
the site of a previous operation that would
impede construction of a gastrostomy,
then pass the Baker tube retrograde
through a cecostomy up to the jejunum.
This route too is safer than is the jejunos-
tomy as the jejunostomy sometimes leaks
or causes intestinal obstruction after the
Baker tube is removed.

Operative Technique

Enterolysis of the entire small bowel should
be performed as the first step of this op-
eration. Pass the sterile tube through a
puncture wound in the abdominal wall
and then into a gastrostomy. Then pass it
through the pylorus and partially inflate
the balloon. By milking the balloon along
the intestinal tract the tube may be drawn
through the entire length of the intestine.

Supply intermittent suction to the tube to
evacuate gas and intestinal content. Pass
the balloon through the ileocecal valve,
where it should be inflated to 5 ml.
Distribute the length of the intestine
evenly over the length of the tube. Then
arrange the intestine in the shape of mul-
tiple S’s. Complete the Stamm gastrostomy
by suturing the stomach to the anterior
abdominal wall in the vicinity of the stab
wound. Irrigate the peritoneal cavity with
a dilute antibiotic solution and close the
abdomen in the usual fashion. If there has
been any spillage of bowel content during
the dissection, if gangrenous bowel has
been resected, or if an enterotomy has
been performed for intestinal decompres-
sion, the skin incision should not be closed
primarily. Stewardson et al. have pointed



out that over 50% of the patients they
treated who had these conditions devel-
oped wound infections. An alternative way
of preventing wound infections is Mc-
Ilrath’s method of inserting a closed suc-
tion subcutaneous catheter (see Fig. 2-3)
and injecting antibiotics into the catheter
postoperatively.

When local factors contraindicate a
gastrostomy, pass the Baker tube through
a stab wound near McBurney’s point.
Then construct a cecostomy by the Stamm
technique. Insert a purse-string suture us-
ing 3-0 PG in a portion of the cecum that
is near the stab wound. Make a puncture
wound in the center of the purse-string,
insert the Baker tube, and hold the purse-
string taut. To pass the Baker tube through
the ileocecal valve, make a 3—4 mm punc-
ture wound in the distal ileum. Then in-
sert a Kelly hemostat into the wound and
pass the hemostat into the cecum. Grasp
the Baker tube with the hemostat and
draw the tube into the ileum. Close the
puncture wound with sutures or staples.

Inflate the balloon of the Baker tube
and milk the balloon in a cephalad direc-
tion until the tip of the Baker tube has
reached a location proximal to the point
of obstruction and to any area of bowel
that has suffered serosal damage. Suction
all the bowel contents through the Baker
tube and deflate the balloon.

Insert a second 3-0 PG purse-string
suture inverting the first purse-string. Then
suture the cecostomy to the abdominal
wall with one 3-0 PG suture in each quad-
rant surrounding the abdominal stab
wound.

References

Postoperative Care

Deflate the balloon at the end of the Baker
tube on the second postoperative day.
However, leave the tube in place for at
least 10 days if a stitchless plication is to
be achieved. Some surgeons believe that
the tube should be left in place from
14-21 days following the operation. An
additional nasogastric tube for suction
may be required for several days. The pa-
tient should be permitted to eat when evi-
dence of bowel function returns, at which
time the Baker tube suction can be discon-
tinued.

Antibiotics should be given postop-
eratively to patients who have had intra-
operative spill of intestinal contents.

Postoperative Complications

Wound infection
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Appendectomy

Indications

Acute appendicitis

Interval appendectomy following
conservative treatment of appendi-
ceal abscess

Mucocoele of appendix

Adenocarcinoma and carcinoid of
appendix may require right colon re-
section in addition to appendectomy,
especially if there is suspicion of me-
tastases in lymph nodes

Concept

Probably 85% of the time acute appendi-
citis is the result of a closed-loop obstruc-
tion generally secondary to an appendiceal
fecalith. The base of the appendix, which
is proximal to the obstructing fecalith,
usually is fairly healthy even in the pres-
ence of advanced inflammation or even if
the remainder of the organ is gangrenous.
This makes ligature or inversion of the
appendiceal stump a safe procedure.
There has been a decline in the inci-
dence of acute appendicitis in the United
States during the past two decades, while
the accuracy of the diagnosis has in-

creased. In good hospitals less than 15%
of all appendectomies done are cases in
which histological finding is of a normal
appendix. Accuracy of diagnosis can be
increased if in all doubtful cases the sur-
geon rechecks the physical findings every
4-8 hours. Frequently, by the end of 24
hours the presence or absence of acute
appendicitis is clarified, at minimal risk to
the patient. The most difficult diagnosis is
of young women, in whom disease of the
pelvic organs can be a source of confusion.

Whether an immediate operation is
indicated in a patient who first presents
with an appendiceal abscess in the right
lower quadrant remains a matter of con-
troversy. If the signs are well localized and
the patient shows improvement with an-
tibiotic therapy, conservative management
will probably prove successful. In this case
an interval appendectomy should be done
in 6 weeks. If there is any progression in
the abdominal findings or in the patient’s
toxicity, prompt laparotomy should be
done to drain the abscess.

In cases of spreading peritonitis sec-
ondary to a feeding focus at the appendix,
it may be necessary to perform an emer-
gency ileocecal resection.

Preoperative Preparation

Intravenous fluids
Perioperative antibiotics
Nasogastric tube if ileus is present
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Pitfalls and Danger Points

Inadvertent laceration of inflamed
cecum during blunt dissection

Inadequate control of blood vessels in
edematous mesoappendix

Operative Strategy

Incision

When classic signs of acute appendi-
citis present themselves, the McBurney in-
cision is an appropriate one. Because this
procedure splits the muscles along the
lines of their fibers, each in a somewhat
different direction, the healed scar is usu-
ally quite strong and the cosmetic result
good. For most cases the incision proves
to be centered over the base of the appen-
dix. If the exposure is inadequate, the in-
cision may be carried in a medial direction
by dividing the rectus sheath. If necessary
the right rectus muscle itself may be tran-
sected for the exposure of the pelvic or-
gans.

If it is obvious that even with an ex-
tension the exposure will be inadequate,
a new vertical incision should be made,
suitable to the pathology, and the Mc-
Burney incision closed.

The McBurney incision is contrain-
dicated for young women in whom the
diagnosis is not clear-cut. Either a midline
or paramedian incision should be made.

Management of Appendiceal
Stump

After the appendix has been re-
moved, the stump may be managed either
by simple ligation or by inversion with a
purse-string suture around its base. There
does not appear to be any proof of the
superiority of either method, although

one would suspect that a purse-string in-
version might produce fewer adhesions
than a simple ligation, which permits ev-
ersion of a bit of the mucosa. Inversion is
preferable in simple cases, but if the area
is quite edematous, making inversion dif-
ficult, simple ligation is preferable.

Indication for Drainage

The presence of inflammation or
even of free pus due to a perforated ap-
pendix is not an indication for external
drainage. The abdominal wall should be
closed without drainage after thorough ir-
rigation of the abdominal cavity and pel-
vis. In cases of perforated appendix, to
avoid wound sepsis the surgeon should
leave the skin wound open for secondary
closure at a later date. If an abscess with
rigid walls is encountered, then it may be
indicated to insert a drain through a stab
wound in the abdominal wall.

Operative Technique

Incision

Draw an imaginary line from the
right anterior superior iliac spine to the
umbilicus. At a point 3—4 ¢cm medial to the
anterior spine, draw a perpendicular to
this line (Fig. 24-1). This is the general
direction of the McBurney skin incision.
About one-third of the incision should be
above the imaginary line between the iliac
spine and umbilicus and two-thirds below
this line. The average length of this inci-
sion is 6 cm.



Operative Technique
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Fig. 24-2

Fig. 24-3

Make an incision identical to that in
the skin in the external oblique aponeu-
rosis, along the line of its fibers (Fig.
24-2). After this incision has been initi-

ated with a scalpel and extended with a
Metzenbaum scissors, elevate the medial
and lateral leaves of the external oblique
from the underlying muscle, and separate
them between retractors (Fig. 24-3).



Fig. 24—4

Note now that the internal oblique
muscle, which is fairly thick, and the trans-
versus muscle, which is deep to the inter-
nal oblique, run in a transverse direction.
Make an incision just below the level of the
anterior superior iliac spine into the thin
fascia of the internal oblique muscle. Then
insert a Kelly hemostat to separate the
muscle fibers of the internal oblique and
underlying transversus muscle (Fig. 24-3).
Using either two Kelly hemostats or both
index fingers, enlarge this incision suffi-
ciently to insert small Richardson retrac-
tors (Fig. 24-4).

Operative Technique

By electrocoagulation, obtain ade-
quate hemostasis of one or two vessels in
the internal oblique. Then note the layer
of fat that adjoins the peritoneum. By
teasing the fat off the peritoneum lateral
to the rectus muscle, a clear area of peri-
toneum can be identified. Elevate this be-
tween two hemostats and make an incision
into the peritoneal cavity (Fig. 24-5). En-
large this sufficiently to insert Richardson
retractors. Then explore the region.

For additional exposure in a medial
direction when, for example, it is neces-
sary to identify a woman’s pelvic organs,
a medial extension of about 2 cm can be
made across the anterior rectus sheath.
Following this, a similar division of the
posterior sheath can be carried out and
the rectus muscle retracted medially.
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Fig. 24-5

When the lateral extremity of the
McBurney incision must be extended, the
surgeon has two choices: 1) Close the
McBurney incision and make a separate
vertical incision of adequate length for ex-
posure. 2) If only a few centimeters of ad-
ditional exposure are needed, the oblique
and transverse muscles may be deliber-
ately divided with the electrocautery in a
cephalad direction along the lateral por-
tion of the abdominal wall. Be aware that
if this vertical extension along the lateral
abdominal wall is continued for more than
4-5 cm, two or more intercostal nerves are
likely to be divided, resulting in muscular
weakness of the lower abdomen. If a 4-5
cm extension of the incision is closed care-
fully, generally no serious problems of
weakness or herniation will develop.

Delivery of Appendix

Insert small Richardson retractors
into the peritoneal cavity and grasp the
anterior wall of the cecum with a moist
gauze pad (Fig. 24-6). With the cecum
partially exteriorized, identify the appen-
dix. If the appendix cannot be seen, ex-
ploration with the index finger may reveal
an inflammatory mass consisting of in-
flamed appendix and mesoappendix. By
gentle digital manipulation around the
borders of this mass, it can usually be de-
livered into the incision.



Operative Technique

Fig. 24-6

If this palpatory maneuver is not suc-
cessful in locating the appendix, follow the
taenia on the anterior wall of the cecum
in a caudal direction. This leads to the
base of the appendix, which can then be
grasped in a Babcock clamp. Apply a sec-
ond Babcock clamp to the tip of the ap-
pendix and deliver it into the incision.
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Fig. 24-7

Division of Mesoappendix

If the base of the mesoappendix is
not thick it may be encompassed by a sin-
gle ligature of 2-0 PG. Otherwise, divide
the mesoappendix between serially ap-
plied hemostats, and ligate each with 2-0
or 3-0 PG until the base of the appendix
has been dissected free (Fig. 24-7).

Ligation of Appendiceal Stump

Hold the tip of the appendix in a
Babcock clamp and doubly ligate the base
with 2-0 PG or chromic catgut at a point
4-6 mm from the cecum. Apply a straight
hemostat to the appendix 1 cm distal to
the ligature. Then transect the appendix
with a scalpel 5—6 mm distal to the ligature
(Fig. 24-8) and remove the specimen. The
appendiceal stump may be cleansed with
phenol and alcohol, if desired, or the mu-
cosa of the stump may be lightly electro-
coagulated. Or nothing at all need be done
to the stump except to return it to the ab-
dominal cavity (Fig. 24-9).



Operative Technique

Fig. 24-9
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Fig. 24-10

Inversion of Appendiceal Stump

To invert the stump, insert a purse-
string suture around the base of the ap-
pendix, using 3—0 PG or silk on an atrau-
matic needle. The radius of this purse-
string should exceed the anticipated length
of the appendiceal stump (Fig. 24-10).

Apply a small straight hemostat to the base
of the appendix at a point 5-6 mm from
the cecum. Apply a second hemostat 1 cm
distal to the first. Using a scalpel, transect
the appendix just distal to the first he-
mostat (Fig. 24-11), which should now be
used to invert the sump into the previ-
ously placed purse-string suture (Fig.
24-12). As the first knot is being tied,
gradually withdraw the hemostat, thus
completing the purse-string tie. The single
suture should be sufficient; if there is
some doubt of its adequacy, it may be rein-
forced with a figure-of-eight suture of the
same material.



Operative Technique

Fig. 2411

Fig. 24-12
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Fig. 24-13

Closure of Incision

Irrigate the right lower quadrant and
pelvis with a dilute antibiotic solution.
Then apply four hemostats to the cut ends
of the peritoneum. Close the peritoneum
with continuous 3-0 atraumatic PG suture
(Fig. 24-13). Close the internal oblique
and transversus muscles as a single layer
with interrupted sutures of 2—-0 PG tied
loosely (Fig. 24-14). Close the external
oblique aponeurosis with either continu-
ous or interrupted sutures of 2—0 PG (Fig.
24-15).

If intraperitoneal pus or a gangre-
nous appendix is present, no attempt
should be made at primary closure of the
skin incision. Rather, a few vertical mat-
tress sutures of 4-0 nylon may be inserted
but not tied. Insert just enough gauze into
the incision to keep the skin edges sepa-
rated. :
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Fig. 24-15

Postoperative Care

In the absence of pus or perforation, post-
operative antibiotics need not be admin-
istered beyond the perioperative period
(24 hours). Otherwise, appropriate sys-
temic antibiotics are indicated.

Most patients recover rapidly follow-
ing an appendectomy. They usually do
not require nasogastric suction or intra-
venous fluid for more than 1 day.

If the skin wound has been packed
open, the packing should be changed
daily. If the area is clean, the previously
placed skin sutures may be tied after the
fourth postoperative day.

Complications

Postoperative sepsis, either in the form of
peritonitis or a pelvic abscess, is the most
serious postoperative complication of an
appendectomy. If the patient’s tempera-
ture is elevated after the fourth or fifth

Complications

postoperative day, a rectal or pelvic ex-
amination should be performed daily to
try to detect a pelvic abscess. Often this
can be discovered when the tip of the ex-
amining finger feels a fluctuant and tender
mass pressing on the anterior wall of the
rectum. If the abscess has progressed on
antibiotic therapy, incision and drainage
should be performed with general anes-
thesia. To do so, dilate the anus; then pass
a needle into the palpable mass. Aspira-
tion should reveal pus just deep to the rec-
tal wall. If pus is found, insert a hemostat
along the needle tract to make a 1-2 cm
drainage opening.

Wound infection following an appen-
dectomy for a perforated appendicitis is
another cause of fever. This may be pre-
vented by delaying closure of the skin.
Otherwise, when a wound abscess is de-
tected, the overlying skin must be opened
for drainage.

Intestinal obstruction due to adhe-
sions occasionally occurs in the postoper-
ative period, especially when there is some
degree of peritonitis. Early relaparotomy
1s indicated for a complete obstruction.
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Resection of the colon is performed in
such conditions as carcinoma, diverticuli-
tis, inflammatory bowel disease, ischemic
colitis, volvulus, polyposis, arteriovenous
malformation, and trauma. The nature of
the dissection and the extent of the colec-
tomy will vary with the pathology. The
principles of performing an anastomosis
of the colon remain constant.

Concept: Principles of
Successful Colon Anastomosis

According to Schrock et al., if during an
elective operation two segments of well-
prepared, healthy colon are properly
anastomosed, and infection and other ad-
verse factors are not present, 98% of all
cases can be expected to heal without clin-
ical leakage. A number of technical re-
quirements must be met, however, before
this level of excellence can be reached.

Blood Supply

The end of each segment of colon
should have demonstrable pulsatile arte-
rial blood flow in the mesentery at the cut
edge of the bowel. It is a valuable routine
to make an incision in one of the small
end-arteries near the point at which the
colon is transected to determine if this is
indeed so. An intramural hematoma at the
anastomosis or a hematoma in the adja-
cent mesentery may impair blood flow.
Generally, this impairment requires re-re-
section of the involved bowel or mesen-
tery.

Suturing

Although it probably does not matter
whether the anastomosis is constructed
with one or two layers of sutures, it is es-
sential that seromuscular apposition be ac-
curate. There should be no blood clot or
interposition of globs of fat between these
two layers. This requires that a 1 cm cuff
of serosa be completely cleared of fat,
mesentery, and epoploic appendices. Most
leaks in anastomoses occur on the mesenteric
side of the bowel, where there is greater dif-
ficulty in clearing off fat and blood vessels.
Special attention should be devoted to ac-
complishing an accurate inversion of the
bowel at this place. Submucosa must be
included in each suture. Seromuscular su-
tures should not be tied with excessive
force, as this may bring on strangulation
necrosis.

Tension

Enough colon should be liberated
from the surrounding ligaments and
omentum to guarantee that there will be
no linear tension on the anastomosis dur-
ing the healing process. Remember: In the
postoperative period the colon will distend
and thus become shorter. Consequently,
any tension on the anastomosis at the time
of the operation will be increased during
the next 5-7 days and may produce dis-
ruption.



Perianastomotic Hematoma

The accumulation of blood or serum
in the vicinity of an anastomosis, especially
in the pelvis, 1s an invitation to localized
sepsis, for absolute sterility of the colon’s
lumen is not possible. Many leaks from
anastomoses in the pelvis occur when an
abscess from an infected hematoma erodes
into the lumen of the rectum. Prevention
requires good hemostasis as well as post-
operative suction-drainage of the pre-
sacral space.

Dead Space

If the surgeon closes the pelvic peri-
toneum proximal to a colorectal anasto-
mosis in the pelvis, considerable dead
space may be left in the vicinity of the co-
lorectal anastomosis. This dead space is
conducive to anastomotic leakage. Anas-
tomoses are more certain to heal when
they are surrounded by adjacent viable tis-
sue, such as small bowel or omentum. Con-
sequently, it is wise to leave the pelvic per-
itoneum unsutured after performing
colorectal anastomosis. This allows the
small bowel to help eliminate the dead
space. Another way to eliminate dead
space is to liberate omentum and bring it
into the pelvis. In addition, enough prox-
imal colon should be liberated to permit
the hollow of the sacrum to be occupied
by redundant descending colon, thereby
helping to eliminate dead space.

Drainage

There appears to be no advantage in
draining an anastomosis in the intraperi-
toneal space. On the other hand, it is very
important to use closed-suction drains in
the presacral space to evacuate serum and
blood from the pelvic cavity. Leakage
from low colorectal anastomoses is often
caused by an infected presacral hema-
toma. Suction catheters can be kept open
for an indefinite period if 50 ml of an an-
tibiotic solution are instilled every 6 hours.

Conditions Conducive to Anastomotic Leakage

Omental Wrap

Some authorities believe that wrap-
ping an anastomosis with omentum is im-
portant to prevent leakage. While we use
this technique when the omentum is easily
available, we do not perform elaborate
omentum-lengthening maneuvers to ac-
complish an omental wrap. A properly
constructed anastomosis does not require
the contiguity of the omentum to heal
without leaking.

Conditions Conducive to
Anastomotic Leakage

(The figures given in this section are taken
from the extensive statistical study by
Schrock et al. of clinical leakage following
anastomoses of the colon.)

Sepsis

The presence of infection in the vi-
cinity of colon anastomoses had long been
believed to increase the incidence of leak-
age. Schrock et al. found that “Peritonitis,
abscess, or fistula strongly favored leakage
regardless of the segment anastomosed.”
The clinical leak rate in 909 intraperito-
neal ileocolonic or colocolonic anasto-
moses, performed in the absence of intra-
abdominal infection, was 2.4%—-3.1%. When
infection was present, 6.9% of 87 ileoco-
lonic anastomoses leaked and 12.1% of 58
colocolonic anastomoses disrupted. The
figures are equally striking for extraperi-
toneal coloproctostomy: In the absence of
infection 7.9% of 329 anastomoses leaked,
and 20.5% of 39 anastomoses disrupted if
infection was encountered during the op-
eration. In summary, when infection was en-
countered during the operation, there was an
increase of 150%—500% in the incidence of
postoperative leakage of anastomoses.
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Although this result is less marked in
ileocolonic anastomoses, even here the
surgeon should be cautious about electing
to perform a primary ileocolostomy in the
presence of serious abdominal sepsis.

Shock, Major Hemorrhage

Diminution of systolic blood pressure
by more than 50 mm Hg below the base
line for 15 minutes or longer during the
operation resulted in a 150% increase in
the rate of leakage. If four or more units
of blood replacement were required dur-
ing the 24-hour period following the in-
duction of anesthesia, there was a 400%
increase in the rate.

Carcinoma at the Anastomotic
Margin

Carcinoma at the margin of anasto-
moses was associated with a 20% leakage
rate compared with 4.2% for cancer op-
erations in which the margins were free of
tumor.

Preoperative Radiation Therapy

Anastomoses failed three times as
frequently in a group of 35 irradiated pa-
tients as in the remaining cases.

Segment Anastomosed

Ileocolonic and colocolonic anasto-
moses showed no significant difference in
the incidence of leakage as long as extra-
peritoneal colorectal anastomoses were ex-
cluded from the comparison. Intraperi-
toneal anastomoses of all types leaked
3.4% of the time; extraperitoneal anasto-
moses disrupted in 10.4% of the cases.

Emergency Operations

When primary anastomoses were
performed in emergency operations on
the left colon, the rate of leakage in-
creased from 3.0% to 10.8%. For colo-
proctostomies the rate went from 8.4% to
21.7%. On the other hand, in the ileoco-
lonic anastomoses the increase from 3.3%
to 5.4% was not statistically significant. It
is not clear exactly what it is about an
emergency operation that produces these
adverse results. It might logically be as-
sumed that lack of opportunity for pre-
operative cleansing of the colon plays an
important role.

In summary, it is obvious that abdom-
inal sepsis, massive hemorrhage, emer-
gency operations, and preoperative radia-
tion therapy all mitigate against primary
healing. In many cases, colon resection
should be followed by exteriorization of
the proximal segment as an end colostomy
or ileostomy and conversion of the distal
segment into a mucous fistula. This is es-
pecially valid for the left colon. Ileocolonic
anastomoses seem to tolerate some of
these adverse factors better than do the
colocolonic anastomoses. Performing a
complementary colostomy proximal to an
anastomosis did not reduce the incidence
of leakage in the anastomoses Schrock et
al. studied. However, proximal colostomy
did indeed sharply reduce the rate of fa-
talities from leakage. Details of technique,
such as open or closed, one or two layers,
or end-to-end, did not make a significant
difference in the rate of leakage in anas-
tomoses. Tube cecostomy did not signifi-
cantly reduce the mortality rate from leak-
age in anastomoses following coloproc-
tostomy.

If a good-risk patient is found to have
sepsis from a localized cecal perforation, it
is permissible to perform an ileocolonic
anastomosis following a right colectomy,
provided the two intestinal segments to be
anastomosed are free of inflammation.
Also, the anastomosis should be placed in
the upper abdomen, away from the ab-
scess. The same principle can be applied



to a resection of the sigmoid colon if there
is an intramural diverticular abscess—but
only if the pelvis, where the anastomosis
will be constructed, is clean, and if the co-
lon is not packed with feces. Where con-
tamination and inflammation are not well
localized, primary anastomoses are haz-
ardous.

Preoperative Preparation

Barium colon enema

Sigmoidoscopy or colonoscopy
Intravenous pyelogram

Blood transfusions to correct anemia
Nutritional rehabilitation if necessary

Nasogastric tube on morning of op-
eration

Insert a Foley catheter in the bladder
Perioperative systemic antibiotics

Bowel Preparation

Preoperative Day No. 3
Minimum residue diet

Bisacodyl, 1 capsule p.o. at 6:00 p.m.

Preoperative Day No. 2
Clear liquid diet

Magnesium sulfate, 30 ml 50% solu-
tion at 10:00 a.M., 2:00 p.M., and 6:00
P.M.

Enema at 7:00 p.M. and 8:00 p.M. Re-
peated if necessary until no return of
solid feces

Preoperative Day No. 1
Clear liquid diet

Magnesium sulfate, 30 ml 50% solu-
tion at 10:00 A.M. and 2:00 p.M.

Neomycin and erythromycin base, 1
g each at 1:00 p.M,, 2:00 p.M., and
11:00 p.m.

Initiate intravenous fluids 24 hours
before surgery to correct the dehy-
drating effect of bowel cleansing.

Operative Strategy: The Colon Anastomosis

Ogerative Strategy:
The Colon Anastomosis

Type of Anastomosis

No one technique of colon anasto-
mosis has been demonstrated to have any
inherent superiority over the others. What
is most important is the skill with which
the surgeon constructs the union between
the two bowel segments. The most com-
monly employed method is the two-layer
end-to-end anastomosis with interrupted
Lembert seromuscular sutures and a con-
tinuous mucosal suture. If one segment of
bowel has a diameter which is considerably
less than that of the other segment, this
may be corrected by making a so-called
Cheatle slit, which is a longitudinal inci-
sion along the antimesenteric border of
the smaller limb. This enlarges the circum-
ference and thereby equalizes the diame-
ter of the two segments. One pitfall in con-
structing the two-layer anastomosis is that
too much bowel may be turned in, thereby
producing stenosis. The diameter of the
colon should be large enough to prevent
this problem.

A second method of anastomosis is
the closed technique using one layer of su-
tures. This is often done by applying nar-
row-blade straight Dennis clamps to each
of the two cut ends of colon, or by using
the Furniss technique. One advantage of
the closed technique is that it reduces fecal
contamination. It is also more rapid to ex-
ecute than the two-layer method and min-
imizes narrowing of the lumen. The closed
technique requires greater skill and ex-
perience of the surgeon, as each stitch
must be placed with perfection when a sec-
ond reinforcing layer of sutures is omit-
ted. The closed technique also introduces
the danger that the opposite wall may be
included in one or more of the sutures,
producing an obstructed anastomosis. The
closed technique does not allow visualiza-
tion of the lumen when the sutures are
inserted. For these reasons, the technique
is not suitable for those surgeons who have
not been trained in its use. The closed
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one-layer technique is not used for anas-
tomosis in the pelvis because there is in-
adequate space to permit the placement of
straight clamps or the Furniss clamp.

A third technique is the open method
of doing the one-layer anastomosis with
interrupted seromuscular sutures.

A fourth method of anastomosis is
based on the use of surgical staples. In a
study we completed, patients who under-
went stapled anastomoses did not develop
a greater number of complications than
did patients on whom sutures were used.
There are, however, just as many pitfalls
in the use of stapling techniques as in su-
turing. In order to achieve equal results,
the surgeon must learn the details of sta-
pling techniques, just as the surgeon
learned how to sew. Stapling is by far the
most rapid method of completing an
anastomosis. Stenosis is easily prevented
by using stapling techniques. The bowel
should not be stapled when there is gross
infection, the blood supply is poor, or
there is tension on the anastomosis. Any
segment of bowel that is not fit to be sewn

should not be stapled. Stapling is espe-

cially valuable in operating upon the poor-
risk or critically ill patient, when reducing
operating time may be important.

Lembert, Cushing, or Halstead
Suture Technique

There are no solid data demonstrat-
ing an intrinsic superiority of any of these
suture techniques over the others, so the
choice depends upon personal preference,
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