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This series of mini-atlases, of which this is the fourth, is an outgrowth of Mastery of
Surgery. As the series editor, I have been involved with Mastery of Surgery since the
third edition, when I joined two greats of American surgery Lloyd Nyhus and Robert
Baker who were the editors at that time. At that time, in addition to Mastery of Surgery,
which really was, almost in its entirety, an excellent atlas of how to do operations,
atlases were common and some quality atlases which existed at that time by Dr. John
Madden of New York, Dr. Robert Zollinger of Ohio State, and two other atlases, with
which the reader may be less familiar with is a superb atlas by Professor Pietro Valdoni,
Professor of Surgery at the University of Rome, who ran ten operating rooms simultane-
ously, and as the Italians like to point out to me, a physician to three popes. One famous
surgeon said to me, what can you say about Professor Valdoni: “Professor Valdoni said
to three popes, ‘take a deep breath,” and they each took a deep breath.” This superb
atlas, which is not well known, was translated by my partner, when I was on the staff
at Mass General Hospital, Dr. George Nardi from Italian. Another superb atlas was that
by Dr. Robert Ritchie Linton, an early vascular surgeon whose atlas was of very high
quality.

However, atlases fell out of style, and in the fourth and fifth edition of Mastery of
Surgery, we added more chapters that were “textbooky” types of chapters to increase
access to the increasing knowledge base of surgery. However, atlases seem to have gone
out of favor somewhat. In discussing with Brian Brown and others of Lippincott, as
well as some of the editors who have taken on the responsibility of each of these mini-
atlases, it seemed that we could build on our experience with Mastery of Surgery by
having individual books which were atlases of 400 to 450 pages of high quality, each
featuring a particular anatomical part of what was surgery and put together an atlas of
operations of a sharply circumscribed area. This we have accomplished and all of us
are highly indebted to a group of high-quality editors who will have created superb
mini-atlases in these sharply circumscribed areas.

Why the return of the atlas? Is it possible that the knowledge base is somewhat
more extensive with more variations on the various types of procedures, that as we
learn more about the biochemistry, physiology, genetics, and pathophysiology in these
different areas, there have gotten to be a variation on the types of procedures that we
do on patients in these areas. This increase in knowledge base has occurred simultane-
ously when the amount of time available for training physicians—and especially
surgeons—has been diminished and continues to do so. While I understand the hypoth-
esis that brought the 80-hour work week upon us, and that limits the time that we have
for instruction, and I believe that it is well intentioned, but I still ask the question: Is
the patient better served by a somewhat fatigued resident who has been at the operation,
and knows what the surgeon and what he or she is worried about, or a comparatively
fresh resident who has never seen the patient before?

I do not know, but I tend to come down on the side that familiarity with the patient
is perhaps more important. And what about the errors of hand off, which seem to be
more of an intrinsic issue with the hand off which we are not able to really remedy
entirely rather than poor intentions.

This series of mini-atlases is an attempt to help fill the voids of inadequate time
for training. We are indebted to the individual editors who have taken on this respon-
sibility and to the authors who have volunteered to share their knowledge and experi-
ence in putting together what we hope will be a superb series. Inspired by their

Series Preface
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Series Preface

experience of teaching residents and medical students, a high calling, matched only by
their devotion and superb care they have given to thousands of patients.

It is an honor to serve as the series editor for this outstanding group of mini-atlases,
which we hope will convey the experiences of an excellent group of editors and authors
to the benefit of students, residents, and their future patients in an era in which time
for education seems to be increasingly limited.

Putting a book together, especially a series of books, is not easy, and I wish to
acknowledge the production staff at Lippincott, Wolters Kluwer’s including Brian
Brown, Julia Seto, Brendan Huffman, and many others, and my personal staff in the
office who include Edie Burbank-Schmitt, Ingrid Johnson, Abigail Smith, and Jere
Cooper. None of this would have been possible without them.

Josef E. Fischer, MD, FACS
Boston, Massachusetts



Preface

It is a most gratifying sign of the rapid progress of our time that our best text-books
become antiquated so quickly.
—Christian Albert Theodor Billroth

When I was an intern at the University of Cincinnati, Master Techniques in Surgery
series editor Dr. Josef Fischer was the chairman of the department. Every Monday after-
noon we had Professor’s Hour with Dr. Fischer where we would present cases to him
and he would use the opportunity to teach us the nuances of surgical care that is exem-
plified in this series. One day, early in that year, one of the chief residents presented a
case of giant duodenal ulcer; an entity that was new to me. Near the end of the session,
Dr. Fischer asked for a resident volunteer to review the Cincinnati experience with giant
duodenal ulcer. Fellow resident Mark Schusterman and I volunteered and thus began
my academic career as a gastrointestinal surgeon.' Flash forward 30 years and I am now
a department chair, holding my own Professor’s Hour on Monday afternoons. Once
again I find myself completing a project for Dr. Fischer related to gastric surgery as both
editor and author in Master Techniques in Surgery: Gastric Surgery (see Chapter 14.
Operation for Giant Duodenal Ulcer).

I trained during the era when gastric operations were common. Peptic ulcer and
the inherent complications were frequent problems that we faced on a daily basis. The
training opportunities for residents in gastric surgery have diminished over the ensuing
years due to the advent of antisecretory therapy, the discovery of helicobacter pylori,
and advances in therapeutic endoscopy. However, as this volume exemplifies, benign
and malignant gastroduodenal disease continues to provide challenges to the practicing
surgeon. A thorough knowledge of the various approaches and techniques are essential
components in anyone’s armamentarium. Further confounding these issues are the
growing opportunities to apply minimally invasive approaches in certain circumstances.
To be a complete gastric surgeon, one must be comfortable with both minimally inva-
sive and open approaches, depending upon the underlying situation. In this text, where
appropriate, we detail both the open and minimally invasive approaches, including
laparoscopic as well as robotic applications.

The objective of the Master Techniques in Surgery series is to provide authoritative
descriptions and illustrations of the management of each theme. This volume serves to
supplement and augment the other resources available to surgeons-in-training as well
as practicing surgeons faced with gastroduodenal pathology. The authors represent a
truly global expertise in this field and they address the many operations and approaches
in the management of benign, functional, and malignant gastric pathology. Master Tech-
niques in Surgery: Gastric Surgery is intended to provide detail and clarity in the
approaches to very specific diagnoses and procedures. Each chapter makes liberal use
of color illustrations and photographs to elucidate important anatomical relationships
and key operative steps. Further, the book comes with an associated Web site with fully
searchable text and procedural videos. This volume should be useful for comprehensive
review as well as a ready preoperative resource in preparation for specific gastric oper-
ations.

"Nussbaum, M.S., Schusterman, M.A.: Management of giant duodenal ulcer. Am. J. Surg.
1985;199:357-361.
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Preface

Once again, I am indebted to my mentor and colleague, Josef Fischer, for asking me
to take on this task and allowing me to contribute as the editor of this important volume
in the Master Techniques in Surgery series. Under Dr. Fischer’s stewardship, Mastery
of Surgery continues to withstand the test of time as an essential resource for any seri-
ous student of surgery. The Master Techniques in Surgery series will certainly add to
that predominance as both an enhancement as well as an amplification of the body of
knowledge on the subject matter.

Finally I want to thank Brian Brown and Editorial Product Manager Brendan
Huffman at Lippincott, Williams & Wilkins as well as Associate Project Manager Ruchira
Gupta at Aptara, Inc. for all of their insight, diligence, and support of this project. Their
help and advice was invaluable to all of the authors and me. This has been a true labor
of love and I hope that you find the book to be enlightening, informative, and enjoyable.

Michael S. Nussbaum, MD, FACS

Professor and Chair Department of Surgery

University of Florida College of Medicine—Jacksonville
May 2012
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1 Truncal Vagotomy with
Gastrojejunostomy

Richard H. Turnage

@ INDICATIONS/CONTRAINDICATIONS

Indications

Gastrojejunostomy is most commonly used to treat patients with gastric outlet obstruc-
tion (GOO) of whom nearly two-thirds will have malignancies of the distal stomach,
pancreas, or duodenum. The most common benign causes of GOO are peptic ulcer
disease (PUD), caustic strictures, and Crohn’s disease. Less common benign etiologies
include tuberculosis, chronic pancreatitis, benign gastric polyps, and Bouveret’s syn-
drome (i.e., obstruction of the pylorus by a gallstone). Although not amenable to gas-
trojejunostomy, systemic medical diseases, most notably diabetes mellitus, are important
causes of impaired gastric emptying.

Complete resection is the treatment of choice for patients with upper gastrointes-
tinal (UGI) malignancies. Unfortunately, locally advanced or metastatic disease pre-
cludes this approach in a significant percentage of these patients. Although noncurative
gastric resection is an important option for managing symptomatic patients with
advanced gastric cancer, this approach is less often feasible for patients with advanced
pancreatic cancer. Endoscopic stenting of malignant obstructions of the distal stomach
and duodenum is an important option in managing patients with GOO who have rela-
tively short life expectancies, such as those with metastatic disease or poor perform-
ance scores. Advances in imaging with multidetector computed tomography have
significantly improved preoperative identification of patients with advanced disease
such that gastrojejunostomy is now used most often for symptomatic patients with
unresectable cancer for whom endoscopic stenting has been unsuccessful or patients
who are unexpectedly found to have advanced disease during exploratory laparotomy
for cure.

PUD is the most common benign cause of mechanical GOO. Medical management
combined with endoscopic balloon dilation results in durable relief of obstructive
symptoms in about 70% of cases. This approach is particularly effective for patients
with GOO due to Helicobacter pylori-associated ulcers. In contrast, NSAID-induced
ulcers seldom resolve with nonoperative approaches. Young age, long duration of
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Procedures for Ulcer Disease

symptoms, the need for repeated endoscopic balloon dilatations, and the continuous
use of NSAIDs predict the need for surgical management. Surgical approaches to
patients with GOO from PUD include truncal vagotomy and antrectomy or truncal
vagotomy and a drainage procedure (either pyloroplasty or gastrojejunostomy). Truncal
vagotomy and antrectomy has the lowest rate of recurrent ulcer disease. The magnitude
of the operation and the consequent operative risk necessitates other strategies in
patients with significant medical comorbidities as well as those patients who are found
intraoperatively to have significant inflammation and scarring of the distal stomach and
duodenum. Truncal vagotomy and pyloroplasty is suitable for patients with minimal
inflammation or deformity of the pylorus or proximal duodenum, thereby permitting a
tension-free transverse closure of the pylorus. Unfortunately, this is often not the case,
making truncal vagotomy and gastrojejunostomy (TV & GJ) the best option.

Lastly, the ingestion of strong acidic solutions causes strictures in the prepyloric
region of the stomach leading to GOO. Kochhar et al. have described excellent short-
and intermediate-term outcomes with endoscopic balloon dilation of caustic-induced
gastric strictures. Others have managed these patients with distal gastrectomy. Thus,
gastrojejunostomy is reserved for those patients with prepyloric strictures who have
failed endoscopic balloon dilation and are poor operative candidates for distal gastrec-
tomy.

Contraindications

The principal contraindications to the performance of a TV & GJ are technical. If a trun-
cal vagotomy is required in a patient who has had a previous operation in the esopha-
geal hiatus (e.g., fundoplication or prior vagotomy), a thoracoscopic approach to
vagotomy may be preferable to allow dissection in tissue planes free from scarring and
inflammation. In patients with ulcer disease or other benign causes of GOO, the enlarged
stomach makes the performance of a tension-free gastrojejunostomy relatively straight-
forward. However, peritoneal metastases in patients with gastric or periampullary can-
cers may cause foreshortening of the small bowel mesentery, rendering it difficult to
achieve a tension-free anastomosis between the stomach and the jejunum.

%)) PREOPERATIVE PLANNING

The initial management of a patient with GOO consists of intravascular volume and
electrolyte resuscitation, nutritional repletion, and identification of the underlying
cause of the obstruction. Significant intravascular volume depletion and electrolyte
abnormalities, especially hyponatremia, hypokalemia, and hypochloremia, are common
and are readily corrected by the intravenous infusion of a normal saline solution with
potassium chloride. The loss of gastric secretions from persistent vomiting may also
cause a significant metabolic alkalosis which will correct with the administration of
normal saline and potassium chloride. Gastric aspiration via a nasogastric (NG) tube
will decompress the dilated atonic stomach and improve the patient’s abdominal dis-
comfort, nausea, and vomiting. The intravenous administration of a proton pump inhib-
itor will reduce gastric acid secretion, and the administration of total parenteral
nutrition via a central venous catheter will begin to correct the patient’s calorie and
protein deficits.

After resuscitating the patient, esophagogastroduodenostomy should be performed
to determine the etiology of the obstruction. An ulcer or mass in the stomach or a sus-
picious lesion in the duodenum necessitates endoscopic biopsy. Biopsy of the gastric
mucosa will document the presence of Helicobacter pylori—eradication of which will
facilitate healing of benign ulcers and in many cases relieve the patient’s obstruction.
If a malignancy is identified or if endoscopy is indeterminate, computed tomography
will characterize the lesion by determining its size, relationship to surrounding struc-
tures, and the presence or absence of visceral metastases.
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Patients should receive a prophylactic dose of antibiotics intravenously 30 to 60 min-
utes prior to the incision. It is the author’s preference to use cefoxitin in those patients
who are not beta lactam allergic. Subcutaneous injection of 5,000 units of heparin sul-
fate administered preoperatively will reduce the risk of postoperative pulmonary embo-
lism. The risk of aspiration during the induction of anesthesia and intubation may be
diminished by the evacuation of gastric contents via the NG tube and posterior pressure
on the cricoid cartilage.

Positioning

TV & GJ may be performed by either a laparoscopic or an open approach. Depending
on the surgical approach, the patient can be placed in the supine or lithotomy position.
For minimally invasive gastric approaches, if the patient is in a supine position, the
operating surgeon stands on the right side of the patient while the assistant is on the
contralateral side. If the lithotomy position is used, the surgeon stands between the legs.
The patient is secured to the table with two safety straps, a foot board, and all of their
bony prominences are well padded. For an open approach the patient is placed in the
supine position with the head of the operating table elevated to facilitate exposure of
the organs within the upper abdomen. The lower chest and entire abdomen is prepped
with a chlorhexidine-alcohol solution and then draped with sterile towels and sheets.

Technique

The open approach will be presented in detail, but, ultimately, the same operative steps
are generally true for a laparoscopic approach (for details on placement of laparoscopic
trocars and specific techniques see Chapters 4, 6, and 7). When the laparoscopic
approach to this procedure is used, a low threshold for conversion to an open procedure
should exist when visualization of important structures are impaired. Standing on the
patient’s right side, the surgeon makes an upper midline incision from the xiphoid to
the umbilicus. The incision is extended through the subcutaneous tissue and linea alba
until the peritoneal cavity is entered. The ligamentum teres is ligated with 2-0 silk and
divided and the falciform ligament is released from the anterior abdominal wall. The
abdominal cavity is carefully explored and then attention is directed to the upper abdo-
men. In patients with GOO from ulcer disease, the location of the ulcer, extent of
inflammation, and the patient’s general medical condition will influence the choice of
gastric resection versus a drainage procedure. For patients with malignancies, the first
steps of the operation are to determine the resectability of the tumor and document the
presence or absence of peritoneal or visceral metastases. The ability to mobilize an
adequate length of jejunum for the performance of a tension-free gastrojejunostomy is
ascertained at this time.

Truncal Vagotomy

A self-retaining abdominal wall retractor is placed to allow lateral retraction of the
rectus abdominis muscles and anterior and superior retraction of the costal margins.
The left lobe of the liver is mobilized by incising the avascular left triangular ligament
with an electrocautery. This is facilitated by downward traction on the left lobe of the
liver with the right hand while the index finger is placed behind the triangular ligament
to protect the underlying structures. The triangular ligament is incised from lateral to
medial until the left lobe of the liver can be folded upon itself thereby exposing the
underlying gastroesophageal junction. The liver is covered with a moist laparotomy
sponge and a Harrington-type blade for the self-retaining abdominal wall retractor is
used to hold the left lobe of the liver to the patient’s right side. In a laparoscopic
approach the triangular ligament is left intact and the lateral segment of the left lobe of
the liver is elevated with a self-retaining retractor such as a Nathanson retractor.

Part|: Procedures for Ulcer Disease
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Figure 1.1 Transverse incision of the
peritoneum and phrenoesophageal
ligament to expose the underlying
intra-abdominal esophagus and
esophageal hiatus.

The peritoneum overlying the distal esophagus is grasped with DeBakey forceps
and incised perpendicular to the long axis of the esophagus with Metzenbaum scissors
or the electrocautery. The peritoneum and the underlying phrenoesophageal ligament
are incised sufficiently to allow identification and mobilization of the esophagus (Fig.
1.1). This will usually include opening the medial most aspect of the gastrohepatic
ligament on the right. The left gastric artery and its esophageal branch are left undis-
turbed. It is not necessary to divide the short gastric vessels on the left. By opening the
incised peritoneum and phrenoesophageal ligament, the surgeon is able to free the
distal 5 or 6 cm of the esophagus from the surrounding tissues by blunt dissection with
his/her index finger. Once completed, the esophagus may be encircled with the index
finger passed from the patient’s left side to the right (Fig. 1.2). The esophagus with the
NG tube is felt anterior to the surgeon’s finger and the abdominal aorta is appreciated
posterior. A 1-inch Penrose drain is then passed behind the esophagus to encircle it.
Downward and slight anterior traction on the esophagus using the Penrose drain will
facilitate blunt dissection of the distal 8 to 10 cm of esophagus from surrounding soft
tissue, thus exposing the right crus of the diaphragm and the tissue lateral and posterior
to the esophagus.

Figure 1.2 Mobilization of the distal 5
to 6 cm of esophagus from the soft
tissue of the esophageal hiatus by
passing the surgeon’s index finger
from the left to the right side of the
esophagus.
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Figure 1.3 Identification of the left
vagus nerve on the anterior surface
of the esophagus, just to the right of
the midline. The nerve is clipped with
a medium stainless steel clip and then
divided.

Identification of the vagus nerves is accomplished by passing the tip of the index
finger over the anterior surface of the esophagus while placing downward traction on
the Penrose drain. The vagus nerve fibers will present as tense, wire-like structures
passing parallel to the long axis of the esophagus; the nerve fibers have been likened
to “banjo strings.” In addition to the larger left and right vagus nerves, there are often
multiple smaller nerve fibers traversing the surface of the esophagus and the esophageal
hiatus. In an anatomic study of the vagus nerve at the esophageal hiatus, Skandalakis
et al. found four or more vagal trunks in 12% of their dissections.

The left vagus nerve is usually found on the anterior surface of the esophagus just
to the right of the midline. A left truncal vagotomy is performed by lifting the nerve off
the surface of the esophagus with a nerve hook or a long right angle clamp. It is freed
of surrounding soft tissue for a distance of 5 to 6 cm with long Metzenbaum scissors.
The proximal most portion of the nerve is then clipped with a medium stainless steel
surgical clip and divided at the upper margin of the dissection just distal to the clip.
The distal portion of the nerve is grasped and then clipped and divided 2 to 3 cm from
the cut proximal margin (Fig. 1.3).

The right vagus nerve can be found by lifting the esophagus anteriorly while main-
taining downward traction on the encircling Penrose drain. Although the nerve may be
found on the posterior surface of the esophagus, it is more commonly displaced poste-
riorly during the process of mobilizing the distal esophagus. In this case, the nerve is
found to the right of the midline resting against the posterior wall of the esophageal
hiatus, anterior to the aorta. The right vagus nerve is resected as described for the left
vagus by elevating the nerve trunk, applying a surgical clip to the proximal-most por-
tion of the nerve, and then excising a 2 to 3 cm section of the nerve (Fig. 1.4). The right
and left vagal trunks are sent for histologic confirmation.

With the right and left vagal nerve trunks divided, a careful search for additional
nerve fibers is undertaken. This is best accomplished by downward traction on the
Penrose drain and careful palpation of the anterior and posterior surfaces of the esopha-
gus. The distal 5 to 6 cm of the esophagus and the surrounding tissue must be carefully
inspected to identify and divide any small nerve fibers that may have branched from
the vagal trunks in the chest, such as “the criminal nerve of Grassi” which arises from
the right vagal trunk to innervate a portion of the posterior gastric fundus. The Penrose
drain is then removed and the esophagus allowed to fall back toward the esophageal
hiatus. The operative field is then carefully inspected for bleeding which is readily
controlled with the electrocautery. The incised peritoneum and phrenoesophageal liga-
ment are not reapproximated.
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Figure 1.4 Identification of the right
vagus nerve posterior to the
esophagus on the right side of the
esophageal hiatus.

Gastrojejunostomy

The gastrojejunostomy may be constructed on either the anterior or the posterior surface
of the distal stomach. The optimal site will be influenced by the amount of scarring
and deformity in the distal stomach or duodenum in patients with benign strictures
and by the location of the tumor in patients with malignancies. There is no evidence
that anterior, antecolic gastrojejunostomy is superior to posterior, retrocolic gastrojeju-
nostomy or vice versa. The easier anterior gastrojejunostomy is most commonly per-
formed and hence it is this anastomosis that is described.

Hand-sewn, Anterior or Antecolic Gastrojejunostomy

With the self-retaining abdominal wall retractor in place, the greater omentum and
transverse colon are elevated to reveal the ligament of Treitz just to the left of the mid-
line at the base of the transverse mesocolon. The proximal jejunum is brought onto the
anterior surface of the stomach and oriented such that the afferent limb is adjacent to
the body of the stomach and the efferent limb is juxtaposed to the distal stomach. The
length of the afferent limb should be as short as possible to reduce the risk of afferent
limb obstruction. The surgeon must be careful to avoid twisting of the bowel or placing
tension on the anastomosis.

Stay sutures of 3-0 silk are placed through the seromuscular layers of the stomach
and the jejunum at the proximal and distal ends of the anastomosis, about 8 cm apart
from one another. The ends of these sutures are secured with a hemostat and brought
out the left and right side of the operative field. This maneuver orients the anastomosis
horizontally allowing the surgeon to sew toward himself or herself.

The back row of the anastomosis is constructed by placing interrupted 3-0 silk
Lembert sutures through the serosa and muscularis of the juxtaposed stomach and the
jejunum about 8 mm behind the planned gastrotomy and enterotomy. The sutures
extend from the right stay suture to the left and are placed about 8 mm apart from one
another. The sutures are tied after the entire row has been placed. The middle suture
is not cut at this time but left long to aid in the placement of the inner posterior row
of sutures. The full thickness of the stomach is then incised with the electrocautery
parallel to and 8 mm from the back row of silk sutures. Fluid within the stomach is
aspirated and a matching incision is made through the adjacent jejunal wall. The gas-
trotomy and jejunotomy should be approximately 1 centimeter shorter than the site of
the silk stay sutures (Fig. 1.5).
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Figure 1.5 Construction of the outer
layer of the back wall of an anterior or
antecolic gastrojejunostomy using
interrupted 3-0 silk Lembert sutures.

The inner layer of the anastomosis is constructed by sewing the juxtaposed gastric
and jejunal walls together with two running, spiral sutures of 3-0 polyglycolic acid. The
sutures are started at the midpoint of the back wall of the anastomosis and continued
around the corners until the front wall is closed. The stitch is placed about 4 to 5 mm
from the cut-edge of the bowel and incorporates the full-thickness of the gastric and
jejunal walls. Elevating the serosal edge of the jejunum (or stomach) with DeBakey
forceps 1 cm from the site of the planned stitch will help to incorporate all the layers
of the bowel in the stitch. At the corner of the anastomosis, slightly more serosa than
mucosa is included in the stitch to facilitate the invagination of the mucosa within the
lumen of the anastomosis. As each stitch is placed, the edges of the anastomosis are
gently drawn together. Ultimately, the inner layer of the anastomosis is completed and
only the seromuscular edges of the stomach and the jejunum are visible (Fig. 1.6).

The front wall of the anastomosis is now completed by placing interrupted
seromuscular Lembert sutures of 3-0 silk between the gastric and the jejunal walls.
These stitches are placed several millimeters from the inner layer of the anastomosis

Figure 1.6 Construction of the inner
layer of the back wall of anterior
gastrojejunostomy using a continuous
3-0 polyglycolic acid suture placed
through all layers of the juxtaposed
stomach and jejunum.
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Figure 1.7 Construction of the outer
layer of the front wall of the anterior
gastrojejunostomy using interrupted
3-0 silk Lembert sutures placed 7 to
8 mm from one another. This row of
sutures should completely bury the
completed inner layer of the anasto-
mosis.

and about 7 to 8 mm apart. This layer should bury the inner layer from view (Fig. 1.7).
The corners of the anastomosis can be completed by either tying the stay sutures or by
placing a new Lembert stitch in each corner to completely cover the inner layer of the
anastomosis. The lumen of the anastomosis should be readily palpable either through
the gastric or the jejunal wall. The operative field is inspected for evidence of bleeding
or injury and the self-retaining retractor is removed. The linea alba is closed using a
running suture of no. 1 polydioxanone, and the skin is closed with a skin stapler.

Stapled, Anterior Gastrojejunostomy

The orientation of the stomach and jejunum and the placement of the 3-0 silk stay
sutures at the corner of the proposed anastomosis is as described earlier. A small
gastrotomy and jejunotomy are made about 1 cm from the stay suture at the proxi-
mal corner of the anastomosis. One limb of a 60-mm linear stapling device (endo-
scopic linear stapler in laparoscopic) is inserted into the jejunum and the other limb

Figure 1.8 Construction of anterior
gastrojejunostomy using a GIA 60
stapler inserted through a small
gastrotomy and matching enter-
otomy. Stay stitches of 3-0 silk are
placed at the proximal and distal
margins of the proposed anasto-
mosis.
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Figure 1.9 Completion of the stapled
anterior gastrojejunostomy by closing
the insertion site of the GIA stapler
using a TA 30 stapler.

is inserted into the stomach. The device is locked and the site inspected to ensure
that no tissue other than the stomach and jejunum is included within the stapler
(Fig. 1.8). The stapler is then fired and removed from the operative field. The staple
line is then carefully inspected for bleeding. Exposure of the staple line can be
facilitated by gentle retraction with the long arm of an Army—Navy retractor. Bleed-
ing from the staple line can be controlled with either the electrocautery or the
placement of a 4-0 polyglycolic acid suture. The remaining defect in the anastomo-
sis is grasped with several Allis clamps and a TA-30 or TA-50 stapler is aligned
behind the clamps (endoscopic linear stapler or intracorporeal interrupted sutures
in laparoscopic approaches). The TA stapler is then fired and the redundant tissue
is excised with the scalpel before removing the stapler. The staple line is inspected
for bleeding which is controlled with the electrocautery or a 4-0 polyglycolic acid
suture (Fig. 1.9).

ws POSTOPERATIVE MANAGEMENT

Most patients undergoing a TV & GJ may be safely managed in the general surgical
ward. Intravenous fluid administration with an isotonic solution for the first 24 hours
will maintain a normal intravascular volume. Generally patients will mobilize their
third-spaced fluids on postoperative day 3 and the infusion of 5% dextrose/0.45%
sodium chloride solution will allow the maintenance of normal intravascular volume
until the patient is able to resume oral intake. Antibiotics are not administered postop-
eratively unless there is clinical evidence of infection. Urine output may be a useful
guide to the patient’s volume status in the first day or two postoperatively; thereafter,
the catheter is removed. The NG tube is removed when the output is less than 300 mL
per 8-hour period. If the patient is nauseated or has a distended abdomen the tube is
left in place for a longer period of time. As described subsequently, poor gastric empty-
ing is a relatively common early complication necessitating longer periods of NG aspi-
ration. A clear liquid diet is started when the NG tube has been removed and the patient
is passing flatus. If liquids are tolerated for 24 hours, the patient is allowed a regular
diet and the parenteral nutrition is stopped.
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Adequate pain management is an important part of the postoperative care of these
patients. The upper abdominal location of the incision is painful especially when the
patient takes deep breaths. Poor pain relief will diminish inspiratory volume and pro-
mote the development of atelectasis and pneumonia. Patient-controlled analgesia (PCA)
with morphine, hydromorphone, or meperidine provides excellent pain relief. The epi-
gastric location of the incision makes the use of postoperative epidural analgesia less
useful.

The patient is instructed in the use of an incentive spirometer preoperatively, and
it is used throughout the patient’s postoperative course to reduce atelectasis and mini-
mize the risk of pneumonia. Subcutaneous heparin injections, also started preopera-
tively, are continued in the postoperative period to minimize the risk of pulmonary
emboli. The patient is ambulated on the first postoperative day and daily thereafter. If
a truncal vagotomy has not been performed, the patient should receive a proton pump
inhibitor intravenously in the early postoperative period and then orally as he or she
tolerates a diet.

) COMPLICATIONS

The incidence of intraoperative complications during TV & GJ is low with the most
common being hemorrhage from a retraction injury to the liver or spleen during the
performance of the vagotomy or injury to the middle colic vein during the gastrojeju-
nostomy. Bleeding from the liver may be avoided by careful mobilization of the left lobe
and gentle retraction. Bleeding from the spleen necessitating splenectomy can be min-
imized by avoiding traction on the short gastric vessels or spleen.

The early postoperative complications of gastrojejunostomy for treating patients
with benign or malignant GOO are shown in Table 1.1. With the exception of the study
by Kim et al., most of the patients in these studies underwent gastrojejunostomy alone,
without truncal vagotomy. Overall, the rate of complications following gastrojejunos-
tomy is relatively high, ranging from 22.7 to 62.5% (median = 32%). Most complica-
tions were relatively minor, although wound infections, delayed gastric emptying, and

TABLE 1.1 Complications of Gastrojejunostomy for Gastric Qutlet Obstruction in Patients with Benign or

Malignant Diseases

Sample Mortality  Morbidity

Study Design Size Rate (%) Rate Complications
Retrospective comparison of Lap TV + GJ vs. Open TV + GJ in patients 8 0 62.5 Delayed gastric emptying (50%);
with PUD with GOO, patients accrued between 1999 and 2005 atelectasis (12.5%)
Retrospective review of patients with Crohn’s disease and duodenal " 0 36 GJ leak (9%)
obstruction, patients accrued between 1995 and 2006 GJ bleeding (9%)
Early SBO (9%)
Retrospective review of GJ in patients with pancreatic cancer with GOO 513 1.6 36.7 Wound infections (4.3%)
(66 patients) and without GOO (447 patients), patients accrued between Pleural effusion (2.5%)
1996 and 2010 Cholangitis (2%)
Prospective comparison HJ alone in patients with pancreatic cancer with 44 9 22.7 Delayed gastric emptying (11%)
GO0 (HJ + GJ) and without GOO (HJ alone), patients accrued between Wound infection (9%)
1992 and 1995 Intra-abdominal abscess (4.5%)
Single-center randomized trial, GJ vs. no GJ in patients with unresectable 44 0 32 Cholangitis (9%)
pancreatic cancer without GOO, patients accrued between 1994 and Wound infection (5%)
1998 Delayed gastric emptying (2%)
Multicenter, randomized trial of GJ vs. stent for patients with GOO from 18 0 & Delayed gastric emptying (11%)
UGI cancers, patients accrued between 2006 and 2008 Wound infection (5%)
UTI (5%)
Prospective, randomized trial of HP + GJ vs. HJ alone for patients with 36 3 31 Delayed gastric emptying (17%)
advanced periampullary cancers without evidence of GOO at Cardiac complications (11%)
presentation, patients accrued between 1998 and 2002 Wound infection (8%)

Lap TV + GJ, laparoscopic truncal vagotomy and gastrojejunostomy; Open TV + GJ, truncal vagotomy and gastrojejunostomy performed through a laparotomy; GOO, gastric
outlet obstruction; PUD, peptic ulcer disease; GJ, gastrojejunostomy; HJ, hepatojejunostomy.



Chapter1 Truncal Vagotomy with Gastrojejunostomy 1

anastomotic leak or intra-abdominal abscess occur with significant frequencies. The
30-day mortality rate associated with this operation ranged from 0 to 9% (median = 0).

Long-term complications specific to TV & GJ may be categorized as physiologic or
mechanical. The physiologic complications include delayed gastric emptying, early
satiety and weight loss, cholelithiasis, chronic diarrhea, dumping syndrome, and iron
and calcium malabsorption resulting in anemia and osteoporosis, respectively. Patients
in whom vagotomy was not performed or those in whom the vagotomy was incomplete
are at risk for peptic ulceration of the jejunal side of the anastomosis. This condition
is termed marginal ulceration and may cause life-threatening GI hemorrhage or obstruc-
tion of the anastomosis. In patients undergoing gastrojejunostomy without vagotomy
this complication is prevented by the administration of proton pump inhibitors or
histamine-2 receptor antagonists. The mechanical complications of this procedure
include obstruction of the afferent or efferent limb, stenosis or kinking of the anasto-
mosis, and small bowel obstruction.

#9 RESULTS

The results of performing a gastrojejunostomy for patients with benign or malignant
GOO are shown in Table 1.2. As alluded to in the previous paragraph, delayed gastric
emptying in the early postoperative period is a significant problem associated with this
procedure. The median time to tolerating a diet is 8.15 days (range = 4.4 to 8.5 days).
The median length of hospitalization is 12.2 days (range = 8 to 21 days). The advantage
of gastrojejunostomy over the placement of endoscopic stents or endoscopic dilation is
a very low rate of persistent or recurrent GOO requiring remedial therapy. The median
rate of patients requiring reoperation for either persistent or recurrent GOO is 0% (range
=0to 5% and 0 to 16.7%, respectively). Of those patients undergoing gastrojejunostomy
for malignant GOO the median survival was 3.8 months (range = 2.1 to 7.2 months).

TABLE 1.2 o . . . . . . .
Results of Gastrojejunostomy in Patients with Benign and Malignant Gastric Qutlet Obstruction
Length of
Sample  Hospitalization Time to Persistent GOO/ Recurrent
Study Design Size (days) Diet (days) Reoperation (%) GOO (%)  Survival
Retrospective comparison of Lap TV + GJ vs. Open TV + GJ 8 21 8.5 0 0 n/a
in patients with PUD with GOO, patients accrued between
1999 and 2005
Retrospective review of patients with Crohn’s disease and " 12.2 4.4 9 0 n/a
duodenal obstruction, patients accrued between 1995 and
2006
Retrospective review of GJ in patients with pancreatic 513 8 n/a 0 3.1 6 mo

cancer with GOO (66 patients) and without GOO (447
patients), patients accrued between 1996 and 2010

Prospective comparison, HJ alone in patients with 44 21.5 8.3 0 0 4.8 mo
pancreatic cancer with GOO (HJ + GJ) and without GOO
(HJ alone), patients accrued between 1992 and 1995

Single-center randomized trial, GJ vs. no GJ in patients with 44 8.5 n/a 0 0 8.3 mo
unresectable pancreatic cancer without GOO, patients
accrued between 1994 and 1998

Multicenter, randomized trial of GJ vs. stent for patients with 18 15 8 16.7 5 2.6 mo
GOO from UGI cancers, patients accrued between 2006
and 2008

Prospective, randomized trial of HP + GJ vs. HJ alone for 36 " n/a 0 5.5 7.2 mo

patients with advanced periampullary cancers without
evidence of GOO at presentation, patients accrued
between 1998 and 2002

Lap TV + GJ, laparoscopic truncal vagotomy and gastrojejunostomy; Open TV + GJ, truncal vagotomy and gastrojejunostomy performed through a laparotomy; GOO, gastric
outlet obstruction; PUD, peptic ulcer disease; GJ, gastrojejunostomy; HJ, hepatojejunostomy.
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->;_<; CONCLUSIONS

TV & GJ is used to manage patients with GOO from PUD who have not responded to
medical management and endoscopic dilation. Gastrojejunostomy (without vagotomy)
is used to treat patients with UGI malignancies and impending or actual GOO who are
discovered during exploratory laparotomy to have advanced or unresectable disease.
Technically the operation is relatively straightforward requiring access to the esopha-
geal hiatus and the ability to create a tension-free anastomosis between the stomach
and the proximal jejunum. Early postoperative morbidity rates are relatively high when
compared to the significance of these patients’ underlying illness and other medical
comorbidities. Delayed gastric emptying is a common complication prolonging hospital
stay. Patients who undergo gastrojejunostomy without vagotomy require acid suppres-
sion to prevent marginal ulcers.

Recommended References and Readings

Ananthrakrishnan N, Parthasarathy G, Kate V. Chronic corrosive
injuries of the stomach — a single unit experience of 109 patients
over thirty years. World | Surg. 2010;34:758-764.

Boylan JJ, Gradzka JI. Long-term results of endoscopic balloon dila-
tation for gastric outlet obstruction. Dig Dis Sci. 1999;44:1883—
1886.

Cherian PT, Cherian S, Singh P. Long-term follow-up of patients
with gastric outlet obstruction related to peptic ulcer disease
treated with endoscopic balloon dilation and drug therapy. Gas-
trointest Endosc. 2007;66:491—-497.

Gibson JB, Behrman SW, Fabian TC, et al. Gastric outlet obstruction
resulting from peptic ulcer disease requiring surgical interven-
tion is infrequently associated with Helicobacter pylori infec-
tion. ] Am Coll Surg. 2000;191:32-37.

Jeurnink SM, Steyerberg EW, van Hooft JE, et al. Surgical gastro-
jejunostomy or endoscopic stent placement for the palliation
of malignant gastric outlet obstruction (SUSTENT study): a
multicenterrandomized trial. Gastrointest Endosc. 2010;71:490—
499.

Jeurnink SM, Steyerberg EW, Vieggaar FP, et al. Predictors of sur-
vival in patients with malignant gastric outlet obstruction: a
patient oriented decision approach for palliative treatment. Dig
Liver Dis. 2011;43:548-552.

Jeurnink SM, van Eijck CHJ, Steyerberg EW, et al. Stent versus gas-
trojejunostomy for the palliation of gastric outlet obstruction: a
systematic review. BMC Gastroenterology. 2007;7:18-28.

Kim S-M, Song J, Oh SJ, et al. Comparison of laparoscopic truncal
vagotomy with gastrojejunostomy and open surgery in peptic
pyloric stenosis. Surg Endosc. 2009;23:1326-1330.

Kneuertz PJ, Cunningham SC, Cameron JL, et al. Palliative surgical
management of patients with unresectable pancreatic adenocar-
cinoma: trends and lessons learned from a large, single institu-
tion experience. | Gastrointest Surg. 2011;15:1917-1927.

Kochhar R, Kochhar S. Endoscopic balloon dilation for benign gas-
tric outlet obstruction in adults. World | Gastrointest Endosc.
2010;16:29-35.

Kochhar R, Poornachandra KS, Dutta U, et al. Early endoscopic
balloon dilation in caustic-induced gastric injury. Gastrointest
Endosc. 2010;71:737-744.

Lillemoe KD, Cameron JL, Hardacre JM, et al. Is prophylactic gas-
trojejunostomy indicated for unresectable periampullary cancer?
a prospective randomized trial. Ann Surg. 1999;230:322-330.

Shapiro M, Greenstein AJ, Byrn J, et al. Surgical management and
outcomes of patients with duodenal Crohn’s disease. ] Am Coll
Surg. 2008;207:36—42.

Shone DN, Nikoomanesh P, Smith-Meek MM, et al. Malignancy is
the most common cause of gastric outlet obstruction in the era
of H2 blockers. Am | Gastroenterol. 1995;90:1769-1770.

Shyr Y-M, Su C-H, Wu C-W, et al. Prospective study of gastric out-
let obstruction in unresectable periampullary adenocarcinoma.
World ] Surg. 2000;24:60-65.

Skandalakis JE, Rowe JS, Gray SW, et al. Identification of vagal
structures at the esophageal hiatus. Surgery. 1974;75:233-240.

Soreide K, Sarr MG, Soreide JA. Pyloroplasty for benign gastric
outlet obstruction — indications and techniques. Scand ] Surg.
2006;95:11-16.

Van Heek NT, De Castro SMM, van Eijck CH, et al. The need for a
prophylactic gastrojejunostomy for unresectable periampullary
cancer: a prospective randomized multicenter trial with special
focus on assessment of quality of life. Ann Surg. 2003;238:894-905.



) Truncal Vagotomy and
Pyloroplasty

David W. McFadden, Edward C. Borrazzo, and Vladimir Neychev

Introduction

The word vagotomy technically means vagal nerve transection, thus interrupting sen-
sory and motor impulses to the stomach and gastrointestinal tract. However, a 1- to
2-cm section of each nerve is usually resected. Although the proper term for resection
should be “vagectomy,” vagotomy is the much more commonly used term (Fig. 2.1).
Its purpose is the elimination of direct cholinergic stimulation of gastric acid secre-
tion. Vagal fibers innervate the stomach and play a major role in the cephalic phase
of gastric acid secretion by their release of acetylcholine, which stimulates acid secre-
tion from the parietal cell. The distal portion of the anterior and posterior vagal
trunks also sends motor branches to the antrum and pylorus. The celiac branch of
the posterior vagus stimulates small intestine motility as well. Gastric motility is
affected by the antral and pyloric branches of the vagus that stimulate peristaltic
activity of the antrum and pyloric relaxation. The vagus also stimulates receptive
relaxation of the fundus, resulting in accommodating intake with no corresponding
pressure increase.

Vagotomy results in a 75% decrease in basal acid secretion and a 50% decrease in
maximum acid output. Additionally, due to the loss of reflex relaxation of the gastric
fundus, increased gastric capacity after eating is attended by a rise in pressure, resulting
in rapid emptying of liquids. Vagotomy also disturbs distal stomach motility, resulting in
difficulty in emptying solids. Because of these changes, approximately 20% to 30% of
vagotomy patients develop gastric atony, which may lead to stasis and chronic abdominal
pain and distention. Hence, it is surgical dogma that after truncal vagotomy patients
require a “drainage” procedure to offset the nonrelaxing, obstructing pylorus. Although
four kinds of vagotomy have been described in the surgical literature—truncal, selective,
highly selective, and supradiaphragmatic—truncal and highly selective vagotomy are gen-
erally used to treat peptic ulcer disease. Selective and supradiaphragmatic vagotomies are
rarely used.

In Dragstedt’s initial and seminal series of truncal vagotomy for the treatment of
duodenal ulcer disease in 1943, nearly one-third of his patients experienced postop-
erative nausea, vomiting, and distention. His subsequent investigations revealed that
truncal vagotomy denervated the antrum and pylorus resulting in a functional gastric
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Figure 2.1 Schematic of truncal

vagotomy. Both branches of the

vagus nerve are ligated between
clips.

outlet obstruction. It became apparent that a “drainage” procedure was necessary to
avoid the symptoms of gastric stasis. Therefore, any patient who undergoes truncal,
selective, or supradiaphragmatic vagotomy should undergo a drainage procedure to
facilitate gastric emptying. Drainage procedures can be divided into two categories:
pyloroplasties and gastrojejunostomy. Pyloroplasty is the favored approach as it main-
tains the original anatomy, is simple, and is accompanied by less bile reflux than
gastrojejunostomy. Currently over 90% of all drainage procedures are variations of
pyloroplasty. Pyloroplasty was originally described independently by two surgeons,
Heineke and Mikulicz, in 1888, decades before its routine application for drainage after
vagotomy. The Heineke—Mikulicz (HM) pyloroplasty is popular because it is techni-
cally uncomplicated, widely applicable, and associated with few complications. In
children with pyloric stenosis, pyloromyotomy is usually performed, leaving the
mucosa intact. This approach in adults is often unsuccessful as the duodenal mucosa
is more adherent to the muscle layer and the intestinal lumen is often entered during
the myotomy.

Management

Three different types of pyloroplasty have been described. Truncal vagotomy and
pyloroplasty is a relatively simple procedure, but there are some nuances that will
prevent recurrences and complications. It can be performed laparoscopically or with
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open surgical technique. Indications most often include persistent ulcer disease refrac-
tory to medical therapy.

Vagotomy

Exposure is through an upper midline incision for the open technique or with five
trocars positioned in a similar way as for any laparoscopic foregut operation (see
Figs. 2.1 and 2.2). First, attention is turned toward the gastroesophageal junction. We
use a Thompson retractor to elevate the left lateral segment of the liver when perform-
ing surgery laparoscopically, or a Bookwalter or Omni retractor for open surgery. For
open surgery, the left triangular ligament is incised using cautery to allow medial retrac-
tion of the left lateral segment of the liver. This step is not necessary in the laparoscopic
approach since the liver is elevated in a cephalad direction to attain access to the dia-
phragm hiatus. The gastrohepatic ligament is divided. Also, division of the superior
attachments of the gastrosplenic ligament makes encircling the esophagus easier. The
esophagus is then encircled with a Penrose drain for retraction. The crura are separated
from the esophagus, and the esophagophrenic ligament is incised to expose the anterior
esophagus. This step is especially important in patients with hiatal hernia. Occasion-
ally, the gastroesophageal fat pad must be dissected if prominent, exposing the GE
junction anteriorly. Again, if the lower esophagus is exposed in the mediastinum, the
vagotomy may be performed superior to the GE junction fat pad.

Attention is then turned toward the anterior branch of the vagus nerve (Fig. 2.2). It
is easily found traversing from left to right at the distal esophagus. Dissection of the
adventitia off the anterior esophagus allows exposure of the anterior vagus nerve, which
can be lifted with the help of a right-angled dissector. A short length is dissected, clips
are placed proximally and distally, and a segment of the nerve is resected with scissors
if clips are used. Otherwise use of ultrasonic energy facilitates ligation. If any concern
exists that the resected tissue is not the vagus nerve, this small segment of tissue can
be sent to pathology for frozen section to confirm nerve.

Next, the esophagus is retracted, usually anteriorly and toward the left, exposing
the posterior esophagus. Since it is larger than the anterior branch, the posterior vagus
nerve is usually easier to find and dissect off the esophagus (Fig. 2.3). Similar to the
anterior vagus, the posterior branch is hooked with a right-angled dissector, clipped,

Figure 2.2 Anterior vagotomy. The
esophagus is encircled with a Pen-
rose drain for retraction. The esopha-
geal fat pad is retracted inferiorly and
the adventitia of the esophagus is
cleared. The vagus nerve is dissected
off the esophagus and a segment is
ligated between clips or, as in this
case, using ultrasonic shears.
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Figure 2.3 Posterior vagotomy. The
esophagus is retracted anteriorly, and
the vagus nerve is dissected. This
image depicts the ligation of the
posterior vagus nerve using ultra-
sonic energy.

and ligated and a portion of the nerve is resected. The Penrose drain and liver retrac-
tion are then released, and attention is turned toward the pylorus. Remember, addi-
tional vagal trunks are present in nearly 20% of patients and must be identified and
transected.

Pyloroplasty

There are several methods for performing pyloroplasty. The most common is the HM
pyloroplasty (Fig. 2.4). First, a Kocher maneuver is performed, mobilizing the duode-
num from its retroperitoneal attachments. This ultimately helps take tension off the
suture line. The pyloric muscle is easily palpated between the surgeon’s thumb and
index finger. Stay sutures of 3-0 silk are placed with a seromuscular bite through the
pylorus just superior and inferior to the anterior aspect of the pylorus. A longitudinal
incision is made in between the two stay sutures using a needle-tip electrocautery
pencil or ultrasonic energy source. Care is taken to avoid making the incision longer
than necessary to prevent tension on the suture line. We recommend extending it
between 1 and 2 centimeters past the pyloric muscle proximally and distally (Fig. 2.5).
The stay sutures are distracted, and the suture line is closed transversely (Fig. 2.6).

Many different methods exist for closing the pyloroplasty, including single-layer
suture closure (with or without imbricating stitch), double-layer closure, or even stapled
closure. We prefer a single-layer closure with interrupted 3-0 silk sutures using a Gam-
bee stitch to imbricate the suture line, opposing serosa to serosa (Fig. 2.7). This allows
secure closure without narrowing the lumen. Care is taken to avoid missing the mucosa,
especially at the corners of the suture line as the pylorus is pushed away from the serosa
by the large, thick sphincter muscle layer. If the pyloroplasty is performed laparoscop-
ically, we prefer to use a free needle as opposed to automated suture systems for accu-
rate needle placement. We start from the corners and work toward the middle of the
suture line. If possible, the last three sutures should be tied only after all sutures are
placed to facilitate assurance of mucosal bites in each stitch. The suture line can be tested
by occluding the duodenum and instilling 500 to 1,000 mL of methylene blue down the
orogastric tube. Omentum can be placed overlying the suture line and sutured in place
if there is any concern regarding suture line integrity.

Another very quick and easy way of performing the HM pyloroplasty is with a
stapling device. This is much easier to perform using open rather than laparoscopic
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Figure 2.4 Schematic of Heineke—
Mikulicz pyloroplasty. The pylorus
is incised longitudinally and
closed transversely.
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Figure 25 Pylorus incised and
opened. Stay sutures are placed at
each corner to hold the pylorus open.

Figure 2.6 Pylorus pulled open prior
to closure. The pylorus is incised
completely from the prepyloric region
into the duodenum.

Figure 2.7 Pylorus closed trans-
versely and defunctionalized.
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technique. This technique works well if the pylorus is short and soft without scarring.
The enterotomy through the pylorus can be closed transversely with a linear stapler.
The thickness and the ends of the staple line may need oversewing since the pylorus
is of much thicker tissue than the other parts of the stomach and the duodenum. Integ-
rity of the staple line may also be checked with blue dye.

Alternatively, a circular stapler can be used, where a portion of the pylorus is
resected. This is usually a very quick procedure useful for patients with other med-
ical comorbidities. An enterotomy is made in the body of the stomach anteriorly,
large enough to fit a 25-mm circular stapler. The stapler is opened and positioned
traversing the pylorus muscle with the distal end just in the first portion of the duo-
denum. The stapler is lifted anteriorly while simultaneously dunking the pylorus
muscle posteriorly. Care is taken to avoid catching the pylorus posteriorly. The sta-
pler is closed and fired, creating a partial resection of the pylorus muscle with oppo-
sition of the serosa. The staples through the pylorus are then reinforced with one
suture on each end of the staple line. The stapler is then removed, and the patency
of the pylorus is checked by directing the orogastric tube already in place or passing
a flexible dilator through the gastric enterotomy distally into the duodenum. The
enterotomy in the body of the stomach is closed using a linear stapler. Although one
drawback in this technique is the creation of two separate staple lines, the staple line
on the body of the stomach rarely causes a leak or stricture and is usually safe to
perform. The integrity of both staple lines can be checked using blue dye as described
above.

Although rarely necessary, Jaboulay pyloroplasty, a gastroduodenostomy in actu-
ality, can be performed if significant scarring exists making HM pyloroplasty diffi-
cult with a high chance of leakage. Again, the first step is always a Kocher
maneuver to mobilize the duodenum. The duodenum is apposed to the antrum
along the greater curvature of the stomach with seromuscular bites of 3-0 silk suture,
usually in an interrupted fashion. Matching enterotomies approximately 5 cm long
are made in the stomach and duodenum just anterior to the apposed serosa. The
end sutures are left long to hold as stays. The anastomosis is then created by sutur-
ing the duodenum to the stomach with full thickness bites of tissue to include
mucosa. This is done in a running fashion along this posterior wall. A new stitch
is run from the corner anteriorly half the length of the enterotomies, while another
stitch is taken from the opposite corner. This anterior stitch can be an inverting
stitch to oppose the serosa. If not, we suggest interrupted Lembert stitches anteriorly
using 3-0 silk suture. Again a leak test is performed with blue dye in the stomach
down the orogastric tube.

Finney pyloroplasty is rarely performed today but allows excellent drainage for
chronically obstructed stomach. A Kocher maneuver is performed, followed by traction
sutures of 3-0 silk as with HM pyloroplasty. A 10 to 12 cm inverted U-shaped incision
is made from the lumen of the stomach, across the pylorus, and into the second portion
of the duodenum (Fig. 2.8). A two-layer closure is performed. First, the posterior
septum between the posterior walls of the stomach and duodenum are sutured, using
a 3-0 continuous absorbable hemostatic suture (Fig. 2.9). This suture begins at the
pyloric aspect of the posterior wall and continues anteriorly to secure the anterior walls
of the stomach and duodenum (Fig. 2.10). An outer layer of 3-0 silk Lembert sutures
completes the procedure (Fig. 2.11).

Alternatively, a stapled technique can be performed here as well. After mobilization
of the duodenum, enterotomies are made in the duodenum and stomach approximately
5 cm distal and proximal to the pylorus, respectively. Limbs of the linear cutting stapler
are inserted into the openings positioned toward pylorus, and the stapler is fired. The
common enterotomy is then closed with linear stapler and excess tissue is trimmed and
the staple line is checked for hemostasis and integrity. Again, a leak test can be per-
formed.

Postoperative nasogastric decompression is used occasionally, especially if there is
a gastric outlet obstruction from long-standing disease and scarring. Closed suction
drainage is rarely used.
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Figure 2.8 Recommended incision
created for a Finney pyloroplasty,
with superior and inferior stay
sutures.

Divided pylorus
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Figure 2.9 The inner row of run-
ning suture is usually of a 3-0
absorbable variety in the Finney
pyloroplasty.
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Figure 2.10 The running inner
suture line continues from superi-
orly and inferiorly to end anteriorly.

Anterior
mucosal sutures
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Figure 2.11 Interrupted 3-0 silk
Lembert sutures completes the
Finney pyloroplasty.

CONCLUSION

Although an uncommon procedure today, surgeons should have vagotomy and pyloro-
plasty in their operative armamentarium for treatment of peptic ulcer disease. Often,
this procedure is necessary emergently, as in a bleeding ulcer refractory to medical

management, and familiarity with this procedure will decrease operative time, which
may be important for unstable patients.
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Broderick T], Matthews JB. Vagotomy and drainage. In: Yeo CJ, ed.
Shackleford’s Surgery of the Alimentary Tract. 6th ed. Philadel-
phia, PA: Saunders/Elsevier; 2007:811-830.



3 Truncal Vagotomy with
Antrectomy and Billroth I

Reconstruction

Stanley W. Ashley and Thomas E. Clancy

@ INDICATIONS/CONTRAINDICATIONS

Vagotomy has been recognized as a means of reducing gastric acidity, and thus it has
been used in treating gastroduodenal ulcers since the early years of the 20th century.
The use of vagotomy for peptic ulcer disease was found to be associated with delayed
gastric emptying, so a gastric drainage procedure was added. The combination of trun-
cal vagotomy and antrectomy, whereby the gastrin-producing antrum is removed, was
subsequently proposed. Alternatives to truncal vagotomy to spare the celiac and hepatic
branches (proximal selective vagotomy) or with preservation of vagal innervations of
the antrum (highly selective vagotomy) have been proposed to mitigate postvagotomy
complications of dumping and diarrhea. Still, the loss of receptive relaxation and gas-
tric accommodation with all procedures makes some drainage procedure desirable.

The past few decades have seen a dramatic decrease in the role of surgical manage-
ment of uncomplicated peptic ulcer disease. While operative management was previ-
ously routine for gastric and duodenal ulcers, the use of acid-suppressing medications
such as histamine-2 receptor antagonists and proton pump inhibitors, as well as the
treatment of Helicobacter pylori infection, has made many such procedures rare. Surgi-
cal management of peptic ulcer disease is now predominantly limited to complications
of the disease, such as hemorrhage, perforation, and obstruction. This approach largely
avoids the use of acid-reducing operations. Still, acid-reducing procedures may play an
important role in the management of complicated and refractory ulcer disease, particu-
larly in patients who have failed acid-suppressing medications.

Truncal vagotomy remains an important option for complicated peptic ulcer dis-
ease, particularly in the acute setting with a medication-refractory patient. Antrectomy
will remove approximately 35% of the stomach, including all of the nonparietal cell
portion of the stomach. This will allow resection of a distal gastric or prepyloric ulcer.
Given very effective antisecretory medications and antibiotics to treat H. pylori, truncal
vagotomy and antrectomy is primarily useful in the setting of pyloric outlet obstruction
with recurrent ulcer symptoms or peptic ulcer disease complicated by bleeding or
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perforation. Reconstruction of intestinal continuity can be performed via gastroduode-
nostomy (Billroth I) or loop gastrojejunostomy (Billroth II).

The indications for truncal vagotomy, antrectomy, and Billroth I gastroduodenos-
tomy are as follows:

prepyloric ulcer

gastric ulcer

peptic ulcer disease with gastric outlet obstruction

recurrent ulcer after treatment with antisecretory medications

emergency treatment of complicated ulcer disease, in a patient who is refractory to
antisecretory medications

a@ PREOPERATIVE PLANNING

Preoperative evaluation should include detailed imaging and laboratory data as well as
endoscopic evaluation. In the case of complicated peptic ulcer disease, emergency sur-
gery may not allow extensive preoperative workup. Preoperative laboratory indices
should include hematocrit, bleeding parameters, basic chemistries, and tests of nutri-
tional reserve given the risk of preoperative malnutrition and postoperative ileus com-
plicating major gastrointestinal surgery.

Endoscopy is essential for the evaluation of the patient with bleeding secondary to
peptic ulcer disease; endoscopic management is often sufficient to manage bleeding
without surgery. Surgery is required for bleeding in the unstable patient, after extensive
transfusion (over 6 units of blood), or for rebleeding after initial endoscopic manage-
ment. Precise localization of the bleeding source is important.

Endoscopy is also important in the diagnosis of H. pylori infection. In patients with
refractory peptic ulcer disease, endoscopy is important for biopsy to rule out occult
gastric malignancy. Workup should include biopsies of the ulcer base and surrounding
gastric mucosa. Endoscopy also has a role in the documentation of healing of gas-
troduodenal ulcers after the initiation of antisecretory medications, as failure of ulcers
to heal may portend occult malignancy.

Imaging to include a chest x-ray and CT scan of the abdomen is useful to detect
potential metastatic disease when malignancy is considered.

() SURGICAL TECHNIQUE

Pertinent Anatomy

The vagal nerves, a plexus around the intraabdominal esophagus, will join to form two
trunks at the esophageal hiatus. The anterior (left) vagus nerve is positioned along the
anterior wall of the esophagus, while the posterior vagus is found between the postero-
medial wall of the esophagus and the right crus of the diaphragm (Fig. 3.1).

Positioning

Patients are positioned in the supine position. As access to the upper stomach and
distal esophagus is critical, an upper midline incision to the xiphoid process is typi-
cally utilized. A bilateral subcostal incision, providing excellent exposure to the duo-
denum, may compromise optimal exposure of the upper abdomen. The abdomen is
prepped from the low chest to the pubis.

Mild reverse Trendelenburg position is useful, and a nasogastric tube not only
decompresses the stomach but will also allow easier identification of the esophagus.
Mobilization of the left lobe of the liver by dividing the triangular ligament is performed
selectively; although this maneuver may aid exposure of the gastroesophageal junction



Chapter3 Truncal Vagotomy with Antrectomy and Billroth | Reconstruction

Figure 3.1 The vagal nerves from the
intrathoracic esophagus form two major

i trunks before entering the abdomen at the
esophageal hiatus.

=

Right vagal trunk————
Left vagal trunk

Celiac branch

Hepatic branch

in some patients, a large or redundant left lateral segment may be held in place by the
triangular ligament and exposure may be impeded by its division in some patients.

Technique

Vagotomy

Mobilization of the liver medially or superiorly may be necessary for optimal visualiza-
tion of the gastroesophageal junction. The left triangular ligament of the liver can be
divided with cautery to facilitate medial rotation of the left lateral segment of the liver.

The distal esophagus is exposed by incising the peritoneal covering of the gastro-
esophageal junction with cautery, incising the peritoneum from the lesser curvature to
the cardiac notch at the greater curvature. Gentle blunt dissection is used to surround
the esophagus. A Penrose drain is placed around the distal esophagus for retraction.
Care should be taken to place the Penrose drain at a sufficient distance from the esopha-
gus to include the vagal trunks. The posterior vagal trunk may be palpated during this
maneuver as a tight cord. For complete vagotomy, the distal esophagus must be mobi-
lized proximally and stripped of peritoneal attachments for approximately 5 cm.

The operator should note the clockwise rotation of vagal trunks as the vagi pass
from the thoracic cavity into the abdominal cavity. Exposure of the anterior vagal trunk
is facilitated by inferior—posterior traction on the Penrose drain. Similarly, the posterior
vagus may run along the posterior-right side of the distal esophagus, and exposure is
facilitated by retracting the Penrose drain into the wound and toward the left of the
incision. A single anterior vagal trunk is usually identified in the anterior midportion
of the esophagus, 2 to 4 cm above the gastroesophageal junction. It is not uncommon
for vagal fibers to be distributed among two or three smaller cords at this level. These
trunks are individually lifted up and 2- to 4-cm segments of each are separated from
the surrounding tissues. The nerves are surrounded, clipped on two sides, and a 2-cm
middle portion is excised and sent to pathology to confirm the presence of the nerve
via frozen section. The posterior vagal trunk is usually identified along the right edge
of the esophagus. If the anterior vagus has already been divided, the esophagus is more
mobile. This mobility allows downward traction on the gastroesophageal junction,
which allows the posterior vagus to “bowstring” and makes it easier to identify. A 2- to
4-cm segment is separated from the surrounding tissues, its margins marked with clips,
resected, and sent to pathology for frozen section (Figs. 3.2 and 3.3).
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Left lobe of liver Esophagus Figure 3.2 The peritoneum over the
gastroesophageal junction is divided
with cautery to expose the esophagus.
The left lateral segment of the liver may
require superior or medial retraction for
exposure.

Left vagal trunk

Stomach

Antrectomy

After vagotomy is performed, antrectomy is a useful drainage procedure, particularly
in the setting of duodenal or pyloric channel ulcer with gastric outlet obstruction.
Antrectomy removes approximately 35% of the stomach to include the gastrin-producing
mucosa. Useful landmarks include the incisura angularis on the lesser curvature and a
point between the pylorus and the fundus on the greater curvature where the right and
the left gastroepiploic vessels meet (watershed area).

The lesser sac is entered via the gastrocolic ligament, an avascular plane in the
omentum. Dissection should begin at the mid-greater curvature and continue along the
greater curvature of the stomach toward the pylorus. Adhesions between the posterior
wall of the stomach and the pancreas are divided sharply. Near the pylorus, the right
gastroepiploic vessels are divided and ligated. Dissection should be carried about 1 cm

i Figure 3.3 Gentle traction to the
Anterior vagus stomach facilitates identification of
nenve the vagus nerves. Clips are applied to
each trunk proximally and distally,
with removal of a 2- to 3-cm segment
between the clips.

Stomach
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Figure 3.4 The stomach has bheen
mobilized, with division of the
gastrocolic ligament and right
gastroepiploic vessels. The pan-
creas is visible at the base of the
lesser sac.

past the pylorus, taking care to avoid injury to the pancreas. Along the lesser curvature
between the incisura and the pylorus, tissues including distal branches of the left gas-
tric artery are divided and ligated. The right gastric artery is similarly divided and
ligated.

If a Billroth I anastomosis is planned, it is essential to mobilize the duodenum
thoroughly with a generous Kocher maneuver. The peritoneum along the lateral duode-
num should be divided with cautery. Dissection should begin near the porta hepatis,
taking care to avoid injury to the common bile duct and portal vein. The Kocher maneu-
ver should include the peritoneum along the inferior border of the third portion of the
duodenum, separating the third portion of the duodenum from the transverse mesoco-
lon to allow mobilization of the duodenum superiorly as well as laterally. If duodenal
scarring prevents Billroth I anastomosis, a Kocher maneuver is not required.

A GIA linear stapler is used to divide the stomach at the estimated border of the
antrum. The antrum is retracted anteriorly and to the patient’s left side. The duodenum
is divided with a TA stapler. Particular care must be taken with a thickened and inflamed
duodenum in the setting of chronic scarring or perforation. For thick tissue, primary
suture closure is preferable to stapled closure, and omental patch reinforcement of the
duodenal stump may be helpful (Figs. 3.4-3.7).

Figure 3.5 A full Kocher maneuver
has been performed to mobhilize
the duodenum medically and
superiorly.
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Figure 3.6 After entering the lesser sac,
e the stomach is divided proximally
( between the incisura and midway along
\ the greater curvature to include the
{ entire antrum.

Billroth | Gastroduodenostomy

Primary gastroduodenostomy, or Billroth I reconstruction, is preferable to allow preser-
vation of antegrade flow. The gastroduodenostomy is created in two layers. A posterior
row of interrupted seromuscular silk sutures are placed first in the Lembert manner
between the duodenum and the stomach at the inferior/lateral border of the gastric
staple line. The superior/medial portion of the duodenal staple line is removed with
cautery, and the gastric staple line is opened a corresponding length. An inner layer of
running 3-0 vicryl suture (or other absorbable suture) is placed, followed by an anterior
outer row of interrupted 3-0 silk Lembert sutures. The junction of the anastomosis and
the gastric staple line has been referred to as the “angle of sorrow” due to the compli-
cation of leakage at this intersection of suture/staple lines. This angle should be rein-
forced with additional 3-0 silk Lembert sutures.

Stapling techniques have been described for the gastroduodenostomy as well; the
anvil of a 25-mm EEA stapler may be sewn into the duodenal stump with a purse-string
suture. The circular stapler may be inserted through anterior gastrostomy, with the
gastrotomy closed with a TA stapler (Figs. 3.8-3.10).

Figure 3.7 The stomach has bheen
divided just proximal to the
antrum, from the incisura to the
mid-greater curvature. The duode-
num is divided with a stapler 1 cm
distal to the pylorus.
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Figure 3.9 The Billroth | gastrodu-
odenostomy is constructed first
with a posterior row of interrupted
seromuscular silk sutures. The
gastric and duodenal staple lines
have not yet been removed. The
medial portion of the gastric
staple line has been oversewn
with seromuscular silk sutures.

Figure 3.10 The Billroth | anasto-
mosis is continued by removing
the staple lines of the stomach
and duodenum with cautery. An
inner running layer of full-
thickness 3-0 Vicryl suture is used
in this case.

Figure 3.8 The gastroduodenos-
tomy is created in two layers. The
posterior layer is completed with
3-0 silk. An inner layer of running
absorbable suture is placed,
followed by an anterior row of
interrupted 3-0 silk seromuscular
sutures.
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vy POSTOPERATIVE MANAGEMENT

Nasogastric suction is continued postoperatively until the volume of gastric effluent
falls to less that 1,000 mL/24 hours and there is no clinical evidence of anastomotic
leak. Typically patients will require nasogastric decompression for several days. Rou-
tine radiographic analysis via barium swallow is not necessary unless there is clinical
suspicion for an anastomotic leak (Fig. 3.11).

) COMPLICATIONS

An unfortunate complication after vagotomy is recurrent ulceration due to persistent
vagal innervations. While some recurrences can be managed medically, some will
require reoperation, particularly in an acute presentation such as perforation. Dense
adhesions to the left lobe of the liver can make reoperative vagotomy difficult, and
the best approach for repeat truncal vagotomy is via transthoracic or thoracoscopic
access.

Given the loss of vagally mediated receptive relaxation of the stomach, emptying
of liquids is accelerated after vagotomy. Dumping, manifest as postprandial discomfort
and dizziness, can be seen in 10% to 15% of patients after truncal vagotomy and antrec-
tomy and can be disabling in 1% to 2% of patients. “Early” dumping may occur soon
after a meal and include discomfort, dizziness, syncope, and palpitations. “Late” dump-
ing occurs several hours postprandially and may include hypoglycemia. Dietary changes
are effective in mitigating symptoms for most patients. Somatostatin analogues are also
reported to have a beneficial effect on symptoms of dumping when administered prior
to meals. Delayed gastric emptying after gastrojejunostomy is managed conservatively.
Refractory delayed gastric emptying after Billroth I reconstruction is managed with
gastrojejunostomy to the greater curvature of the stomach to avoid devascularization
and duodenal stump leakage. Bleeding after partial gastrectomy is generally seen as
intraluminal blood loss. An endoscopic approach with coagulation or epinephrine
injection of the anastomosis is preferable to surgical exploration.

Alkaline reflux gastritis is common after partial gastrectomy, affecting 5% to 15%
of patients. Reflux is common, although pain and nausea are less commonly seen.
Endoscopy is important in the setting of postoperative epigastric discomfort to rule out
recurrent ulceration. Endoscopy may show bile reflux into the stomach, as well as gas-
tritis. HIDA scan (99mTc hepatic iminodiacetic acid scan) can also be used to establish
the diagnosis. Medical management, including antacids, bile acid chelators, and dietary

Figure 3.11 The Billroth | anasto-
mosis is completed with an ante-
rior row interrupted seromuscular
3-0 silk sutures.
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changes, is not typically beneficial and surgical management with Roux-en-y gastroje-
junostomy is often indicated

%9 RESULTS

Truncal vagotomy with antrectomy is highly effective in reducing both basal and stim-
ulated acid secretion in the stomach, as well as highly effective in reducing ulcer recur-
rence. Recurrence rates of 1% to 2% have been reported after truncal vagotomy and
antrectomy, even prior to the use of treatment for H. pylori.

ﬁ; CONCLUSIONS

Truncal vagotomy and antrectomy is an effective means of treating refractory symptoms
of peptic ulcer disease, particularly with pyloric channel ulcers, gastric outlet obstruc-
tion, or in the acute setting in a patient with ulcer disease while on antisecretory
medications. In the setting of highly effective antisecretory therapy and the recognition
and treatment of H. pylori colonization, surgical therapy is rarely required as an acid-
reducing intervention. However, these procedures remain an important tool for the
gastrointestinal surgeon treating refractory ulcer disease or faced with emergency com-

3

plications of peptic ulcer disease such as perforation, bleeding, or obstruction.
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@ INDICATIONS/CONTRAINDICATIONS

Peptic Ulcer Disease

Surgical management of peptic ulcer disease has metamorphosed with the advent of
proton pump inhibitor (PPI) therapy and elucidation of the role of Helicobacter pylori
in gastric pathology. While gastric resections for ulcer disease were formerly a mainstay
in the practice of general surgery, such procedures are now rare. Most patients are
treated with 6 weeks of PPI therapy and eradication of H. pylori. This combination of
therapies is effective in treating the majority of ulcers. However, indications do remain
for surgical therapy for ulcer disease. The major indication is failure of medical manage-
ment presenting as either intractable ulceration after a 3-month medical trial or issues
such as perforation or bleeding while on therapy. Ulcers can also present acutely as a
complication of nonsteroidal anti-inflammatory drug use. Long-term complications of
ulcers, such as gastric outlet obstruction or malignancy, remain reasons for surgery as
well. An additional relative indication for surgery is a patient with complicated ulcer
disease and poor access to care or unlikely follow-up.

The choice of surgical procedure is based on the indication. Simple Graham (omen-
tal) patch closure can be performed for pyloric channel or duodenal perforation. Vagot-
omy and pyloroplasty offers a definitive approach to a bleeding pyloric channel or
duodenal ulcer. Wedge gastrectomy results in excision of perforated gastric ulcers,
while providing adequate tissue to evaluate for underlying malignancy. Antrectomy,
usually in conjunction with vagotomy, is most commonly used for patients with gastric
outlet obstruction from chronic ulcer disease. Vagotomy and antrectomy can also be
used for definitive management of a perforated pyloric channel ulcer in a stable patient
with minimal soilage.

Vagotomy is performed to minimize acid production in patients undergoing surgery
for peptic ulcer disease. It works by blocking acetylcholine-mediated acid release as
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well as preventing antral interneuron release of gastrin-releasing peptide which in turn
stimulates antral G-cell gastric release. However, histamine and nonvagal-mediated gas-
trin release still occur following vagotomy. Truncal vagotomy gained popularity in the
1940s in the management of gastric acid production to limit ulcer formation. It was
performed in conjunction with a drainage procedure to minimize complications of
delayed gastric emptying that were witnessed in up to one-third of patients following
vagotomy alone. Selective and highly selective vagotomy came into favor to maximize
the benefits of diminished acid production without causing gastric dysmotility. With
the success of PPI therapy, even these selective procedures have fallen out of favor.
Most patients requiring surgery for ulcer disease today require either antrectomy for
obstruction or duodenal access and therefore pyloroplasty closure. In these patients,
concomitant truncal vagotomy can obviate the need for and expense of postoperative
PPI with minimal added risk.

Gastrointestinal Stromal Tumors

Gastrointestinal stromal tumors (GISTs) are mesenchymal neoplasms originating from
the cells of Cajal. Sixty percent of these tumors are found in the stomach. The diagno-
sis is suspected with any submucosal mass and confirmed in most cases with reactivity
to KIT (CD117) and/or DOG1. Many GISTs are incidentally found, but some present as
a source of bleeding due to rupture. The malignant potential increases with both size
and mitotic index, with tumors <2 cm in diameter and with <5 mitoses per 50 HPF
considered very low risk. Surgery is the mainstay of treatment for localized GISTs ame-
nable to resection.

Surgical resection for GISTs involves complete margin-negative resection with an
intact pseudocapsule. Lymphadenectomy is not required. Although most of these lesions
may be treated with wedge resection, occasionally antrectomy is required.

Pancreatic rests and adenomas may present preoperatively as suspected GISTs.
Although they have low malignant potential, they are usually managed as if GISTs
unless a benign diagnosis can be confirmed.

Carcinoids

Gastric neuroendocrine tumors are an unusual cause of gastric pathology. These lesions
can be benign carcinoid tumors or neuroendocrine carcinomas. This determination can
usually be made on the basis of hematoxylin- and eosin-stained biopsies. Some carci-
noid lesions may be associated with atrophic gastritis, pernicious anemia, or elevated
gastrin levels. Most small lesions confirmed to be benign can be removed with endo-
scopic or laparoscopic wedge techniques. Some advocate surveillance for benign lesions
10 to 20 mm or smaller. Many suggest that multifocal carcinoids should be resected
with antrectomy. Neuroendocrine carcinomas should be managed with more radical
resection, often total gastrectomy with lymphadenectomy.

Adenocarcinoma

Gastric adenocarcinoma is rarely confined to just the distal stomach in Europe or the
Americas. The surgical approach is geared at obtaining an RO resection, with negative
margins and no evidence of residual disease whenever possible. In the United States
and Europe, D1 lymphadenectomy involving just the perigastric nodes is standard.
More extensive D2 lymphadenectomy adding nodal tissue surrounding the left gastric,
splenic, and hepatic arteries as well as the celiac axis, although beneficial in Japan, has
been associated with increased morbidity and mortality in Western trials. Removal of
at least 15 lymph nodes is important for staging information.

Outcomes after laparoscopic versus open gastric resection are oncologically equiv-
alent based on several studies in the setting of experienced laparoscopic surgeons and
low-risk patients (ASA < 3). There are benefits with length of stay, resumption of oral
intake, blood loss, and analgesia use as well.
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On the basis of results of a landmark 2006 study by Cunningham and colleagues,
patients with gastric or gastroesophageal adenocarcinoma should receive preoperative
chemotherapy to improve progression-free and overall survival.

For patients with advanced disease, palliative resection, even involving total gast-
rectomy, has improved outcomes compared with surgical bypass. This includes both
quality of life and possibly survival benefits.

%)) PREOPERATIVE PLANNING

Chronic ulcer disease patients require a trial of medical therapy prior to surgery. Most
patients are expected to complete two 6-week courses of PPI therapy as well as eradica-
tion of H. pylori with proven failure. No specific bowel prep is required.

For patients with acute complications of ulcer disease, such as bleeding or perforation,
preoperative resuscitation is important. These patients should have a urinary catheter
placed. Blood or fluids should be given as necessary to assure adequate perfusion. In the
setting of perforation, broad-spectrum antibiotics are also advised. A nasogastric tube may
be placed to facilitate gastric decompression, but it should be removed before stapling.

() SURGERY

Positioning

The setup for laparoscopic antrectomy in our practice has the patient placed supine
with the arms extended out at the sides (Fig. 4.1). The surgeon stands at the patient’s
right, with the assistant on the left. Monitors are placed over the patient’s shoulders.

Figure 4.1 OR setup for laparo-
scopic gastrectomy. The patient is
placed supine on the table with
arms extended. The surgeon
stands to the patient’s right and
the assistant is on the left.
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Figure 4.2 Port placement for
laparoscopic gastrectomy. The
ports are placed higher for proxi-
mal pathology or lower (arrows)
for more distal lesions.

An endoscope should be readily available to help with identification of pathology or to
test for leak at the completion of the procedure. Ports are placed to allow good access
to the hiatus and distal stomach (Fig. 4.2). The procedure is performed in reverse Tren-
delenburg position. A liver retractor is helpful for proximal gastric and hiatal exposure.
This is placed through a subxiphoid port.

() SURGICAL TECHNIQUE

Distal Gastrectomy

Distal gastrectomy may be performed for ulcer disease, benign lesions as well as can-
cer. If the resection is being performed for adenocarcinoma, the resection should
include the greater omentum, duodenal bulb, and surrounding nodal tissue. The tech-
nical ease of antrectomy is greatly improved with modern vessel sealing technology.
These devices can divide vessels up to 7 mm in diameter without requiring skele-
tonization or clips.

The variability of distal gastrectomy is greatly dependent on the planned recon-
struction. The procedure can be completed with a gastroduodenostomy (Billroth I anas-
tomosis), loop gastrojejunostomy (Billroth II anastomosis), or with Roux-en-Y
reconstruction (Fig. 4.3). Billroth I reconstruction is the most anatomic and is preferred
in our practice when technically possible. It also minimizes postoperative complica-
tions such as duodenal stump leak, afferent loop syndrome, and marginal ulceration.
This approach will be the focus of this chapter. The anastomosis may be placed in a
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A B : c
Figure 4.3 Alternatives for reconstruction after distal gastrectomy. (A) Billroth | gastroduodenostomy. (B) Billroth I loop gastrojejunostomy, or
(C) Roux-en-Y reconstruction.

variety of locations, but the distal posterior gastric wall is usually preferred to facilitate
gastric emptying.

The procedure should begin with duodenal mobilization (Kocher maneuver, Fig. 4.4).
The more extensive this mobilization, the easier the reach for the eventual anastomosis.
Omental mobilization is next if the procedure is performed for cancer. This begins
with separating the omentum off of the transverse colon and carrying this mobiliza-
tion up to the stomach.

The transection line on the stomach is then identified. Antrectomy is usually per-
formed proximal to the crow’s foot, such as insertion of vessels onto the lesser cur-
vature and at a point corresponding to the transition between the right and left
gastroepiploic vessels on the greater curvature. The line between these points will
include the entire antrum.

The gastroepiploic vessels are divided along the greater curvature at the transection
plane and the lesser sac window is confirmed (Fig. 4.5). After removing any nasogas-
tric tube, the stomach is divided with staples (Fig. 4.6). In our practice we prefer a
bioabsorbable buttress material and 4.8-mm staple leg lengths for this division (Duet,
Covidien, North Haven, CT). Other staple options can be used per surgeon prefer-
ence. The transection is continued toward the lesser curvature.

Figure 4.4 Laparoscopic Kocher
maneuver.
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Figure 45 Mobilizing the antrum for
resection.

After fully dividing the stomach, the tissue along the lesser curvature is separated
with a bipolar sealing device, care being taken to keep the nodal tissue with the
specimen when operating for cancer.

The distal stomach then functions as a handle to assist with pyloric and duodenal
mobilization. It is reflected to the patient’s right to facilitate exposure. Surrounding
nodal tissue is kept with the specimen.

The right gastric and right gastroepiploic vessels may be divided with vessel sealing.
Alternatively, staples may be used.

The duodenum is then divided with 2.5-mm staples (Fig. 4.7). Staple line reinforce-
ment or oversewing of this staple line should be considered if the duodenum will
not be used for reconstruction.

The specimen is then placed in a retrieval bag for removal at the completion of the
procedure.

Vagotomy

Exposure for vagotomy mimics hiatal exposure for other procedures involving the gas-
troesophageal junction.

The lesser omentum is incised with an electrosurgical instrument and the hiatus is
exposed.

This dissection is carried anterior to the esophagus to mobilize the gastroesophageal
junction.

The anterior vagus nerve is identified overlying the esophagus, toward the patient’s
left. It can usually be palpated and separated easily from the esophagus with careful
dissection.

Traditionally, clips have been placed proximally and distally on the vagus nerve to
mark the vagotomy. This may be performed at the surgeon’s discretion.

Figure 4.6 Dividing the stomach.
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Figure 4.7 Dividing the duodenum
with staples.

The nerve is divided with scissors, bipolar sealing, or ultrasonic dissection (Fig. 4.8).
It is then removed from the operative field and labeled.

A plane is then created posterior to the esophagus, adjacent to the right crus.

The esophagus is retracted anteriorly and to the patient’s left to facilitate adequate
visualization.

The posterior vagus nerve can usually be identified running between the esophagus
and the right crux. It can be dissected off the esophagus with gentle dissection.
The nerve should be divided as high in the chest as possible to assure that the criminal
nerve of Grassi is divided. Clips are again used at the surgeon’s discretion (Fig. 4.9).
The nerve is then removed from the operative field and labeled.

The specimens should be sent to pathology for confirmation of peripheral nerve on
frozen section. Anterior and posterior nerve candidates should be carefully labeled.
While waiting for results of the frozen section, reconstruction may be performed.

Billroth | Reconstruction

If the scarring near the duodenum is minimal and the resection confined to the antrum,
Billroth I reconstruction is reasonably straightforward. Gastroduodenostomy can be
completed with linear staples, circular staples, or a hand-sewn anastomosis. In our
practice a linear stapled anastomosis is preferred.

Figure 4.8 Completing the anterior
vagotomy.
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Figure 4.9 Posterior vagot-
omy. It is essential to get
high on the esophagus (at
least 5 cm) to include the
criminal nerve of Grassi in
the vagotomy. The exposure
is similar to that used for a
hiatal hernia repair.

To complete this anastomosis, a gastrotomy is placed on the posterior stomach near
the inferior edge of the staple line (Fig. 4.10).

A duodenotomy is created on the anterior surface of the duodenum with adequate
distance to the duodenal staple line to accommodate a linear stapled anastomosis (at
least 3 cm) (Fig. 4.11).

The 3.5-mm leg-length endoscopic linear stapler is then placed into the duodenot-
omy and brought toward the stomach, advancing the anterior staple anvil leg into
the gastrotomy.

The stapler is then fired (Fig. 4.12).

A suture is placed on the posterior gastric wall and duodenum at the end of the
staple line to diminish any tension.

The remaining enterotomy is closed with sutures in a running fashion. To facilitate
this, we place a post suture at the distal end of the anastomosis, incorporating both
full thickness stomach and duodenum (Fig. 4.13).

We then start with a longer (25 cm) suture at the other end of the anastomosis and
run with a single suture to the original post (Fig. 4.14). This completes a single-layer
anastomosis (Fig. 4.15).

An endoscope is placed transorally to evaluate the anastomosis for bleeding and leak.
The anastomosis is submerged while the endoscope is used for insufflation.

A second layer of sutures is placed only if the leak test is positive. Interrupted
sutures may be placed to contain any area of air leak.

Figure 4.10 Creating a gastrotomy on
the posterior stomach near the infe-
rior border of the staple line.
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Figure 4.11 Creating a duodenotomy
with adequate space to allow for
passage of the stapler proximally.

Figure 4.12 Creating the gastroduode-
nostomy with a linear stapler.

Figure 4.13 Placing a post stitch
across the posterior portion of the
gastroduodenostomy staple line.

Figure 4.14 Suturing the common
enterotomy on a gastroduodenos-
tomy.

M
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Figure 4.15 Completing the gastrodu-
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Use of Endoscopic Adjuncts

Some surgeons have found that endoscopic visualization is helpful during transgas-
tric resections. We have found it difficult to keep the field of view level and appro-
priately oriented when using the endoscope exclusively. We feel the endoscope is
helpful for confirming pathology and assuring adequacy of final closure with a neg-
ative leak test.

v POSTOPERATIVE MANAGEMENT

For most gastric resections, we do not place drains or nasogastric tubes. Exceptions to
this are for high-risk patients (malnutrition, chemotherapy, chronic gastric outlet
obstruction) or high-risk anastomoses (poor tissue, tension). In straightforward proce-
dures, if the patients look and feel good on the morning of postoperative day 1, a liquid
diet is implemented. Diet is advanced to semisolid foods at 2 weeks. If there are clini-
cal signs of difficulty such as fever or tachycardia, or other reasons for clinical suspi-
cion, a water-soluble contrast upper GI is obtained. Patients are discharged as early as
postoperative day 1.

) COMPLICATIONS

Procedure-related perioperative complications may include bleeding, leak, or esopha-
geal injury, although these are not commonly reported. Complications of open gastrec-
tomy are seen in the laparoscopic population as well. These include alkaline reflux
gastritis in 1% to 2%, gastroparesis in 2% (particularly if resection is accompanied by
vagotomy), dumping syndrome, and postvagotomy diarrhea in 2% to 4%.

,‘B RESULTS

Although few large laparoscopic series exist, most patients do well after laparoscopic
antrectomy. Truncal vagotomy and antrectomy is curative for 99% of ulcer disease
patients. Outcome for other pathology depends on the adequacy of the resection for
cure. Recurrence is unlikely for low-grade GISTs and benign carcinoids. For results in
cancer, see Table 4.1.
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TABLE 4.1 Laparoscopic-Assisted Distal Gastrectomy (LADG) for Early
Gastric Cancer
Extent of Follow-up
Year N  Procedure Resection  Complications (mo) Recurrence
2002 14 LADG D1 Pancreatic injury, 1 24+9.6 None
delayed gastric emptying, 1
2001 7 LADG D1 None 17 None
2003 76 LADG D1 Anastomotic leakage, 3 29 None
Abscess, 5
Postoperative bleeding, 1
2002 116 LADG D1 Pneumonia, 1 45 None
Anastomotic leakage, 1
Pancreatic injury, 1
Anastomotic stenosis, 1
2003 43 LADG D1 Anastomotic leakage, 6 3717 One systemic

Wound infection, 2

Intraoperative hemorrhage, 2

Anastomotic ulcer, 1

recurrence

From: Fischer JF and Bland K, editors. Mastery of Surgery. 5th ed. Volume 1. Philadelphia, PA: Lippincott, Williams and Wilkins.

-ﬂ_«; CONCLUSIONS

Antrectomy is appropriate for a variety of gastric pathologies.
If antrectomy is performed for ulcer disease, it is due to acute complications or

medical failure.

Truncal vagotomy is added when performing antrectomy for ulcer disease.
Laparoscopic antrectomy can be facilitated with bipolar sealing and linear stapling.
Reconstruction after antrectomy can be with gastroduodenostomy, loop gastrojeju-

nostomy, or Roux-en-Y gastrojejunostomy.

For patients without duodenal scarring, gastroduodenostomy is straightforward and

the most anatomic anastomosis.

Gastroduodenostomy can be performed with linear staplers, with suture closure of

the remaining gastroduodenostomy.

Outcomes following laparoscopic antrectomy +/— truncal vagotomy are excellent,

with minimal recurrence for benign pathologies.
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) INDICATIONS

Truncal vagotomy and antrectomy is usually performed in the treatment of complica-
tions of peptic ulcer disease. Indications include perforation, hemorrhage, and obstruc-
tion. The elucidation of the pathogenic role of Helicobacter pylori in the development
of peptic ulceration has decreased the need for operative treatment of peptic ulceration.
In addition, the wide availability of proton pump inhibitors and histamine-2 receptor
blockers has further diminished the need for truncal vagotomy, an operation designed
to permanently suppress gastric acid production.

When truncal vagotomy and antrectomy is used, the first goal is safety from imme-
diate surgical complications and avoidance of long-term undesirable side effects. The
second goal is repair of associated anatomic defects, such as pyloric obstruction.

@ PREOPERATIVE PLANNING

Preparation for elective antrectomy should seek to optimize physiologic status. Electro-
lyte imbalances, common with gastric outlet obstruction, should be corrected. Retained
food and particulate matter may also accumulate within an obstructed stomach. These
materials can cause bacterial overgrowth and should be evacuated preoperatively. Scru-
pulous attention to general nutrition, anemia, and associated comorbid conditions is
also required preoperatively.

Vagal Anatomy

The vagal nerves form a plexus which surrounds the intrathoracic esophagus. The nerve
trunks coalesce within the thorax before entering the abdomen through the esophageal
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hiatus. The anterior (left) vagus nerve is positioned in immediate contact with anterior
wall of the esophagus. The posterior vagal trunk has greater variability but is usually
positioned between the posterior-medial wall of the esophagus and the right diaphrag-
matic crus. The anterior vagus nerve forms a hepatic division which separates from the
anterior trunk at the level of the esophageal junction and passes between the avascular
leaves of the gastrohepatic ligament. Fibers within the hepatic division innervate the
gallbladder, biliary ducts, and liver.

The posterior vagal trunk gives rise to a celiac division which crosses the right
diaphragmatic crus in parallel to the left gastric artery. The celiac division is usually

A
A

o

Left vagal trunk

Right vagal trunk

Celiac branchj‘-_
Hepatic branchJ

Anterior Posterior
vagus nerve vagus herve

Celiac
division

Hepatic
division

branches

Figure 5.1 Vagal anatomy.
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larger than the hepatic division. Branches of the celiac division pass through the celiac
ganglion. The anterior and posterior gastric divisions of the vagal trunks parallel the
lesser curvature of the stomach and are contained within the gastrohepatic omentum.
They run approximately 0.5 to 1 cm from the wall of the stomach along the lesser cur-
vature. Small gastric branches terminate within the gastric fundus, body, and antrum
(Fig. 5.1).

Position

The patient is positioned supine on the operating table. A vertical midline incision
extending from the xyphoid inferiorly provides exposure of the upper abdomen for
truncal vagotomy performed via laparotomy. Exposure is provided by a self-retaining
retractor. The costal margins should be retracted superiorly and elevated. A moderate
amount of reverse Trendelenburg position is often helpful in shifting the omentum and
other abdominal contents inferiorly and in improving exposure of the upper abdomen
(Fig. 5.2).

Truncal Vagotomy

Exposure of the intra-abdominal esophagus can usually be obtained without mobiliza-
tion of the left lateral segment of the liver. If the left lateral segment of the liver is
hypertrophic or enlarged due to fatty infiltration, mobilization of this segment can
sometimes improve exposure of the intra-abdominal esophagus. To do this, the surgeon
places the right hand under the left lateral segment, palm upward, and retracts the liver
inferiorly. The left triangular ligament is often thin and translucent. The fingers of the
surgeon’s hands are usually visible through the peritoneum (Fig. 5.3).

The left triangular ligament can be divided without cautery using this exposure. As
the line of division proceeds medially, care must be taken to expose the anterior and
posterior leaves of the triangular ligament separately. The peritoneal layers and the tis-
sue between them may be divided individually using electrocautery. The inferior
phrenic vein is often close to the posterior peritoneal edge of the triangular ligament,

Figure 5.2 Topographic anatomy
of the stomach.
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Figure 5.3 Mobilization of the left
lateral segment of the liver.

Figure 5.4 Division of the triangu-
lar ligament.

Diaphragm

Left triangular
ligament

Spleen

Stomach

and care must be taken not to injure this vessel. This can be avoided by proper expo-
sure. Mobilization of the left triangular ligament need not extend beyond the midline
(Fig. 5.4).

With the left lateral segment of the liver retracted and protected, the anterior surface
of the intra-abdominal esophagus can be appreciated visually and also by palpation of
a previously placed nasogastric tube. The peritoneum overlying the esophagogastric

Cut triangular
ligament

Spleen

Stomach
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Figure 5.5 Exposure of the esoph-
Hepatic division agogastric junction.

of vagus nerve Esophagus

Spleen

Stomach

Left gastric
artery

Left lobe of liver

Caudate lobe
of liver

junction is divided transversely using electrocautery. In doing so, the hepatic branch of
the anterior vagus nerve is sometimes visible in the leaves of the gastrohepatic ligament
and should be preserved (Fig. 5.5).

After division of the peritoneum, the anterior vagus nerve can usually be seen
on the anterior surface of the esophagus. The nerve can also be palpated with an
index finger passed along the anterior surface of the esophagus. Retraction of the
stomach caudally aids in the palpation of the vagal trunk by placing it on gentle
tension (Fig. 5.6).

Figure 5.6 Exposure of anterior
vagus nerve.

Anterior

vagus nerve Spleen

Hepatic division

of vagus nerve Stomach
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Figure 5.7 Isolation of the anterior

vagal trunk.

Figure 5.8 Ligation of the nerve
trunk.

> i
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Anterior
vagus nerve

Spleen

Stomach

The anterior vagal trunk is elevated from the anterior wall of the esophagus using
a nerve hook or right angle. The nerve should be sharply dissected from the underlying
esophageal musculature (Fig. 5.7).

The anterior vagus nerve is ligated both proximally and distally using metallic
surgical clips. A segment between the clips is excised and sent for permanent patho-
logic examination (Fig. 5.8).

With the esophagus retracted to the patient’s left, the operating surgeon then
exposes the right diaphragmatic crus. The posterior vagal nerve can be identified
visually or by palpation in the space between the posterior medial wall of the esopha-
gus and the right crus. The position of the posterior vagal nerve can also be verified

Anterior
vagus nerve
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Figure 5.9 Exposure of the poste-
rior vagal trunk.

Posterior
vagus nerve
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Spleen

Celiac division

Stomach
Left gastric
artery

by retraction of the celiac division; this maneuver places the posterior vagus nerve
under some tension and accentuates its position. Because the celiac division of the
posterior vagus nerve lies in proximity to the left gastric artery, this pulse can also
be used as a landmark (Fig. 5.9).

The posterior vagus nerve is elevated from the surrounding tissue using a nerve
hook or right angle clamp (Fig. 5.10).

A segment of the posterior trunk is excised after ligation by surgical clips
(Fig. 5.11).

Figure 5.10 Isolation of the poste-
rior vagal trunk.

Posterior
vagus herve
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Figure 5.11 Nerve division.
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Antrectomy

When operating for either benign or malignant disease, it is useful to examine the
posterior wall of the stomach for possible inflammatory or neoplastic involvement of
associated retrogastric strictures. This can be accomplished after entry into the lesser
sac. The lesser sac is entered by dividing the attachment of the greater omentum to
the transverse colon. An avascular plane can be developed immediately adjacent to the
superior aspect of the transverse colon. This is best accomplished by retracting
the omentum superiorly and retracting the corresponding segment of transverse
colon inferiorly. While care must be taken not to injure the middle colic vessels, the
omentum can be separated from the transverse mesenteric layers using electrocautery
(Fig. 5.12).

Alternatively, the retrogastric space can also be obtained by division of the avascu-
lar portion of the gastrohepatic omentum. Through this exposure, the posterior wall of
the stomach and associated retrogastric strictures can be assessed (Fig. 5.13).

In treatment of neoplastic disease, the omentum may be resected en bloc with the
distal stomach. Alternatively, for benign gastric diseases omental resection is not always
necessary. The gastroepiploic vessels can be preserved. A line of dissection can be
developed paralleling the left gastroepiploic vessel. Small blood vessels in this area can
be taken between clamps and tied. In addition a number of alternative energy sources
can be used during both open and laparoscopic operations to divide these vessels with-
out suturing or ligatures (Fig. 5.14).

Antrectomy usually involves resection of approximately 50% of the distal gastric
tissue. Preparation for a 50% gastric resection involves the division of the gastrocolic
ligament to a point approximately half way between the pylorus and the esophagogas-
tric junction along the greater curvature. This point corresponds to the transition
between the right and left gastroepiploic vessels. The gastric wall should be clear of fat
and areolar tissue for a short distance in preparation for subsequent resection and then
anastomosis (Fig. 5.15).

The right gastroepiploic vessels are exposed by retracting the stomach superiorly.
The right gastroepiploic artery is divided close to its origin from the gastroduodenal
artery. Fine areolar tissue between the posterior antropyloric region and the anterior
surface of the pancreas can be divided sharply (Fig. 5.16).
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The right gastric artery and its corresponding vein are often quite small. The right
gastric vessels will be identified at the superior border of the proximal duodenum. The
vessel should be divided close to the duodenal wall. Care must be taken to avoid injury
to the common hepatic artery or common bile duct. Inflammation or tumor may obscure
the anatomy in the region of the first portion of the duodenum (Fig. 5.17).

The area along the lesser curvature is used for division and anastomosis. Branches
of the left gastric artery supply the lesser curvature. These are often represented as
paired vessels to the anterior and posterior surfaces. These vessels should be ligated
separately. Connective tissue and fat between these arterial branches and the gastric
wall should be cleaned in preparation for subsequent anastomosis (Fig. 5.18).

The proximal duodenum is then divided using a GIA stapler. This provides closure
at both ends and is convenient. The double staple closure of the divided duodenum

Figure 5.12 Entry into the lesser
sac. (A) The omentum is retracted
superiorly and the transverse
colon inferiorly. (B) An avascular
plane above the transverse colon
provides entry into the lesser sac.
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Figure 5.13 Incision of gastrohe-
patic ligament.

Pancreas

Figure 5.14 Division of gastrocolic
omentum.

Left gastroepiploic
artery

Gastrocolic
ligament
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Figure 5.15 Preparation of greater curvature for hemigastrectomy. (A) Vessels entering the greater curvature of the stomach are
individually ligated. (B) The dissection continues to the level of the short gastric vessels in the gastrosplenic ligament.

does not require suture reinforcement, although this can be done at the surgeon’s pref-
erence using interrupted 3-0 nonabsorbable sutures (Fig. 5.19).

A TA-type stapler can be used to close the gastric remnant with a double row of
staples. An occlusive clamp can be placed distally to prevent spillage of gastric contents
during resection. Alternatively, this area may be divided with the application of a GIA-
type stapling device (Fig. 5.20).

Billroth II gastrojejunostomy is illustrated as one of the means of restoration of
gastrointestinal continuity. Billroth II reconstruction is most appropriate when the duo-
denum is not amenable to safe, tension-free anastomosis as a Billroth I reconstruction
due to chronic scarring, inflammation, or inadequate length. A portion of the gastric
wall is oversewn with interrupted sutures. A loop of proximal jejunum is brought
through an incision in the transverse mesocolon to lie in tension-free apposition to the
stomach. Interrupted nonabsorbable sutures are placed in a seromuscular fashion from
the posterior gastric wall to the antimesenteric border of the jejunum. Using electrocau-
tery, an incision is made in both organs of equal length. Gastrotomy is performed by
partial excision of the stapled gastric closure. The posterior mucosal suture is created
using continuous absorbable suture (Fig. 5.21).

Partl: Procedures for Ulcer Disease



56 Partl Procedures for Ulcer Disease

Figure 5.16 Division of right
gastroepiploic vessels.
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Figure 5.17 Ligation of right gastric vessels.
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This mucosal suture is continued along the length of the anterior aspect of the
anastomosis. A layer of 3-0 nonabsorbable sutures is then placed in completion of the
anterior anastomosis. Corner stitches must include the anterior gastric wall, posterior
gastric wall, and the jejunum.

The gastrojejunal anastomosis is reduced inferior to the transverse mesentery. The
anastomosis is secured in this position by sutures placed from the mesenteric defect to
the gastric wall (Fig. 5.22).

Figure 5.18 Dissection of lesser
curvature.

Figure 5.19 Division of the
duodenum.
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Figure 5.20 Division of the proxi-
mal stomach.

A B

Figure 5.21 Gastrojejunostomy: sutured technique. (A) Posterior seromuscular sutures in place, matching incisions are made in the stomach
and jejunum. (B) Beginning running mucosal suture.
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Figure 5.22 Anterior anastomosis. (A) Completion of running suture. (B) Anterior interrupted seromuscular suture line. (C) Delivery
of gastrojejunal anastomosis inferior to the transverse mesentery and suture of the mesentery to the gastric surface.
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ws POSTOPERATIVE MANAGEMENT

Nasogastric decompression is required for variable periods postoperatively. Gastric
ileus or dysmotility is usually brief after elective operation; return of gastric emptying
may be more prolonged if gastric outlet obstruction was present preoperatively. Atel-
ectasis is more common after upper abdominal operations. Pulmonary hygiene and
incentive spirometry are mandatory following antrectomy. If antrectomy has been
performed for hemorrhage or in the setting of systemic hypotension, stress gastritis is
a potential postoperative complication. The development of stress gastritis is critically
dependent upon the presence of low intragastric pH; acid production suppression
with proton pump inhibitors or histamine-2 receptor antagonists should be used as
prophylaxis, in addition to attention to nutrition and restoration of normal mucosal

perfusion.
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@ INDICATIONS/CONTRAINDICATIONS

Recent advancements in pharmaceutical therapy and endoscopic treatments have sig-
nificantly decreased the incidence of gastric surgery for peptic ulcer disease (PUD).
With the advent of proton pump inhibitors, histamine receptor blockers, and multidrug
therapy treatment for Helicobacter pylori, previously common operations for PUD have
become very infrequent. Consequently, medical progress and new surgical innovations
have completely transformed our approach to patients with benign gastric and PUD in
need of surgical treatment. With the use of flexible endoscopy and minimally invasive
surgical approaches the diagnosis and surgical treatment of PUD has resulted in less
invasive surgical treatments resulting in shorter hospital stay, less overall cost, and
quicker return to base-line activity while being able to maintain the same surgical tech-
nique without patient compromise.

The laparoscopic approach to PUD with truncal vagotomy, antrectomy, and Billroth II
reconstruction is theoretically possible in nearly all patients with benign surgical dis-
ease who have failed medical and endoscopic treatments. Many minimally invasive
gastrointestinal surgeons feel that PUD should be preferentially treated via a laparo-
scopic approach since it is associated with less intraoperative blood loss, earlier return
of bowel function, less usage of analgesics, and a shorter postoperative hospital stay.
Despite these strong case series favoring a laparoscopic surgical approach, there is a
relative paucity of randomized clinical trials addressing this issue, likely due to the
decreasing incidence of PUD and the infrequent need for elective surgical treatment.
However, a number of patient characteristics represent relative indications and con-
traindications to the laparoscopic approach.

Even though the natural course of PUD is changing and intractable disease and
pyloric obstruction as an indication for surgery is decreasing, the incidence of bleed-
ing and perforation remains constant. Treatment of H. pylori and cessation of nons-
teroidal anti-inflammatory drugs is imperative prior to any surgical procedure for
PUD. Although there have been a number of case reports describing laparoscopic
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surgical treatment with antrectomy, vagotomy, and Billroth II reconstruction for
acutely perforated or bleeding PUD, many of these procedures were performed by very
skilled laparoscopic surgeons. Furthermore, prior upper abdominal midline incisions
and previous gastric and/or esophageal surgery are a relative contraindication to a
laparoscopic truncal vagotomy, antrectomy, and Billroth II reconstruction. Mesh
placement in the upper midline makes laparoscopic resection and reconstruction
much more difficult. Liver cirrhosis and portal hypertension are also a contraindica-
tion to laparoscopic truncal vagotomy, antrectomy, and Billroth II reconstruction
because of the risk of bleeding from gastric and esophageal varices. However, with
increased experience utilizing laparoscopic approaches to gastric resection and recon-
struction, patients with advanced age and its associated chronic medical conditions
are not generally contraindications.

an; PREOPERATIVE PLANNING

Most of the preoperative evaluation is directed toward ensuring that the patient is
adequately prepared for anesthesia. As a result, a careful assessment of the patient’s
fitness to undergo general anesthesia represents a major portion of the preoperative
assessment. Because truncal vagotomy, antrectomy, and Billroth II reconstruction will
almost always be performed under elective circumstances, chronic medical conditions
such as cardiopulmonary disease and diabetes mellitus should be optimally managed
prior to operation. The combination of careful history and documentation indicating
the appropriate treatment of H. pylori and cessation of any nonsteroidal anti-
inflammatory drugs usage is necessary to decrease the incidence of recurrent PUD.
Additionally, a preoperative endoscopic evaluation of the gastric and duodenal
mucosa is essential to rule out any abnormal pathology prior to surgical resection.
Routine biopsy of nonhealing gastric ulcers is also imperative to exclude malignant
disease. These can also be tattooed intraluminally preoperatively to help with intra-
operative identification.

Confirmation of the correct diagnosis, ulcer location, previous surgical history,
comorbidities, and patient’s nutritional status are all important factors when treating
patients with PUD with laparoscopic truncal vagotomy, antrectomy, and Billroth II
reconstruction. Operative preparation should include a first- or second-generation
cephalosporin in patients without achlorhydria or gastric outlet obstruction. Otherwise,
a broader-spectrum antibiotic may be necessary for these patients. The intravenous
antibiotic administration needs to be completed prior to skin incision and be discon-
tinued 24 hours postoperatively. Prophylaxis for deep vein thrombosis can be achieved
by the subcutaneous administration of heparin and the use of pneumatic compression
devices prior to anesthetic induction, during the case and postoperatively.

() SURGERY

After general anesthesia is administered, a bladder catheter is placed along with an
orogastric or a nasogastric tube depending on the surgeon’s preference. Although a
nasogastric tube is often maintained postoperatively, routine gastric decompression has
not been shown to affect outcomes in postgastrectomy patients. Depending on the sur-
gical approach, the patient can be placed in supine or lithotomy position. For mini-
mally invasive gastric resection approaches, our preferred method is to have the patient
in a supine position allowing the operating surgeon to be on the right side of the patient
while the assistant is on the contralateral side. The patient is secured to the table with
two safety straps, a foot board, and all of their bony prominences are well padded. This
positioning allows the patient to be securely placed in steep reverse Trendelenburg
when performing the gastric resection and reconstruction. Lower and upper body
warmer devices are applied to the patient throughout the case to help maintaining core
body temperature.
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Figure 6.1 Trocar and liver retractor
placement.

The peritoneal cavity is accessed via a 5-mm port under direct visualization in the
left subcostal region using a 5-mm 0° scope. The 5-mm 0° scope is then switched out
to a 5-mm 30° scope. Three additional trocars are placed under direct visualization. A
5-mm trocar is placed in the supraumbilical region just left of the midline approxi-
mately 18-22 cm from the xiphoid process. A 12-mm trocar is placed on the contralat-
eral side and a 5-mm trocar is placed in the right subcostal margin opposite the initial
access trocar for the surgeon’s right and left hand instruments, respectively. A 5-mm
incision is also created in the subxiphoid region to allow for the placement of the
Nathanson liver retractor (Fig. 6.1). This retractor is used to elevate the lateral segment
of the left lobe of the liver and expose the gastroesophageal junction and anterior por-
tion of the stomach.

The gastrocolic omentum is dissected from the stomach permitting entry into the
lesser sac. This is performed by cephalad retraction of the greater omentum while incis-
ing the avascular plane above the transverse colon (Fig. 6.2). The dissection continues
at the pylorus with ligation of the right gastroepiploic artery using a laparoscopic vas-
cular stapler inserted through the 12-mm trocar (Fig. 6.3). This dissection proceeds
along the greater curvature of the stomach and ends halfway between the pylorus and
the gastroesophageal junction. This maneuver spares the left gastroepiploic vessels and
the short gastric vessels. If there is any concern as to the level of division of the stom-
ach to achieve adequate margins an intraoperative endoscopy can help determine the
site of gastric resection. The posterior wall of the stomach is separated from the anterior
pancreas and base of the transverse mesocolon by blunt dissection and sharp division
of connective tissue attachments which can be very inflamed and dense in some
patients. The duodenum is carefully kocherized, and in patients with pyloric inflam-
mation, care must be taken to avoid injury to the bowel, common hepatic artery, com-
mon bile duct, and portal vein. The right gastric vessels are similarly ligated close to
the stomach using a laparoscopic vascular stapling device or ultrasonic shears (Fig. 6.4).

The gastrohepatic ligament is incised, and the lesser curvature is dissected. The
right crus is identified and dissected along the medial border in a cephalad fashion up
to the diaphragm and circumferentially to the left crus. Using a pars flaccida technique,
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Figure 6.2 Gastrocolic omentum
dissection.

a Penrose is placed around the GE junction through the retroesophageal space. The
phrenoesophageal ligament is divided as the stomach is retracted in a caudal posterior
fashion. Meticulous and direct dissection will prevent injury to the spleen, short gastric
vessels, esophagus, or stomach while performing this maneuver. A minimum of 5 cm
of the esophagus is mobilized to allow adequate space to identify and ligate the vagus
nerves. This dissection exposes the distal esophagus along with the anterior and the
posterior trunks of the vagus nerves. Each nerve is individually identified, freely dis-
sected from the esophagus, and excised. Approximately 1 cm of fiber from the anterior
and posterior trunk of the vagus nerves is excised and sent to pathology for histologic
confirmation (Fig. 6.5).

The proximal duodenum is divided with care with a 60-mm endoscopic linear
stapler to avoid injury to the common hepatic artery, common bile duct, and portal vein
(Fig. 6.6). The duodenal staple line can be reinforced with interrupted imbricated
sutures or stapler buttressing at the discretion of the surgeon. Once the proximal duo-
denum is divided the distal stomach is rotated toward the patient’s left side to help
assist with the proximal transection of the stomach. Similarly, the proximal end of the
stomach is divided with multiple linear stapling devices from the lesser to the greater

Figure 6.3 Ligation of right gastroepi-
ploic vessels.
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Figure 6.4 Division of right gastric
vessels.

curvature via the right-sided 12-mm trocar (Fig. 6.7). The resected stomach is moved to
the right upper quadrant and is removed via an endoscopic specimen bag. In order to
reduce problems with loss of pneumoperitoneum from the extraction site the specimen
is not removed until the remainder of the case is completed.

The laparoscopic Billroth II reconstruction can be performed by various surgical
techniques. The authors prefer a retrocolic, sutured, and linear stapled gastrojejunos-
tomy. This portion of the operation requires the patient to be in and out of reverse
Trendelenburg position to accommodate appropriate positioning for the reconstruc-
tion. A proximal jejunal loop 30 to 40 cm distal to the ligament of Treitz is delivered
through an incision in the transverse mesocolon (Fig. 6.8). The jejunum is brought up
in cephalad fashion via the transverse mesocolon defect to the newly created gastric
pouch in an isoperistaltic manner (Fig. 6.9). The antimesenteric surface of the jejunum
is apposed to the posterior gastric wall starting from the greater to the lesser curvature
of the stomach with a nonabsorbable suture in a continuous fashion (Fig. 6.10). Match-
ing gastrotomy and enterotomy are performed with electrocautery or ultrasonic shears.
The laparoscopic stapler’s cartridge and anvil limbs are inserted into the gastrotomy
and enterotomy incisions, respectively (Fig. 6.11). After the stapler is fired, the device
is withdrawn and the staple line is inspected for hemostasis. The common gastrotomy
and enterotomy defect is closed with the application of a laparoscopic stapling device

Figure 6.5 Excision of Vagus Nerve.
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Figure 6.6 Division of proximal
duodenum.

Figure 6.7 Gastric resection using
linear stapler.

Figure 6.8 Transverse mesocolon
window.
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Figure 6.9 Jejunum via transverse
mesocolon defect in an isoperistaltic
manner.

Figure 6.10 Jejunum is apposed to
the posterior gastric wall.

Figure 6.11 Closure of common
gastrotomy and enterotomy defect.
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Figure 6.12 Linear stapler's cartridge
and anvil limbs are inserted into the
gastrostomy and enterotomy.

or with a continuous absorbable suture (Fig. 6.12). The entire staple line and/or suture
line is inverted in a running fashion using a nonabsorbable suture (Figs. 6.13 and
6.14). The transverse mesocolon defect is reapproximated using nonabsorbable inter-
rupted sutures. The jejunal loop is also sutured in an interrupted fashion to the trans-
verse mesocolon defect to prevent potential bowel herniation through this defect (Fig.
6.15). A flexible endoscope is frequently used in these cases to determine the ade-
quacy of the gastric inlet and/or outlet, visualization of the intraluminal staple line,
and evaluation of the integrity of the anastomosis under saline irrigation (Fig. 6.16).
Finally, the resected stomach is placed in an endoscopic specimen bag and retrieved
via the 12-mm trocar. The 12-mm trocar fascial incision site is closed. The remaining
5-mm trocars and Nathanson liver retractor are removed under direct visualization.
Local anesthetic is administered to all incision sites. The subcutaneous tissue and
skin are reapproximated with absorbable subcuticular suture and Dermabond dress-
ing, respectively.

Figure 6.13 Inversion of stapled and
suture line.
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Figure 6.14 Completed anastomosis.

Figure 6.15 Jejunal loop sutured to
the transverse mesocolon defect.

Figure 6.16 Endoscopic evaluation of
anastomosis.
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All patients are admitted to our surgical floor and are encouraged to ambulate on the
same day of surgery. Deep venous thrombosis prophylaxis is continued during their
hospitalization with subcutaneous heparin injections and sequential compression
devices while in bed. The patient’s urinary catheter and antibiotics are both discontin-
ued on postoperative day 1. Pain is controlled with intravenous narcotic medication for
the first 24 hours followed by oral analgesic medication. The majority of the patients
are started on a clear liquid diet on the first postoperative morning. In patients without
adynamic small intestinal ileus their diet is quickly advanced as tolerated. Most patients
are discharged home on postoperative day 3 and instructed to eat 4 to 6 small meals a
day. Prior to discharge, all patients are evaluated by our registered dietitian and are
instructed about a postgastrectomy diet. All patients return for their routine postopera-
tive visit 2 weeks following hospital discharge to ensure appropriate healing of their
incisions and adequate nutritional intake.

) COMPLICATIONS

As with most laparoscopic operations, the patient’s postoperative course is usually
benign but any deviation from the normal course requires further investigation as with
all other surgical patients. With meticulous and hemostatic dissection, bleeding after
laparoscopic surgery is fairly uncommon but can occur from the trocar site insertions,
multiple vessel ligations, transected stomach, or intraluminal anastomosis. These are
often identified intraoperatively by careful inspection at the completion of the case with
the aid of the laparoscope and a flexible endoscope.

A number of postgastrectomy syndromes have been described following gastric
operations performed for PUD and gastric neoplasms, regardless of the surgical approach,
which can be disabling in 1% to 2% of patients. The two most frequent manifestations
are dumping and alkaline reflux gastritis. Although the precise cause of dumping syn-
drome is not known, it is believed to be related to the rapid passage of ingested food
into the proximal small bowel. Approximately 10% to 15% of patients who have had
a truncal vagotomy, antrectomy, and Billroth II reconstruction will experience mild
dumping symptoms of postprandial nausea, epigastric pain, diarrhea, and palpitations.
Minor dietary alterations and passage of time will improve the symptoms for most
patients. In the most severe of cases, low-dose subcutaneous octreotide, a somatostatin
analogue, can be administered to help with early and late dumping symptoms.

Alkaline reflux gastritis is often associated with nausea and emesis, evidence of bile
reflux in the stomach, and histological evidence of gastritis. Patients who present with
this syndrome must undergo endoscopic examination to exclude recurrent ulcer. Unfor-
tunately the only proven treatment is the conversion of gastrojejunostomy to Roux-en-Y
configuration to prevent reflux of intestinal contents and bile.

Despite these well-described postoperative complications, ulcer recurrence rate is
the lowest for patients with truncal vagotomy and antrectomy regardless of surgical
technique. With the laparoscopic approach, the patient’s ability to return to normal
daily activities and work, incidence of wound infections, hospital analgesic use, and
hospital length of stay are all improved when compared to open truncal vagotomy,
antrectomy, and Billroth II reconstruction.

59 RESULTS

Although there are few large series reporting the outcomes after laparoscopic vagot-
omy and antrectomy for intractable or obstructing peptic ulcers, experience from the
use of open vagotomy and antrectomy suggests that excellent long-term outcomes can
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be achieved. Multiple authors have reported ulcer recurrence rates of 1% to 2% per-
cent after antrectomy and vagotomy. Rivera and colleagues in a series of 14 patients
who underwent laparoscopic gastrectomy for ulcer disease reported a conversion rate
of 5%, a mean operative length of 165 minutes with a mean estimated blood loss of
84cc. Time to resumption of diet was 3 days and mean length of stay was 4 days.
Complications were seen in 14% percent of patients. Goh and colleagues reported the
outcomes of 63 laparoscopic gastric resections for ulcer disease. They noted a conver-
sion rate of 5% with a mean operative length of 215 minutes. The mean time to
resumption of liquid diet was 3 days, solid diet 5 days, and mean length of stay was
8 days. Complications were observed in 13% of patients. The mean time to return to

usual activities was 17 days.

-ﬁ; CONCLUSIONS

Laparoscopic truncal vagotomy with antrectomy and Billroth II reconstruction is a tech-
nically challenging but feasible operation in the patient with intractable peptic ulcer or
gastric outlet obstruction secondary to PUD. In skilled hands it can be performed with
outcomes comparable to open truncal vagotomy and antrectomy and offers the potential

to reduce postoperative hospitalization and recovery time.
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@ INDICATIONS/CONTRAINDICATIONS

The introduction and evolution of acid-suppressive medications and the discovery
of Helicobacter pylori as the cause of peptic ulcer disease have decreased markedly
the number of patients who require elective surgical therapy. However, even though
surgical therapy is indicated only in refractory cases of ulcer disease, it is essential
that practicing general surgeons understand the pathophysiology and surgical options
for the treatment of peptic ulcer disease. The early and important contributions of
Dr. Lester Dragstedt identified the vagus nerve as an important stimulus to acid secre-
tion. His experimental work provided the rationale for vagotomy as a mechanism to
eliminate the direct cholinergic stimulus for acid secretion to the parietal cells. His
work set the stage for the development of three variations of surgical vagal stimulus
interruption: truncal vagotomy, selective vagotomy, and highly selective vagotomy.
Since truncal vagotomy markedly alters gastric motility patterns, a gastric drainage
or emptying procedure should be performed in conjunction with truncal vagotomy.
Several surgical options for gastric drainage exist, but this chapter will focus on
truncal vagotomy with antrectomy and Roux-en-Y reconstruction. It should be rec-
ognized that this operation was developed experimentally by Cesar Roux as a model
of gastrojejunal anastomotic ulcer and, therefore, should be used only in refractory
cases of ulcer disease. In fact, many surgeons preferably perform a gastroduodenos-
tomy (Billroth I) or a gastrojejunostomy (Billroth II) for reconstruction after antrec-
tomy because these operations represent more physiologic reconstructions of
gastroenteric continuity.

Despite the limited application of this procedure, the indications for surgical inter-
vention have not changed; surgery is often needed for intractable ulcers, bleeding, per-
foration, or obstruction. Importantly, the rate of emergency operations for complicated
peptic ulcer disease has not changed since the introduction of acid-suppressive medica-
tions and antibiotics. Thus, emergent surgical therapy for complicated ulcer disease
remains constant and requires that the general surgeon be up-to-date regarding new

3



14

Partl

Procedures for Ulcer Disease

advances in surgical treatment. However, the emergent management of complicated
peptic ulcer disease is beyond the scope of this work. The aims of this chapter are to
describe the modern surgical approach to truncal vagotomy and antrectomy with Roux-
en-Y reconstruction with emphasis on the indications, techniques, and postoperative
outcomes. It is important to realize that the treatment of peptic ulcer disease is often
individualized on the basis of the location of the ulcer, the inflammatory response, and
the mode of presentation.

a PREOPERATIVE PLANNING

Truncal vagotomy and antrectomy with Roux-en-Y reconstruction is most often per-
formed in an elective setting for recalcitrant peptic ulcer disease, and hence, a complete
upper gastrointestinal tract evaluation should be completed. The evaluation should
include an upper flexible endoscopy to identify the location of the ulceration, to rule
out malignancy, and to test for H. pylori. In patients with prior upper gastrointestinal
surgery a barium contrast study or computed tomography with oral contrast may be
useful in delineating surgical anatomy. Serum gastrin level should also be obtained in
patients with recurrent ulcers that are refractory to medical therapy and salicylate con-
centration should be determined for patients on nonsteroidal anti-inflammatory medica-
tions. Additional blood tests to assess the patient’s overall health and nutritional status
may include serum electrolytes, a complete blood count, and nutritional markers such
as albumin or pre-albumin.

A thorough history and physical examination is essential to assess the patient’s
suitability for operative therapy with special emphasis on the history of previous sur-
gery since most of these operations are now accomplished laparoscopically. A discus-
sion with the patient regarding the benefits, risks, and long-term side effects of the
operation is imperative. This conversation should include discussion of possible con-
version to an open procedure, inadvertent or missed injuries, and postgastrectomy syn-
dromes requiring lifestyle and dietary modifications.

() SURGERY

In our practice the majority of the elective gastric resections are performed by a lapar-
oscopic approach. Therefore, the laparoscopic approach will be presented in detail, but
ultimately, the same operative steps are generally true for an open approach. In the
unusual instance when the laparoscopic approach to this procedure is employed in
patients presenting with bleeding or perforation, a low threshold for conversion to an
open procedure should exist since visualization of important structures will be impaired
in these cases.

Positioning

The patient is placed in the supine position and secured to the operative table on which
a foot-board is applied to prevent patient slippage as a substantial portion of the pro-
cedure is performed in steep reverse Trendelenburg. The patient’s arms are usually
abducted though they may be tucked at the patient’s side depending on the surgeon’s
and the anesthesiologist’s preference. Typical trocar placement for upper gastrointesti-
nal surgery is used as depicted in Figure 7.1. When an open approach is used, an upper
midline incision from the xiphoid process to the umbilicus is often sufficient. Alterna-
tively, a bilateral subcostal incision can be used for excellent exposure to the upper
abdomen. However, if the patient has had previous abdominal surgery, adhesiolysis in
the lower abdomen may prove difficult with the bilateral subcostal incision. Therefore,
we prefer a midline incision.
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Figure 7.1 Port placement for upper
gastrointestinal surgery.
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Operative Technique

Following proper positioning, establishment of pneumoperitoneum, and port placement
the operative approach is as follows:

Dissection begins at the esophageal hiatus. The gastrohepatic ligament is incised
until the right crus of the diaphragm is well visualized from apex to insertion (Fig.
7.2).

The phrenoesophageal ligament is divided from right to left anterior to the esopha-
gus, until the left crus is visualized.

Circumferential dissection of the esophagus is performed to free approximately 4 cm
of esophagus. The right and left vagus nerves are identified along the esophagus. The
right vagus nerve is typically a relatively large cord-like structure and readily identi-
fied in the periesophageal tissue directly adjacent to the posterior surface of the
esophagus. The more diminutive left vagus nerve is often directly applied on the
anterior surface of the esophagus and less easily identified (Fig. 7.3).

Each nerve is then clipped and divided using a 5 mm clip applier and laparoscopic
scissor. Approximately 1 cm of the nerve is removed and sent to pathology for his-
tologic confirmation. To ensure complete vagotomy, 4 cm of the esophagus should
be skeletonized of nerve-like tissue with particular attention to a criminal nerve of
Grassi, which is the first branch of the right vagus nerve.

Figure 7.2 Dissection of the right crus
of the diaphragm.
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Figure 7.3 The anterior vagus nerve
is mobhilized from the esophagus
(arrow). The nerve is then clipped
and divided using a clip applier and
laparoscopic scissors.

To perform the antrectomy the lesser sac is entered by dividing the gastrocolic omen-
tum with a laparoscopic energy device. Once in the lesser sac, the omentum and the
retrogastric attachments are divided toward the pylorus until the origin of the right
gastroepiploic vessel is seen (Fig. 7.4). Circumferential dissection around this vascu-
lar pedicle is performed, and the pedicle is divided with a laparoscopic 60 mm
linear stapler with a vascular load (2.5 mm staples) (Fig. 7.5).

Division of the gastrocolic omentum is continued orally until the selected point of gastric
transection (Fig. 7.6). For antrectomy, approximately one-third of the stomach is removed.
Along the lesser curvature of the stomach, the right gastric artery is identified and
divided using a clip applier and laparoscopic scissors or a stapling device as desired.
Small arteries may also be divided with a laparoscopic energy device (Fig. 7.7).

A tunnel posterior to the first portion of the duodenum is created. In the presence
of chronic inflammation this can be difficult and time consuming (Fig. 7.8). However,
careful identification of surrounding structures will guide a safe dissection. Certainly,
the location of the common hepatic artery and common bile duct should be known
prior to division of the duodenum.

The duodenum can be divided just distal to the pylorus with a laparoscopic 60 mm
linear stapler with 3.5 mm staples (blue load) (Fig. 7.9). The staple line should be
examined carefully for defects; if integrity of the staple line is in question or significant
inflammation or thickening is present, the staple line should be reinforced with suture.
The stomach is divided proximally to complete antrectomy, using a linear 60 mm
stapler with 3.5 mm staples (Fig. 7.10).

Figure 7.4 After dividing the gastro-
colic omentum and entering the
lesser sac, the origin of the right
gastroepiploic vessels can be found
near the pylorus.
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Figure 7.5 Division of the right gas-
troepiploic pedicle is performed with
a laparoscopic linear stapler.

Figure 7.6 Cephalad division of the
gastrocolic omentum using a laparo-
scopic energy device. Transections
are continued proximally until the
selected point of gastric transection.

Figure 7.7 Division of the right gastric
artery using a laparoscopic energy
device.
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Figure 7.8 A tunnel posterior to the
first portion of the duodenum is
created to accommodate the laparo-
scopic stapler.

Figure 7.9 The duodenum is divided
just distal to the pylorus with a lapar-
oscopic 60 mm linear stapler with

3.5 mm staples (blue load).

Figure 7.10 The proximal stomach is
divided to complete the antrectomy.
Approximately one-third of the stom-
ach is removed.
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Figure 7.11 View of the ligament of
Treitz.

The specimen is placed in a plastic bag in the right upper quadrant for later
retrieval.

The Roux limb is then created. The operating table is returned to a neutral position.
The transverse colon is elevated and the ligament of Treitz is identified (Fig. 7.11).
The bowel is run distally for approximately 30 cm where the jejunum is divided
using a linear stapler with 2.5 or 3.5 mm staples (white or blue load depending on
bowel thickness) (Fig. 7.12).

The mesentery is divided using an energy device down to its base. Alternatively, a
linear stapler with 2 mm staples (gray load) can be used to divide the mesentery
(Fig. 7.13).

A 40 to 50 cm Roux limb is then created and a side-to-side jejunojejunostomy is
created using a linear stapler for the posterior and anterior rows, respectively (Fig.
7.14).

The mesenteric defect is closed using a running 2-0 silk to prevent formation of
internal hernia (Fig. 7.15).

Figure 7.12 The jejunum is divided approximately
30 cm distally to the ligament of Treitz. Prior to
division, the biliopancreatic limb was marked with
an absorbable suture to provide limb identification
and orientation.
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Figure 7.13 The small bowel mesen-
tery is divided down to its base using
a laparoscopic stapler with 2 mm
staples. Alternatively, a laparoscopic
energy device can be used to divide
the mesentery safely.

Figure 7.14 After creating a 40 to

50 cm Roux limb, a side-to-side
jejunojejunostomy is created using a
linear stapler for the posterior and
anterior rows, respectively.

Figure 7.15 The mesenteric defect is
closed using a running 2-0 silk to
prevent formation of internal hernia.
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Figure 7.16 Creation of the mesaco-
lonic window to the left of the middle
colic artery.

The transverse colon is again elevated and a mesocolic window is created to the
left of the middle colic artery (Fig. 7.16). The Roux limb is advanced through this
window taking great care not to twist the mesentery and compromise the blood
supply.
We will describe two approaches to create gastrojejunal anastomosis. First the linear
stapler technique will be described, and second, the circular stapler (end-to-end
anastomosis [EEA]) technique will be outlined.
Linear stapler technique:
Once the Roux limb is placed in the desired orientation, a running 2-0 silk posterior
seromuscular suture line is placed between the Roux limb and the posterior wall of
the distal stomach (Fig. 7.17).
Enterotomies in the stomach and small bowel are made to accommodate the 60
mm linear stapler with a blue load, and the side-to-side anastomosis is created (Fig.
7.18). The anterior layers of the stomach and jejunum are closed using a running 2-0
absorbable suture (Fig. 7.19).
The two-layer anastomosis is then completed anteriorly using a running 2-0 silk in
the seromuscular layer (Fig. 7.20).

Figure 7.17 Once the Roux limb is
placed in the desired orientation, a
running 2-0 silk posterior seromuscu-
lar suture line is placed between the
Roux limb and the posterior wall of
the distal stomach.
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Figure 7.18 Enterotomies in the
stomach and small bowel are made
to accommadate the 60 mm linear
stapler with a blue load (3.5 mm
staples), and the side-to-side gastro-
jejunal anastomasis is created.

Figure 7.19 The anterior layers of the
stomach and jejunum are closed
using a running 2-0 ahsorbable
suture.

Figure 7.20 The two-layer anastomo-
sis is then completed anteriorly using
a running 2-0 silk in the seromuscular
layer.
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Figure 7.21 A distal anterior gastros-
tomy is performed to place the anvil
inside the stomach. The anvil is then
spiked through the posterior wall of
the stomach in a location favorable
for gastrojejunostomy. We use a 25
mm EEA stapler with 4.8 mm staples.

Circular stapler technique:

This approach uses a 25 mm EEA stapler with 4.8 mm staples. A distal anterior
gastrostomy is performed to place the anvil inside the stomach (Fig. 7.21). The anvil
is then spiked through the posterior wall of the stomach in a location favorable for
gastrojejunostomy.

The anterior gastrostomy is then closed using either sutures or the linear stapler
with 3.5 mm staples (Fig. 7.22).

The Roux limb is then opened by removing the end staple line to accommodate
the placement of the EEA stapler into the jejunum. The EEA stapler is advanced
through the abdominal wall and inserted inside the Roux limb. The sharp post on
the EEA stapler is delivered through the wall of the Roux limb 4 to 5 cm from the
free margin. The stapler post and the anvil are mated, and the anastomosis is cre-
ated by firing the stapler (Figs. 7.23-7.26).

The redundant portion of the Roux limb is excised using a linear stapler with
2.5 mm staples (Fig. 7.27).

It is our practice to perform an endoscopic air leak test after creation of gastrojeju-
nostomy.

The stomach is secured to the mesocolic window using interrupted 2-0 silk sutures
to prevent herniation (Fig. 7.28).

The specimen is retrieved and the wounds are closed using the surgeon’s preferred
method.

Figure 7.22 The anterior gastrostomy
is then closed using either sutures or
the linear stapler with 3.5 mm staples.

83

Part |: Procedures for Ulcer Disease



84

Part|

Procedures for Ulcer Disease

Figure 7.23 The Roux limb is then

opened by remaving the end staple
line to accommodate the placement
of the EEA stapler into the jejunum.

Figure 7.24 The EEA stapler is
advanced through the abhdominal wall
and inserted inside the Roux limb.

Figure 7.25 The sharp post on the
EEA stapler is delivered through the
wall of the Roux limh 4 to 5 cm from
the free margin.
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Figure 7.26 The stapler post and the
anvil are mated and the anastomaosis
is created by firing the stapler.

Figure 7.27 The redundant portion of
the Roux limb is excised using a
linear stapler with 2.5 mm staples.

Figure 7.28 The stomach is secured
to the mesocolic window using inter-
rupted 2-0 silk sutures to prevent
herniation.
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vy POSTOPERATIVE MANAGEMENT

The postoperative period for patients undergoing elective laparoscopic surgery for pep-
tic ulcer disease is usually uneventful. On postoperative day 0, analgesia is provided
with a patient-controlled anesthesia (PCA) pump. Ambulation and hourly incentive
spirometer use are strictly enforced. The patient remains nothing per os (NPO), but
nasogastric decompression is infrequently used.

On postoperative day 1 a liquid diet is introduced, IV fluids are discontinued
and the urinary bladder catheter is removed. Nutritional counseling for a postgast-
rectomy diet is provided, and the patient is prepared for discharge on postoperative
day 2.

Patients presenting with acute perforation or bleeding tend to have developed an
inflammatory response and likely will require a longer hospital stay and closer
monitoring.

) COMPLICATIONS

Early complications after gastric surgery include bleeding, infection, unrecognized
intra-abdominal injuries, and anastomotic leaks. The reported complication rates are
quite variable but overall morbidity is 5% to 10% for the early complications (Table
7.1). Approximately 25% of the patients will develop symptoms associated with phys-
iologic derangements after vagotomy and antrectomy. These disorders are collectively
referred to as postgastrectomy syndromes.

Dumping syndrome is an amalgamation of symptoms that occurs after rapid empty-
ing of hyperosmolar chime into the Roux limb, particularly carbohydrates. It exists
in an early phase and a far less common late phase. The early phase of dumping
usually occurs after 20 to 30 minutes following food ingestion, whereas the late
form appears 2 to 3 hours after food consumption. Collective symptoms include
epigastric distention, nausea, vomiting, palpitations, diaphoresis, dizziness, and
flushing. In most patients mere avoidance of the offending nutrients results in
symptom relief. In addition, frequent small meals low in carbohydrates is often
helpful.

Postvagotomy diarrhea is experienced by approximately 30% of the patients after
truncal vagotomy. For the majority of these patients, the symptoms are self-limiting
after 3 to 4 months and less than 1% will experience disabling diarrhea. Nonsurgical
treatment including dietary and lifestyle modifications usually is sufficient for
improvement and resolution. In more severe cases, antidiarrheals, octreotide, or
cholestyramine to bind bile salts may be needed.

Delayed gastric emptying or gastric atony is a multifactorial symptom complex that
presents frequently after gastric resection with or without vagotomy. The most common

TABLE 7.1

Early Complications Frequency (%)

o

Bleeding

Wound infection (open)
Pneumania

Gastric stasis

Obstruction

Anastomotic leaks

Bowel perfaration

Deep venous thromhbaosis
Cerebrovascular accident
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symptoms are early satiety, nausea, vomiting, and/or epigastric pain. Gastric atony
can be diagnosed clinically, but radiologic, endoscopic, and scintigraphic studies can
be used to confirm the clinical suspicion. The physician must consider other medical
causes of gastroparesis, including diabetes mellitus, electrolyte imbalance, drug toxic-
ity, and neuromuscular disorders. In addition, mechanical causes of gastric outlet
obstruction such as anastomotic stricture, postoperative adhesions, Roux stasis, or
internal herniation must be ruled out. As with postvagotomy diarrhea, the treatment
is usually nonsurgical with diet and lifestyle modifications. Prokinetic agents such
as metoclopramide or erythromycin can be used, but a significant clinical response
is uncommon. In severe cases, a near total gastrectomy with Roux-en-Y reconstruc-
tion is an acceptable surgical option.

Roux stasis syndrome has a similar clinical presentation to gastric atony. The etiology
is not completely understood but is likely associated with alterations in jejunal
motility. Construction of a Roux limb of more than 40 cm has been found to increase
the incidence of Roux stasis syndrome and should be prevented when possible.
Surgical treatment is reserved for those patients who do not respond to medical
management and lifestyle changes. Reconstruction and shortening of the Roux limb
to less than 40 cm is the surgical option of choice for these patients.

Recurrent ulcers can be seen in approximately 1% to 2% of the patients undergo-
ing truncal vagotomy and antrectomy. Incomplete transection or erroneously iden-
tifying the vagus nerve below its first hepatic or celiac branch can significantly
jeopardize the outcome of the surgery. The rate of recurrent ulceration may be in
direct proportion to the accuracy of identification and division of the vagus nerves.
Additional technical factors that may lead to recurrent ulceration include retained
gastric antrum and inadequate resection of the antrum.

59 RESULTS

Truncal vagotomy and antrectomy is infrequently performed due to improvements in
medical management of ulcer disease, but when used for complicated cases it offers a
90% reduction in acid production. The mortality rate is approximately 1% to 2% with
an overall complication rate of 5% to 10% (Table 7.2). With recent advances in surgical
technology, the vast majority of these operations can now be performed laparoscopi-
cally; thus, decreasing surgical morbidity and improving patient satisfaction.

-rij CONCLUSIONS

Truncal vagotomy with antrectomy is infrequently indicated in the treatment of peptic
ulcer disease. However, this operation is reasonable for recurrent peptic ulcer disease.
When possible, more physiologic operations such as Billroth I gastroduodenostomy or
Billroth II gastrojejunostomy should be performed. Even though the indications for this
operation have waned, the appropriate preoperative evaluation, technical performance,
and postoperative management involved in this operation should be in the repertoire
of all general surgeons.

TABLE 7.2

Truncal Vagotomy + Antrectomy Results (%)
Marhidity 5-10
Martality 1-2
Acid reduction 85-90

Ulcer reduction 1-2
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8§ Proximal Gastric Vagotomy

Michael S. Nusshaum and Mark Alan Dobbertien

Introduction

Open proximal gastric vagotomy (PGV), as practiced now for over 40 years and known
by other pseudonyms as highly selective vagotomy and parietal cell vagotomy, is a
proven effective operation for the definitive surgical management of many complicated
gastroduodenal ulcer disease patients and should be part of the armamentarium of all
surgeons who care for such patients worldwide. This refined vagotomy operation has
the basic surgical tenets of interrupting the vagal innervation to the parietal cell mass
in the cardia, fundus, and body of the stomach (responsible for acid secretion) while
maintaining the vagal innervation to the antrum and pylorus as well as to the branches
of the celiac and hepatic plexus, thus minimizing motility and secretory disturbances
in the stomach and the gastrointestinal tract. The effectiveness of PGV in lowering acid
secretion has resulted in long-term cure of ulcer in over 90% of the patients and has
had the added benefit of virtually eliminating the untoward side effects of less selective
uses of vagotomy and drainage procedures or limited gastrectomy (antrectomy) such as
dumping, stasis, bile reflux, and diarrhea. Although the PGV operation has been reported
to be only performed once, on average, in training by graduating residents and is more
technically demanding and time consuming (about 120 minutes average) than truncal
vagotomy, the procedure can be performed safely and efficiently when done correctly
and mastered. The many advantages of this procedure certainly outweigh the above
disadvantages and they should not be considered a cogent rationale to abandon the
procedure when performing definitive ulcer surgery.

In this chapter, the indications for the operation will be outlined and the preop-
erative, operative, and postoperative management for patients undergoing PGV will be
presented along with the expected results and complications associated with open PGV.

@) INDICATIONS

PGV is indicated in patients with chronic duodenal ulcers who have failed the currently
available maximal medical management regime. It is also sometimes the procedure of
choice in stable patients who are not ulcer naive and have a perforated or bleeding
duodenal ulcer and are able to tolerate a definitive operative ulcer procedure once a
Graham patch (or accepted alternative) or artery ligation has been performed. In addition,
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PGV can be used in active ulcer patients receiving medical management who need
aortic surgery or organ transplantation to prevent serious, life-threatening ulcer compli-
cations such as bleeding or perforation. PGV alone should not be used in patients with
pyloric or prepyloric ulcers or for gastric outlet obstruction as the recurrence rate and
failure rate are 31% and 55%, respectively, unless a drainage procedure is added to
PGV. The indication for PGV in type I gastric ulcer in addition to wedge resection or
submucosal resection remains controversial.

}3 PREOPERATIVE PLANNING

Proper preoperative evaluation and management of patients necessitating either elective
or emergency surgery using PGV should not be underestimated. Any lack of attention
to detail may result in untoward morbidity and mortality. In all cases, a detailed history
and physical examination is required as is a review of up-to-date laboratory and imag-
ing data. A preoperative assessment of the patient’s cardiopulmonary risk factors, ASA
PA class, APACHE score as well as entering data in the American College of Surgeons
National Surgical Quality Improvement Program (ACS NSQIP) data base (if available)
may assist in the proper management of patients needing elective and emergency PGV.
Of particular importance is a detailed review of the individual patient’s ulcer diathesis
history, endoscopic findings, pathology, and treatment up to that point. The emergency
surgical management of duodenal ulcer complications, such as perforation and bleed-
ing, is often predicated on the previous history of ulcer care prior to their presentation.
After the above review and assessment, therapies and technical considerations are
manipulated to minimize cardiopulmonary morbidity and mortality, venous throm-
boembolism (VTE), and surgical site infection. In order to minimize perioperative myo-
cardial infarction, patients with intermediate to high-risk scores are treated with beta
blockers without intrinsic sympathomimetic activity (unless contraindicated), and this
has resulted in a greater than 50% relative reduction in postoperative cardiac events.
High-risk pulmonary patients would benefit from incentive spirometry, selective
nasogastric tube use, and short-term neuroaxis blockage via epidural anesthetic tech-
niques. Evidence shows that patient-related risk factors, such as chronic obstructive
pulmonary disease, age older than 60 years, ASA class of Il or higher, functional depend-
ence, congestive heart failure, prolonged surgery, and abdominal surgery, increase the
risk for postoperative pulmonary complications. All patients should receive VTE proph-
ylaxis with either unfractionated or low-molecular weight heparin plus sequentional
compression devices may be used in addition to anticoagulation in the high-risk surgi-
cal patient and in those who have a contraindication to anticoagulation prophylaxis.
Caution is advised in using low-molecular weight heparin in patients with renal insuf-
ficiency or failure, and it either must be dose-adjusted or unfractionated heparin must
be used as a substitute. For most cases of uncomplicated gastroduodenal ulcer surgery,
no prophylactic antibiotics are recommended. However, in complicated patients or
patients where the gastrointestinal tract will be opened, a first-generation cephalosporin
(i.e., cefazolin) should be administered within 1 hour of the surgical incision to reduce
the likelihood of a postoperative surgical site infection.

() SURGICAL TECHNIQUES

Positioning, Anesthesia, and Skin Preparation

The patient is positioned on the operating table in the supine position. At least one arm
should be tucked in most instances to provide more room for the operating team and
any mechanical retractors. Care must be taken to ensure that the patient is properly
off-loaded to prevent nerve injury in both the upper and lower extremity and to prevent
back pain in the lordotic areas of the lumbar and cervical spine. A footboard should be
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used so that the patient will not move during the procedure when reverse Trendelen-
burg positioning may cause shifting of the patient on the operating table. Patients
should be secured to the operating table using a safety strap. The patient should have
a large bore intravenous line and, in the high-risk patient, may need central venous
pressure monitoring as well as invasive blood pressure monitoring with an arterial line.
A urinary catheter is placed for urine output monitoring and a nasogastric tube is placed
once the patient has undergone rapid sequence intubation and the endotracheal tube
has been secured. The nasogastric tube is helpful for decompression of the stomach as
well as for identifying the esophagus at the diaphragmatic hiatus and as a retraction
device on the greater curve of the stomach. Patients should be offered perioperative
thoracic epidural analgesia which should be placed prior to the induction of general
anesthesia. All patients undergoing PGV should be considered to have a full stomach
and therefore require rapid sequence intubation techniques. Muscle relaxation is neces-
sary for open PGV. The patient’s abdomen and lower chest is clipped in the operating
room and the patient’s skin is prepared with chlorhexidine-alcohol, which has recently
been shown to be superior to povidone-iodine in preventing postoperative surgical site
infection. Sterile draping should include the lower chest well above the xiphisternum.

Incision, Exposure, Exploration, and Definitive Management of
Bleeding and Perforation

An upper midline, epigastric incision is recommended when performing open PGV and
provides excellent overall exposure. Infrequently, the incision needs to be carried below
the umbilicus. An alternative chevron incision may be used, but the disadvantages of
muscle transection seem to outweigh the exposure benefits in most cases. Care must be
taken to avoid injuring the periosteum of the xiphoid process in order to prevent the
rare but under-reported incidence of heterotopic ossification of the abdominal wound.
The xiphoid, in most instances, does not need to be excised. Once the skin has been
incised, blunt bilateral force is used to transect the subcutaneous tissue in a bloodless
field, and this technique reliably identifies the midline fascia and linea alba in situa-
tions when previous laparotomies have not been performed. The midline fascia is
incised precisely in the midline to avoid disruption of the confluence of the anterior
and posterior rectus sheaths. The properitoneal fat is sharply transected and the peri-
toneum is opened to the full extent of the wound, avoiding any adhesions when present.
The ligamentum teres hepatis does not need to be transected in most cases and may be
used to patch a perforated duodenal ulcer when omentum is not readily available. Full
abdominal exploration is mandatory in order to assess the suspected pathology as well
as identify any other unsuspected pathology, unless mitigating circumstances would
call for a truncated exploration, such as dense adhesions, when the risk of enterotomy
may outweigh the benefits of exploration. Any peritoneal soiling is quickly addressed
with suction, irrigation, and control of ongoing spillage from the perforated viscous.
The left triangular ligament may be incised to provide right upward mobilization of the
lateral segment of the left lobe of the liver for better exposure of the esophageal hiatus.
A laparotomy sponge is placed lateral and posterior to the spleen to release any tension
on the gastrosplenic ligament, thus minimizing the risk of splenic injury. A self-retaining
retractor is next implemented and attached to the operating table. A Thompson or
Bookwalter retractor is preferred over a Balfour retractor in most cases. In order to
provide the best exposure and retraction, the liver needs to be retracted superiorly and
to the right and the parieties need to be placed on tension inferiorly and mediolaterally.
The upper abdominal retractors should be placed with the patient in Trendelenburg
position. Once the retractors are in place, reversing the Trendelenburg position will
provide optimal exposure of the upper abdomen. All of the many important surgical
aspects of PGV and the emergency management of perforation and bleeding will be able
to be addressed without any further manipulation of the retractor system. In clinical
scenarios of duodenal ulcer hemorrhage, an anterior longitudinal gastroduodenostomy
across the pylorus is performed and the bleeding artery is ligated, making sure to control
the transverse pancreatic artery with a U stitch. After controlling the arterial hemorrhage
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the duodenotomy is closed horizontally in a Heineke—Mikulicz fashion. A perforated
duodenal ulcer should be patched with well vascularized omentum when available
and should not be closed primarily especially if the closure would create narrowing
of the duodenum. Closure and patching is an acceptable modification of Graham’s
technique, when the ulcer is small and would not result in significant stricturing. The
PGV can be added to both of these procedures when indicated. A chronically scarred
and obstructed duodenum should be managed either by resection or by PGV with
gastrojejunostomy to alleviate the obstruction and to minimize recurrent duodenal
ulcer.

Proximal Gastric Vagotomy

PGV requires a surgeon with a tremendous requisite knowledge of vagal and foregut
anatomy and a meticulous technical skill-set for best results. The procedure should be
able to be performed in less than 2 hours and consists of four (or five) important steps
for optimal denervation (completeness of vagotomy), preservation of antral-pyloric
mobility, and prevention of ulcer recurrence. The procedural steps involved in PGV are
that of anterior lesser omental dissection, posterior lesser omental dissection, distal
esophageal dissection, lesser curvature closure, and possibly consideration of extended
PGV in the area along the greater curvature across the incisura described by Rosati in
order to bring cure rates as high as 98%. The steps in the operation are not necessarily
done sequentially and may be altered depending on local conditions for a given patient.

Distal Esophageal Dissection

The PGV is usually begun at the level of the esophageal hiatus and the distal esophagus
(Fig. 8.1). The distal esophageal dissection and proximal lesser curvature dissection
along the cardia and fundus can be very challenging to surgeons who are unfamiliar
with the anatomy of the right and left vagus nerve as they descend in the posterior
mediastinum (right) and through the esophageal hiatus. The dissection plane is not
limited in scope and should be envisioned as a 360-degree operating plane around the
distal 5 to 10 cm of esophagus and the proximal dome of the stomach’s cardia and
fundus. The left and right vagus nerves form a plexus over the posterior mediastinal
esophagus and eventually unite to form the trunks of the anterior and posterior vagus
at the level of the distal esophagus before dividing into divisions at or near the esopha-
geal hiatus, but certainly above the angle of His. For this reason, it is recommended to
begin this portion of the procedure at the angle of His by encircling the esophagus at

Figure 8.1 Anterior view of the
stomach demanstrating the ante-
rior nerve of Laterjet. The dotted
line represents the line of dissec-
tion. The dissection is begun at the
esophagogastric junction and the
vagus nerves are isolated prior to
the lesser curvature dissection.
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Figure 8.2 The lower esophagus is
exposed and the gastroesophageal
junction is encircled with a Penrose
drain and retracted inferolaterally.
The anterior and posterior nerves of
Laterjet are secured with stays for
proper identification, preservation,
and retraction.

the cardioesophageal junction with a Penrose drain so that downward traction can be
applied on the junction tenting the nerves for easy identification. In addition, starting
the dissection at this point provides the best window for free mobilization of the
esophagus and proximal stomach from the vagi, which are usually not as intimate with
the esophageal musculature at this anatomical area. The encircling of the esophagus at
the angle of His is accomplished by incising the peritoneum in this area and at the
phrenicoesophageal ligament overlying the right crus of the diaphragm passing a blunt
instrument from left to right, thus encircling the esophagus at the cardioesophageal
junction (Fig. 8.2). Next, the anterior and posterior vagal trunks are encircled with
umbilical tapes or vessel loops. The anterior nerve is usually intimately draped obliquely
across the distal anterior esophagus and should be mobilized to the right of the esopha-
gus. Occasionally, two divisions are seen before forming the anterior nerve of Laterjet.
The hepatic branch can be seen in the lesser omentum running toward the caudate lobe
of the liver. The larger posterior nerve is usually not intimate with the muscular wall
of the esophagus as it enters the abdomen and is located typically at 8 o’clock on the
esophagus close to the right crus of the diaphragm. The celiac nerve, a division of the
posterior vagus, runs in the lesser omentum toward the left gastric artery, a branch of
the celiac trunk. The phrenicoesophageal ligament is then incised completely and the
distal esophagus is mobilized proximally into the mediastinum for approximately 5 to
7 cm to ensure complete esophagogastric vagotomy.

Anterior Lesser Omental Dissection

Once the vagal trunks are isolated and separated from the esophagogastric region, atten-
tion should be directed to the anterior lesser omentum. In order to provide distraction
between the lesser omental contents and the lesser curvature of the stomach, an incision
is made in the pars flaccida to provide superior retraction on the lesser omentum. This
technique also provides a window into the upper recess of the lesser sac and exposure
to the right crus of the diaphragm where the posterior vagus nerve is usually identified
posterior and medial to the esophagus. The stomach is retracted inferiorly, either with
direct anterior greater curvature retraction or by incising the gastrocolic omentum distal
to the gastroepiploic vessels and dividing some anterior epiploic vessels such that com-
bined anterior and posterior gastric wall inferior retraction can be applied. The anterior
nerve of Laterjet is identified 1 to 2 cm from the lesser curve and must always be visu-
alized directly during the procedure to avoid injury. Distraction of the lesser omentum
helps prevent injury to the nerve. Location of the anterior nerve of Laterjet’s oblique
ending in the crow’s foot with its three typical end branches is another important landmark
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Figure 8.3 The anterior lesser
curvature dissection is begun 5 to
7 cm proximal to the pylorus, and
each gastric vagal branch from the
anterior nerve of Laterjet and their
accompanying vessels are isolated,
ligated, and divided. Occasionally,
when the crow’s foot is proximal on
the antrum, the heel of the crow’s
foot may be used as a starting
point.

as is the 5- to 7-cm mark proximal to the pylorus on the lesser curvature (Fig. 8.3). In
some patients the crow’s foot is relatively proximal on the antrum and may not repre-
sent the best starting position to begin the lesser curvature devascularization and end
gastric branch vagotomy. In such situations, either the heel of the crow’s foot (most
proximal neurovascular bundle of the crow’s foot) should be transected in order to achieve
complete parietal cell vagotomy without compromising antral motility. In general, the ante-
rior lesser omental dissection begins about 5 to 7 cm from the pylorus. The peritoneum
overlying the anterior leaf of the lesser omentum is then scored sharply from the distal
dissection margin at the antral-body junction as close to the serosa of the anterior lesser
curvature of the stomach as possible without injuring the stomach. The peritoneum is
scored all the way from the incisura along the lesser curve across the cardioesophageal
junction below the esophageal fat pad and across the angle of His. For surgeons who
routinely incise the gastrocolic ligament, the posterior peritoneum corresponding to the
above mentioned anterior peritoneum may be scored as well once all gastropancreatic
adhesions are cleared and the stomach is retracted anteriorly and superiorly. Certainly,
releasing both sleeves of the peritoneum will increase the distance between the nerves
of Laterjet and the lesser curvature of the stomach reducing the likelihood of nerve
injury and converting a parietal cell vagotomy to a total gastric vagotomy, defeating the
benefits of the procedure and requiring a drainage procedure for salvage. Care must be
taken in not applying too much tension on the lesser omental structures as this could
cause avulsion of the end gastric branches of the ascending and descending left gastric
artery. Once the peritoneum has been scored, the surgeon should be cognizant of the
concave and, reciprocally, convex nature of the relationships between the lesser curva-
ture of the stomach and the perpendicular neurovascular end gastric branches. This
important relationship can be manipulated either by proper movement of surgical liga-
tion and division devices or by rolling the lesser curvature of the stomach more ante-
riorly and inferiorly as the lesser omental dissection proceeds more posteriorly. In
either case, ligation and division of the neurovascular bundles should be done as close
to the stomach as possible without injuring the gastric wall. Both techniques can be
used in tandem during the lesser curvature devascularization and vagotomy if the sur-
geon chooses so. It is best to divide the perpendicular neurovascular bundles as they
enter the lesser curvature with a 2-0 or 3-0 silk suture using a fine right angle clamp
and tying the pedicles in continuity, limiting the possibility of injury to the surround-
ing structures and blood loss from inappropriate tension on these fine neurovascular
bundles that clamps may precipitate. An alternative approach is to use an energy source
to provide ligation and division. The ultrasonic shears, Ligasure, or Enseal devices may
be used to facilitate this dissection, and all these devices have been used safely and
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Figure 8.4 The lesser curvature
dissection consists of three layers
of nerves and vessels—an anterior,
posterior, and unpredictable middle
layer—all of which must be divided
to ensure a complete proximal
gastric vagotomy. The nasogastric
tube is impartant for both gastric
decompression and inferior gastric
retraction.

effectively in minimally invasive vagotomy procedures. Either way, care must always
be taken to avoid injury to the anterior nerve of Laterjet and the lesser curvature of the
stomach. The anterior gastric nerve transection should continue to the prior proximal
dissection at the cardioesophageal junction to ensure that the anterior and posterior
nerves of Laterjet and the hepatic and celiac branches are identified before beginning
the posterior lesser omental dissection. Care must be taken not to apply too much
tension on the vagal trunks which could produce neuropraxia, or worse, traction
neurolysis.

Posterior Lesser Omental Dissection

Before beginning the posterior lesser omental dissection, it is important to realize
that there are numerous and variable small gastric vagal branches from both the
anterior and posterior nerves of Laterjet that innervate the stomach’s lesser curve and
arise in the midportion of the gastrohepatic sleeve of mesentery (Fig. 8.4). It is imper-
ative that these branches be ligated and divided with precision as most of the times
they are not accompanied by a gastric end artery. This middle sleeve of mesentery
should be ligated and divided in continuity and carried out from anterior to posterior
and from inferior to superior extending up to the cardioesophageal junction. This
procedure is best performed close to the lesser curve of the stomach and can be
facilitated by rolling the lesser curve anteriorly and inferiorly. At this point, the
posterior sleeve of the mesentery with its posterior nerve of Laterjet and the gastric
branches of the descending branch of the left gastric artery to the posterior wall of
the lesser curvature of the stomach should be easily identified. Dissecting the mid-
portion of the mesentery en bloc with the posterior lesser omental dissection is not
recommended. In obese patients, the midportion of the mesentery should be dis-
sected in multiple layers to ensure completeness of the vagotomy. The posterior lesser
omental dissection should be performed as described for the anterior lesser omental
dissection. Finger dissection and pinching of the posterior lesser omentum is occa-
sionally helpful and can disperse the omental adipose tissue from the surrounding
neurovascular pedicles ensuring that the posterior nerve of Laterjet is not injured.
The dissection is carried out from distal to proximal on the posterior lesser curvature
up to the cardioesophageal junction dissection. The two sleeves of mesentery should
be inspected to ensure that the anterior and posterior nerves of Laterjet have been
preserved and inserted adequately on the anterior and posterior aspect of the antrum
5 to 6 cm from the pylorus. The distal margin of neuro/devascularization on the
antrum should be re-inspected for adequacy of vagotomy and all remaining vagus
nerve tissue in this area should be divided (Fig. 8.5).
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Figure 8.5 The completed proximal
gastric vagotamy. All vagus fibers
to the distal 5 to 10 cm of the
esophagus are divided sharply mak-
ing sure to divide the criminal nerve
of Grassi in the gastropancreatic
fald.

Finally, with minimal traction on the anterior nerve of Laterjet and inferolateral
traction on the cardioesophageal junction, all structures to the left of the vagus entering
the esophagus or stomach are ligated. Next, the same traction is applied to the posterior
nerve of Laterjet and all the neurovascular structures to the left of the nerve are
transected. The criminal nerve of Grassi, a branch of the posterior vagus, is identified
and transected in the gastropancreatic fold as it makes its way to the fundus posteriorly.
The esophagus is re-inspected ensuring that no gastric branches are imbedded in the
esophageal musculature and no piercing mucosa are left untransected. Gentle blunt
dissection with a finger or sharp dissection may be used to complete the esophageal
portion of the vagotomy.

Lesser Curvature Closure

The open mesenteric surface of the lesser curvature of the stomach is closed by placing
Lembert sutures using interrupted 2-0 or 3-0 silk (Figs. 8.6 and 8.7). This technique may
prevent neural regeneration of the vagal fibers, potentially implicated in some incom-
plete vagotomies. In addition, this seromuscular closure of the lesser curvature of the
stomach may avoid the potential complications of ischemic necrosis or perforation of

Figure 8.6 Lesser curvature clo-
sure is accomplished by approxi-
mation of the anterior and
posterior seromusculature layers
over the area of lesser curvature
bare muscle in order to prevent
free perfaration from ischemic
necrosis or fram salient full thick-
ness injury.
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Figure 8.7 The completed seromus-
cular closure of the lesser curva-
ture.

the lesser curvature of the stomach. Although these complications are exceedingly rare,
a greater than 70% mortality rate has been reported in some series that experienced
lesser curvature perforation as a complication. The likelihood of lesser curvature
ischemic necrosis would be extremely rare, given the extensive submucosal blood sup-
ply, and therefore, these perforations are likely a result of unrecognized iatrogenic
injury to the gastric wall during dissection. Crural repair can be carried out at this point
when hiatal hernia is present, and fundoplication may be indicated when significant
gastroesophageal reflux is documented preoperatively.

Extended PGV

When ulcer recurrence would be an untenable consequence for certain patients under-
going PGV, an extended PGV may be performed and has been reported to decrease ulcer
recurrence rates to 2% versus 10% reported in most series. The “seven areas of vagot-
omy” described by Nyhus and his colleagues at the University of Illinois may serve as
an anatomical template for surgeons performing PGV and extended PGV and may
reduce the incidence of incomplete vagotomy (Fig. 8.8). Rosati et al. have recommended

Figure 8.8 The seven areas of
vagaotomy are (1) periesophageal,
(2) lesser curve, (3) crow’s foot, (4)
gastropancreatic fold, (5) short
gastric, (6) left gastroepiplaic, and
(7) right gastroepiploic. Areas 3, 4,
6, and 7 are routinely divided
during extended PGV while area

5 is always preserved to preserve
blood supply to the proximal
stomach.
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that the preganglionic vagal fibers along the greater curvature across the incisura of the
stomach (area 7) be divided to provide a more complete vagotomy. This additional
procedure can be done with impunity for patients requiring PGV especially with regard
to gastric blood supply and potential ischemic necrosis by avoiding disrupting the main
right gastroepiploic vessels located near the gastric wall. The nerve fibers and end vas-
cular gastric branches should be ligated and divided in continuity, avoiding injury to
the gastroepiploic vessels. Energy devices for ligation and division may be used as an
alternative to ligation in-continuity techniques.

Abdominal Closure

The abdomen is closed once the PGV is completed and the instrument, sponge, and
needle counts are correct. Copious warm isotonic saline or antibiotic lavage can be
performed and the effluent should be grossly clear. All surgical sites are inspected for
hemostasis and potential injury to the nerves of Laterjet or the abdominal hollow or
solid viscera. All viscera are then placed back in their anatomical locations and the
omentum is preserved anteriorly. A film of hyaluronic acid and carboxymethylcellulose
may be added prior to fascial closure in an attempt to decrease adhesion formation to
the anterior abdominal wall as well as to decrease the complexity of potential reopera-
tive surgery. Closure of the midline fascia should be done with a running monofilament
suture. The skin can either be stapled or closed with a running subcuticular absorbable
suture.

s POSTOPERATIVE MANAGEMENT

Postoperatively, the routine use of a nasogastric tube is not necessary and may cause
morbidity in patients with underlying pulmonary disorders. VTE prophylaxis should
be continued throughout the hospitalization unless contraindicated. Pain control should
be provided via the epidural catheter that was placed prior to induction, either
continuously or via patient-controlled measures. If epidural analgesia is not used then
a patient-controlled analgesia device should be used. Early feeding is recommended
starting with clear liquids and subsequently with a postgastrectomy diet. Acid reduc-
tion therapy is not required after PGV unless it is an integral part of therapy for Heli-
cobacter pylori eradication. Resumption of all preoperative medications indicated for
significant medical comorbidities should be started as soon as possible. Good pulmo-
nary toilet and early ambulation is recommended. Close clinical observation for the
development of complications is mandatory. Patients are typically discharged within 3
to 5 days after an uncomplicated procedure.

;9 ) EXPECTED RESULTS AND COMPLICATIONS

Open PGV will yield excellent results with few complications for ulcer patients when
the procedure is performed for the proper indications by a surgeon with the requisite
skill and knowledge outlined above. The attractive features of PGV are its low morbid-
ity and mortality along with the almost total absence of undesirable side effects of
dumping, diarrhea, alkaline reflux, weight loss, and nutritional problems. The most
consistent criticism of open PGV has been the variable rate of ulcer recurrence from
2% to 30% reported in the literature. The average recurrence rate should be between
2% and 8% in most centers. This variation is often due to technical factors and surgeon
variability as well as their ability to complete the PGV effectively. In addition, distal
migration of parietal cells into the antrum may also result in recurrence. For most part,
the recurrences of the ulcer diathesis can be managed medically; however, in cases
where surgery is necessary, truncal vagotomy with antrectomy with either Billroth I or
II reconstruction is recommended. Mortality rates below 0.3% are reported. Dumping
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and diarrhea have been reported in 3% to 5% of patients but is usually transient. After
the operation, the patients may feel some early satiety and upper-abdominal fullness,
but these symptoms disappear within a few weeks. Stasis is rare (0.7%) and may be
due to either unrecognized pyloric obstruction or complete or near complete antral
vagotomy. Jensen demonstrated that the upper 2 to 5 cm of antrum may be denervated
without leading to stasis. Stasis that cannot be managed medically often requires reop-
eration and resection or gastroenterostomy.

->;_<; CONCLUSIONS

Open PGV is a proven safe and effective operation for the definitive treatment of patients
with medically refractory and complicated gastroduodenal ulcer disease in certain clin-
ical settings. Although new paradigms exist today that have revolutionized the treat-
ment of patients with peptic ulcer disease, there still remains a need for occasional
definitive ulcer surgery. PGV offers many advantages over truncal vagotomy and antrec-
tomy. It is ironic that the near-ideal surgical procedure finally evolved for the operative
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treatment of peptic ulcer as the need for such treatment was diminishing.
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( Laparoscopic Proximal

Gastric Vagotomy

Namir Katkhouda and Joerg Zehetner

Q) INDICATIONS/CONTRAINDICATIONS

The objective of the procedure is to divide all vagal nerve fibers innervating acid-pro-
ducing cells of the stomach while preserving the terminal branches of the main vagal
trunks and the nerves of Latarjet, thereby maintaining adequate antral motility. The
success of the operation depends on meticulous technique because leaving a single
fundic nerve branch intact will allow continued acid secretion in the corresponding
gastric secretory zone, leading to early recurrence.

In the elective setting the current indications for the surgical treatment of duodenal
ulcer disease are as follows:

Patients in whom the disease is resistant to medical treatment despite medical ther-
apy for at least 2 years and/or two or more documented recurrences after thorough
medical treatment.

Patients who cannot be followed regularly because of geographic or socioeconomic
reasons or who cannot afford medication.

Patients with complications such as perforation or hemorrhage.

Contraindications for the laparoscopic approach are previous operations on the
stomach or upper abdomen with major adhesions and portal hypertension, especially
in combination with coagulopathy. Other contraindications are patients with untreated
Helicobacter pylori infection or patients on nonsteroidal anti-inflammatory drugs before
presentation.

@ PREOPERATIVE PLANNING

The preoperative evaluation of the patient includes evaluation of the general medical
status, the operative risk factors, comorbidities, and endoscopic and secretory investiga-
tion of the peptic ulcer disease.

The endoscopic examination of the upper gastrointestinal tract is done routinely and
allows direct inspection of the diseased area. The duodenal ulcer is typically a linear
defect without associated stenosis or hemorrhage. It allows biopsies to rule out possible
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H. pyloriinfection as well as other rare diseases which are associated with duodenal ulcers
(Crohn’s disease). Other diseases such as esophageal cancer or gastroesophageal reflux
disease can be ruled out, as these are diseases with similar symptoms to ulcer disease.

The secretory tests include measurements of basal acid output and peak acid output
after stimulation with pentagastrin. These tests are necessary to evaluate the degree of
acid hypersecretion in patients who are intractable to medical treatment. The serum
gastrin level should always be assessed to exclude gastrinoma.

A radiographic videoesophagram and upper gastrointestinal study can be added if
the endoscopy cannot assess a possible postpyloric stenosis.

() SURGERY

As with all laparoscopic procedures, this procedure requires general anesthesia and
endotracheal intubation. A nasogastric tube is necessary to deflate the stomach before
establishing pneumoperitoneum. A urinary catheter is not routinely placed.

Positioning

The patient is positioned in an inverted Y position with the operating surgeon between
the legs (French position). The video monitor is positioned above the head and slightly
toward the left shoulder of the patient. If the video tower does not provide a flexible
screen, the video endoscopic tower is placed on the left of the patient and a second
monitor on the right of the patient. The second (camera) assistant stands to the right of
the patient and the first assistant and the scrub nurse stand to the left of the patient.
The trunk of the patient is elevated 15 degrees in a reverse Trendelenburg position.

Trocar placement

After establishing the pneumoperitoneum with a Veress needle and an optical trocar or
with the Hassan technique, first a 12-mm trocar is inserted in the midline approxi-
mately one-third of the distance between the umbilicus and the xiphoid process.

A second 12-mm trocar is placed in the left subcostal position in the midclavicular
line as a primary working port. Three additional 5-mm or 10-mm trocars are used:

One in the subxyphoid position used to make a subcutaneous tract for the introduc-
tion of the Nathanson Hook Liver Retractor (Automated Medical Products Corpora-
tion, Sewaren, NJ). This retractor is secured to the right bed post using an Iron Intern
(Automated Medical Products Corporation, Sewaren, NJ).

Two retracting ports are placed in the right and left subcostal margins.

Technique

In addition to the standard laparoscopic instruments we recommend the following
instruments:

Clip appliers

Two laparoscopic needle holders

An L-shaped hook coagulator

Absorbable monofilament sutures
Endoloops with preformed Roeder knot
Application system for fibrin sealant spray
Ultrasonically activated coagulating shears

There are two major techniques of laparoscopic proximal gastric (highly selective)
vagotomy (PGV) for the surgical treatment of chronic duodenal ulcer disease.

Laparoscopic PGV
The procedure begins by the elevation of the left lobe of the liver using a fan retractor
or a liver retractor which is inserted via a 5-mm port next to the xyphoid. The surgeon
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should be certain that the operation is feasible and that the liver can be retracted so
that the operative area is visible. Endoscopic babcock-type clamps provide lateral trac-
tion on the greater curvature of the stomach and the lesser omentum is carefully
inspected to identify three landmarks: First, the avascular aspect of the lesser omentum,
which is crossed by the hepatic branch of the anterior vagus nerve; second, the terminal
branch of the anterior vagal nerve (nerve of Latarjet), which runs parallel to the lesser
curvature; and third, the terminal “crow’s foot.”

With ultrasonic shears the anterior leaf of the omentum is incised between the
nerve and the stomach proximal to the crow’s foot, parallel to the nerve trunk. The
lesser omentum is retracted using atraumatic graspers to ensure that the ultrasonic
shears divide only the branches of the vagus nerve and not the trunk of the nerve of
Latarjet. The identification of individual neurovascular bundles is not necessary. It is
important that the blunt jaws of the shears are applied and coapted beyond the vessel
to avoid a partial welding that might lead to hemorrhage. Division of the nerves begins
at the “crow’s foot” of the nerve of Latarjet. The two most distal branches of the nerve
are left intact to be sure that antral and pyloric innervation is preserved. After four to
five applications of the shears the dissection then proceeds proximally to include the
esophageal branches of the anterior vagus nerve. The fat pad of the cardia containing
the anterior nerve trunk is then raised upward and to the right to divide the “criminal”
nerves of Grassi near the angle of His. The division of these aberrant branches is of
paramount importance to ensure complete vagotomy of the posterior fundus.

The dissection returns to the distal stomach, to retract now the opened anterior leaf
of the lesser omentum to expose the posterior vagal branches. The posterior leaf is
incised between the stomach and the posterior nerve of Latarjet to open the lesser sac.
With the ultrasonic shears all branches of the posterior vagus nerve proximal to the
crow’s foot are divided. Using the magnification of the laparoscope, the distal esophagus
should be cleared of all nerve fibers for a length of 6 to 8 cm while the two trunks and
their terminal gastric branches are preserved.

Alternatively to the technique described with the ultrasonic shears, the anterior and
posterior vagal branches can be divided between endoscopic clips with a scissor or with
the hook electrocautery (Fig. 9.1).

A B

Figure 9.1 The technique of neurovascular ligation in highly selective vagotomy (HSV): (A) laparoscapic technique using harmaonic

shears, (B) laparoscopic technique using clips.
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Figure 9.2 Paosterior truncal vagot-
omy (important landmarks).

Laparoscopic Posterior Truncal Vagotomy with Anterior Seromyotomy

(Taylor procedure)

This operation is an alternative approach to the previously described technique and
was popularized by Taylor and redefined laparoscopically by Katkhouda. The operation
has three steps: the hiatal dissection, the posterior truncal vagotomy, and the anterior
seromyotomy.

Hiatal Dissection

With a liver retractor or with a probe over the subxiphoid trocar the left lobe of the
liver is retracted. The lesser sac is entered through an opening in the pars flaccida. Dis-
section is continued with ultrasonic sheers, or alternatively the hook cautery, until the
muscular portion of the right crus is reached. If left gastric veins are encountered, they
may be divided between clips as necessary. Injury to the hepatic branch of the vagus
nerve should be avoided if possible, although there is no evidence that division will
result in clinically significant postoperative complications.

Posterior Truncal Vagotomy

There are two major landmarks for the posterior truncal vagotomy, which are the cau-
date lobe and the right crus (Fig. 9.2). With a right-sided forceps the right crus is grasped
and held to the right while the ultrasonic shears or the hook coagulator is used to open
the pre-esophageal peritoneum. The abdominal esophagus is retracted to the left, which
allows visualization of the areolar tissue. The posterior vagus nerve is identified by its
white color. With a grasper the nerve is retracted and adhesions coagulated and divided.
The nerve is transected between two clips or with the ultrasonic shears and a segment
of the nerve is removed for histopathology.

Posterior (right)
vagus nerve,
divided

o Right crus

Caudate lobe
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Anterior vagal trunk

o

Posterior vagal
trunk, divided

Hepatic branch
preserved

Anterior
seromyotomy

“Crow’s foot”,

Branches of anterior
trunk divided

Anterior Seramyotomy

With two graspers the stomach is spread and the anterior aspect is inspected. With the tip
of the electrocautery the line of incision is marked, starting from the gastroesophageal junc-
tion parallel to and 1.5 cm from the lesser curvature down to 5 to 7 cm from the pylorus
at the level of the crow’s foot. The two most distal branches of the nerve are left intact to
be sure that the antral and pyloric innervation is preserved. The seromyotomy is then per-
formed with the hook coagulator (monopolar current, blending coagulation, average inten-
sity) along the previously marked line (Fig. 9.3). The hook incises the serosal layer, the
oblique layer, and the circular muscular layer. The two borders are grasped and spread
apart, which breaks the remaining deep circular fibers. Once the fibers are divided, the
mucosa can be easily identified by its typical blue color as it bulges out of the incision. It
is very important that the incision is anatomically accurate and hemostasis ensured, and
on completion the incision appears 7 to 8 mm in width in the gastric wall. Air is injected
through the nasogastric tube to make sure there are no mucosal leaks. Alternatively, the
leak test can be performed with methylene blue injected through the nasogastric tube or
with an endoscope. The seromyotomy is closed with an overlapping running suture and
knotted on both ends (Fig. 9.4). By covering the seromyotomy in a nonanatomic fashion

Figure 9.3 Anterior lesser curve
seromyaotomy.
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Figure 9.4 Suture for seromyo-
tomy.

(overlay), postoperative adhesions are prevented; it provides good hemostasis, and nerve
regeneration is prevented by the disturbed architecture of the gastric layers.
Other Notes:

The nasogastric tube may be removed at the end of the procedure.

No drainage is placed. Dilation of the pylorus can be performed in the same set-
ting or in a postoperative procedure. A dilation balloon is introduced with a
flexible endoscope and moved into the pylorus, inflated to a pressure of 45 psi,
and kept in the pylorus for 10 minutes. The success of this procedure is uncer-
tain and might need repetitive sessions to achieve the ideal results.

< POSTOPERATIVE MANAGEMENT

The patient is encouraged to ambulate and resume a soft diet on the evening of the
operation. Ideally this operation is performed as an outpatient procedure. PPI or H,
blockers are continued for at least 4 weeks.
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) COMPLICATIONS

There is a possibility of leaks from the seromyotomy but this has never been experi-
enced by the authors. In the series published by the senior author of this technical
review there was no mortality and a low morbidity of 6.6% (mostly pseudo-obstruction
with food postoperatively).

59 RESULTS

The success of the operation can be measured 4 weeks after surgery with pH monitor-
ing. The mean acid reduction is 82%, and in a published series all patients showed
healed ulcers on endoscopy. In 3.5% of patients a recurrent ulcer was found on long-
term follow-up.

->;_<; CONCLUSION

The indication for surgery is rare nowadays since the introduction of PPI and H, block-
ers and the successful medical therapy for the eradication of H. Pylori. In certain refrac-
tory patients this operation is still considered to be the therapy of choice as gastric
resection should not be performed for benign cases such as duodenal ulcers, unless a
stricture makes it necessary to perform a subtotal gastrectomy.

Recommended References and Readings Katkhouda N, Waldrep DJ, Campos GMR, et al. An improved tech-
nique for laparoscopic highly selective vagotomy using har-
Dallemagne B, Weerts JM, Jehaes C, et al. Laparoscopic highly selec- monic shears. Surg Endosc. 1998;12:1051-1054.
tive vagotomy. Br J Surg. 1994;81: 554—556. Taylor TV, Gunn AA, Macleod DAD, et al. Anterior lesser curve
Katkhouda N, Mouiel J. A new technique of surgical treatment of seromyotomy with posterior truncal vagotomy in the treatment
chronic duodenal ulcer without laparotomy by videocoelios- of chronic duodenal ulcer. Lancet. 1982;320:846—848.

copy. Am J Surg. 1991;161:361-364.
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() Patch for Perforated
Ulcer

David W. Mercer and Matthew R. Goede

@ INDICATIONS/CONTRAINDICATIONS

Patients with perforated peptic ulcers usually present with acute onset of abdominal pain.
Patients frequently report that the pain started “as if someone flipped a switch.” However,
elderly patients frequently present with a less robust onset of pain. Occasionally, patients
will complain of left shoulder pain from diaphragmatic irritation and some will complain
of nausea and vomiting. While some patients report a history of recent gastritis, frequent
steroid or nonsteroidal anti-inflammatory drug use, or use of cocaine, perforation may be
the first clinical sign that patients have underlying peptic ulcer disease. On radiographic
imaging, pneumoperitoneum is present in greater that 80% of patients.

Nonoperative management of perforated ulcers has been described since the 1940s;
however, its use and patient selection remains a major debate. Patients who present with
pneumoperitoneum who have a water-soluble contrast gastroduodenogram showing no
extravasation, no signs of septic shock, and abdominal examination findings confined to
the upper abdomen may be considered for nonoperative treatment. Nonoperative treat-
ment routinely includes nasogastric decompression, antibiotics to cover enteric pathogens,
antibiotics to cover Helicobacter pylori if present, and proton pump inhibitors. However,
approximately 30% of patients treated nonoperatively do not improve and require surgical
intervention. Patients treated nonoperatively also have about a 30% longer inpatient length
of stay. Nonoperative management also has an extremely high failure rate (around 70%)
in the elderly, patients with comorbidities, patients with hemodynamic instability, perfora-
tions greater than 48 hours old, and in patients with impaired wound healing. This creates
a dilemma because the patients that you would prefer to treat nonoperatively are the ones
most likely to fail nonoperative therapy. Therefore, operative treatment is the preferred
modality except in an extremely selective subset of patients.

The classic indication for use of a patch for perforated ulcer is in the unstable
patient with shock, the presence of extensive peritonitis or abdominal abscess forma-
tion, or patients with severe comorbidities. While patch repair of perforated ulcer was
described as a damage control technique, with the development of effective medical
therapy for ulcer disease and the corresponding decrease in patients requiring surgical
therapy for ulcer disease, more surgeons are utilizing patch repair in the acute setting.
In addition, the average age of patients presenting with perforated duodenal ulcers is
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increasing, with the average age now between 65 and 75 years. With this older age at
presentation, it is more likely that these patients will have comorbidities that lead the
surgeon to opt for a less involved procedure in the acute phase.

}3 PREOPERATIVE PLANNING

While a large majority of patients do not present in hemodynamic shock, appropriate
preoperative resuscitation is still needed. Placement of a nasogastric tube to decompress
the stomach and limit peritoneal contamination should be performed. Antibiotics to
cover enteric pathogens should be administered, along with appropriate goal-directed
crystalloid resuscitation. If possible, a determination of the presence of H. pylori through
a serum antibody test should be done to aid in operative planning. Urea breath tests
should not be done in patients with suspected perforation. In addition, the operative
plan should be decided based on the patient’s presentation. Patients who present with
hemodynamic instability, signs of end-organ failure, or shock should be classified as
unstable.

Gastric ulcer
Unstable patients should be treated with patch repair and biopsy of ulcer or ulcer
resection depending on the location of gastric ulcer.
Patients with known H. pylori may be treated with patch repair and H. pylori eradi-
cation and biopsy.
In medication-induced ulcers, in which the medication regimen can be altered,
patients may be treated with patch repair and biopsy.
Stable patients who are known to be H. pylori-negative, patients with a long history
of peptic ulcer disease, or patients with essential medication needs (chronic steroid
use) should undergo a definitive antiulcer procedure.

Duodenal ulcer
Unstable patients should be treated with patch repair.
Initial presentation of duodenal ulcer disease, especially if H. pylori is present, can
be treated with patch repair, proton pump inhibitors, and H. pylori eradication.
Stable patients with ulcer disease refractory to proton pump inhibitors and H. pylori
eradication should be treated with a definitive antiulcer procedure.

In patients who are profoundly septic, are hypotensive, or on vasopressors, one
must carefully consider if a patient can tolerate pneumoperitoneum before proceeding
with a laparoscopic repair. Also in patients with extensive previous abdominal surgery,
significant duodenal scarring, or concomitant bleeding ulcer, the use of laparoscopy
may be limited. Given the intra-abdominal inflammatory process caused by the perfo-
ration, the technique for obtaining initial intra-abdominal access may need to be
modified.

() SURGERY

Open Technique

Patient is placed supine.

Sequential compression devices and urinary catheter are placed.

Abdomen is entered through an upper midline incision to allow for exploration of
entire abdomen if gastric or duodenal perforation is not the cause of peritonitis.
Following repair of the perforation, a thorough irrigation of the abdomen with atten-
tion paid at the right and left subphrenic spaces and pelvis should be done.

The laparoscopic approach is becoming more widely used in these patients. Lapar-
oscopy offers several advantages, most notably the magnification provided by the lapar-
oscope, less postoperative pain, fewer postoperative pneumonias, and fewer wound
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complications. Also laparoscopy affords the ability to examine the entire abdomen
without extending or relocating incisions, which is especially helpful when the exact
location of the perforation has not been identified preoperatively. It also aids in
performing a thorough inspection and irrigation of the entire abdomen under direct
visualization.

Patch Techniques

Frequently any omental reinforcement of an ulcer perforation is referred to as a Graham
patch. The original nonpedicled patch (Fig. 10.1A) described by Graham is infrequently
used today in favor of pedicled omental flaps. Maintaining a vascular pedicle allows
the omentum to remain alive and continue in its natural function as “watchdog” of the
abdomen.

Primary closure with omental pedicle flap (Fig. 10.1B)
Used in small ulcers where the tissue has minimal inflammation and can be brought
together easily, without narrowing the duodenum.
Edges of ulcer are debrided if necessary, and the defect is closed primarily in a
transverse orientation, usually in a single layer using 2-0 or 3-0 silk.
A vascularized pedicle of omentum is brought up to cover the repair.
The pedicle is secured in place with the long tails of the ulcer closure sutures or
separate tacking sutures of 3-0 silk around the margins of the primary closure.
Omental pedicle flap (Cellan—Jones repair) (Fig. 10.1C and Fig. 10.2)
Excise friable edges.
Send the gastric specimen for pathologic examination.
Classically place four to six 3-0 sutures through the viscera wall, transversing the
ulcer.
Anchor an omental pedicle with a single suture beyond the ulcer.
Tie the previously placed sutures down like an “archway” over the length of the
pedicle thereby securing the omentum firmly within the edges of the perforation.
The lack of primary closure decreases the risk of narrowing the duodenum in the
case of a large perforation.

Figure 10.1 A-D: Different tech-
niques to apply omental patch to
close perforated ulcer.
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Figure 10.2 A and B: Different techniques to secure omental patch using long tails or tacking sutures.

Free omental plug (Graham patch) (Fig. 10.1D)
The lack of primary closure decreases the risk of narrowing the duodenum in the
case of a large perforation.
Place approximately three sutures parallel to the long axis of the duodenum across
the ulcer.
Place a piece of free omentum within the ulcer defect and tie the sutures over the
top of the free graft to secure the omentum to the ulcer defect.
Relies on the free piece of omentum to serve as a scaffold on which the body can
secrete fibrin.
Serosal patch
Used in large perforations, frequently following traumatic duodenal injuries
A loop of jejunum is brought up to cover the perforation and is sewn circumferen-
tially to the edges of the ulcer once they have been debrided in a fashion similar to
a small bowel anastomosis; however, the bowel is not opened.

Operative Pearls

Unless excised, gastric ulcers should always undergo biopsy prior to closure or patch
repair. These biopsies are essential given the risk of gastric cancer leading to perfora-
tion or the presence of H. pylori infection involved with perforation.

The sutures used to secure the omental patch should not be overly tightened, as
doing such would compromise the vascular supply to the patch.

The repair can be tested either by filling the upper abdomen with saline and then
instilling air through the nasogastric tube or by the placement of methylene blue dye
down through the nasogastric tube.
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Placement of a nasojejunal tube should be considered prior to repair of large ulcers
to allow the possibility of enteral feeding beyond perforation.
In elderly or debilitated patients or in patients with a high concern of possible con-
tinued leak, placement of a jejunostomy tube for distal enteral feedings should be
considered if the patient is tolerating anesthesia.

ws POSTOPERATIVE MANAGEMENT

Inpatient

While the duration of nasogastric tube decompression remains controversial, many
surgeons promote at least a brief period of gastric decompression to allow time for
the patch to fully adhere to the visceral wall.

Drains are rarely left anymore; however, if placed, drains should be closely moni-
tored for the presence of bile. The peritonitis associated with a perforated peptic
ulcer frequently leads to a significant amount of fibrin deposition, which makes
drains nonfunctional after just a day or two.

Tachycardia may be the earliest sign of developing sepsis or a continued leak from
the repair.

Patients should be started on intravenous proton pump inhibitors postoperatively
and converted over to oral once tolerating a diet.

Outpatient

H. pylori infection is present in 80% of gastric ulcer perforations and 90% of duo-
denal perforations. All patients should undergo evaluation for and treatment of H.
pylori infection if present following recovery from their perforation and discharge
from the hospital.
If follow-up endoscopy is planned to evaluate for ulcer healing (required in gastric
ulcers to rule out malignancy), endoscopic biopsies of the gastric antrum can be
performed to evaluate for the presence/eradication of H. pylori.
Urea breath tests and stool antigen tests can also be done to detect H. pylori infec-
tion and determine whether it has been eradicated.
If H. pylori is detected, appropriate triple therapy including proton pump inhibitor
and antibiotics should be administered and eradication again confirmed.
If eradication is not achieved, repeat treatment with quadruple therapy should be
considered.

) COMPLICATIONS

Continued leak has been reported in 5% to 10% of patients treated with omental patch
repair. Patients with suspicion of a continued leak should be evaluated by a water-
soluble contrast study. If the leak is small or contained, one could entertain treating the
collection with percutaneous techniques; however, the possibility exists of developing
a persistent fistula, which, depending on the patient’s condition, could be a desirable
outcome over reoperation.

If the persistent leak is from a gastric ulcer, a wedge resection may be possible.
However, if one is going to reoperate on a patient, a definitive antiulcer procedure
should be attempted unless the patient remains septic or the degree of inflammation or
contamination is prohibitive.

If the persistent leak is from a duodenal ulcer, again a definitive ulcer operation
needs to be strongly considered. In a septic patient, triple tube therapy including a
gastrostomy for proximal drainage, a jejunostomy with the tube fed retrograde to drain
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the duodenum near the perforation, and a distal jejunostomy for enteral feeding should
be placed. A duodenostomy should be avoided to drain the duodenum as this will limit
future attempts at definitive surgical treatment.

Intra-abdominal abscess formation is possible and can usually be treated with radi-
ographically guided percutaneous techniques. In the past, abdominal irrigation through
drains left at the initial operation was attempted, which did not decrease abscess forma-
tion and significantly increased demands on the healthcare providers to monitor the
continuous input and output. Likewise, the routine placement of drains in the perito-
neal cavity has not decreased the incidence of abscess formation.

Sepsis is frequently the complication that leads to death in these patients. Most
of these patients warrant at least brief observation in an intensive care unit postopera-
tively, and healthcare providers must vigilantly observe for signs of sepsis even
when the patient is sent to the general surgical ward. Empiric antibiotics with a broad
spectrum should be continued depending on the degree of peritoneal contamination.
Empiric antifungal coverage should be considered as well given the proximal nature of
this visceral perforation. Patients who develop overwhelming sepsis should be started
on antifungal coverage, as frequently by the time the fungus is isolated from blood or
peritoneal cultures the patient has already succumbed to the sepsis.

#9 RESULTS

The mortality of perforated peptic ulcers is around 3% for healthy, younger patients.
Unfortunately the mortality rate can approach 30% in elderly and debilitated patients.
In perforated duodenal ulcers the use of patch repair followed by effective medical
acid suppression and H. pylori eradication has a 1-year recurrence rate of around
5%.

-a-;_f; CONCLUSIONS

The use of patch repair for perforated ulcer is more frequent now than in past years.
The introduction of effective acid-suppressing medications, a better understanding
of the role of H. pyvlori and its eradication, introduction of minimally invasive tech-
niques, and the decreasing experience with acid-reducing procedures have led many
surgeons to depend on patch repair as their technique of choice in the acute setting.
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Q) INDICATIONS/CONTRAINDICATIONS

The success of medical management of peptic ulcer disease has reduced the overall
need for surgical intervention. But, the incidence of perforation, which is a serious and
potentially fatal complication, remains the same (5% to 10%). The surgical intervention
of simple closure of the perforation with or without omentoplasty is accepted in most
of these patients. Modern antiulcer therapy (i.e., H, receptor antagonists or proton pump
inhibitors [PPI] with anti-Helicobacter pylori agents) has decreased the high recurrence
rate from 40% to 3—4%.

Laparoscopic patch of perforated duodenal ulcer has become an alternative method
to the open procedure since its initial report in 1989 by Mouret. It offers advantages of
better visualization of the peritoneal cavity, thorough lavage and lack of upper abdom-
inal incision with its related complications, especially in high-risk patients. The need
for definitive surgical procedures is diminishing. However, it depends on the chronicity
and intractability of the disease.

Laparoscopic closure is a favorable method in most patients. It is especially indi-
cated in

those with age less than 70 years,

symptoms persisting less than 24 hours,

absence of shock on admission,

American Society of Anesthesiologists grade less than III, and
perforation smaller than 10 mm in diameter (Fig. 11.1).

There are no absolute contraindications for the laparoscopic approach. It is prefer-
able to avoid this approach in patients with Boey’s score of 2 or 3. Patients with such
a score range are associated with high morbidity and mortality. Boey score (0 to 3) is
the count of Boey risk factors: shock on admission, American Society of Anesthesiolo-
gists grade III to V, and prolonged perforation. A Boey score of 0 means low surgical
risk; otherwise, it is considered a high surgical risk.

115



116

Part|

Procedures for Ulcer Disease

Figure 11.1 Perforated duodenal
ulcer. (Image courtesy of D. Oley-
nikav, University of Nebraska Medical
Center.)

@- PREOPERATIVE PLANNING

Diagnosis is achieved by the history of sudden onset of abdominal pain with abdom-
inal findings indicating peritonitis. Free air under the diaphragm is expected in 85%
of patients. Usually, no further diagnostic measures are indicated.

Following diagnosis, the preoperative resuscitation is achieved by intravenous fluids
(crystalloids), nasogastric intubation, and urinary catheterization.

Therapeutic intravenous antibiotics should be started preoperatively and continued
postoperatively. Once the patient tolerates oral intake, antibiotics will be switched
to an oral formula which treats H. pylori organisms.

H, blockers or PPI should also be started preoperatively and continued throughout
the postoperative period.

These patients must be scheduled for urgent laparoscopic exploration.

Diagnostic laparoscopy is indicated in all patients except the minority who present
with a high Boey’s score. For this small group of patients, starting with exploratory
laparotomy is the safest approach.

() SURGERY

Positioning

The patient should be in supine position with sequential compression devices and
safety belts on the lower extremities. Both arms should be tucked to allow freedom
of movement for the surgeon and assistants.

Some surgeons prefer to stand between the patient’s legs while others perform the
procedure from the patient’s left side.

Standing on the patient’s right side makes suturing an easier task. But, change of
position may be needed to achieve an efficient peritoneal lavage (Fig. 11.2).

() SURGICAL TECHNIQUE

Under general anesthesia, the patient is placed in a 15- to 20-degree reverse Trende-
lenburg position. The operating surgeon stands on the patient’s left. This initial posi-
tion allows better diagnostic exploration and more efficient peritoneal lavage. An
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Figure 11.2 An example of port site place-
ment.
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assistant stands on the right side. Later the surgeon may switch the position to the
right side for easier suturing.

All port sites should be infiltrated both subdermally and preperitoneally with 0.5%
bupivacaine prior to incision or creation of the trocar path.

Through a 2-mm-long left hypochondrial stab incision just inferior to the costal
margin at the midclavicular line, the carbon dioxide pneumoperitoneum (up to
15 mm Hg) is established with a Veress needle.

After establishing the pneumoperitoneum, through a 10-mm-long supraumbilical
curvilinear incision a 10-mm trocar is placed and an angled laparoscope with 30° or
45° is introduced and the entire abdominal cavity is thoroughly investigated. If the
laparoscopic findings correspond with the preliminary diagnosis of perforated ulcer,
additional trocars are placed under laparoscopic view.

A 5-mm port is placed one hand-breadth below the left costal margin at the midcla-
vicular line. This port is used as the right-handed working port and can be used to
introduce the ski-needle and suture or could be exchanged for a 12-mm port if a
regular curved needle or an Endostitch (Covidien, Norwalk, CT, USA) is used.
Another 5-mm port is placed in the right hypochondrium at the midclavicular line
one hand-breadth from the liver edge on the abdominal wall below the costal margin.
This port is the left-handed working port.

If the liver is covering the perforation site, a 5-mm trocar is placed in the midepigas-
tric region and used for liver and gallbladder retraction (Fig. 11.3).

Figure 11.3 The liver is covered by
hile-stained fibrinous membrane.
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Figure 11.4 Laparoscopic primary
closure of perforated duodenal ulcer.
(Image courtesy of D. Oleynikav,
University of Nebraska Medical
Center.)

After the ulcer size is carefully measured with reference to the 5-mm-diameter work-
ing laparoscopic instrument, the perforation is closed with double or triple Vicryl or
silk sutures (Fig. 11.4). The perforation is closed by intracorporeal knotting with an
omental patch (omentopexy) directly applied to the perforation site (Modified Gra-
ham’s technique). This approach avoids tension on the inflamed ulcer margin and
cutting through the tissue (Figs. 11.5 and 11.6).

It is critical to avoid anchoring the posterior duodenal wall when these sutures are
applied. The best approach is to pull the needle through the perforation and re-
inserting it through the perforation to complete the next half of the stitch.

Giant duodenal ulcer perforations (greater than 2 cm in diameter) are better to be
dealt with by open exploration and definitive acid reduction operation. Great care
should be practiced to avoid duodenal narrowing when closing larger perforations.
Intracorporeal knotting is the preferred method. Extracorporeal suturing technique
could be used for small ulcers with little inflammation. This should be done with
care to avoid cutting through the friable ulcer margin.

The air—fluid leak test is optional as this may lead to overdistension of the bowel.
Thorough peritoneal lavage is another key intervention of the operation. This is
performed using 3 to 5 L of warm normal saline with the patient in various positions.
Special attention is given to potential spaces for collection. These are bilateral sub-
diaphragmatic, subhepatic, lateral paracolic gutters, and pelvic cavities.

Drainage of the peritoneal cavity is not necessary.

All ports larger than 5 mm are closed with the help of a transabdominal suture pas-
ser device using 0-Vicryl suture material to close the fascia.

Figure 11.5 Placing tacking sutures
for patch repair of perforated duode-
nal ulcer. (Image courtesy of D.
Oleynikav, University of Nebraska
Medical Center.)
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Figure 11.6 Completed pedicled
omental patch of perforated duodenal
ulcer. (Image courtesy of D. Oleynikav,
University of Nebraska Medical
Center.)

Alternative Techniques

Alternative methods have been described to close the perforation if suture repair is
challenging. Examples of these methods are as follows:

Closure of the perforation by a gelatin sponge glued into the perforation
The perforation is closed by fibrin glue.

The automatic stapler has been used for perforation site closure.

The simple “one-stitch” repair with omental patch.

Use of running suture to avoid intracorporeal or extracorporeal knotting,
Combined laparoscopic—endoscopic repair.

Definitive Ulcer Surgery

The policy of simple closure alone without definitive procedures is sufficient, pro-
vided it is followed by anti-H. pylori antibiotics and PPI management.
This is especially true for patients who are poor surgical risks with severe
peritonitis.
Performing an elective definitive procedure is now restricted to
those patients with a long history of dyspepsia (more than 3 months) with rapid
recurrence of symptoms following discontinuation of H, blockers or PPI;
those with true recurrence
those with other complications of ulcer (e.g., stricture);
Giant duodenal ulcer.
Definitive procedures such as posterior truncal vagotomy and anterior highly selec-
tive vagotomy or anterior seromyotomy can be performed laparoscopically.

ws POSTOPERATIVE MANAGEMENT

All patients receive intravenous fluids, nasogastric tube decompression, and
parenteral analgesics.

The nasogastric tube should be removed after 24 to 48 hours according to its
output.

Upper GI study to confirm absence of leak is optional and depends on the magnitude
of inflammation and delay in presentation.

Oral intake is started in general after 48 hours, beginning with clear liquids and
advanced accordingly. This depends on the degree of peritonitis and hence the dura-
tion of bowel recovery.
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Perioperative administration of intravenous antibiotics to cover bowel organisms is
essential as well as intravenous PPI or H, blockers.

Once oral intake is established, the triple therapy regimen is initiated which consists
of clarithromycin and amoxicillin for 14 days, in addition to a PPI for 4 weeks.
This is followed by esophagogastroduodenoscopy after 2 months to check the healing
status of the ulcer and existence of persistent H. pylori organisms.

#9 RESULTS

The incidence of perforated duodenal ulcer has not been reduced comparably despite
the overall decline in the incidence of complicated peptic ulcer disease. That may
be due to the widespread use of nonsteroidal anti-inflammatory drugs in the last
three decades.
Laparoscopic closure of the perforation offers important advantages:

Decreasing postoperative pain

Less abdominal wall complications

Improved quality of visualization and peritoneal lavage.
Some argue against the laparoscopic choice as being a time-consuming procedure, in
addition to the equipment costs; however, the operative time decreases with experience.
No significant difference has been found in the time of postoperative recovery and
hospital stay in comparison to the open method (laparotomy), which is probably due
to the degree of peritonitis and intestinal ileus. But, it leads to earlier return to the
previous lifestyle.

) COMPLICATIONS

The pooled estimate of the effect in the meta-analyses of multiple randomized con-
trolled trials showed that the incidence of complications was no higher after laparo-
scopic (17.2%) than open repair (17.8%), p = 0.50.
Comparing the laparoscopic group to the open approach, the incidence of complica-
tions are as follows:
Suture-site leakage after using laparoscopic omental patch repair is statistically
comparable to the traditional laparotomy repair.
The incidences of thoracic complications (pneumonia and pleural complications), pro-
longed postoperative ileus, and intra-abdominal abscess formation were no different.
The wound complications rate: the pooled estimate favored laparoscopic over open
repair.
Meta-analysis showed a higher reoperation rate after laparoscopic repair, but the
difference was not significant (p = 0-10).
The pooled estimate of the mortality rate favored laparoscopic repair and the differ-
ence was statistically significant (p < 0-001). However, meta-analysis of randomized
controlled trials did not demonstrate any significant reduction in mortality follow-
ing laparoscopic repair (p = 0-63).

{h’y CONCLUSIONS

In case of suspected perforated duodenal ulcer, laparoscopy should be advocated as
a diagnostic and a potential therapeutic tool.

Laparoscopic omental patch repair with intracorporeal knotting is the preferred
approach.

Triple anti-H. pylori and PPI therapy is required in the postoperative period.
Closure of perforated duodenal ulcer allows early return to normal lifestyle and has
a lower incidence of abdominal wall complications.
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1?9 Ligation Bleeding Ulcer,
Vagotomy, Pyloroplasty

Eric S. Hungness

Q) INDICATIONS

Despite the significant decrease in the surgical treatment of complicated peptic ulcer
over the past two decades, duodenal ulcer remains one of the most common sources of
upper gastrointestinal (UGI) bleeding. The incidence of bleeding from duodenal ulcers
that is severe enough to necessitate emergency endoscopic or operative intervention
also has not decreased over the past decade.

Patients may present with hematemesis or melena in varying degree of hypovolemic
shock. If the patient is unstable, he or she should be taken to an intensive care unit and
resuscitated immediately. Resuscitation of an unstable patient is begun by establishing
a secure airway and ensuring adequate ventilation. Oxygen should be given, with a low
threshold for endotracheal intubation. Isotonic crystalloid is infused after reliable intra-
venous (two large bore, short peripheral catheters) catheters are placed. For patients in
class 3 or 4 shock or those with poor peripheral access, a single lumen 8 French central
line should be considered. A urinary catheter should be inserted with close monitoring
of urine output. A complete blood count, blood chemistries (including tests of liver
function and renal function), and measurement of the prothrombin time and the partial
thromboplastin time should be drawn, and a specimen should be sent to the blood bank
for typing and crossmatching.

Attempts to establish the cause of bleeding should only be attempted after the ini-
tial measures to protect the airway and stabilize the patient have been completed. The
next step is nasogastric (NG) aspiration. A bloody aspirate is an indication for esoph-
agogastroduodenoscopy, as is a clear, nonbilious aspirate if a bleeding site distal to the
pylorus has not been excluded. The source of the bleeding is unlikely to be the stomach
or duodenum with a nonbloody, bile-stained aspirate. Nonetheless, if subsequent eval-
uation of the lower GI tract for the source of the bleeding is unrewarding, a duodenal
ulcer that had stopped bleeding prior to NG tube passage should still be considered.
Esophagogastroduodenoscopy should then be performed to confirm the presence of a
duodenal ulcer. Most bleeding duodenal ulcers may be controlled endoscopically,
although the degree of success to be expected in individual cases varies according to
the expertise of the endoscopist.
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In general, a 6-unit blood transfusion or bleeding that is not able to be controlled
endoscopically mandates surgical intervention. Likewise, ongoing hemorrhage in a
hemodynamically unstable patient (especially an elderly one) calls for immediate surgi-
cal therapy. The following endoscopic findings for patients whose bleeding is controlled
endoscopically should also be strongly considered for surgical therapy: (1) a visible
vessel, (2) active bleeding, (3) adherent clot, and (4) giant ulcers.

If the bleeding is controlled endoscopically, intravenous proton pump inhibitor
therapy should be given either in a bolus twice daily or by continuous infusion. Anti-
biotics directed against Helicobacter pylori (e.g., a 14-day course of metronidazole, 500 mg
p.o., t.i.d.; omeprazole, 20 mg p.o., b.i.d.; and clarithromycin, 500 mg p.o., b.i.d.) should
be administered if the organism is present, as treatment has been shown to reduce
rebleeding rates. If bleeding recurs, a second attempt at endoscopic control should be
made. Repeat endoscopic treatment reduces the need for surgery without increasing the
risk of death and is associated with fewer complications than surgery.

For patients who do require urgent operative intervention from a bleeding duodenal
ulcer, duodenotomy, suture control of hemorrhage, and subsequent pyloroplasty and
truncal vagotomy allows for best balance between expeditious and effective treatment.
Some have advocated selective vagotomy or highly selective vagotomy to reduce
postvagotomy syndromes; however, selective vagotomy affords little advantage over
truncal vagotomy. Moreover, highly selective vagotomy is a procedure that most sur-
geons are unfamiliar with and requires significant expertise to effectively reduce the
chance of rebleeding. The proximal (truncal) vagus nerve anatomy is more consistent
resulting in the fact that truncal vagotomy is more easily reproduced and expeditious
when performed by the majority of surgeons.

f:__);, PREOPERATIVE PLANNING

There is limited preoperative planning as these cases are usually performed in an urgent
or emergent basis. All patients who present with UGI bleeding should routinely have

type and cross for 6 units,
two sites of reliable intravenous access,
correction of coagulopathy.

() SURGERY

Positioning

Patients should be placed in a supine position and prepped and draped in standard
fashion for general anesthesia so that the anesthesia team has easy access to the IV lines.
A reliable arterial line should be placed for continuous blood pressure monitoring and
arterial blood gas analysis. These patients are prone to relative hypothermia due to the
large volume of crystalloid and blood products infused, thus an upper or lower Bair
hugger should be placed and fluid warmers used as necessary. Mechanical compression
devices are applied for thromboprophylaxis, and patients should receive appropriate
preoperative IV antibiotics. A Bookwalter or Omni retractor is usually necessary for
these cases, so having one arm tucked may be useful. A functional NG tube and urinary
catheter should have been placed preoperatively.

Exposure

An upper midline celiotomy is made from the xiphoid to just above the umbilicus. This
usually provides adequate exposure for both parts of the operation. It is often necessary
to extend the incision proximally to the left of the xiphoid to gain adequate exposure
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to the hiatus. A Bookwalter or Atlas retractor is usually required, particularly for the
vagotomy portion of the operation to elevate the rib cage. It may also be necessary to
take down the triangular ligament and mobilize the left lobe of the liver to optimize
hiatal exposure. Care must be taken with adequate padding to retract the left lobe medi-
ally and avoid liver laceration.

Duodenotomy and Ligation of Bleeding Vessel

After the abdomen is carefully inspected and any adhesiolysis completed, retractors are
placed to optimize exposure of the distal stomach and duodenum. Appropriate posi-
tioning of the NG tube is confirmed. After the pylorus is located, two 3-0 traction
sutures are placed cephalad and caudal approximately 1 cm apart on the pylorus mus-
cle, and a 6-cm enterotomy is made to expose the posterior bleeding ulcer (Fig. 12.1).
Typically, the well-described “vein of Mayo” can help identify the pylorus. Manual
finger pressure can temporarily control active bleeding to allow the anesthesia team to
restore the intravascular volume in patients with hypovolemic shock. The bleeding
vessel is usually from the gastroduodenal artery that runs cephalad to caudad or a
branch of the gastroduodenal artery that may have a more medial course toward the
pancreas. Therefore, a superior, inferior, and “U” stitch should be placed to ensure
adequate vascular control (Fig. 12.2). Care must be made not to take excessively deep
bites as to avoid injury to the common bile duct. Once the bleeding is stopped, atten-
tion is placed on closing the duodenotomy with a Heineke—Mikulicz pyloroplasty.

Heineke—Mikulicz Pyloroplasty

The pyloroplasty is started by placing the initial traction sutures on tension to create
the cephalad and caudad corners of the transverse closure (Fig. 12.3). The full thickness
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Figure 12.1 Traction sutures are placed using the “vein
of Mayo” to help identify the pylorus. A 6-cm longitudinal

duodenal ulcer.

is positioned midway at the pylorus to adequately expose
the posterior duodenal bulb and identify the bleeding
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Figure 12.2 Tension on the trac-
tion sutures allows visualization
of the posterior duodenal wall and
the bleeding gastroduodenal
artery. Adequate suture ligation
requires three sutures: superior,
inferior, and the “U-stitch” to
control the lateral pancreatic
branch.

Figure 12.3 A Heineke—Mikulicz
pyloroplasty is performed using
the traction sutures as the supe-
rior and the inferior comers of the
transverse clasure.
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closure with 3-0 silk sutures can be either single- or two-layered. With a single-layered
closure, the corners usually appear “dog-eared,” tempting surgeons to add a second
layer. Care must be taken to avoid narrowing the lumen if the corners are turned in or
a second layer of Lembert sutures are placed. If there appears to be excessive tension
on the closure, the duodenum should be mobilized by freeing the lateral attachments
with a full Kocher maneuver. A tongue of omentum can be mobilized to buttress the
repair.

Truncal Vagotomy

The choice of vagotomy is highly dependent on the surgeon’s experience and the
patient’s characteristics; however, truncal vagotomy is the procedure of choice for
patients requiring surgical treatment for bleeding duodenal ulcer. The operating surgeon
should stand on the patient’s right side. This procedure is started by gaining adequate
exposure to the upper abdomen and esophageal hiatus. A liver retractor for the Book-
walter is used to elevate the left lobe of the liver. Another option is to free the triangu-
lar ligament and fold the left hepatic lobe medially. The stomach is retracted inferiorly
with Babcock clamps. The pars flaccida is opened and proximally divided toward the
phrenoesophageal ligament which is likewise divided transversely at the esophageal
hiatus (Fig. 12.4). The anterior mediastinum is entered with gentle manual blunt dis-
section using the thumb and index finger to develop the mediastinal dissection (Fig.
12.5). The esophagus is circumferentially dissected using the NG tube as a guide, and
the anterior and posterior vagus branches are identified. The placement of a Penrose
drain around the esophagus is sometimes useful for inferior retraction of the esophagus.
The anterior vagus branch is usually directly anterior at the hiatus and gently courses
to the patient’s left as it ascends in the mediastinum. The posterior branch is usually
toward the right posterior side and is the more difficult of the two branches to identify.
If there is any question as to the location of this branch, additional posterior mediasti-
nal dissection is needed to identify it. After identification, both nerve branches are
sharply dissected away from the esophagus, and a 2-cm specimen is resected from both
(Figs. 12.6 and 12.7). Intraoperative frozen section can be performed to verify nerve
tissue if any doubt exists, otherwise permanent specimens suffice. Additional anterior
and posterior branches are divided by skeletonizing the esophagus for at least 2 cm

Figure 12.4 Truncal vagotomy
is begun by opening the phre-
noesophageal membrane
transversely.
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Figure 12.5 Gentle manual dissec-
tion with the thumb and index
finger is used to create the retro-
esophageal window using the
nasogastric tube as a guide to
free the esophagus circumferen-
tially.

-

mmlmam———

circumferentially, ensuring that the posterior nerve of Grassi is taken. A final check of
hemostasis in the mediastinum is made before the esophageal hiatus is approximated
with interrupted permanent suture (Fig. 12.8). Placement of closed suction drains is not
required. The midline fascia and skin are closed in standard fashion.

‘-) POSTOPERATIVE MANAGEMENT

Patients should be admitted to and monitored in a surgical intensive care unit. A NG
tube should be left in the midbody of the stomach for 2 to 3 days for stomach decom-
pression. Prolonged NG tube placement should be avoided as early refeeding is associ-
ated with improved ulcer healing time. The patient should be kept on intravenous

proton pump inhibitors and treated appropriately for H. pylori infection if found. A
contrast study may be obtained prior to NG removal.

) COMPLICATIONS

Rebleeding can occur in up to 10% of patients and is usually a technical failure due to
inadequate suture placement at the original surgery if it recurs early on. Late rebleeding
is usually associated with inadequate vagotomy or failure to eradicate H. pylori infection.
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Figure 12.6 After the anterior vagus nerves is
identified, a 2-cm segment is resected.
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Figure 12.7 After the 2-cm segment of
posterior vagus nerves is identified, the
distal esophagus is then skeletonized to
ensure a complete vagotomy.
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Figure 12.8 The posterior crura
are approximated with interrupted
permanent 2-0 sutures allowing
easy passage of an instrument
alongside the esophagus.

Postvagotomy diarrhea can occur in up to 30% of patients following truncal vagot-
omy and may be related to the passage of unconjugated bile salts into the colon. Choles-
tyramine (which binds bile salts) can be used in patients to help control symptoms, but
most cases are self-limited.

Dumping syndrome can occur in about 15% of patients after vagotomy and pyloro-
plasty and can manifest in a variety of symptoms such as bloating, cramping, diarrhea,
and emesis. The etiology of this is thought to be due to the rapid emptying of hyper-
osmotic liquid into the small intestine and should be managed by dietary measures.
Dumping symptoms are also frequently self-limited and improve with time.

*\:j CONCLUSIONS

Pyloroplasty and truncal vagotomy is required in the armamentarium of every general
surgeon. It is straightforward, easily reproduced, and effective in the treatment of
patients with bleeding duodenal ulcer.
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13 Ligation of Bleeding Ulcer,
Antrectomy, Vagotomy,
and Gastrojejunostomy

Bruce Schirmer

Q) INDICATIONS/CONTRAINDICATIONS

Bleeding duodenal ulcer is a surgical emergency that has decreased in frequency over the
past several decades due to the overall decrease in the incidence of peptic ulcer disease.
However, the condition still arises and is a life-threatening one for the individual who
develops it. Surgery remains an important treatment option for the patient with a bleed-
ing duodenal ulcer. Its role has been decreased from primary line therapy in most situa-
tions to secondary treatment when the patient is stable enough to undergo less invasive
therapy, in particular flexible endoscopic attempts to relieve the bleeding.

Indications

Specific indications for the performance of antrectomy, vagotomy, gastrojejunostomy,
and oversewing of a bleeding duodenal ulcer are as follows:

1. Initial treatment of a patient with a bleeding duodenal ulcer causing hemodynamic
changes unresponsive to intravenous fluid and blood product transfusion.

2. Treatment of a patient with bleeding duodenal ulcer who has failed attempts at
endoscopic therapy to control the bleeding ulcer and for whom interventional angi-
ographic therapy to control the bleeding is either unavailable, has failed, or is felt
to be contraindicated.

3. Treatment of a patient with bleeding duodenal ulcer for whom no endoscopic or
radiographic therapeutic options to arrest the bleeding are available.

In addition to the above three indications for the operation, the following parameters
are also considered important by many surgeons to be present to warrant this operation:

1. The patient should have had a history of previous peptic disease to warrant resec-
tional therapy.

2. The previous peptic disease should not have been so severe as to render the pyloric
and postpyloric area severely scarred.

133



134

Part|

Procedures for Ulcer Disease

3. The patient’s condition in the operating room must be one of hemodynamic stability
once the bleeding ulcer has been oversewn.

Contraindications

Specific contraindications for the performance of antrectomy, vagotomy, gastrojejunos-
tomy, and oversewing of a bleeding duodenal ulcer are as below. This list may not be
totally comprehensive but should encompass the major contraindications.

1. Hemodynamic instability in the operating room necessitating the performance of
the most rapid operation feasible (vagotomy, pyloroplasty, and oversewing of the
ulcer).

2. Severe scarring of the pyloric and proximal duodenum, such that the resection staple
line for the distal margin of the antrectomy would be at jeopardy for breakdown.

3. No previous history of peptic disease or potential other etiologies (e.g., aspirin or
nonsteroidal anti-inflammatory drug ingestion) that may have contributed to the
ulcer diathesis.

4. Previous antireflux surgery, placement of lap-adjustable band for weight loss, or other
operation with extensive dissection around the gastroesophageal junction which
would contraindicate easy performance of a truncal vagotomy.

}3 PREOPERATIVE PLANNING

The overwhelming issue regarding preoperative planning for the operation is the atten-
tion to achieving hemodynamic stability in the patient and the means to monitor such
stability and to provide vigorous transfusion volume should it be necessary. For any
major gastrointestinal bleed, the following resuscitative and patient care measures
should be instituted as the first priority of care:

1. Transfer the patient to an ICU setting where continuous monitoring of vital signs is
performed

2. Central line placement for both rapid fluid resuscitation and for monitoring volume
status

3. Foley catheter to measure organ perfusion and hence resuscitation success

4. Availability of appropriate blood products should the bleeding worsen or continue
unabated. These could include, as most appropriate, whole blood, fresh frozen
plasma, packed red blood cells, and if significant transfusion requirements occur,
platelets and cryoprecipitate

5. Reversal of any potential anticoagulant medication

6. Large bore intravenous access for transfusion requirements

Confirming the diagnosis of bleeding duodenal ulcer is normally done using flexible
upper endoscopy. Usually endoscopic measures to control the bleeding are performed
at the time of the procedure. Lack of efficacy of such measures is considered an appro-
priate indication to proceed with surgical intervention. Performing an extensive opera-
tion such as antrectomy, vagotomy, gastrojejunostomy, and oversewing of a bleeding
duodenal ulcer is normally not performed without a clear diagnosis of bleeding duode-
nal ulcer. It is feasible that such a diagnosis can be inferred by the clinical picture but
not confirmed endoscopically. In such situations, endoscopic success could have been
limited by excessive blood in the lumen of the duodenum or due to other technical
reasons. On occasion, diagnosis by angiography with inability to perform angiographic
measures to stop the bleeding or failure of such measures could also serve as an appro-
priate confirmation of the diagnosis of bleeding duodenal ulcer and the need to perform
surgical therapy.

Prior to surgery, a thorough history of the patient’s previous problems with gastroin-
testinal issues, including any history of previous ulcer disease or long-standing symp-
toms consistent with ulcer disease, is appropriate. Given such a history, the use of an
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antrectomy with vagotomy, rather than just vagotomy and drainage procedure, for the
treatment of complications of duodenal ulcer is more justified.

Surgical Procedure

The operation is, due to its nature as an emergency procedure for life-threatening bleed-
ing, normally conducted as an open operation through an upper midline incision. Its
performance as a laparoscopic operation could be feasible, but the two major factors
that would make laparoscopy more difficult are the maintenance of hemodynamic sta-
bility in the setting of creating a pneumoperitoneum and the difficulty in suctioning
the actively bleeding area in order to place the sutures properly to oversew the ulcer
without losing the pneumoperitoneum and the operative field of vision.

Oversewing the Ulcer

Once an upper midline incision is made and the abdominal organs are made accessible,
the first priority and hence also first step of the operation is to perform the oversewing
of the ulcer. The steps of this portion of the operation are as follows:

The duodenum is exposed. A Kocher maneuver may assist in bringing the duodenum
up into the field and should be used.

The pylorus is identified.

An anterior duodenal incision is made starting 1 cm beyond the pylorus, and extend-
ing 2 cm into the duodenum (Fig. 13.1).

The bleeding site should be within visualization using this access. On occasion,
further extension of the duodenal end of the incision may be needed.

The bleeding ulcer is normally on the posterior surface of the duodenum, in the
location of the gastroduodenal artery. The course of the artery is usually through the
distal first part of the duodenum or most proximal second portion.

The ulcer bleeding vessel is now directly oversewn with three simple silk sutures.
Other materials may be used, but the suture weight must be heavy enough to allow
it to be tied to gather the ligated tissue together without breaking. A 2-0 weight suture
is recommended.

Figure 13.1 Performing an incision
1 cm distal to the pylorus and
extending it 2 cm distally in the
duodenum to expase the site of
the bleeding ulcer.
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Figure 13.2 Placement of sutures
for oversewing of a hleeding
duadenal ulcer. Three sutures are
required. One is placed proximally
and one distally through the axis
of the bleeding vessel. The third is
placed at a 90-degree orientation
medially to the gastroduodenal
—a artery in order to ligate the fre-
quently present medial pancreatic
branch of the artery.

The sutures are placed as illustrated in Figure 13.2. One is at right angle to the course
of the artery proximal to it, a second in that same orientation distal to it, and the third
at a 90-degree orientation on the medial or proximal side of the bleeding to occlude
the frequently present transverse pancreatic branch of the gastroduodenal artery.
Once the bleeding is controlled, the duodenotomy is closed with a running layer of
absorbable suture.

Performing the Antrectomy
The antrectomy is now performed once it is confirmed that the most proximal duode-

num is not excessively scarred and therefore is amenable to surgical closure. The steps
of the antrectomy are as follows:

The plane underneath the surface of the most proximal duodenum is dissected to
allow passage of a stapler through it. Small vessels in this area may need division
with an ultrasonic scalpel.

The GIA-type stapler is fired across the most proximal duodenum at this location.
The staple line should be beyond the pylorus. It should also be proximal to the clo-
sure of the duodenotomy whenever feasible (Fig. 13.3). Inclusion of the suture closure

Figure 13.3 A GlA-type stapler is
fired across the proximal duode-
num just beyond the pylorus.
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Figure 13.4 Dividing the stomach
with a TA-type stapler to perform
the antrectomy.

of the duodenotomy will weaken that suture line, and if this occurs, the suture line
must be reinforced to prevent disruption.

The site of proximal division of the stomach is determined. This is normally at the
incisura on the lesser curvature of the stomach and in a point directly radially oppo-
site to it on the greater curvature of the stomach. These sites are marked by local
division of vessels adjacent to the lesser and greater curvatures of the stomach with
the ultrasonic scalpel.

The vessels of the right gastroepiploic artery running adjacent to the greater curvature
of the stomach along the antrum are divided using either suture ligation technique or
with the ultrasonic scalpel. Special care is taken to ligate the main trunk of the right
gastroepiploic artery.

The vessels along the lesser curvature of the stomach, beginning at the pyloric divi-
sion, are also ligated in a similar fashion. Here the right gastric artery must be securely
identified and ligated.

The stapler is used to divide the stomach at the previously determined sites of divi-
sion (Fig. 13.4). Care must be taken to be sure no nasogastric or other tubes are in the
lumen of the stomach. The blue, gold, or green load of the TA-type stapler is used,
depending on the thickness of the gastric tissue.

Both the gastric staple line and the duodenal staple line are inspected for integrity
and hemostasis. Simple sutures are used if any areas of concern are noted.

Performing Vagotomy

A truncal vagotomy is indicated in this setting. Optimal elimination of the cholinergic
stimulation of gastric secretion is sought; hence complete or truncal vagotomy is per-
formed. The steps of the vagotomy are as follows:

The phrenoesophageal ligament is divided anteriorly to expose the anterior surface
of the esophagus. Dissection of the peritoneum is extended to the left to the angle of
His and to the right to just past the right crus of the diaphragm.

The anterior vagus nerve is located buried within the musculature of the anterior
distal esophagus (Fig. 13.5).

A 1 cm or longer segment of the anterior nerve is resected, with small hemoclips
placed on the proximal and distal resected ends of the nerve. These clips serve to
achieve hemostasis but also serve as a radiographic marker to demonstrate the per-
formance of a truncal vagotomy.
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Figure 13.5 Locating the anterior
vagus nerve which is buried in the
anterior esophageal muscle wall.

1 The posterior vagus is clearly identified. It often lies posterior to the esophagus, along
the surface of the crura (Fig. 13.6). Failure to clearly identify the posterior vagus nerve
is a common technical error of this procedure. If the nerve is not clearly palpable
along the posterior surface of the esophagus, the surgeon must extend the plane of
blunt dissection with a finger up along the patient’s right side of the esophagus until
the nerve is clearly palpated. Then it can be traced distally to assure proper identifica-
tion of the posterior nerve at the hiatus.

1 The posterior nerve is similarly resected and clipped as was the anterior nerve.

Performing Gastrojejunostomy
Gastrojejunostomy is performed as the preferred drainage method of the stomach after
antrectomy. The creation of a single anastomosis is preferred. Resection of just the antrum

Figure 13.6 Locating the posterior
vagus nerve, which is often not
closely attached to the pasterior
esophageal wall, but instead
courses maore pasteriarly, lying
atop the area of intersection of
the diaphragmatic crura.
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will normally allow adequate gastric volume and peristalsis to prevent reflux of jejunal
secretions into the esophagus. The key steps in this portion of the operation are as follows:

Identification of the ligament of Treitz to identify the most proximal jejunum. The
jejunum just distal to this is then brought through an opening in the transverse colon
mesentery just to the patient’s left of the middle colic vessels. The gastrocolic liga-
ment is opened widely to allow good access to the posterior surface of the stomach.
The jejunal loop is secured to the posterior surface of the distal stomach, just above
the resection line, with several tacking sutures of 3-0 silk. Isoperistaltic alignment
of the jejunum is ideal. In aligning the jejunum, however, the most important aspect
is to avoid a kink and hence obstruction of the course of the bowel as it traverses up
to and back from the anastomosis with the stomach.

Use of a double-staple technique decreases the chance of kinking of the distal or
outflow portion of the anastomosis. The midportion of the segment of jejunum that
is brought up to the surface of the stomach is used for the creation of the anastomo-
sis. This point must be at least 4 cm proximal to the distal end of the resected stom-
ach to allow for double stapling. A gastrostomy and a corresponding enterotomy at
that location are created (Fig. 13.7).

The linear stapler, usually a 45-mm blue load, is fired first in one direction (Fig. 13.8)
and then in the opposite direction through the same opening (Fig. 13.9).

The defect from the stapling is now closed with a single layer of absorbable suture.
Tacking sutures are placed 1 cm beyond the end of the anastomosis both proximally
and distally (Fig. 13.10). These sutures are important to prevent outflow or inflow
obstruction to the gastrojejunostomy. They are more important than making a very
long gastrojejunostomy, since no matter what the length of the anastomosis, its emp-
tying is eventually determined by the caliber of the lumen of the efferent limb of
jejunum. If this is kinked, as may often occur without the tacking suture, then outlet
obstruction occurs. Failure to prevent outflow obstruction of the gastrojejunostomy
is the most common technical error of this operation. If the outflow obstruction is
severe enough, the pressure from the obstruction will distend the duodenal limb and
result in blowout of the stapled end of the duodenal stump.

Figure 13.7 Making a gastrastomy
and an enterotomy to begin sta-
pling the gastrojejunostomy. Note
the jejunum is aligned along the
posterior surface of the distal
stomach to facilitate emptying.

Anterior surface
of stomach

Posterior surface
of stomach
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Figure 13.8 Firing the GIA-type
stapler in one direction to begin
the gastrojejunostomy.

Figure 13.9 Firing the GIA-type
stapler in the other direction to
perform a double-stapled gastroje-
junostomy anastomasis. This tech-
nique will decrease the incidence
of postoperative outflow obstruc-
tion of the gastrojejunastomy.

Anterior surface
of stomach

Posterior surface
of stomach

1 The afferent and efferent limbs of the jejunum are tacked to the transverse colon
mesentery to prevent another loop of intestine from migrating upward into the lesser
sac. They may also be tacked to each other at this location for additional security.

ﬁ POSTOPERATIVE MANAGEMENT

The postoperative care of the patient with a bleeding duodenal ulcer, who has undergone
antrectomy and vagotomy as a curative operation, must be focused on the continued
resuscitation of the intravascular space, with adequate intravenous fluid administration.
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Figure 13.10 Placing tacking sutures 1 cm
from the ends of the anastomasis both
k proximally and distally such that the jejunum
N is not kinked either in its inflow or outflow
) from the area of the gastrojejunostomy.

Hemodynamic stability, good perfusion of organs, and no signs of organ dysfunction from
the stress and potential shock of the bleeding episode are the goals of therapy at this point.
Careful monitoring of organ function, preferably in an ICU setting for 24 to 48 hours, is
indicated. If a significant period of hypotension occurred during the bleeding, then the
surgeon must be alert for signs of renal, pulmonary, neurologic, cardiac, or other organ
injury secondary to the period of hypotension. Replenishment of the hemoglobin-carrying
capacity of the blood to an adequate level is also indicated. This level can vary based on
age and underlying medical conditions. Signs of organ dysfunction require continued
treatment in the ICU setting with therapy focused on restoration of full organ function.
These goals and the major other postoperative care issues and treatment are as follows:

Monitoring for no further signs of bleeding or other hemodynamic instability
Restoration of full vital organ function

Restoration of adequate hemoglobin capacity

Monitoring for adequate gastric emptying (signs of nausea, vomiting, distention are
the signal that this may be an issue)

A nasogastric tube is not indicated unless the patient does develop postoperative
gastric ileus or partial outlet obstruction. Placement is based on clinical and poten-
tially also radiographic criteria.

If poor gastric emptying occurs, decompression with a nasogastric tube is indicated
if it is severe. Otherwise, transient use of intravenous fluids and nutrition until gas-
tric emptying is improved may be all that are necessary.

A postoperative gastrografin swallow is variably used by surgeons to assess for gastric
emptying as well as for security of all staple lines and anastomoses prior to initiating
oral intake.

Mild gastric dysfunction after vagotomy is usually the rule. The patient should be
counseled that poor food tolerance may be present initially, but this will improve.
On occasion pharmacologic therapy such as erythromycin may be used.
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Treatment of the underlying ulcer diathesis has been largely accomplished by the
operation, but the patient should be tested for Helicobacter pylori presence in the
resected stomach specimen. In many cases, surgeons will empirically give the patient
a course of triple therapy for treatment of H. pylori. Subsequent hydrogen breath
testing to confirm eradication of the organism is indicated.

The patient must be counseled about postoperative dumping and diarrhea, not
uncommon after vagotomy and antrectomy. These usually occur in tandem, though
may be manifested individually. Dietary measures will alleviate most symptoms of
dumping and diarrhea. Avoidance of highly concentrated carbohydrates and fats is
the hallmark of such diet modification. Slower eating and lower volumes of food at
a sitting improve these problems as well.

Past experience has shown that, with the proper performance of antrectomy, truncal
vagotomy, and gastrojejunostomy, the recurrence of ulcer is in the 1% range. Most
surgeons do not recommend prolonged proton pump inhibitor therapy for these
patients. However, recurrence of peptic symptoms may warrant their reinstitution.

) COMPLICATIONS

Some of the most severe complications which may be seen after this operation have
already been alluded to in the above text. These complications may be thought of as
constituting four general areas. They are as follows:

Overall typical complications that one may see following any abdominal laparotomy.
Sequelae and complications from the period of gastrointestinal hemorrhage, particu-
larly episodes of hypotension and organ ischemia that may have occurred. This
group of complications is the most life-threatening.

Complications specific to the operation. These would further be broken down into
short-term or long-term complications.

Potential complications that may arise if the ulcer disease were to recur or persist.

Overall complications that one would anticipate after a laparotomy include atel-
ectasis, wound infection, venous thromboembolism, and postoperative ileus. Cardiovas-
cular events would be less anticipated but not rare. Attention to postoperative pulmonary
toilet, early ambulation, and adequate pain control without excessive sedation all are
paramount to combating the complication of postoperative atelectasis. Appropriate pro-
phylactic antibiotics administered parenterally before the performance of the incision
are known to have the greatest impact on decreasing postoperative wound infection.
Broad-spectrum antibiotics effective against both gram-positive and some gram-negative
bacteria are used (cefazolin is the usual choice). However, careful tissue handling,
hemostasis, irrigation, and minimization of wound contamination are all also important
in minimizing wound infection rates.

Complications which occur after an episode of hemorrhagic shock may include
organ dysfunction from any and all organs sensitive to the effects of the period of
hypotension. The most frequently affected are the renal and pulmonary systems, with
acute tubular necrosis/acute renal failure and acute respiratory distress syndrome
resulting from this injury. Cardiac ischemia may result, leading to some degree of
myocardial infarction if severe enough. Neurologic sequelae may arise, especially if
pre-existing cerebrovascular disease is present. Cholestasis and acute hepatic injury
is common but is usually more reversible than others due to liver capacity. Pre-
existing liver disease, however, could result in acute decompensation of liver func-
tion. Treatment for all these conditions rests in now what is generally much better
understood by intensive care specialists: measures to restore perfusion, maintain
organ viability, minimize infectious complications, and support organ function until
recovery occurs.

Complications specific to the operation include short-term and long-term complica-
tions. For these complications, it is also relevant to discuss the most common measures
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known to successfully prevent them. The short-term commonly expected complications
include the following:

Persistent or recurrent bleeding from the ulcer: This would be a technical failure of
the oversewing and would potentially require reoperation to place additional sutures
to achieve hemostasis. Careful attention to suture placement and correct technique
are the best measures to avoid this complication.

Bleeding from a staple line or anastomosis: This is best avoided by observing all
staple lines at the time of surgery for hemostasis. If wider staple loads (such as
green cartridges) are used to divide the stomach, consideration for oversewing the
staple line should be given, since such staple sizes are more prone to postoperative
bleeding.

Gastric outlet obstruction: This is a common technical error caused by improper
attention to the outflow tract of the gastrojejunostomy. It must be secured in a posi-
tion such that the bowel will not kink and collapse the lumen of the opening. Place-
ment of the anastomosis on the posterior surface of the stomach facilitates emptying.
There should be a smooth curvature of the intestine both going up to and exiting
away from the posterior surface of the stomach and the gastrojejunostomy.
Breakdown of the duodenal stump: This is perhaps the most feared complication of
this operation and one which is associated with significant morbidity and mortality.
There are two major causes. The first is that the closure is technically inadequate.
The second is that distal obstruction creates enough pressure for the staple line to
rupture. Treatment is adequate drainage and intravenous antibiotics, which may or
may not involve reoperation.

Complications from recurrence of the ulcer disease include recurrent abdominal
pain, possible recurrent bleeding, and gastric outlet obstruction from marginal ulcera-
tion. Confirmation that a complete vagotomy was performed is one step in treatment;
reoperation is needed if it was incomplete. Medical therapy is otherwise usually ade-
quate to overcome recurrence of ulcer diathesis when it occurs. Rarely a neoplastic
(gastrinoma) cause may be responsible.

59 RESULTS

This operation is done primarily for patients with urgent or emergent bleeding prob-
lems. They often have associated hypotension and are critically ill in most situations.
Therefore, the outcomes of this procedure must be judged by the clinical setting under
which it is performed and the patient population for which it is performed. Most results
published in the literature date back to the days when surgery for ulcer disease was
more common, the prevalence of ulcers was more common, and medical treatment of
ulcer disease was not as effective. The operation described in this chapter is now very
selectively used by surgeons for the treatment of patients with bleeding duodenal ulcer.

The literature, and practical experience, has shown that patients who are poor
candidates to begin with for surgery have multiple medical problems or who have
become in extremis from a prolonged period of shock and hypotension from gastroin-
testinal bleeding are likely to have a very high mortality rate from surgical therapy.
Furthermore, for patients who are at high risk for surgery, a resectional operation such
as antrectomy would be relatively contraindicated in favor of a less involved opera-
tion such as simple oversewing of the ulcer with pyloroplasty and possibly truncal
vagotomy.

Most reports of surgical therapy in the literature combine a variety of operations
and a variety of degree of severity of illness in patients in their reports.

Historically speaking, the generally quoted mortality rate overall for patients with
hemorrhage from duodenal ulcer disease is in the 12% range. First-line therapy for such
bleeding patients is normally endoscopic therapy, which has an expected success rate
of 85% to 95% of stopping the bleeding. This figure is influenced by local expertise.
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The success of endoscopic therapy for rebleeding, or failed first-time therapy, is lower
at about 58% to 72%.

The literature has shown that overall surgical therapy and repeat endoscopy after
an initial failed endoscopic treatment have roughly equivalent success rates and mortal-
ity rates. The decision to perform surgery at the time of a failed initial endoscopic
therapy is the judgment of the surgeon and again is based on local expertise, patient
condition, and other qualifying factors. Antrectomy and vagotomy with gastrojejunos-
tomy could be used in this setting, but it would generally be applied to more fit patients
with less transfusion requirements and greater hemodynamic stability. Factors that pre-
dict failure of endoscopic therapy include

initial hypotension
an ulcer size greater than 2 cm in diameter.
vessel size of 1 mm in diameter or larger

Initial endoscopic findings of a large duodenal ulcer with a visible bleeding vessel
of 1 mm or greater would likely lead to surgery if any sign of rebleeding did occur or
if the initial endoscopic therapy was unsuccessful.

If endoscopic therapy fails, then the surgeon faces the option of performing salvage
surgery or, more recently, referring the patient for a transcatheter arterial embolization
(TAE) therapy. A recent comparison of results of TAE versus surgical therapy was pub-
lished by Venclausakas et al.. This report showed that the mortality for such patients
was comparable at 21% for the TAE group of patients and 22% for the surgical patients.
The rebleeding rate was higher, but not statistically so, for the TAE group, which is not
unexpected. Though overall mortality for the group was comparable, the authors noted
the TAE group had a higher age and Apache II score, meaning they were overall poorer
risk candidates. For patients with an Apache II score of 16.5 or greater, the TAE mortal-
ity was 23% versus the surgical mortality of 50%.

Another review by Eriksson et al. showed that in such a situation the mortality for
TAE was less than for surgery, at 3% vs. 14%. In that surgical group, 35 of 51 operations
involved resection, whereas only 14% involved simple oversewing of the ulcer. Use of
the latter approach may have decreased the surgical mortality. Also, the average age of
the patients who died after surgery was 80, suggesting operative therapy in this elderly
a patient population may not have been the best choice versus TAE.

Certainly the surgeon should be the ultimate decision maker in the choice of ther-
apy for bleeding duodenal ulcer. Lower risk patients are probably better treated earlier
with surgical therapy. A history of peptic ulcer disease, previous bleeding, and hemo-
dynamic stability are the optimal settings under which to perform antrectomy, vagot-
omy, oversewing of the ulcer, and gastrojejunostomy. However, reports of a pure series
of such patients alone are difficult to find in the literature, and those that exist are very
dated and do not reflect improvements in modern surgical perioperative care, critical
care, patient resuscitation, and improved antibiotic and medical therapy. Given the
traditional overall mortality of surgical therapy for bleeding ulcer as being approxi-
mately 12%, selected patients today should be expected to have improved outcomes
over that figure.

The difficult patient for the surgeon becomes the patient who has failed endoscopic
therapy and then the decision of whether to perform salvage surgical therapy or TAE
must be determined. The role of TAE is largely influenced by the local expertise of that
group of radiologists in a given institution. However, the overall literature results show
that

TAE is technically successful in over 90% of cases

control of hemorrhage is between 50% to 90% in case series in TAE

rebleeding after TAE is reported to occur between 8% and 40% of cases

higher mortality is associated with rebleeding in TAE

overall mortality for patients with bleeding duodenal ulcer treated by TAE has been
reported as being between 0% and 25%

mortality is less if TAE is successfully performed early in the course of the bleeding,
as would be expected
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A recent review of the experience at a large teaching hospital reviewing the inci-
dence of peptic ulcer disease showed that in the decade from 1995 to 2004, the inci-
dence of surgery for gastric or duodenal ulcers decreased from 6.7% to 3.8% of cases,
with the gastric ulcer group representing the major decrease. The incidence of surgery
for duodenal ulcer was constant at about 7.5% of cases. During the decade, the inci-
dence of using an acid-reduction operation such as is described in this chapter for the
operative treatment of bleeding duodenal ulcer fell from 50.6% to 31.6% over that time
frame, showing that recent trends are to just perform an operation focused on stopping
the bleeding and not reducing acid secretory capacity. The overall results of surgical
therapy for patients with gastric or duodenal ulcers was a mortality of 6.0%, morbidity
of 23.9%, and an average length of hospital stay of 15.9 days.

The shift away from performing an acid-reducing operation was in part borne out
by studies that examined the effectiveness of using medical therapy to eradicate H. pylori
as part of the therapy to treat duodenal ulcer disease and to prevent recurrent duodenal
ulcer disease. Duodenal ulcer disease is felt to occur as a result of a hypersecretory state
of acid production, stimulated in large part by antral D-cell dysfunction secondary to
H. pylori-induced antral gastritis, which in turn limits somatostatin release and exacer-
bates acid production. Such acid production in the face of H. pylori colonization of the
duodenal mucosa leads to ulceration. A study by Ng and associates showed that appro-
priate treatment of H. pylori with four drug medical therapy at the time of closure of
perforated duodenal ulcer resulted in a 5% ulcer recurrence rate over the next year
versus 38% recurrence for patients who did not receive such therapy against H. pylori.
The ability to thus treat potential ulcer recurrences in the future for patients with previ-
ously unknown peptic ulcer disease have led in large part to the shift in surgical think-
ing regarding treatment for patients with duodenal ulcer, with a clear trend away from
acid-reducing operations to simple closure of perforation or oversewing of bleeding
ulcer. Patients who are candidates for acid-reducing operations would be those for whom
risk factors still exist or cannot be diminished:

chronic refractory nonsteroidal anti-inflammatory drug ingestion
smoking
noncompliance with medical therapy for H. pylori or acid secretion

Salvage surgery is often one of the main indications for performing surgery for
bleeding duodenal or gastric ulcer in recent years. In this situation, where patients are
often quite critically ill, mortality from surgery or any therapy can be very high. Walsh
et al. described a series of 50 patients who had failed endoscopic therapy (an average
of over two procedures each), many of whom developed their GI bleeding after hospital
admission while in an intensive care setting. The Apache scores of 79 and the 64%
incidence of organ failure as well as the average transfusion amount of 24 units of blood
puts these patients in a very high risk for death from any treatment. In this group, 12
patients underwent salvage surgery for bleeding duodenal ulcer, with a resection per-
formed in seven and a simple oversewing of the ulcer in five. The mortality for such
surgery was 50%.

'*;j CONCLUSIONS

The performance of antrectomy, vagotomy, gastrojejunostomy, and oversewing of a
bleeding duodenal ulcer is now a relatively rarely performed operation due to improved
medical therapy against the causative agent of most duodenal ulcers, Helicobacter
pylori. Nevertheless, when it is indicated, surgeons must be familiar with the procedure
and adequately skilled to perform it to produce good outcomes. The patients who are
potential candidates for such an operation may be threatened by significant duodenal
hemorrhage. Therapeutic endoscopy is the first-line treatment for bleeding duodenal
ulcer in most settings. Failure of such therapy may then be an indication for the per-
formance of surgical therapy. Performing an antrectomy, vagotomy, gastrojejunostomy,
and oversewing of a bleeding duodenal ulcer is indicated largely for those patients who
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have other risk factors for duodenal ulcer disease other than simple presence of
H. pylori, or who have a previous history of such ulcers, and who are hemodynamically
stable enough and good surgical candidates to undergo a major resective operation. For
most patients with bleeding duodenal ulcer and no other risk factors, simple oversew-
ing of the ulcer along with adequate medical therapy for H. pylori has proven to be
appropriately effective for most patients. When any surgery is used for salvage after
failure of multiple endoscopic therapies and/or transarterial catheter embolization ther-
apy, the mortality of such operations is high. Use of antrectomy, vagotomy, gastrojeju-
nostomy, and oversewing of a bleeding duodenal ulcer in such settings probably should

be rarely done in favor of a more simple operation to oversew the bleeding ulcer.
When antrectomy, vagotomy, gastrojejunostomy, and oversewing of a bleeding duo-

denal ulcer is performed, careful attention to technical considerations outlined in the

chapter above will produce optimal results and prevent unnecessary complications.
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14 Operation for Giant
Duodenal Ulcer

Michael S. Nusshaum and Keyur Chavda

Introduction

Giant duodenal ulcer (GDU) is a variant of peptic ulcer disease and is defined as a
duodenal ulcer crater that is benign and at least 2 cm in diameter. This subset of duo-
denal ulcers have historically resulted in greater morbidity than usual duodenal ulcers
since, by definition, they involve the full thickness of the duodenal wall and occupy a
significant portion of the duodenal bulb. Brdiczka first called attention to this entity in
1931 and emphasized the difficulty in diagnosing them with barium roentgenogram.
Although once thought to be a rare variant, with the advent of flexible endoscopy and
awareness of this entity numerous case reports and case series have been published in
the literature. GDUs comprise approximately 1% to 2% of all duodenal ulcers and 5%
of peptic ulcers requiring surgical intervention. In the initial reports, few patients were
successfully treated with medical therapy. Surgery was favored as the treatment of
choice for this disease, and high mortality rates were reported despite surgical interven-
tion. Improvements in surgical techniques have revolutionized the operative treatment
and outcome of this condition. However, today, with the widespread use of endoscopy,
the introduction of histamine-2 receptor antagonists and later proton pump inhibitors
(PPIs), medical treatment has replaced operation as the first line of treatment for the
patient with GDU. Because of the large, penetrating nature of these ulcers, when not
recognized and treated promptly, complications such as hemorrhage and perforation
remain common, and GDUs are still associated with high rates of morbidity and mortal-
ity. Thus, surgical evaluation of a patient with GDU should remain an integral part of
patient care in all cases. There are important differences when comparing GDUs to
classic peptic ulcers, and they must be approached differently than their more common
counterpart.

Standard-sized ulcer disease affects males greater than females at a rate of approx-
imately 2 to 1, whereas it is 3 to 1 for GDU. The etiology of standard-sized and GDUs
has been associated with two major contributing causes: recent usage of nonsteroidal
anti-inflammatory drugs (NSAIDs) and Helicobacter pylori infection. However, the per-
centage of GDUs caused by H. pylori is less when compared to standard-sized ulcers,
and NSAID use plays a more prominent role.
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The most common presenting symptom is abdominal pain. Most patients describe
the pain as involving the epigastric region, and some experience involvement of the
right hypochondrium and/or radiation into the back, particularly when the ulcer pen-
etrates into the pancreas. The pain is more intense and persistent than the pain found
with usual ulcer patients. The pain is generally not relieved with food or antacids and
weight loss is a frequent comorbidity.

Diagnosis

The most common emergency presentation of GDU is hemorrhage, which may manifest
as melena, hematochezia, hematemesis, or any combination of the above, associated
with anemia. The size of the ulcer and the surrounding inflammation may cause gastric
outlet obstruction with nausea, vomiting, and weight loss. An inflammatory mass in the
upper abdomen with associated weight loss, cachexia, malnutrition, and chronic
abdominal pain can frequently mislead the clinician to suspect malignancy as the most
likely diagnosis. Other important historical features include a past history of ulcer dis-
ease and the recent use of NSAIDs.

The size of the ulcer often causes replacement of the duodenal bulb, and as a result
GDUs may be missed or misinterpreted as a deformed bulb, diverticulum, or pseudo-
diverticulum during a barium upper GI series. The advent and widespread use of endos-
copy has markedly improved the ability to detect GDUs with greater accuracy. It is not
uncommon to encounter a GDU during an endoscopy without the expectation of finding
one, and it is important to measure the ulcer so as not to misdiagnose it as a simple
peptic ulcer. The ulcers usually are quite deep and involve over 50% of the mucosal
circumference of the duodenal bulb. It is essential to exclude a neoplastic source as the
cause of ulcer formation with biopsy in the setting of GDUs, particularly when there is
nodularity at the edge. A recent review of 52 cases of duodenal ulcers larger than 2 cm
found a malignancy rate of approximately 19% (primary duodenal carcinoma in 15%,
lymphoma and tuberculosis in 2% each).

Management

Medical Treatment

Prior to the introduction of histamine-2 receptor antagonists in the late 1970s, GDUs
were managed primarily surgically. Before 1982, there were very few published reports
of long-term successful medical management of GDUs. With the advent of new acid
suppression medication, the discovery of H. pylori and its role in ulcer formation with
the importance of eradication therapy, successful medical management of most GDUs
is now possible. The most recent studies have demonstrated that PPI therapy is a safe
and effective first-line treatment in stable patients and should decrease the eventual
need for operative intervention. Thus, attempts at medical treatment of GDUs should
consist of PPIs. Discontinuation of NSAIDs and antimicrobial treatment of H. pylori
infection in conjunction with PPI therapy are important treatment adjuncts in the pres-
ence of these risk factors.

Surgical Treatment

Indications

Despite the marked improvement in outcome with medical therapy, GDUs are still
associated with high rates of morbidity, mortality, and complications. All patients diag-
nosed with GDU should be evaluated promptly by a surgeon. Operation is indicated in
patients with acute complications of GDU such as hemorrhage and perforation.
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Intractability, recurrent disease, incomplete healing despite proper medical therapy, and
gastric outlet obstruction may require surgical intervention. GDU with adherent clot or
a visible vessel on index esophagogastroduodenoscopy (EGD) is a marker of an ulcer
that is more likely to require early surgical intervention. Uncontrolled hemorrhage and
perforation are the most common emergent indications for operation. Unresolving
obstruction, intractable or recurrent bleeding, and fistula formation are some of the elec-
tive indications for operation. The chronic inflammatory changes associated with these
conditions often make the operations in these patients technically quite challenging.

Preoperative Assessment

A detailed clinical history and physical examination is required before elective surgery.
Radiological study with contrast (upper gastrointestinal series) is useful in the evalua-
tion of the duodenum and is useful in defining the anatomy of the upper digestive tract.
EGD is useful in establishing the diagnosis of GDU and identifying features that may
preclude successful medical treatment. EGD is also useful for monitoring the healing
of the ulcer after medical therapy in cases of intractability or recurrent disease. Other
conditions which may mimic GDU are pseudodiverticulum of the bulb or true diver-
ticulum of the postbulbar area and a neoplasm such as carcinoma or lymphoma of the
duodenal bulb. These conditions when suspected must be ruled out prior to surgery. If
there is a suspicion of neoplasm, EGD is required for examination and biopsy to rule
out malignancy.

The nutritional and immune status of the patient should be assessed prior to oper-
ation. Patients with chronic ulcer disease and gastric outlet obstruction are more prone
to malnutrition with a higher incidence of perioperative complications. Severely mal-
nourished patients may benefit from a course of preoperative enteral or parenteral nutri-
tion. Patients with significant medical comorbidities will require thorough evaluation
and optimization of their medical conditions prior to elective operation.

Operation

A definitive acid-reducing operation is the procedure of choice for patients with GDU
requiring surgical intervention. Truncal vagotomy and antrectomy with removal of the
involved duodenum is the procedure of choice whenever possible. When the inflam-
mation and edema of the duodenum is not a factor, a Billroth I reconstruction can
occasionally be performed (see Chapter 1 for truncal vagotomy, antrectomy, and Billroth I).
Frequently, however, due to the nature of GDU, the involved duodenum is so inflamed
and indurated that duodenal dissection and anastomosis would be hazardous. Thus, a
Billroth II gastrojejunostomy is the most frequent method of reconstruction utilized in
these patients (see Chapter 3 for truncal vagotomy, antrectomy, and Billroth II).

Because of the large size of the ulcer bed and its proximity to such vital structures
as the pancreas, common bile duct, and their blood supply, it may be best to leave the
ulcer bed in situ, resecting the duodenum around the ulcer bed and closing the duode-
nal stump. Duodenal stump leak is a major source of morbidity and mortality after
resection of duodenum in these patients. Numerous methods and modifications of the
standard duodenal stump closure have been described in an effort to prevent leakage
in this setting. The use of a duodenostomy tube is a safe, rapid, and effective means of
managing the difficult duodenal stump so often encountered in this setting. Tube duo-
denostomy involves insertion of a tube through the second portion of the duodenum to
encourage formation of a controlled duodenocutaneous fistula. Similarly, a retrograde
tube can be threaded through the wall of the jejunum downstream at the site of the
placement of antegrade feeding jejunostomy (drain-me feed-me tubes) to provide decom-
pression of this portion of the afferent limb.

The Nissen closure of the duodenal stump can be used to reinforce a difficult
stump. After the duodenum is transected, the open lumen is sutured to the capsule of
the pancreas (Fig. 14.1A). Another technique is the Bancroft procedure and its various
modifications which entail performing an antrectomy but leaving the distal 3 to 4 cm
of antrum proximal to the pylorus and performing a mucosectomy in which the mucosal
layer of the antral stump and the pylorus are dissected away from the submucosa and
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Figure 14.1 (A) Nissen closure. This method, often employed when the duodenum is scarred to the pancreatic capsule, is per-
formed by first transecting the duodenum. The duodenal stump is then sutured to the pancreatic capsule or duodenal wall left in
place on the pancreatic capsule. (B) Bancroft closure. In this methad of duodenal stump closure, the stomach is transected 3 to

4 cm proximal to the pylorus, where tissue is less fibrotic. The antral mucosa in the duodenal stump is then dissected away from
the submucaosa beyand the pylorus and into the duodenum. This is secured with a purse-string suture, and the seromuscular layer

is closed over the stump.

removed. A purse-string suture is then used to close the pylorus from inside; then the
submucosa and the muscularis layers of the prepyloric stomach are used to reinforce
the closure of the duodenal stump (Fig. 14.1B). An important principle is preservation
of the distal antral blood supply because necrosis of the stump is a risk with this pro-
cedure. Either of these closure techniques can be combined with duodenostomy tube
decompression.

When emergency surgery is required for continuing hemorrhage from a duodenal
ulcer, it is common practice to oversew the bleeding ulcer and at the same time perform
a vagotomy and pyloroplasty. But in the case of a GDU, where the blood may be com-
ing directly from the gastroduodenal or pancreaticoduodenal artery, this approach is
insufficient and carries a high risk of recurrent bleeding. Truncal vagotomy and either
pyloroplasty or gastrojejunostomy should be avoided. The ulcer must be separated from
the duodenum and the blood supply to the ulcer must be appropriately ligated.

Laparoscopic approaches for gastroduodenal disease are well established. The min-
imally invasive approach allows for the possible benefits of less pain, less wound com-
plications, and shorter hospital stay (see Chapter 2 for laparoscopic vagotomy,



Chapter 14 Operation for Giant Duodenal Ulcer

antrectomy, and Billroth I and Chapter 4 for laparoscopic vagotomy, antrectomy, and
Billroth II). However, because of chronic inflammation around the ulcer area and sur-
rounding organs, the laparoscopic approach is sometime difficult when treating GDU.
The surgeon should be prepared to convert to an open approach if duodenal inflamma-
tion makes it difficult to perform a safe and expeditious resection.

'*;ji CONCLUSIONS

Historically, the two key features of GDU disease were the difficulties in prompt diag-
nosis and the failures of medical management. The advent and widespread use of
endoscopy has made prompt diagnosis of GDU more accurate and easy to obtain. Once
a diagnosis has been made, initiation of therapy can begin. Uncontrolled hemorrhage,
perforation, and unstable patients should undergo prompt operative management with
vagotomy and antrectomy. Stable patients may be safely treated initially with medica-
tion. However, close observation and repeat endoscopic evaluation is essential in the
successful medical management of these patients. Furthermore, a malignant etiology
may be more common than previously suspected, and liberal use of endoscopic biopsies
are warranted in the setting of GDU, particularly those with nodular-appearing edges.
Due to evolving endoscopic and medical therapies, the management of GDUs has
changed. What was once a disease that was difficult to diagnose and managed solely
with surgical intervention has become one easily diagnosed and potentially treated
medically. It is of utmost importance that physicians recognize GDUs as being different
than their standard-sized counterparts and that we continue to further our understand-
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ing of this entity.
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?) INDICATIONS/CONTRAINDICATIONS

Gastric adenocarcinoma is the fourth most common malignancy and the second lead-
ing cause of death worldwide annually. In the United States, it remains a relatively
rare cancer (in 2010, approximately 22,000 new cases were diagnosed). Gastric carci-
noma is associated with chronic exposures to environmental carcinogens (Helicobacter
pylori, nitrosamines, tobacco exposure), inflammatory conditions of the stomach
(atrophic gastritis), pernicious anemia, blood type A, and less commonly, genetic muta-
tions in the E-cadherin gene, CDH-1 (hereditary diffuse gastric cancer). The relatively
poor overall survival reported in most Western series is likely influenced by the high
percentage of patients who are diagnosed with locally advanced or metastatic disease.
Symptoms remain nonspecific early in the course of the disease, but advanced tumors
can cause GI hemorrhage, gastric outlet obstruction, and profound weight loss. Cura-
tive treatment requires an appropriate gastrectomy with adequate regional lym-
phadenectomy. Peri- or postoperative treatment with chemotherapy and/or radiation
has been shown to reduce recurrence and improve survival. Tumor location, clinical
stage of disease, and patient performance status influence the decision to perform a
subtotal versus total gastrectomy. Lymphatic metastases should be treated with an
appropriate lymphadenectomy for optimal locoregional control of disease. Early-stage
cancers may be cured by complete endoscopic mucosal resection (e.g., T1a cancers) or
surgical gastrectomy; chemotherapy and/or radiation are effective adjuvant treatments
that have been associated with improved disease-free and overall survival in stage II
and III disease. Optimal management should be individualized with the input of a
multidisciplinary tumor board. Two treatment paradigms are accepted as standards of
care:

Perioperative chemotherapy using EOX (Epirubicin—Oxaliplatin—Capecitabine) or
equivalent chemotherapy for three cycles (nine weeks) before and after radical gast-
rectomy (MAGIC trial regimen).

Subtotal or total gastrectomy followed by chemotherapy and external beam radiation
(McDonald regimen, SWOG 0116).
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?3; PREOPERATIVE PLANNING

NCCN guidelines (www.nccn.org) suggest a comprehensive staging workup for patients
with resectable gastric cancer.

Comprehensive history and physical examination
Complete upper endoscopy defining the location of the tumor within the stomach,
extent of intragastric spread, and relationship of the cancer to the gastroesophageal
junction.
All biopsies should be reviewed by a dedicated GI pathologist to determine the his-
tologic subtype (intestinal, Lauren’s diffuse type, signet ring cell adenocarcinoma,
adenosquamous carcinoma) and degree of differentiation.
Endoscopic ultrasonography should be considered in select patients who are candi-
dates for neoadjuvant chemotherapy protocols. This modality is accurate at assessing
the depth (T stage) of invasion, presence of metastatic regional lymphadenopathy,
and distant metastatic disease to the liver or peritoneal cavity (liver metastases, peri-
toneal implants, and/or ascites).
Contrast-enhanced, triphasic (pre-, arterial-weighted, and portovenous phases) mul-
tirow detector computed tomography of the chest, abdomen, and pelvis.
Positron-emission tomography (PET scans) remains an experimental diagnostic stag-
ing modality in gastric adenocarcinomas, as only two-thirds of these mucin-producing
or signet ring adenocarcinomas have the ability to concentrate the radiotracer fluoro-
deoxyglucose. PET—CT fusion scanning has been reported to improve the diagnostic
accuracy compared with either CT or PET scans alone.
Staging laparoscopy + peritoneal washings (cytology) should be considered in patients
with >T3 or node-positive cancers; as many as 20 to 30% of patients with negative
radiographic and endoscopic imaging will have occult M1 or stage IV disease on
laparoscopy.
Peritoneal cytology appears to be an independent predictor associated with death
from gastric adenocarcinoma.

() SURGERY

Complete surgical resection of gastric cancers is the only treatment modality associated
with long-term survival. The tumor stage, location, and performance status of the patient
influence the optimal type of resection (subtotal vs. total gastrectomy). Two randomized
prospective trials have shown that the estimated overall survival after distal subtotal
gastrectomy is equivalent to total gastrectomy for distal gastric cancers. Total gastrec-
tomy is associated with higher postoperative complication rates, more frequent con-
comitant splenectomy, and longer inpatient length of stay. In addition, it is often
associated with significant long-term protein-calorie malnutrition and functional impair-
ment. Proximal gastrectomy has not been rigorously compared with total gastrectomy,
but it offers a reasonable alternative to total gastrectomy for cancers of the cardia and
gastroesophageal junction (GEJ). In general, this procedure has a higher frequency of
recalcitrant postoperative biliary reflux. Radical gastrectomy requires a comprehensive
understanding of the arterial supply of the stomach and duodenum (Fig. 15.1), lym-
phatic drainage basins, and physiologic consequences of decreasing the volume of the
gastric reservoir. The optimal extent of regional lymphadenectomy remains controver-
sial. Two landmark-randomized controlled trials failed to show a short-term survival
benefit with D2 lymphadenectomy. Results from both a recent trial by Wu et al. and a
15-year re-analysis of the Dutch gastric cancer trial suggest a small absolute survival
benefit for patients who were treated with extended lymphadenectomy (>D1).
Operative principles include the following:

Complete laparoscopic and open assessment of occult, sub-radiographic metastases
to the liver, peritoneal cavity, adrenal glands, and distant lymphatic basins.
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Complete resection of the primary tumor with at least 5-cm proximal and distal
margins.
Appropriate regional lymphadenectomy as indicated by the location of the primary
tumor (proximal, middle, and distal stomach) and stage of disease. In the absence of
clinical lymphadenopathy in the D2 drainage basins (celiac axis distribution), a com-
plete D1 lymphadenectomy may be sufficient treatment. Resecting at least 15 lymph
nodes appears to ensure adequate staging accuracy.
D1 lymphadenectomy involves removal of the perigastric lymph nodes along the
lesser curvature (stations 1, 3, and 5) and greater curvature (stations 2, 4, and 6)
(Fig. 15.2).
D2 lymphadenectomy extends the lymphatic sampling to all of the lymph nodes
around the celiac axis and its named vessels (stations 7—11).
Gross and histologic intraoperative margin assessment.
Reconstruction of GI tract continuity with appropriate conduit to maximize function
and reduce the incidence of postgastrectomy syndromes.

Operative Positioning and Setup

Patients are positioned on the operating room table in the supine position with appropri-
ate padding. Sequential compression devices and a single dose of 5,000 units of subcu-
taneous heparin are administered prior to induction of anesthesia to reduce the incidence
of perioperative thromboembolic events. An oro- or nasogastric tube and Foley catheter
are placed into their respective locations after the patient has been sedated and success-
fully intubated. Complete pharmacologic neuromuscular blockade is essential to maxi-
mize operative exposure and minimize incision length. Broad-spectrum antibiotics
covering gastric flora (e.g., second-generation cephalosporins) are given intravenously

Figure 15.1 Arterial supply to
stomach and duodenum. LGA, left
gastric artery; SA, splenic artery;
CHA, common hepatic artery;
PHA, proper hepatic artery;

LHA, left hepatic artery; RHA,
right hepatic artery; RGA, right
gastric artery; GDA, gastroduode-
nal artery; RGEA, right gastroepip-
loic artery; IGEA, gastroepiploic
artery.
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Figure 15.2 D1 lymphadenectomy
stations.

1. Right cardiac nodes

2. Left cardiac nodes

3. Lesser curvature nodes
4s. Left gastroepiploic nodes,
Short gastric nodes

[ l [ ' )I ] 4d. Right gastroepiploic hodes
\ 5. Suprapyloric nodes
6. Infrapyloric nodes

within 1 hour prior to the incision; antibiotics are routinely re-dosed within one-half
life (generally 4 to 6 hours) if needed. The patient’s left arm is usually padded and
tucked to facilitate the placement of the retractor arm. The skin is prepared with a
chlorhexidine solution and allowed several minutes to completely dry before draping
the patient. An antibiotic-impregnated impermeable barrier is placed on the abdominal
skin.

Operative Technique

Diagnostic Laparoscopy

All patients with gastric cancer operation require complete operative staging prior to
resection. A formal diagnostic laparoscopy is performed to rule out radiologically occult
metastatic disease. Generally, two trocars are used: a 12-mm supraumbilical incision for
the Hasson port and a 5-mm port in the subcostal position along the left midclavicular
line. The peritoneal cavity should be systematically explored to identify intrahepatic
metastases, peritoneal carcinomatosis, drop metastases (i.e., Krukenberg tumors), or
local extension into surrounding viscera (e.g., linitis plastica). If peritoneal washings
are required, the laparoscopy is usually performed as a staged procedure. In general,
the results of the peritoneal washings take 24 to 48 hours to be completed. Approxi-
mately 50 to 100 mL of normal saline is instilled into the left upper quadrant, right
upper quadrant, and pelvis; 30 mL of fluid from each location is collected and sent in
separate containers for cytology evaluation.

Exploratory Laparotomy

The peritoneal cavity is thoroughly explored through an upper midline (preferred) or
bilateral subcostal incision to confirm the absence of metastatic disease. We prefer an
Omni or Thompson retractor to separate the wound edges for optimal exposure. The
falciform ligament should be divided and the liver thoroughly evaluated by palpation
and if needed, hand-held ultrasonography. The entire small bowel and abdominal vis-
cera are examined.
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Distal Subtotal Gastrectomy Resection of the Stomach

The nasogastric tube is advanced into the duodenal bulb and used as a “handle” to
elevate the gastric body. The transverse colon is retracted in a caudal direction to
facilitate mobilization of the greater omentum off the transverse colon with the elec-
trosurgery device. The micronodular, granular appearance of the greater omentum is
reflected in a cranial direction and the homogenous, light yellow fat of the transverse
mesocolon is retracted caudally and preserved. The dissection in the avascular plane
is extended posteriorly down to the inferior border of the pancreas. If possible, you
should remove the visceral peritoneum off the anterior surface of the body and tail
of the pancreas. The soft tissue dissection continues to the celiac axis. If a D2 lym-
phadenectomy is performed, the lymphatic stations (7-11) around the celiac-named
vessels will be harvested.

The duodenal bulb is mobilized off the retroperitoneum and hepatic flexure colonic
mesentery. It is critical to identify and preserve the suprapancreatic portion of the
extrahepatic bile duct. The gastroduodenal artery is identified and preserved.

The omental mobilization continues laterally to the hepatic and splenic flexures of
the colon. The lateral borders of the omentum are divided using a tissue transection
device (i.e., Ligasure or Enseal). On the right side, special care is taken to avoid
injuring the duodenal sweep and head of pancreas. On the left side, the omental
resection is facilitated by dividing the white line of Toldt to ensure that the splenic
flexure of the colon is fully mobilized and not inadvertently injured. The omentum
is divided along the splenic hilum with great care taken to avoid capsular traction
injuries to the spleen or splenic artery/vein.

The short gastric vessels are divided up to the level of the gastric fundus using the
tissue transection device.

The right gastroepiploic artery and vein are divided at the level of the superior
mesenteric vein between 2-0 silk ties; the proximal end is usually reinforced with a
4-0 prolene suture ligature.

All lymphatic tissue along the gastroepiploic vessels is reflected toward the planned
gastric specimen.

The supra- and infraduodenal lymph nodes are included in the D1 dissection.

The duodenal bulb is circumferentially skeletonized by dividing all small feeding
vessels between 3-0 silk ties.

The duodenum is divided with a linear mechanical stapling device with either a
2.5-mm or 3.5-mm load. Hemostasis is achieved along the staple line with the elec-
trosurgery device. Although not necessary, the staple line can be inverted with inter-
rupted 3-0 silk or 3-0 Maxon sutures.

The lesser (gastrohepatic) omentum is divided sharply from medial to lateral after
ruling out the presence of a replaced left hepatic artery. The right gastric artery is
divided close to its origin off the common/proper hepatic artery; the proximal end
is usually reinforced with a 4-0 prolene suture ligature.

The lymphatic tissue along the lesser curvature of the stomach is reflected toward the
planned specimen. The left gastric artery and vein are divided at its origin (usually
along the superior border of the pancreas) between Kelly clamps, ligated with 2-0 silk
ties, and the proximal end is reinforced with a 4-0 prolene suture ligature. The left
gastric artery is identified because it tends to have a short (posterior to anterior) course
before curving laterally along the proximal lesser curvature of the stomach.

At this point, the proximal body of the stomach should be completely skeletonized
and prepared for transection.

It can be helpful to perform an intraoperative upper endoscopy to confirm the precise
proximal extent of the tumor prior to resection. We usually have our assistant mark
this location on the serosa of the stomach with an identifiable silk stitch. The stom-
ach is decompressed and the nasogastric tube, endoscope, and esophageal tempera-
ture probe are completely removed.

The stomach is transected at least 5 cm proximal to the superior extent of the tumor.
The stomach can be divided with a 90-mm TA™ stapler (Covidien Surgical, Mansfield,
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Figure 15.3 Reconstruction of the
gastric remnant.

MA), sequential fires of the Endo GIA™ Ultra Universal reticulating stapler (Covidien)
with Tri-Staple™ technology (purple medium/thick loads with 3.0-mm, 3.5-mm, 4.0-mm
staples). If the TA stapler is used, the distal transected end of the stomach should be
occluded with a long atraumatic bowel clamp to avoid spillage. Hemostasis is achieved
along the staple line with the electrosurgery device. Additional topical hemostasis
along the staple line can be controlled with interrupted 3-0 silk horizontal mattress
sutures under the staple line. The gastric staple line is often inverted with 3-0 silk
sutures in Lembert fashion. We keep the corner sutures attached to small Kelly clamps
for traction during the construction of the anastomosis.

The specimen should be transferred to a back table for orientation. We generally
mark the proximal margin with an easily identifiable suture. The specimen is
hand-delivered to pathology to have all the margins inked and the specimen com-
pletely opened. If there is at least a 5-cm gross margin proximal and distal to the
mass and no evidence of linitis plastica, frozen sections are not routinely performed.
If there is concern about either margin, it is reasonable to request a frozen section of
the proximal or distal margin. It should be noted that most pathologists cannot assess
the entire circumferential margin and usually sample random portions of the margin
closest to the tumor.

Distal Subtotal Gastrectomy Reconstruction

The peritoneal cavity is copiously irrigated with normal saline.
Reconstruction of the GI tract (Fig. 15.3) can either be accomplished with a
Billroth I gastroduodenostomy
Billroth II gastrojejunostomy + enteroenterostomy (Omega loop)
Roux-en-Y gastrojejunostomy
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Figure 15.4 Billroth Il gastrojejunastomy (A) and with an enteroenterostomy to prevent alkaline reflux (B).

The choice of reconstruction depends on the likelihood of recurrence, body habitus,

flexibility of the small bowel mesentery, estimated recurrence-free survival, and life

expectancy of the patients. In general, we prefer to use the Roux-en-Y gastrojejunostomy.
A Billroth II gastrojejunostomy (Fig. 15.4A), £ an Omega loop (40 cm enteroenter-
ostomy to prevent alkaline reflux, Fig. 15.4B) can be completed using a hand-sewn
technique or with mechanical stapling devices. We use either interrupted 3-0 silk
or continuous Maxon (monofilament polyglyconate synthetic absorbable sutures,
Covidien) sutures for both anastomoses. The mucosal reapproximation is per-
formed in Connell fashion. The gastrojejunostomy is typically performed along the
posterior wall of the stomach (1 to 2 cm from the staple line) to facilitate drainage
of the gastric remnant. A stapled anastomosis is constructed by aligning the sides
of the stomach and jejunum with 3-0 silk sutures at least 1 cm away from the gastric
staple line. A small gastrotomy and antimesenteric jejunotomy are created to ac-
commodate an endo- or open Endo-GIA™ stapler (3.5-mm or 3.8-mm/blue loads).
A generous common channel is created and special care is taken to inspect and con-
trol bleeding from the staple line. The common enterotomy is aligned transversely
with Allis clamps and closed with a 45-mm or 60-mm TA™ stapler (4.8-mm/green
load); alternatively, this can be closed in two layers with sutures.
Roux-en-Y gastrojejunostomy (Fig. 15.5) is the best method of reducing the long-
term complications that have been associated with Billroth II reconstructions (i.e.,
marginal ulceration, alkaline reflux gastritis, afferent loop syndrome, etc.). This may
be more technically challenging in short/obese patients with a foreshortened or
tethered small bowel mesentery. The jejunum is divided approximately 40 cm from
the ligament of Treitz with an Endo-GIA™ stapler (3.5-mm/blue load). A window is
created in the transverse mesocolon to the left of the middle colic vessels. The roux
limb should be delivered without tension and with proper mesenteric orientation.
The hand-sewn gastrojejunostomy is created along the posterior wall of the stomach
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Figure 15.5 Roux-en-Y gastrojeju-
nastomy.

n:.-r.'.-.':L CEEEEL Gastrojejunostomy
*ﬁ Duodenal . .
,_,j stump Sl
T -j “I
f‘_f ilf .Ih#.‘:'
4 Ligamen T
}'r of Trietz

40 cm

using either 3-0 silk or Maxon sutures in two layers; in general, we try to construct
the anastomosis along the lateral aspect of the gastric remnant to avoid the “angle of
sorrow” along the lesser curvature near the GEJ. The mesocolic defect is closed with
3-0 polysorb sutures in interrupted fashion; special care should be taken to avoid
narrowing the aperture leading to obstruction of the gastric limb. A side-to-side en-
teroenterostomy is created in a similar fashion so that the total length of the roux limb
(distance from the gastrojejunostomy to enteroenterostomy) is at least 35 to 40 cm
in length. This is performed to prevent biliary reflux into the gastric remnant. This
technique can be performed using either hand-sewn or stapled anastomoses.
Billroth I gastroduodenostomy has excellent long-term functional results by pre-
serving the passage of food through the native duodenum. This appears to pre-
serve the proper physiologic balance of GI endocrine secretion (pancreatic exocrine
enzyme secretion, bile flow) and may contribute to the inhibition of gastric acid
secretion through the production of somatostatin and other hormones. The recon-
struction is typically performed in an end-to-end fashion and can be performed us-
ing an EEA™-type mechanical stapling device. This technique should be avoided
in cancers that are likely to recur locally (i.e., diffuse type, linitis plastica, or node-
positive primary tumors.)
The anastomosis is visually inspected for integrity. A repeat endoscopy can be per-
formed to visualize the anastomosis for hemorrhage. The distal bowel is occluded
with an angled atraumatic bowel clamp prior to insufflation. The patient is placed
into a steep Trendelenburg position and the upper abdomen is filled with warm
normal saline. An air leak test is performed with maximum distention of the stom-
ach. If no leak is identified, the scope is withdrawn after the stomach has been
completely deflated.

Conclusion of Surgical Procedure

The peritoneal cavity is copiously irrigated with normal saline lavage and antibiotic
irrigation (e.g., bacitracin).
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Meticulous hemostasis is achieved, especially along the retroperitoneal dissection
planes and on all named arterial transection sites.

Nasogastric tubes are generally not replaced.

Feeding jejunostomy tubes are not routinely placed unless the patient is frail or
severely malnourished.

After the preliminary sponge, needle, and instrument counts are verified, the anterior
abdominal wall fascia is closed in a single layer using an absorbable monofilament
suture (i.e., #0 or #1 looped Maxon).

Meticulous hemostasis is obtained in the subcutaneous tissues with the electrosur-
gery device. The subcutaneous tissues are irrigated with bacitracin solution.

The skin is closed with staples and the wound is covered with a water-repellant
dressing.

w# POSTOPERATIVE MANAGEMENT

Most patients can be safely managed in a multispecialty bed unit. We only admit to
the intensive care unit if the patient has significant medical comorbidities, excessive
intraoperative blood loss/case length, or if there were respiratory difficulties during
the case.

Gum and hard candy are encouraged as an economical method of stimulating bowel
activity.

In general, we do not restrict oral intake until the patient passes flatus or has a bowel
movement. Instead, we individualize the decision to advance oral intake based on
the clinical status of the patient. Aspiration pneumonia is a serious adverse event
and should be vigilantly prevented by minimizing narcotics, keeping the head of bed
elevated at 30 degrees, and examining the patient frequently for distention that could
indicate ileus or obstruction.

Pain is controlled via patient-controlled analgesic devices (e.g., PCA). We encourage
patients to limit narcotics to prevent acute delirium and ileus. Ketorolac can be used
for a limited duration (generally 4 to 6 doses) to relieve the musculoskeletal pain
associated with the incision and facilitate dose reductions in narcotic analgesics.
Since these agents potentiate anticoagulants, we do not concomitantly administer
blood thinners during the time that ketorolac is being used. This medication should
be used with caution or at a reduced dosage in elderly patients to prevent acute renal
failure.

DVT prophylaxis begins in the OR (subcutaneous heparin and sequential compres-
sion devices) and continues postoperatively. Our practice has been to give prophy-
lactic enoxaparin for 28 days postoperatively to reduce the risk of life-threatening
thromboembolic events.

Routine upper GI contrast studies are not routinely performed unless clinical symp-
toms suggest an anastomotic leak.

) COMPLICATIONS

Complications following distal subtotal gastrectomy include hemorrhage, surgical site
infection (superficial or organ space), deep venous thrombosis, aspiration/nosocomial
pneumonia, and cardiac events. Rare complications specific to the procedure include

Anastomotic leak
Afferent loop syndrome
Duodenal stump leak
Delayed gastric emptying
Alkaline reflux gastritis
Peptic ulcer disease
Marginal ulceration

Part Il: Procedures for Neoplastic Disease
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Long-term complications include adhesive small bowel obstruction, ventral hernia,
internal small bowel hernia (Peterson’s hernia with Roux-en-Y gastrojejunostomy), and
anastomotic stricture.

#9 RESULTS

The 5-year overall survival rate of all patients with gastric cancer is approximately 15
to 20%. If the disease is confined to the stomach, complete resection is associated with
long-term survival rates >50%. Independent predictors of survival after complete RO
resection include age, sex, primary site, histologic subtype (e.g., diffuse, mixed, intes-
tinal), number of positive lymph nodes, and depth of primary tumor invasion.

».$ CONCLUSIONS

The optimal oncologic treatment of distal and midgastric cancer is radical subtotal
gastrectomy and regional lymphadenectomy. Extended lymphadenectomy (>D1 nodal
resection) improves the accuracy of pathologic staging, increases postoperative morbid-
ity, and may improve survival in a subset of patients with clinically positive nodal
metastasis. Perioperative chemotherapy for locally advanced tumors has been shown to

increase the rates of resectability and improve long-term survival.
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@!} INDICATIONS/CONTRAINDICATIONS

Resectable gastric cancers involving the body and antrum are the main indication for
subtotal gastrectomy with Roux-en-y gastrojejunostomy and regional lymphadenectomy
(D1-resection: includes the perigastric lymph nodes stations 1-6 and the nodes along
the left gastric artery station 7). A minimum of 5 cm proximal margin is required.
Laparoscopic approach can be used when there are no contraindications for laparos-
copy, such as multiple prior upper gastrointestinal operations, liver cirrhosis, poor
cardiac status proven on stress test, pregnancy, or inability for the patient to give con-
sent for laparoscopy.

Uncommon Indications

Benign tumors of the stomach such as gastrointestinal stromal tumor located in the
proximal stomach that is too large for a wedge resection. No lymphadenectomy is
required.

Complications of ulcer diseases such as bleeding and obstruction.

Gastroparesis with uncontrollable vomiting. Near total gastrectomy can be performed
after all medical and other therapies have been exhausted. No lymphadenectomy is
required.

Conversion of distal gastrectomy with gastroduodenostomy or loop gastrojejunos-
tomy.

Contraindications for subtotal gastrectomy are cancers of the proximal stomach or
diffuse gastric cancer both of which will necessitate a total gastrectomy for an RO resec-
tion with disease-free microscopic margins. Metastatic cancers are treated by chemo-
therapy unless bleeding, obstruction, or perforation is present. Bleeding or perforated
gastric cancers should be treated with a resection and obstructed cancers can be treated
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by either a resection or a bypass. Invasion of adjacent organs such as colon, liver, or
spleen is not a contraindication to resection.

53; PREOPERATIVE PLANNING

Upper endoscopy is performed to assess the location and the extent of the disease.
Endoscopic ultrasound is performed to assess the lymph nodes in the celiac axis and
obtain a fine needle biopsy for staging and planning treatment.

CT scan of the chest, abdomen, and pelvis is important to assess the presence of
metastasis in distant lymph nodes, peritoneum as studding and ascites, or distant
organs.

PET scan is used to further assess for metastatic diseases. There may be limited
usefulness if the primary tumor does not show increased uptake of the tracer.
Standard cardiopulmonary workup should be done to assess operability of the
patient.

() SURGERY

Laparoscopic surgery should be performed using the same principle as open surgery.

Positioning

Patient is supine in low lithotomy position to allow the surgeon to stand between the
legs. Both arms should be tucked to allow placement of retractor posts onto the bed at
the nipple level. Patient is placed in steep reverse Trendelenburg position to expose
the upper abdominal structures with gravity. This is the ideal position for all upper
gastrointestinal operations, and the surgeon faces the screen above the head of the
patient. The first assistant is to the right and the camera assistant to the left of the
patient. This enables the surgeon to have a straight view of the relevant screen. A Mayo
stand for the surgeon’s instruments is usually placed to the surgeon’s right and the
scrub technician stands to the left. It is important in this position for advanced upper
abdominal procedures to avoid deep venous thrombosis by using bilateral lower
extremity sequential compression devices and comfortably padding the knees, ankles,
and legs.

Port Placement

Before starting the operation it is important to insert a nasogastric tube to decompress
the stomach, thus avoiding any injury to the stomach upon insertion of the Veress
needle.

The first 12-mm trocar is introduced after the creation of the pneumoperitoneum
with the Veress needle using an optical port in the midline superior of the umbilicus
(Fig. 16.1). The reason for midline rather than left paramedian for this port is to extend
this incision later in the procedure for specimen removal and introduction of the cir-
cular stapler if used. This small incision can also be used for jejunojejunostomy and
optional feeding jejunostomy tube placement. This port is used for the camera.

A second 12-mm trocar is placed in the left subcostal position in the midclavicular
line as a primary working port.

Three additional 5 mm or 10 mm trocars are used:

One in the subxyphoid position used to make a subcutaneous tract for the introduc-
tion of the Nathanson Hook Liver Retractor (Automated Medical Products Corpora-
tion, Sewaren, NJ). This retractor is secured to the right bed post using an Iron Intern
(Automated Medical Products Corporation, Sewaren, NJ).

Two retracting ports are placed in the right and left subcostal margins.
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Figure 16.1 Paort position for laparo-
scopic gastrectomy. A, umbilicus;

B, surgeon’s right hand (scissars);

C, surgeon’s left hand (grasper),

D, assistant’s grasper; and E, subxi-
phoid port. S, surgean; FA, first assist-
ant; and CA, camera assistant.

Technique

We will describe two common techniques:

Greater Curvature First Technique
Before the actual dissection starts, it is important to check on the various landmarks: the
curvatures of the stomach, the gastrocolic ligament and the gastroepiploic arcade,
the inferior aspect of the antrum, the duodenum, the pyloric muscle, the lesser sac, and
the right gastric artery. The limit of the antrum and the proposed site of the gastrojeju-
nostomy is marked using electrocautery. The assistant begins the procedure by retracting
the greater curvature of the stomach using the lateral port. The surgeon uses a grasper
and the ultrasonic shears to create windows in the gastrocolic ligament (Fig. 16.2). It is
advisable to start outside the gastroepiploic arcade and divide the arcade at the end of
the dissection. The first step to follow is the mobilization of the greater curvature fol-
lowed by the second step of dissection of the antrum and inferior aspect of the duode-
num. At this point the right gastroepiploic artery is divided between clips rather than
applying electrocautery or using the ultrasonic shears alone.

Using a right-angled dissector, exactly as it is used for dissection of the esophagus,
a retroduodenal passage is created starting at the inferior aspect of the duodenum. Dis-
section then proceeds to the superior aspect of the duodenum, and the right gastric
artery is ligated between clips and divided. Again, the right-angled 10-mm dissector is
introduced into the subxyphoid port to complete the dissection behind the duodenum,
as this port is immediately in line with the dissection (Fig. 16.3). When the retroduo-
denal space has been created, an umbilical tape is passed around the duodenum, and
the window is enlarged to introduce a 60-mm linear cutter through the same subxy-
phoid port in the same direction to perform the transection. Blue loads are typically
used, but green loads can be used if the duodenum is thickened. After dissection the
stomach can be pulled upward and the lesser curvature is skeletonized. The posterior
attachments of the stomach to the pancreas are divided to allow full mobilization of
the stomach. Proximal resection is also performed using an endoscopic linear stapler
to the previous dissection limits of the lesser and the greater curvature.
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Figure 16.2 Initiation of the gast-
rectomy. An asterisk marks the
bheginning of the dissection (divisian
of the gastroepiploic arcade).

Harmonic
shears

Transection of
arcade at level
of resection line

Figure 16.3 Creation of a retro-
duodenal passage using the
subxyphoid port.
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Alternative Lesser Curvature First Technique

The gastrohepatic ligament is divided to enter the lesser sac. The proximal extent of
the dissection is the lesser curvature incisura where the left gastric vessels enter the
stomach. The distal extent of the dissection is the pylorus, ligating and dividing the
right gastric vessels.

The omentum is lifted up and its attachment to transverse colon and mesocolon is
divided to enter the lesser sac inferiorly. Dissection is carried proximally to the fundus
of the stomach ligating approximately the distal half of the short gastric vessels along
the greater curvature including all lymph nodes. The right gastroepiploic vessels should
be identified and ligated using a linear cutter stapler with vascular loads, and any pos-
terior adhesions from stomach to pancreas should be divided.

Distal resection is done using a linear cutter stapler at the duodenal bulb just distal
to the pylorus. If the tumor abuts the pylorus, the first portion of the duodenum should
be taken to the point where it is safe and the margins should be checked with frozen
sections. The duodenal stump is not routinely oversewn. The proximal resection is also
performed using a linear cutter stapler to the previous dissection limits of the lesser
and the greater curvature. Every attempt should be made for an RO resection.

D1-Lymphadenectomy

The resection includes the removal of the specimen en bloc with the omentum and the
regional perigastric lymph nodes stations 1-6, which are around the lesser and greater
curvature, as well as the removal of the nodes along the left gastric artery (station 7).
It does not include lymph node removal along the common hepatic artery, celiac axis,
splenic artery, and proper hepatic artery.

Specimen Retrieval

The camera port site is enlarged to approximately 5 cm, a wound protector is placed, and
the gastrectomy specimen is removed and inspected grossly. The size of the incision can
be varied depending on the size of the tumor. Frozen sections can be done as needed of
the proximal, distal, or radial margins. The proximal jejunum is eviscerated and is divided
using the linear cutter stapler between 10 and 20 cm from the ligament of Treitz where the
mesentery will reach the remnant stomach without tension in the antecolic position. Then
a stapled side to side jejunojejunostomy is created between the biliary limb and the distal
jejunum leaving approximately 50 cm of the alimentary limb in order to prevent bile reflux.
If feeding jejunostomy tube is indicated, it is placed in the alimentary limb in an appropri-
ate position to avoid tension in the yet to be made proximal gastrojejunostomy anastomosis.

Anastomosis

Gastrojejunostomy can be made by hand-sewn sutures or circular EEA staplers, both
done intracorporeally. In order to achieve pneumoperitoneum again, a gel port can be
attached to an appropriately sized wound protector. It is difficult to prevent all leakage
of pneumoperitoneum, but enough space can be achieved for adequate anastomosis.

Hand-sewn Anastomosis
End to side gastrojejunostomy in single layer using absorbable sutures such as 3-0
Polydioxanone (Ethicon, Somerville, NJ) after lining them up in the two corners.
Anastomosis should be 6 cm in length.
An alternative technique is to reconstruct the gastrojejunostomy with a 70-cm Roux-en-
Y limb, in the same technique as a hand-sewn laparoscopic gastric bypass technique.

Stapled Anastomosis
A circular stapler can be used for anastomosis. EEA with a 25-mm OrVil (Covidien,
Norwalk, CT) , which is the largest size made, is used. The tube end of the OrVil is
introduced transorally prior to enlarging the incision. This is done to minimize the
pneumoperitoneum time after the manipulation of the incision when leak is common.
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The OrVil should be well lubricated and the anesthesiologist is asked to pass it tran-
sorally until the tip can be seen inside the remnant stomach. A small gastrotomy is
made to allow passage of the tube which is pulled and guided gently out of a working
port while the anesthesiologist guides the well lubricated anvil into the mouth. The
tube is pulled until the post of the anvil is out of the gastrotomy and the suture is
seen. The suture is cut, which straightens the previously flat anvil. Then the anvil is
left in this position until the time of the anastomosis. The EEA stapler is introduced
through the gel port. The staple line of the proximal end of the alimentary limb is
excised and the EEA stapler is placed inside. Then it is advanced approximately 5 cm,
and the spike is opened at the anti-mesenteric border. The anvil and the stapler are
mated carefully to avoid any twisting of the jejunum, and the stapler is fired creating
the anastomosis. The EEA with the anvil is removed with gentle twisting motion, and
the opening at the end of the hockey stick is closed using a linear cutter stapler.

A linear stapler can be used for anastomosis. The anastomosis can be performed on the
anterior or posterior aspect of the stomach (Fig. 16.4). After performing an enterotomy
on the jejunal limb and the remnant stomach, it is advisable to use several firings of a

Figure 16.4 Intra-abdominal Billroth Il
reconstruction: (A) resection of the speci-
men first; (B) Billroth Il reconstruction
first, specimen in place.
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30-mm linear cutter rather than a single firing of a 60-mm linear cutter which is bulky
and more difficult to handle in this instance. Green staples are preferable if the stomach
is thickened. After stapling, the enterotomies are closed using intracorporeal suturing
techniques with a running 3-0 Prolene suture. This is preferable to the application of
linear cutters that could narrow the anastomosis. It is also advisable to leave the
nasogastric tube in the jejunal loop to calibrate the loop and avoid any bites in the
posterior wall while suturing the gastrotomies and enterotomies.

OTHER TECHNICAL NOTES

One Jackson Pratt drain is placed in a dependant position to run adjacent to the gas-
trojejunostomy anastomosis and the duodenal stump. Omentectomy and regional lym-
phadenectomy are omitted if resection is done for benign disease. Adjacent organs are
resected as needed en bloc if either gross inspection or frozen section reveals extension.
At the end of the procedure there are two important final steps: First, a leak test should
be performed with methylene blue and/or air insufflation of the stomach; second, the
patient should be placed in Trendelenburg position to remove all fluid with suction, as
some enteral fluid may remain otherwise and promote abscess formation in the postop-
erative period.

vy POSTOPERATIVE MANAGEMENT

Routine postoperative prophylaxis against deep vein thrombosis and atelectasis includes
early ambulation and incentive spirometry.

Routine use of nasogastric tube is controversial, but we place it routinely with the
tip across the anastomosis, and it is connected to low continuous wall suction until the
output is minimal, which usually takes 1 to 2 days.

Contrast studies to assess for leak are not routinely used in subtotal gastrectomies
unless it is clinically indicated. Jejunostomy tube, if placed, needs routine flushing in
order to prevent clogging, and tube feeding is started on day 2 and used in the immedi-
ate postoperative period as nutritional supplementation until patients are able to take
in adequate nutritional requirements orally. It can be removed after 4 weeks if it is not
needed but should be left in longer if the patient is receiving adjuvant therapy, so it
can be used if the patient experiences nausea from the medications. If the feeding tube
gets clogged or is removed accidentally, it can be replaced with a wire and fluoroscopic
guidance by interventional radiology.

The Jackson Pratt drain is removed when output is low after the patient is started
on a diet.

The patient should be followed by the oncologist for any adjuvant therapy, surveil-
lance, and vitamin B12 supplementation.

) COMPLICATIONS

Patients generally recover quickly from the procedure with low complication rates.
Anastomotic leak rate is very low at 1 to 2% but can be higher in irradiated or mal-
nourished patients. Patients with a jejunostomy tube can rely on tube feeding for all of
their nutritional requirements while the leak heals. Duodenal stump leak or other leak
from jejunojejunostomy or feeding jejunostomy site is extremely uncommon but should
be suspected if the patient has peritonitis or has enteric output from the drains. Und-
rained leaks can be treated by percutaneous drain placement in stable patients or oper-
ative drainage in sick patients.

Wound infections of the mini-midline wound occur more frequently in patients
who are immunocompromised and in grossly contaminated cases. Wound protector
usage has not been associated with complete elimination of infections. The overall
postoperative morbidity rate is around 10% and mortality rate approaches 0 to 1%.
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9 RESULTS

In experienced hands, the laparoscopic approach shows similar results to the open
approach with similar number of lymph nodes harvested and overall survival.

-*;_t; CONCLUSIONS

Laparoscopic subtotal gastrectomy with regional lymphadenectomy should be the pro-
cedure of choice in patients with resectable gastric cancer. Novel minimally invasive
approaches such as natural orifice translumenal endoscopic surgery, single-incision
laparoscopy, sentinel node biopsy, and robotic operations have been reported but the
benefits are yet to be determined.
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@ INDICATIONS/CONTRAINDICATIONS

The worldwide geographical distribution of gastric carcinoma is variable. It is more
common in Japan and other far eastern countries. It is the second worldwide leading
cause of cancer death. In the west the incidence of distal gastric cancers has been
decreasing for decades; however, cancer of esophagogastric junction and cardia is
increasing. Histologically, gastric cancer can be divided into two types, intestinal type
and diffuse type, according to Lauren classification. The intestinal type is more com-
mon in high-incidence countries like Japan, more likely found in the distal stomach
and associated with Helicobacter pylori. The diffuse type is more common in young
patients, in hereditary gastric cancer, in proximal locations, and is associated with a
worse prognosis. Distal subtotal gastrectomy (50% to 75%) is the recommended surgi-
cal treatment for distal cancer of the stomach with fewer complications, shorter hos-
pital stays, better quality of life, and no difference in overall survival compared to total
gastrectomy.

The east and west remain sharply divided regarding the extent of lymph node dis-
section (D1, D2) for gastric adenocarcinoma. The general rules of the Japanese Research
Society for Gastric Cancer divide the anatomic perigastric lymph nodes into 16 groups
(Table 17.1). The anatomic location of the perigastric and extragastric lymph nodes are
shown in Figure 17.1. The nodal groups are further subdivided into three regions (N1,
N2, and N3), and their designations vary depending on whether the gastric cancer is
located in the proximal, middle, or distal third of the stomach. The N1 and N2 lymph
node groups of the distal third of the stomach are illustrated in Table 17.2. Removing
only the N1 lymph nodes constitutes a D1 gastric resection while the more extended
D2 resection requires the removal of both N1 and N2 lymph node groups. The current
pathologic N stage is defined by the number of metastatic lymph nodes and not their
anatomic location relative to the primary tumor. The American Joint Committee on
Cancer recommends that retrieval of at least 15 lymph nodes is necessary to accurately
stage a gastric cancer.

m
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IISIBIHERIVE] Perigastric and Regional Lymph Node Groupings
Location Group no.
Right cardiac 1
Left cardiac 2
Lesser curvature 3
Greater curvature 4
Suprapylaric 5
Infrapyloric 6
Left gastric artery 7
Commoan hepatic artery 8
Celiac artery 9
Splenic hilum 10
Splenic artery 1
Hepatoduodenal ligament 12
Retropancreatic 13
Base of SMA 14
Middle calic artery 15
Para-aartic 16

From Japanese Research Society for Gastric Cancer: The general rules for gastric cancer study in surgery and pathology. Jpn J
Surg 1981;111:127.

TABLE 17.2  Lymph Node Groups Resected for Distal Gastric Cancers According to

Extent of Resection

D1 Gastrectomy D2 Gastrectomy
No.3—lesser curve No. 1—right cardiac
No. 4—greater curve No. 3—lesser curve
No. 5—suprapylorus No. 4—greater curve
No. 6—infrapylorus No. 5—suprapylorus

No. 6—infrapylorus
Na. 7—left gastric
No.8—hepatic artery
No.9—celiac artery

From Japanese Research Society for Gastric Cancer: The general rules for gastric cancer study in surgery and pathology. Jpn J
Surg 1981;111:127.

Figure 17.1 Lymph node locations accaording to Japanese Research Society for Gastric Cancer. A: D1 lymph node stations. B: D2
lymph node stations.
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Indications for Distal Subtotal D2 Gastrectomy

Patients should be medically fit.

Adenocarcinoma of the distal third of the stomach

Gastric tumor that does not cross the line extending from the bare area on the greater
curvature (between portion of the stomach supplied by the gastroepiploic artery and
the area supplied by the short gastric) to a point on the lesser curvature 5 cm below
the cardioesophageal junction.

Intestinal-type gastric cancer according to the Lauren classification

T3/T4 tumors after neoadjuvant therapy

Contraindications

N3 lymph node involvement

Diffuse type histology

Cancers within 5 cm of the gastroesophageal junction
M1 disease

;Q; PREOPERATIVE PLANNING

The goals of preoperative planning and assessment are to obtain a tissue biopsy for
diagnosis, stage the extent of disease, and to address the patient’s nutritional status and
significant medical comorbidities prior to surgery. Tumor-related complications such as,
gastric outlet obstruction, and bleeding may require hospital admission for resuscitation
and replacement therapy prior to surgery.

Preoperative assessment includes the following:

Fiberoptic esophagogastroduodenoscopy for diagnostic biopsy and to determine the
location of the primary tumor in relation to the EG junction and pylorus

To optimize tumor staging endoscopic ultrasonography has been utilized to assess
tumor invasion into the gastric wall (T stage), invasion into adjacent organs such as,
spleen, pancreas, and left lobe of the liver, and fine needle aspiration of perigastric
lymphadenopathy.

CT scan of the abdomen and pelvis to determine tumor resectability and tumor
involvement of peritoneum, lymph nodes, and liver (M1).

Diagnostic laparoscopy is recommended for patients with advanced tumors T3/T4
who are not obstructed or bleeding, patients considered at high risk for M1 disease
and patients deemed candidates for neoadjuvant therapy.

Nutritional support and nasogastric decompression for patients with gastric outlet
obstruction

Preoperative blood transfusions for patients with hemocrit <25%, hemoglobin <8 g
Start a beta blocker 1 week prior to surgery for patients over 65-years old or those
who have a significant cardiac history.

Preoperative prophylactic heparin should be given after placement of epidural
catheter.

() SURGERY

The aim of surgical therapy is to resect the gastric tumor with negative margins (4 cm
proximal, 2 cm distal) and to retrieve at least 15 lymph nodes for pathologic examina-
tion. The surgical specimen should include 50% to 75% of the stomach en bloc with
the greater and lesser omentum, lesser sac bursa, lymph nodes from the lesser, and
greater curvature of the stomach (N1), from above and below the pylorus (N1), right
cardia, celiac axis, and its branches (N2). Since splenectomy or pancreatectomy does
not offer a survival advantage the recommended procedure is a D2 lymph node dissec-
tion with adjacent organ preserving distal subtotal gastrectomy.

173

Part Il: Procedures for Neoplastic Disease



174 Partll Procedures for Neoplastic Disease

Figure 17.2 Lesser bursectomy,
dissecting en bloc the anterior
sheet of the transverse mesacolon
and anterior capsule of the pan-
creas along with its assaociated
lymphatics.

Positioning

The patient should be placed in the supine position with the arms abducted. Reverse
Trendelenburg positioning will facilitate exposure. After general anesthesia is obtained
via endotracheal intubation a nasogastric tube should be placed in the stomach for
decompression. Place sequential compression devices on the lower extremities.

Technique

A variety of standard abdominal incisions are available that provide adequate exposure
for gastric resections; we prefer a bilateral subcostal incision (Chevron) because this
affords wide exposure of the upper abdomen and excellent retraction of the costal
margin.

Diagnostic laparoscopy is indicated prior to incision if advanced disease is sus-
pected.

Upon entering the abdomen, careful exploration should be performed looking for
gross metastatic disease. The location and mobility of the primary tumor and the
need for bloc resection of adjacent organs and structures are evaluated. A small aliqg-
uot of the abdominal fluid is aspirated and sent for cytologic evaluation. A mechan-
ical retractor is placed in the incision to elevate the costal margin and retract the
liver.

The procedure begins with omentobursectomy, the greater omentum is detached
from the transverse colon along with the anterior leaf of the transverse mesocolon
(Fig. 17.2).

With cephalad retraction of the greater omentum an avascular plane is entered just
above the transverse colon. Bleeding at this point indicates that dissection is too deep
into the transverse mesocolon proper (Fig. 17.3).

Dissection proceeds over the anterior aspect of the pancreas. The pancreatic capsule
is opened and the anterior layer of the capsule which is part of the lesser sac is
mobilized toward the specimen up to the common hepatic artery.

Posterior layer of
greater omentum

Anterior layer of
transverse mesocolon

Posterior layer
of transverse
mesocolon
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A B
Caudate
Greater lobe
omentum

Stomach
Approach A Lesser Approach A
omentum
Approach B Approach B
Colon Transverse Pancreas Aorta Transverse mesocolon:
mesocolon Anterior layer

Posterior layer

Figure 17.3 Proper plane of dissection for complete lesser bursectomy. A: Approach “A” demonstrates plane of entry that is too
shallow, which would leave behind the posterior aspect of the lesser sac. Approach “B” is the proper plane of entry, which is deep
to the anterior leaf of the transverse mesacolon. B: Once the proper plane is entered as shown by approach “B” the posterior
aspect of the lesser sac is removed along with specimen allowing complete bursectomy.

Continue dissecting in this plane toward the superior margin of the pancreas; the
right gastroepiploic vessels are identified, clamped divided, and ligated; and the
infrapyloric lymph nodes 6 are dissected toward the specimen (Fig. 17.4).

Perform a Kocher maneuver elevating the duodenum out of the retroperitoneum and
dissecting the first portion of the duodenum off the head of the pancreas.

Lesser omentectomy: Incise the triangular ligament of the left lobe of the liver with
electrocautery avoiding the left phrenic vein. Elevate the lateral segment of the left
lobe to expose the attachment of the lesser omentum to the ductus venosum on the

Figure 17.4 Ligation of the right
g gastroepiploic vessels at the superior
/ border of the pancreas near its origin
# » off the gastroduodenal artery.

Right gastroepiploic
artery and vein
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Figure 17.5 Stomach reflected
superiorly displaying the celiac
axis.

undersurface of the liver running from the left portal vein to the left hepatic vein.
Detach the lesser omentum from the ductus venosum with electrocautery along its
entire length over the caudate lobe from the right paracardial region down to the
anterior leaf of the hepatoduodenal ligament where the right gastric artery is identi-
fied. Clamp divide and ligate the right gastric artery at its origin from the common
hepatic artery. This ensures complete removal of the lesser sac bursa.

Complete circumferential dissection of the first portion of the duodenum by ligating
supraduodenal arterial branches off the gastroduodenal artery and transect the
duodenum with a linear stapler (blue load) approximately 2 cm distal to the pylorus.
Request frozen section to confirm a negative surgical distal margin. These maneuvers
will ensure that lymph node groups 3 and 5 are included with the specimen.
Celiac axis dissection: The divided stomach is reflected superiorly and to the left
(Fig. 17.5). Dissection proceeds along the superior border of the pancreas and along
the common hepatic artery toward the celiac axis, including lymph nodes 8 and 9.
The left gastric artery is ligated and divided at the celiac axis removing lymph nodes
7. For 75% distal subtotal gastrectomy: dissect the splenic artery near its origin from
the celiac axis toward the splenic hilum sweeping lymph nodes 11 toward the
specimen.

With the specimen retracted superiorly, the area of proximal gastric resection on the
greater curvature is determined with the goal of achieving a 4-cm proximal margin.
The greater omentum is liberated from the greater curvature at this point and one or
two short gastric vessels are ligated and divided as necessary to free this area. In
order to maintain the viability of the gastric remnant some of the short gastric vessels
must be preserved when the left gastric artery is taken at its origin.

Proximal gastric resection is complete with a TA-90 or GIA linear green stapler in a
manner to ensure complete removal of a rim of lesser curvature up to the cardia.
Frozen section analysis is obtained to confirm a histologic negative proximal margin.

Reconstruction

Our preference is to perform a retrocolic Billroth II reconstruction with a two-layer
hand-sewn Hofmeister-type anastomosis. We prefer the retrocolic location due to the
shorter distance to travel and posterior location behind the stomach.
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Figure 17.6 Closure of the posterior mucosal layer consists
of two continuous sutures of absorbahle material starting
™ in the middle and running to each caorner.

The transverse colon is retracted upward and the transverse mesocolon inspected for
the identification of an avascular area to the left of the middle colic vessels. A
proximal loop of jejunum is delivered through this avascular window in the trans-
verse mesocolon to lie opposed to the gastric remnant. The distance from the liga-
ment of Treitz to the gastric remnant should be no more than 20 cm.

Align the loop of jejunum up to the greater curvature of the gastric remnant.
Posterior serosal layer: Place interrupted 3-0 silk seromuscular Lembert sutures
about 5 mm apart between the posterior gastric wall and the antimesenteric border
of the jejunum. Tag the corner sutures with a hemostat and cut the remaining silk
tails. Sutures in the gastric wall should be placed about 1 cm from the gastric staple
line.

Excise approximately 3 cm of the gastric staple line from the greater curvature. Make
a corresponding incision in the jejunum with electrocautery along the antimesenteric
border about two-thirds the size of the gastric opening.

Posterior Mucosal layer: Place two 3-0 absorbable sutures next to each other in the
midpoint of the posterior layer inserted full thickness through the jejunal and gastric
walls. Tie the sutures and then tie the tails together (Fig. 17.6). Run each suture from
the midpoint in a continuous fashion to their corresponding corner. Sutures should
be placed in a “V” configuration with a larger serosal bite compared to mucosa. The
final corner suture should pass from inside to outside of the anterior gastric wall.
This suture will be tied to the interrupted corner stitch from the anterior mucosal
layer.

Anterior Mucosal Layer: This is a full thickness layer closure with interrupted 3-0
absorbable sutures with knots tied outside the lumen. Place the corner sutures first
next to the suture from the posterior mucosal layer. Tie the interrupted sutures to
itself and then to the strand from the posterior mucosal layer. Sutures placed in this
layer resemble an inverted “A” configuration. Prior to completing the anastomosis
ask the anesthesiologist to place the nasogastric tube in the gastric remnant just above
the anastomosis.

Anterior Serosal layer: Place a row of interrupted 3-0 silk seromuscular Lembert
sutures between the anterior gastric wall and the jejunum inverting or dunking the
anterior mucosal layer.
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Figure 17.7 Completed Billroth Il
| retrocalic gastrojejunastomy.

Gastrojejunostomy
covered with
mesocolon

To prevent tension on the anastomosis and internal herniation of small bowel
through the opening in the transverse mesocolon, suture the jejunal loop to the
peritoneum of the transverse mesocolon with interrupted 3-0 absorbable sutures
being careful to avoid the mesenteric vessels. Figure 17.7 illustrates the completed
anastomosis.

We do not drain the anastomosis or the lesser sac routinely unless there is concern
of a possible pancreatic injury or leak. If necessary we use a closed suction 10 French
Jackson—Pratt flat drain exteriorized through a separate incision.

The incision is closed in two layers, the posterior sheath with a nonabsorbable suture
and anterior sheath with absorbable suture.

The skin is approximated with skin staples.

Alternatively, gastrojejunostomy Billroth II reconstruction can be created with GIA
and TA stapling devices.

Oppose the posterior gastric wall to the antimesenteric border of the jejunum with
traction sutures. The anastomotic site on the posterior gastric wall is 2 to 3 cm
proximal to the gastric staple line closure.

Create a small gastrotomy on the greater curvature side and opposing enterotomy in
the jejunum on the antimesenteric surface with electrocautery.

Insert the GIA limbs into the gastric remnant and jejunum (Fig. 17.8).

Engage the limbs of the GIA, and before deploying the device inspect to ensure that
the serosal surfaces are directly apposed with nothing between them.

Withdraw the limbs of the GIA and inspect the anastomosis for hemostasis.

Close the resultant gastroenterotomy with a TA stapler placing the GIA staple lines
at the corners to splay open the anastomosis (Fig. 17.9).

Laparoscopic Approach

The patient is placed on the table in the supine split leg position. A slight reverse
Trendelenburg (15 to 30°) position is very helpful. The surgeon alternates position
in between legs and the patient’s right side, and the camera assistant is on the left
side.

Pneumoperitoneum is established via Veress needle in the left upper quadrant or
Hasson technique to reach an intra-abdominal pressure of 15 mm Hg.
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Figure 17.8 Stapled gastrojejunostamy. (Insertion of
the GIA limbs into the stomach and jejunum.)

Access to the abdominal cavity is obtained by the use of four 5-mm laparoscopic
trocars and two 12-mm trocar. These ports are placed in a V-shaped arrangement
around the umbilicus (Fig. 17.10).

The gastrocolic ligament is divided using ultrasonic shears (Ultracision-Harmonic
Scalpel, Ethicon Endo-Surgery Inc., Cincinnati, OH) along the border of the transverse
colon, including the greater omentum in the resected specimen and allowing access
to the lesser sac.

Dissection continues toward the pylorus to include the infrapyloric nodes (group 6)
and division of the right gastroepiploic artery at its origin off the gastroduodenal
artery.

Create a window in the hepatoduodenal ligament with electrocautery.

Identify the right gastric artery; divide and ligate it near its origin off the common
hepatic artery.

Figure 17.9 The anastomasis is completed with the
application of a TA stapler.
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Figure 17.10 Laparoscopic port placement.

12 mm
5 mm (©)

]

Dissect the first portion of the duodenum off the head of the pancreas and divide it
2 cm distal to the pylorus with 35-mm linear endostapler.

Retract the lateral segment of the left lobe of the liver and incise the lesser omentum
from the undersurface of the liver up to the right paracardial region exposing the
common hepatic artery and celiac axis.

Continue dissection along the common hepatic artery toward the celiac axis. Identify
the left gastric artery at its origin from the celiac artery and divide it. If necessary
dissect the splenic artery from its origin toward the splenic hilum sweeping the
lymph nodes toward the specimen (lymph node groups, 7, 8, 9, 11).

Retract the stomach superiorly and determine the site of proximal resection along
the greater curvature. Dissect this area free of the greater omentum and take 1 or
2 short gastric vessels if necessary.

Resect the stomach with a 60-mm linear Endo-GIA stapler (green load) with the goal
of achieving a 4-cm proximal margin and removing most of the lesser curvature
(group 1 lymph nodes).

Gastrojejunal anastomosis is performed using Billroth II antecolic technique. Bring a
loop of jejunum anterior to the transverse colon up to the gastric remnant. The affer-
ent limb should be no more than 20 cm in length beyond the ligament of Treitz.
Place a posterior layer of seromuscular running absorbable suture to hold the stom-
ach and jejunum in apposition.

With electrocautery make a small gastrotomy along the greater curvature of the stom-
ach 2 cm proximal to the gastric staple line closure.

Make a corresponding enterotomy on the antimesenteric side of the jejunum.

Insert the limbs of the 35-mm linear GIA stapler into the stomach and jejunum
Engage the limbs of the device and fire the instrument.

Close the GIA defect with an interrupted layer of absorbable sutures followed by a
running outer layer of seromuscular Lembert silk suture.

The specimen is retrieved through an enlarged 12-mm port-site incision via an Endo-
catch bag. A small wound protector should be used. The specimen retrieval could
be delayed to the end of operation provided it is placed in the endobag.

Close fascial wounds more than 5 mm in size with an absorbable suture followed by
subcuticular skin closure.

Laparoscopic D2 lymphadenectomy is feasible. Use of the robot, Da Vinci® Surgical
System (Intuitive Surgical Inc., Sunnyvale, CA) is very helpful in this context second-
ary to achieving the most flexible and delicate intracorporeal laparoscopic movements.
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In difficult cases, a 5-cm minilaparotomy is made 3 cm below the xiphisternum. This
can be used to introduce a hand through a hand port. This helps in the dissection,
creation of the anastomosis, and removal of the specimen.

ws POSTOPERATIVE MANAGEMENT

We routinely request the anesthesiologist to extubate the patient at the conclusion of
the operation preferably in the operating room. If further cardiopulmonary monitoring
is not indicated the patient will be transferred to the surgical floor unit. In addition to
standard postoperative intravenous fluid resuscitation, pain management, and DVT
prophylaxis we make every attempt to adhere to the following postoperative clinical
pathway in order to expedite postoperative recovery:

Postoperative day 1: The patient is out of bed to a chair. Prophylactic antibiotics are
stopped after 24 hours

Postoperative day 2: Remove nasogastric tube, maintain nothing by mouth, remove
surgical dressing and expose the wound to air.

Postoperative day 3: Hold the a.m. dose of subcutaneous heparin; remove the epi-
dural catheter, followed by the Foley catheter 2 hours later. Order a liquid diet low
in carbohydrates.

Postoperative day 4: Advance to postgastrectomy diet as tolerated, switch to oral
medications, hep-lock IV fluids

Postoperative day 5: Administer diuretic as needed. Remove the JP (if placed) drain
if the daily volume is less than 50cc and the drain amylase concentration is less than
three times the serum amylase level.

Postoperative day 6: Stop subcutaneous heparin if fully ambulating

Postoperative day 7: Upon discharge warn the patient of transitory dumping symp-
toms which will subside in 4 to 6 weeks after surgery and recommend a diet consist-
ing of 3 to 4 small meals per day low in carbohydrates. Avoid sweet drinks and
consume liquids 30 minutes to 60 minutes after a meal.

) COMPLICATIONS

Complications following radical D2 distal subtotal gastrectomy result from gastric stor-
age dysfunction, loss of osmolar regulatory capability, and technical errors in the GI
reconstruction performed to re-establish GI continuity. The impaired gastric function
leads to symptoms associated with postoperative sequelae known collectively as the
postgastrectomy syndromes.

Dumping syndrome
Afferent loop syndrome
Efferent loop syndrome

Dumping Syndrome

Dumping symptoms develop in almost half of all patients undergoing gastric resection
but is severe in less than 5% of patients. In the majority of patients the symptoms are
transitory and improve spontaneously with time. Surgical intervention is required in
only 1% of patients. There are two forms of the dumping syndrome: early and late,
with the former being by far the more common of the two. The basic pathophysiology
appears to be the same in both, the rapid discharge of hypertonic chyme from the
stomach into the small intestine that induces a rapid shift of extracellular fluid into
the intestinal lumen in order to restore a state of isotonicity. Early dumping usually
occurs within 10 to 30 minutes after a meal characterized by a complex of gastroin-
testinal and vasomotor symptoms, including abdominal fullness, cramping, nausea,
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explosive diarrhea, palpitations, tachycardia, diaphoresis, and lightheadedness. Late
dumping symptoms develop 2 to 3 hours after a meal and are typical of hypoglycemia.
Symptoms are caused by the rapid gastric emptying of chyme with a high carbohy-
drate concentration into the small intestine leading to hyperglycemia and subsequent
excessive insulin release. The insulin response overshoots its mark causing a reactive
hypoglycemia and onset of neuroglycopenic symptoms. A diet of frequent small
meals, separating liquids from solids, ingesting liquids after a meal, and avoiding
simple carbohydrates in lieu of complex carbohydrates alleviates dumping symptoms
in most patients. Lying down after a meal can pre-empt the annoying vasomotor symp-
tomatology. If these simple measures are not effective, the long-acting synthetic soma-
tostatin analogue, octreotide acetate, may help to control dumping symptoms in
patients unresponsive to simple dietary modifications. The usual starting dose is 200
micrograms per day in divided doses administered subcutaneously before each meal.
For the rare patient with severe dumping refractory to medical therapy the preferred
surgical treatment is conversion of a Billroth II to a Roux-en-Y gastrojejunostomy. For
patients with an initial Roux-en-Y reconstruction the best treatment for intractable
dumping symptoms is construction of a 10-cm antiperistaltic (reversed) segment
within the Roux-en-Y limb.

Afferent Loop Syndrome

When the afferent limb of a Billroth II is greater than 30 cm in length it is more likely
to obstruct secondary to kinking, herniation, and twisting (volvulus) leading to a symp-
tom complex known as the afferent loop syndrome. Obstruction of the afferent limb can
also occur at the gastrojejunal anastomosis from ulceration, stricture formation, and
recurrent tumor. Chronic intermittent obstruction of the afferent loop tends to occur
more commonly than the less frequent but potentially lethal acute presentation. Chronic
afferent loop syndrome may occur at any time after gastrectomy and is due to partial
mechanical obstruction of the afferent limb. Typically patients develop postprandial
epigastric discomfort and fullness due to rapid accumulation of biliary and pancreatic
secretions in the obstructed limb after a meal. As the intraluminal pressure within the
afferent limb continues to raise it overcomes the obstruction leading to the hallmark
features of this syndrome of projectile bilious vomiting without food particles and dra-
matic relief of symptoms.

Acute afferent loop syndrome is a form of closed-loop obstruction and considered
a surgical emergency. Delay in diagnosis is associated with high mortality. It usually
occurs in the early postoperative period with the sudden onset of abdominal tenderness
and a palpable epigastric mass. If the obstruction is severe enough the intraluminal
pressure of the afferent limb may not be able to overcome the outflow resistance result-
ing in ischemic necrosis of the intestinal mucosa. If this condition is not recognized
early perforation of the afferent limb or disruption of the duodenal stump may ensue.
The Braun enteroenterostomy, an anastomosis between the afferent and the efferent
limbs, is the most suitable emergency surgical treatment for the acutely ill patient with
acute afferent loop syndrome (Fig. 17.11). Recommended surgical treatment for the
chronic afferent loop syndrome is conversion to a Roux-en-Y gastrojejunostomy.

The afferent loop syndrome can be prevented with the reconstruction of a retrocolic
Billroth II gastrojejunostomy with an afferent limb no longer than 20 cm.

Efferent Loop Syndrome

Efferent loop syndrome is caused by the obstruction of the efferent limb distal to the
gastrojejunostomy anastomosis. It is less common than the afferent loop syndrome and
can occur early in the postoperative period or years later. The clinical presentation of
the efferent loop syndrome is that of a proximal small bowel obstruction.

Etiologies include postoperative adhesions, internal herniation, and jejunogastric
intussusception of the efferent limb. The diagnosis is confirmed by either a gastrointes-
tinal contrast study or a CT scan with oral contrast. Treatment of the efferent loop
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Figure 17.11 The Braun procedure, a down-
stream enteroenterastomy diverts biliopancre-
atic secretions distally bypassing the
gastrojejunostomy is often utilized to treat the
acute afferent loop syndrome.
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syndrome usually requires surgical intervention. For postoperative adhesive disease
lysis of adhesions is all that is necessary. For patients with obstruction due to internal
herniation, reduction of the internal hernia and anchoring the efferent limb to the ante-
rior abdominal wall or transverse mesocolon depending on whether it is reconstructed
antecolic or retrocolic respectively should be performed. Jejunogastric intussusception
is an uncommon cause of the efferent loop syndrome in which the efferent limb intus-
suscepts into the stomach. The majority of patients with jejunogastric intussusception
can be managed nonoperatively; however, for those who fail conservative therapy,
reduction of the intussusception and pexy of the afferent and efferent limbs to the
abdominal wall or transverse mesocolon is indicated.

59 RESULTS

There is considerable controversy regarding the appropriate extent of lymph node dis-
section for patients with gastric cancer. In 1981, Kodama and associates reported the
first study that showed a significant survival advantage for patients undergoing a D2
gastrectomy. Patients with node-positive gastric cancer who underwent a D2 resection
had 5-year survival rate of 39% compared to 18% for patients treated with a D1 gastric
resection. Since then several studies from Japan which were largely retrospective
involving thousands of patients have reported 5-year overall survival rates of 50% to
60% for gastric cancer patients undergoing D2 gastrectomy clearly superior to the 15%
to 20% b5-year survival rates reported from Western centers after DO or D1 gastric
resection. The discrepancy in outcome between Japan and Western countries led to the
development of two large multicenter prospective trials: the Dutch Gastric Cancer Trial
and the British Medical Research Council Trial, both two arm studies randomizing
patients to a D1 or D2 Japanese-style gastrectomy.

Summary of the results from the two trials:
Both studies showed no survival advantage with the extended lymph node dis-
section.
Higher morbidity and mortality in the D2 arm
Longer length of hospital stay in the D2 arm
The D2 resection did offer a statistically significant survival advantage for patients
with stage II and stage IIIA gastric cancer in the Dutch trial.
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In the Medical Research Council (MRC) trial the majority of the morbidity and
mortality in the D2 arm was attributed to the routine performance of splenectomy
and pancreatectomy.
In the MRC trial the D2 arm was associated with better survival than the D1 arm and
comparable morbidity and mortality when the spleen and pancreas were preserved.
The risk of recurrence was significantly lower among D2 patients (29% vs. 41%) in
the Dutch trial.
In both studies the overall 5-year survival rate of the D1 group increased from an
expected 20% survival rate to an observed 34% (MRC) and 45% (Dutch) suggesting
a strong association between survival and an adequate lymph node dissection.

-»;9 CONCLUSION

Although the two large European trials did not show a survival benefit, surgeons in
Japan, Germany, [taly, and high-volume centers in the United States continue to support
the D2 extended lymph node dissection for the treatment of gastric adenocarcinoma.
Recent prospective studies suggest that D2 gastric resection markedly improves the
long-term survival in patients with stage II and stage IIIA gastric cancer. Practice guide-
lines of the D2 gastrectomy include the following:

En bloc resection of the greater and lesser omentum

Involves removal of the N1 (3-6) and N2 (1, 7-9, +/-11) lymph nodes for distal third
cancers

Resection of the anterior peritoneal leaf of the transverse mesocolon, pancreatic cap-
sule, and lesser sac bursa

Due to the lack of a survival benefit and associated increased morbidity and mortal-
ity, routine splenectomy and distal pancreatectomy are not part of the D2 lym-
phadenectomy.

The most recent edition (7th) of the AJCC Tumor Staging Manual requires the removal
and examination of a least 15 lymph nodes for adequate staging.

The extent of gastric resection (amount of stomach removed) depends on tumor loca-
tion and not on the extent of lymph node dissection (D1 or D2).

For patients with serosa-negative, node positive distal gastric adenocarcinoma, D2

adjacent organ preserving distal subtotal gastrectomy should be considered.
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@ INDICATIONS/CONTRAINDICATIONS

The only known curative treatment for gastric adenocarcinoma involves surgical resec-
tion. With recent advances in neoadjuvant and adjuvant treatment in combination with
surgery, the curative potential as measured by overall survival has improved, although
overall cure rates are still low with 58% 1-year survival and 28% 5-year survival accord-
ing to national U.S. statistics. This is partly due to the late stage at which most gastric
adenocarcinomas are identified. Nevertheless, in recent years more early-stage gastric
cancers have been identified, allowing for earlier treatment and better outcomes. Indica-
tions for gastrectomy for adenocarcinoma include patients with pathologically proven
adenocarcinoma and staging work-up that demonstrates nonmetastatic disease. In addi-
tion, those patients with very early-stage (T1a) disease who met specific criteria may
be considered for endoscopic mucosal resection. Indications for gastrectomy include
gastric cardia tumors and gastroesophageal junction adenocarcinomas that meet criteria
of Siewert type III and in some cases Siewert type II cancers. For these tumors a total
gastrectomy with D2 lymphadenectomy is required.

Indications for a laparoscopic approach depend largely on surgeon skill and training
with both advanced laparoscopic techniques and with appropriate oncologic principles
for resection of gastric cancer. As few centers see more than a dozen such cases per year,
it may be advisable to refer such patients to high-volume gastric cancer centers. Con-
traindications are relative to the specific patient; however, relative contraindications may
include patients with multiple prior laparotomies, those with locally invasive or very
large tumors, or those with a high body mass index rendering safe and timely resection
more difficult. Additionally, patients with neoadjuvant treatment sometimes have intense
peritumoral fibrosis that prompts an open approach. In cases that are borderline for the
laparoscopic approach, starting minimally invasively in order to assess the patient is
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reasonable as long as the operating surgeon has a low threshold for conversion. The
primary goal of resection is an oncologically safe and complete resection. Minimally
invasive removal is the secondary goal, and this should be emphasized to the patient
prior to resection.

9_3;}- PREOPERATIVE PLANNING/STAGING

All patients with gastric cancer who are being considered for operative resection need
a complete staging work-up. This includes an upper endoscopy with biopsy, com-
puted tomography of the chest, abdomen, and pelvis, and for locally advanced tumors,
a positron emission tomography scan. Patients require endoscopic ultrasound as an
important aspect of staging. Patients who are found to have ultrasonic penetration up
to and into the muscularis propria (T1 and T2) are potential candidates for upfront
surgical resection. Those patients with endoscopic ultrasound findings of penetration
into the subserosal connective tissue (T3 or higher) or N+ (node positive) disease
require additional staging with diagnostic laparoscopy and cytologic washings. This
same-day operative procedure requires general anesthesia and staging includes inspec-
tion of the surface and undersurface of the liver, the peritoneum and remainder of the
abdominal cavity (and ovaries for female patients), and in addition, peritoneal fluid
cytology is obtained. If results are positive for cancer cells in biopsies of distant tumor
deposits or in the collected fluid samples, these patients are staged as metastatic or
stage IV gastric cancer and are not candidates for gastric resection. Patients with wash-
ings that are negative and with no other intra-abdominal deposits are staged as locally
advanced and usually undergo a treatment with neoadjuvant chemotherapy prior to
operation. Postoperative treatment for patients varies depending on final pathology
from the operation and may include chemotherapy (MAGIC trial) or chemotherapy
and radiation treatment (MacDonald trial).

() SURGERY

Laparoscopic Subtotal Gastrectomy with D2
Lymphadenectomy and Roux-en-Y Reconstruction

Patients are admitted the morning of surgery after being on clear liquids prior to sur-
gery and being NPO after midnight the day of the operation. In select cases, where a
conversion to an open approach is considered likely, an epidural catheter may be
placed pre-operatively. When in the operating room, patients have sequential compres-
sion devices placed on their lower extremities and undergo general anesthesia. Unless
other medical conditions exist to prompt more extensive monitoring, large bore intra-
venous catheters are placed in addition to a Foley catheter. The operative set-up and
steps are as follows;

Instrumentation and Equipment
In addition to the typical laparoscopic set-up, special instruments include

i. Nathanson liver retractor with Elmed or other anchoring device for the retractor
ii. Ultrasonic scalpel or sonosurg device (Ligasure may be used as well)
ili. Universal Endo-GIA stapler with stapling loads for vessels, bowel, and stomach
iv. 5-mm argon beam coagulator (optional)
v. laparoscopic needle holder
vi. split-leg bed with foot pads
vii. gastroscopy set-up with a separate tower for intraoperative tumor localization and
marking.
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Figure 18.1 Patient pasitioning in
the operating room.

# Video
/ monitor

Scrub table

Scrub table
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Positioning and Trocar Placement

1 Place the patient in the supine position in the split leg position with spreader bars
and foot pads (Fig. 18.1).

i Place five trocars into the lower abdomen (Fig. 18.2), typically four 5-mm ports and
one 12-mm port (in the right periumbilical position). Carbon dioxide insufflation is
maintained at a pressure of 15 mm Hg.

Port Placement Figure 18.2 Trocar site placement for laparoscopic
total gastrectomy.
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Figure 18.3 Entering the lesser
sac and visualization of the
greater omentum.

The Nathanson liver retractor is placed to retract the left lobe of the liver via a 3-mm
skin incision made in the midline at the subxiphoid position, and the retractor is
then held into place with a stationary retractor. The patient is placed in steep reverse
Trendelenburg position.

Operative Technique

Part I: Tumor Localization and Entry into the Lesser Sac

Prior to beginning resection, visualize the tumor and the intended extent of resection.
If the tumor cannot be visualized from outside the stomach, then begin with intra-
operative endoscopy to mark the exact tumor site with a stitch.

Lift the greater omentum in the cephalad direction to visualize the transverse colon.
Enter the lesser sac via the top of the transverse colon. Carefully dissect under the
omentum with care to preserve the transverse mesocolon, until the posterior wall of
the stomach is visualized (Fig. 18.3).

Grasp the posterior stomach wall with a large bite using the bowel grasper and retract
toward the left diagonal position to view the omentum from below and proceed with
the omentectomy. Care must be taken to periodically visualize and preserve the
splenic flexure of the colon and the colon mesentery.

Transect some of the short gastric vessels allowing for dissection of the splenic hilar
as well as the greater curvature lymph node stations and the splenic hilar lymph
nodes (Fig. 18.4).

Mobilize the greater curvature up to the level of proximal transection.

Part 2: Greater Curvature and Pyloric Mobilization with Lymphadenectomy
Keep the patient in steep reverse Trendelenburg and change the positioning of the
camera to view the posterior stomach toward the direction of the pylorus.

Continue the omentectomy to facilitate resection along the transverse colon toward
the direction of the gallbladder.

Once the omental attachments are free, attention can be redirected toward dissection
along the posterior wall of the stomach. Keep the pancreas in view and avoid injury.

Liver

i [ Stomach

Gallbladder (reflected)

Pancreas
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Lymph nodes from left
gastric vessels

Liver

Short gastric
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Spleen

Aorta
Splenic artery
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of liver

Common
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Stomach - Left gastroepiploic
E artery

Greater omentum

Right gastroepiploic
artery

As the dissection continues toward the pylorus posteriorly, the right gastroepiploic
vessels are encountered and the lymph node bundle is carefully dissected en bloc in
an upward direction to be included with the gastric resection. The base of the gas-
troepiploic vessels is seen here and great care must be taken to avoid injury to the
pancreas. The base of the right gastroepiploic vessels is visualized and transected
with a vascular stapling device or with endoclips (Fig. 18.5).

At this point, the pylorus is visualized from a posterior position and freed carefully
from any periduodenal and pancreatic tissue. Care must be taken to use hemostatic
instruments here such as the sonosurg to avoid bleeding from the many periduodenal
vascular branches. The pylorus is also visualized and mobilized from above, and all
surrounding attachments are cleared to a point about 2 cm distal to the pylorus.
However, do not devascularize duodenum that will remain or be part of the staple-
line (Fig. 18.5).

Caudate lobe of liver

Aorta

Gallbladder—‘— Left gastric artery

Liver

Common

Right gastric artery

Gastroduodenal
artery

Duodenum

Lymph nodes from

Right gastroepiploic artery right gastroepiploic artery

Figure 18.4 Lymphadenectomy of
the right gastroepiploic vessels,
right gastric artery and comman
hepatic lymph nodes, left gastric
artery and vein, and pericardial
nodes.

Figure 18.5 Lymphadenectomy of
the peripyloric nodes and duode-
num.
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Next, the duodenum is transected at the cleared point with an endo-GIA stapling
device with a staple load for bowel. Only transect the duodenum after confirming
with the anesthesiologist that the orogastric tube and temperature probes have been
removed. During transection, take care to avoid injury to the nearby portal triad.
Stapling can be done via a stapling device with or without staple line reinforcement.

Part 3: Right Gastric Vessels and Lesser Curvature Mobilization
and Lymphadenectomy

Next, identify the right gastric artery at its origin. Dissect the associated lymph nodes
from the origin of the right gastric and common hepatic vessels and bring these en
bloc with the specimen. The right gastric artery is ligated at its origin, usually with
an ultrasonic radiofrequency device.

Continue mobilization along the lesser curvature of the stomach to facilitate lym-
phadenectomy of the lesser curvature nodes. For a subtotal gastrectomy, it is impor-
tant to include lymphadenectomy of the pericardial lymph nodes up to the right crus
of the stomach and then include this entire lesser curvature lymph node packet en
bloc by dissecting this tissue down toward the proximal transection point on the
lesser curve of the stomach. This will remove all of the perigastric tissue along the
lesser curve. Take care to check prior to surgery whether an accessory hepatic artery
is present and preserve if possible (Fig. 18.4).

Identify the left gastric artery and vein which will be along the posterior wall of the
lesser curvature of the stomach and carefully dissect the lymph node bundle here,
taking care to avoid injury to the celiac trunk or splenic artery. This lymph node
packet should be dissected upward, toward the stomach, en bloc.

Ligate the left gastric vessels at the level of the celiac trunk, via a vascular stapling
device or with endoclips.

After confirming that the posterior aspect of the stomach is free of tissue attachments
at the level of transection, use a linear stapling device to transect the gastric wall at
a point several centimeters above the marked lesion. Each staple firing should be
done in a manner that avoids crossing staple lines and preserves the fundus of the
stomach.

Place the gastrectomy specimen with en bloc lymph nodes and omentum in a large
endocatch bag and extract through the slightly enlarged right lower quadrant 12-mm
port site. Usually the extraction site does not need to be larger than 3 cm in length.
Send the specimen to pathology and have frozen sections performed of the proximal
margin to ensure a microscopically cancer-free margin. If the margin is positive,
further stomach must be resected and it may be necessary to perform a total gastrec-
tomy. These possibilities should be discussed with the patient, prior to operation.

Part 4: Reconstruction with Roux-en-Y

Once the margin is confirmed as negative, the reconstruction can begin. When approx-
imately half or more of the stomach is removed, a Roux-en-Y reconstruction is per-
formed.

First Stage
Position the patient in Trendelenburg position.
Identify the ligament of Treitz.
Measure a point roughly 30 cm distal to the ligament of Treitz that will allow for
best mobility in an antecolic position up toward the esophageal stump.
Divide the jejunum at this determined point with a blue load stapling device.
Prepare the Roux limb by carefully transilluminating the Roux mesentery and di-
viding vessels that are not needed. Take care to avoid injury to the vascular arch.
Measure 60 to 65 cm of length along the Roux limb and choose this spot for con-
struction of the jejunojejunostomy.
Align the two anti-mesenteric limbs of the biliopancreatic limb and Roux limb,
make an enterotomy in both limbs of jejunum, fire the linear gastrointestinal load
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stapler, and close the resultant enterotomy with a running 2-0 silk suture from bot-
tom to top. Additional reinforcing interrupted sutures can be used if needed. Reap-
proximate the mesenteric defect with an absorbable running suture.

Next bring the Roux limb to the gastric remnant and return the patient to steep re-
verse Trendelenburg position.

Create gastrotomy at a point roughly 1 cm away from the transection point on the
anterior stomach wall with an ultrasonic device. Confirm that the stomach has been
entered (as the gastric wall is thick). Next approximate the Roux limb parallel to
the gastrotomy site. A stay stitch may be used but is not necessary. An enterotomy
is created in the end of the Roux limb at a point about 2 cm from the transected
jejunum and entry is confirmed. Care must be taken to assure that the limb has not
been twisted around the mesentery and that there is no tension or kinking observed
in the proposed anastomotic site. Hemostasis in both sites is assured as well.

The endo-GIA stapler is fired with a 6-cm load to create a large anastomotic open-
ing, confirming that the posterior wall of the stomach and the mesentery of the
Roux limb are not compromised. As the stapler is removed, examine the anastomo-
sis for any bleeding and confirm hemostasis.

The anastomotic defect that remains is then approximated with a running 2-0 silk
suture. A second layer may be used if necessary. The anastomosis is carefully ex-
amined.

After creating the gastrojejunal anastomosis, a water-bubble test may be performed
via an endoscopy to both visualize the anastomosis from the inside to confirm pa-
tency, hemostasis, and secure anastomosis.

Close the 12-mm port site fascia, remove the liver retractor, deflate the abdomen,
and close the incisions.

ws POSTOPERATIVE CARE AND FOLLOW-UP

The patient is extubated in the operating room prior to transfer to the recovery room.
It is not necessary to leave a nasogastric tube in place. Intraabdominal drains are not
routinely used. Postoperative analgesia is administered by patient-controlled analgesia
or by an epidural. Typically, the patient may go to the floor after about 4 to 6 hours of
stable monitoring in the recovery room, and if stable overnight, the patient may begin
taking ice chips and sips of water the next morning and should begin ambulating and
use an incentive spirometer.

Postoperative day 2, full liquids may be started assuming the patient is doing well
and tolerating sips of clears.

Postoperative days 3 to 5, a postgastrectomy diet may be introduced. A nutritionist
will see the patient to discuss dietary recommendations.

Patients are seen 1 to 2 weeks postoperatively and patients are then seen for follow-
up at roughly 3-month intervals for a year followed by 6-month intervals and then
yearly thereafter. In addition to measuring weight and examining the patient, CT scans
of the chest, abdomen, and pelvis, alternating with endoscopy, are performed after
surgery at ~6- to 12-month intervals.

) COMPLICATIONS

Early Postoperative Complications

The main complications that may occur early after operation include postoperative
bleeding, atelectasis, pneumonia, wound infection, deep venous thrombosis, and urinary
tract infection. The most important early postoperative complications are esophagojeju-
nal anastomotic leak/obstruction, jejunojejunal anastomotic leak/obstruction, or duode-
nal stump leak. Leak is one of the most serious complications after total gastrectomy and
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should be the first complication considered for any deviation of postoperative course.
Manifestations of leak include early fever on postoperative day 2 or 3, tachycardia that
is not otherwise well explained, or pain with swallowing in the epigastric region as well
as wound infection. Management of a leak depends on the site and clinical stability of
the patient. NPO and IV antibiotics with interventional guided radiology drainage are
first steps for otherwise clinically stable patients who have been found to have a leak by
Gastrografin swallow study or CT scan. For patients who are or become clinically unsta-
ble, return to the operating room for irrigation and placement of multiple drains in the
area of the leak may be necessary.

Late Complications

Late complications are rare but may include delayed gastric emptying or anastomotic
stricture. This may be relieved by endoscopic balloon dilation.

59 RESULTS

The only randomized, prospective series in the Western hemisphere is from Italy. In
this study, the surgeon randomized all stages of surgically resectable gastric cancer into
laparoscopic or open approaches. He then followed these patients for survival over a
5-year period. In this study, there were many benefits that are typically associated with
the laparoscopic approach of decreased length of stay and decreased analgesia use;
however, the most important finding was that there was no difference in disease-specific
survival at 5 years. This landmark study demonstrated that this procedure is safe, ben-
eficial for the patients’ recovery, and most importantly oncologically equivalent to the
open approach.

The largest published series of laparoscopic subtotal gastrectomy in the United
States comes from Memorial Sloan-Kettering Cancer Center and City of Hope Cancer
Center. In the Memorial Sloan-Kettering Cancer Center experience, a total of 60 patients
were evaluated, including 30 minimally invasive gastrectomies (MIG) and 30 open gas-
trectomies (OG) procedures. Median operative time for the laparoscopic approach was
270 minutes (range 150 to 485) compared to 126 minutes (range 85 to 205) in the open
group (p < 0.01). The length of hospital stay after laparoscopic gastrectomy was 5 days
(range 2 to 26) compared to 7 days (range 5 to 30) in the open group (p = 0.01). Post-
operative IV narcotic use was shorter for laparoscopic patients, with a median of 3 days
(range O to 11) compared to 4 days (range 1 to 13) in the open group (p < 0.01). Post-
operative late complications were significantly higher for the open group (p = 0.03).
Short-term recurrence-free survival and margin status was similar with adequate lymph
node retrieval in both groups.

In the City of Hope experience, a recent review of the gastrectomy experience com-
pared minimally invasive to open gastrectomy. A total of 78 consecutive patients were
evaluated, including 30 minimally invasive and 48 open procedures. All laparoscopic
patients had negative margin resections and 15 or more lymph nodes in the surgical
specimen. There was no difference in the mean number of lymph nodes retrieved by
MIG or OG (24 + 8 vs. 26 £ 15, p =.66). MIG procedures were associated with decreased
blood loss (200 vs. 383 mL, p = .0009) and length of stay (7 vs. 10 days, p = .0009) but
increased operative time (399 vs. 298 minutes, p < .0001). Overall complication rate
following MIG was lower but statistical significance was not achieved.

In summary, this chapter demonstrates the technique of laparoscopic subtotal
gastrectomy with modified D2 lymphadenectomy for the treatment of gastric carci-
noma, and on the basis of data and studies so far, it appears that this technique can
be recommended as a safe, oncologically equivalent operation that additionally pro-
vides many of the known benefits of the minimally invasive approach in terms of
patient recovery and comfort. Additional studies will help to further confirm these
initial reports.
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J Total Gastrectomy and
Esophagojejunostomy

Andrew M. Lowy and Hop S. Tran Cao

?) INDICATIONS/CONTRAINDICATIONS

Total gastrectomy, with subsequent restoration of alimentary tract continuity in the form
of esophagojejunostomy, is an operation that can result in significant postoperative
metabolic and nutritional derangements. For this reason, care must be taken to properly
select and optimize the right candidate for this procedure.

The most common indication for total gastrectomy is an attempt at curative resection
for gastric adenocarcinoma located within the fundus or body of the stomach. While some
authors have advocated the use of subtotal gastrectomy for tumors limited to the proximal
third of the stomach, this approach offers no survival advantage while being associated
with greater perioperative morbidity and mortality. Instead, we reserve subtotal gastrecto-
mies for tumors of the gastric antrum, for which distal gastrectomy has been well estab-
lished as the procedure of choice as long as a generous proximal margin (5 to 6 cm) can
be obtained. Linitis plastica, a diffuse form of gastric adenocarcinoma involving the entire
stomach, may theoretically be treated with total gastrectomy. However, cancer cells in this
disease process tend to infiltrate far beyond the visible tumor, and clear resection margins
are often not achievable; surgery is therefore rarely used to treat this lethal disease.

Less common indications for total gastrectomy include the following:

Other neoplasms of the stomach such as gastric neuroendocrine tumors, leiomyosa-
rcomas, or lymphosarcomas

Palliation for hemorrhagic, obstructive, or perforated gastric tumors or intractable
pain. With advances in endoscopic and angiographic technologies, the need for sur-
gical intervention in a palliative role has diminished.

Zollinger—Ellison syndrome that has failed other attempts at symptom control. In a
patient with Zollinger—Ellison, every effort should be made to identify and remove
the primary gastrinoma lesion and to debulk metastatic disease when possible. Med-
ical management should include the use of proton pump inhibitors and octreotide,
a somatostatin analogue. However, when ulcer diathesis persists despite these efforts,
a total gastrectomy can be offered for symptomatic relief.

Contraindications to total gastrectomy in the setting of gastric cancer include the
presence of disseminated disease with peritoneal seeding and/or liver metastases and
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local invasion of the tumor into the aorta, celiac axis, or vena cava. On the other hand,
direct extension of the tumor into adjacent structures, including the transverse colon,
middle colic vessels, pancreatic body and tail, spleen, or left lobe of the liver, does not
preclude resection; in this circumstance, en bloc resection of the stomach with the
involved organ segment is warranted.

tj}; PREOPERATIVE PLANNING

In planning a total gastrectomy for gastric cancer, a thorough staging work-up should
be undertaken. Obtaining tissue diagnosis is paramount and is achieved via upper gas-
trointestinal endoscopy. This modality allows visual inspection and sampling of the
tumor; biopsies should be taken at multiple sites from the ulcer edges and not the base,
which may be necrotic and yield false-negative results. Endoscopic ultrasound may be
of value in assessing the depth of tumor invasion and nodal status, particularly in
patients enrolling in neoadjuvant treatment studies.

A high-quality computed tomography (CT) scan of the chest, abdomen, and pelvis is
obtained to look for metastatic disease and assess the extent of tumor invasion. Imaging
of the chest is especially helpful in patients with proximal tumors when the possibility
of thoracotomy is contemplated.

For the same reason, preoperative pulmonary function tests may be indicated for
those patients with high proximal lesions, while a mechanical bowel preparation should
be considered if the transverse colon is involved by the tumor and en bloc resection is
anticipated.

Patients with gastric carcinoma often present with advanced disease and are nutri-
tionally depleted as a result of obstructive symptoms or early satiety. Therefore, their
nutritional status should be assessed and optimized if possible.

Basic blood tests, including liver function tests and coagulation parameters, are
taken.

() SURGERY

Pertinent Anatomy

Two major anatomical concepts should be mastered when approaching total gastrec-
tomy. First, the blood supply to the stomach and, by extension, its lymphatic drain-
age must be well understood (Fig. 19.1). The stomach is supplied by an extensive
vascular network formed by four major arteries stemming directly or indirectly from
the celiac axis, the main vascular branch to the embryologic foregut. The lesser cur-
vature of the stomach is vascularized by the left gastric artery, a main branch of the
celiac axis, and the right gastric artery, most often a branch of the hepatic artery. The
vascular supply to the greater curvature consists of the left gastroepiploic artery, a
branch of the splenic artery, and the right gastroepiploic artery, which most often
stems from the gastroduodenal artery. The greater curvature also receives some blood
supply from short gastric arteries originating from the splenic artery near the splenic
hilum.

It is also important to understand the three-dimensional relationship of the stomach
with its surrounding organs (Fig. 19.2). The stomach is attached to the liver by the lesser
omentum, also known as the gastrohepatic ligament. The greater omentum hangs off its
greater curvature and attaches to the transverse colon along an avascular plane. The
transverse mesocolon lies behind the stomach and reaches the pancreas, a retroperito-
neal organ that sits directly posterior to the stomach. A tumor of the stomach may
therefore encroach or directly invade any of these structures, as well as the left lobe of
the liver, or the spleen.
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Figure 19.1 The arterial supply to
the stomach originates from the
celiac axis and consists of four
main vessels: two along the lesser
curve, the right and left gastric
arteries, and two along the greater
curve, the right and left gastroepi-
ploic arteries. Lymph nodes along
these vessels must be included in
the specimen. A D2 lymph node
dissection includes the nodes
along the celiac, splenic, and
hepatic arteries as well.
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Positioning

The patient is placed on the table in the supine position, with the bed in slight reverse
Trendelenburg position. The abdomen and chest are widely prepped and draped. The
arms can be abducted to allow for attachment of the Bookwalter retractor. A Foley
catheter is inserted and appropriate prophylactic antibiotics administered. The patient
is provided both pharmacologic and mechanical thrombophylaxis.

Incision/Exposure

When the indication for total gastrectomy is gastric cancer, we routinely start by per-
forming a staging laparoscopy. This procedure has been shown to spare between 23 and
37% of patients with CT-occult metastatic disease an unnecessary laparotomy by detect-
ing small peritoneal or liver deposits. Particular attention is paid to the liver surfaces,
omentum, and peritoneum in the pouch of Douglas.

Even following a negative laparoscopy, we initially prefer a limited midline epigas-
tric incision extending from the xiphoid process that allows for exploration and confir-
mation of resectability. Once this is accomplished, the incision is extended to or just
past the umbilicus to afford adequate exposure. If the tumor involves the proximal
stomach and extends to the distal esophagus, a combined thoracoabdominal approach
may be necessary. A Bookwalter retractor is placed; the lateral segment of the left lobe
of the liver is mobilized and is retracted anteriorly and to the right with a fan retractor.

Surgical Technique

The first step of the operation is to perform a thorough exploration of the abdominal
cavity to confirm resectability.

Part Il: Procedures for Neoplastic Disease
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Figure 19.2 The stomach is attached

superiorly to the liver via the
gastrohepatic ligament or lesser
omentum. The greater omentum
hangs from its greater curvature
and attaches to the transverse
colon along a relatively avascular
plane; apening up this plane
allows access to the lesser sac
and evaluation of the posterior
stomach, mesacolon, pancreas,
and celiac axis.
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To rule out metastatic disease, the liver is thoroughly assessed and palpated, and the
peritoneal surface, especially in the pouch of Douglas, is carefully examined for
tumor deposits.

Next, the stomach is evaluated to determine the extent of local invasion. This is
accomplished by manually inspecting the anterior surface of the stomach. The pos-
terior aspect of the stomach is palpated after accessing the lesser sac to ensure that
the tumor does not invade into the aorta, celiac axis, or vena cava. Such a finding
should be rare as preoperative imaging is highly accurate in assessing these relation-
ships. As previously mentioned, direct extension into the transverse colon or its
mesenteric root, the pancreas, the spleen, or the left lobe of the liver does not con-
traindicate total gastrectomy; in such a situation, en bloc resection is indicated,
although prognosis for these patients is poor.

Once the potential for surgical cure has been verified, total gastrectomy can be car-

ried out. While there continues to be significant controversy surrounding the optimal
extent of lymph node dissection, our practice is to perform a modified D2 lymphadenec-
tomy that removes lymph nodes along the celiac, splenic, and hepatic arteries in addi-
tion to the perigastric lymph nodes. Routine splenectomy and distal pancreatectomy
are not performed, as they offer no survival advantage while accounting for the major-
ity of D2 dissection-associated complications reported in the literature. With this in
mind, total gastrectomy is begun along the greater curvature and omentum.
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Figure 19.3 The right gastroepiploic
vessels are identified along the
most distal aspect of the greater
omental attachment to the stom-
ach, near the pylorus. These
vessels are dissected back to

the arterial origin and ligated
there. The subpyloric lymph nodes
are swept up and taken with the
specimen.

The transverse colon is isolated by taking down the hepatic and splenic flexures. It
is then dissected away from the greater omentum along the avascular plane. The
colon is then retracted inferiorly while the omentum is lifted up to expose the lesser
sac, including the anterior surface of the pancreas and the transverse mesocolon.
The greater omentum is traced up on the left side until the left gastroepiploic vessels
are identified, ligated, and divided. The splenic hilum is examined; if it is involved
with the tumor, a splenectomy is performed. Otherwise, the short gastric vessels are
taken down as close to the spleen as possible. Vessel or tissue sealing devices can
be used to complete this division rapidly with good hemostasis; likewise, they are a
good option to complete the omental dissection described above.

The distal-most gastric attachment of the greater omentum leads to the duodenum
and head of the pancreas. It is there that the right gastroepiploic vessels are encoun-
tered (Fig. 19.3); these are ligated near their origins with 2-0 silk sutures and divided.
Care must be taken to avoid injuring the middle colic vessels during this process.
Lymphatic tissue in this area, including the subpyloric lymph nodes, is swept up
toward the specimen.

Attention is next directed to the lesser omentum and the duodenum.

First, a Kocher maneuver is performed and the duodenum is carefully separated from
the anterior surface of the pancreas, making sure to ligate any bridging vessels.
Next, with the liver retracted cephalad, the peritoneal layer covering the hepatoduo-
denal ligament is incised, and the right gastric vessels are identified along the supe-
rior margin of the duodenum. They are dissected to their origins, ligated, and divided.
Suprapyloric lymph nodes are part of the perigastric fatty tissue here that must be
swept toward the specimen.

The duodenum can now be safely divided at a distance approximately 2 to 3 cm
distal to the pylorus. This can be done with the use of a linear stapler; the staple
line on the duodenal stump may be reinforced with an interrupted layer of Lembert
seromuscular sutures; however, care must be taken to avoid creating excess tension.
Frozen sections of the duodenum on the specimen side are obtained to ensure ade-
quate distal margin.

With the distal stomach and duodenum having been transected, the dissection is
now carried proximally toward the esophageal hiatus in order to mobilize the esophagus.

To facilitate subsequent steps in the dissection, the triangular ligament of the left
lobe of the liver is taken down with electrocautery, exposing the esophageal hiatus.
The left lobe is then retracted to the right under a retractor.

The incision in the gastrohepatic ligament, which had been initiated during the
mobilization of the right gastric vessels, is now carried proximally until the inferior
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phrenic vessels are encountered and divided. The peritoneal reflection overlying
the esophageal hiatus is opened in continuity with the gastrohepatic ligament to
expose the diaphragmatic crura. Blunt digital dissection can be performed to encircle
the esophagus, facilitating placement of a Penrose drain. The left hand is then passed
behind the esophagus to expose the gastrophrenic ligament, which is incised between
the gastric fundus and diaphragm.

The common hepatic artery is identified and traced back along the superior border
of the pancreas to the celiac axis; all lymphatic tissues surrounding these vessels are
gently dissected toward the stomach.

The left gastric vessels are isolated near the origin of the artery; prior to the ligation
of the left gastric artery with 2-0 silk sutures, it is important to verify that an aberrant
left hepatic artery does not originate from it.

The stomach is retracted upward, and any congenital attachments are divided. The
lymphatic tissue adjacent to the splenic artery can now be dissected toward the
stomach for inclusion with the specimen.

Removing the capsule of the pancreas and the superior peritoneal leaf of the meso-
colon with the specimen has been described; however, no data exist to support the
necessity of this maneuver, and we do not typically perform this step.

At this time, the stomach’s only remaining attachment is the esophagus, which
tends to retract into the thoracic cavity once divided. Steps are taken to ensure that
there remains adequate length to perform a safe anastomosis after gastrectomy and that
margins are adequate (they should be at least 6 cm from the grossly detected tumor),
including

dividing the vagus nerves between hemoclips after clearly identifying them (Fig. 19.4)
approximating the diaphragmatic crura posterior to the esophagus with 0 silk sutures
to reduce the hiatal size

anchoring the esophagus to the diaphragmatic hiatus with simple interrupted sutures;
the stitches are placed in a spot on the esophagus about 2 cm proximal to the site
of division.

With the esophagus anchored, the stomach is retracted upward to expose the back
side of the esophagus, which is then partially divided. Corner sutures are placed at the
lateral edges of the esophageal opening. These are not tied down but instead tagged
with hemostats. The division of the esophagus is then completed, and the specimen
removed from the field (Fig. 19.5). At this time, the proximal margin of the specimen
is sent for frozen section.

The next step in the operation is to proceed with reconstruction of the GI tract.
Following total gastrectomy, several reconstructive methods have been described that

Figure 19.4 The right vagus nerve
is identified along the esophagus;
it is dissected free and divided
between hemaclips. Division of
both vagi relieves some of the
upward retraction on the esopha-
gus and facilitates canstruction of
the esophagojejunal anastomasis.
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Figure 19.5 The esophagus has
now been divided fully from the
stomach; two corner stitches will
aid in stahilizing and aligning the
esophagus for esophagojejunas-
tomy.

aim to reduce the transit time or reproduce the reservoir capacity of the resected stom-
ach, including jejunal interposition, jejunal pouch creation, or a combination thereof.
However, none of these methods have been proven to be superior to the standard
Roux-en-Y reconstruction. Our preferred method is to perform a retrocolic Roux-en-Y
end-to-side esophagojejunostomy, which can either be handsewn or stapled with an
EEA stapler. We describe here the hand-sewn anastomosis.

The small bowel is lifted out of the abdominal cavity and the vascular arcades
inspected. The jejunum should be divided approximately 20 cm distal to the liga-
ment of Treitz, but before doing so, this segment of bowel is tested to determine
whether its mesentery can reach the diaphragm. Usually, adequate length is achieved
with division of one to two arcade vessels.

A small 4-cm incision is then made in the avascular portion of the transverse meso-
colon, to the left of the middle colic artery. The Roux limb is brought up through
this opening and positioned next to the esophagus, with the stapled end facing to
the left, to set up the end of the esophagus-to-side of the jejunal limb anastomosis.
Adequate length is once again verified. It is also important to avoid twisting or kink-
ing the jejunal mesentery in this process.

To avoid internal herniation, the wall of the jejunal limb is sutured to the mesocolon
opening, and any remaining defect is occluded. Likewise, the free edge of the jejunal
mesentery is superficially approximated to the posterior peritoneal surfaces.

To relieve the tension on the upcoming anastomosis, the jejunal loop is suspended
to the diaphragm with a row of interrupted 2-0 silk sutures placed between the dia-
phragm just posterior to the esophageal hiatus and the posterior wall of the jejunum
near its mesentery.

At this time, the jejunal loop should be well aligned with the esophageal opening;
a one-layer hand-sewn anastomosis can now be performed. The jejunal opening should
be made on the antimesenteric border of the jejunum; this anticipated incision site
should be scored superficially with cautery to help in the placement of the posterior
seromuscular layer.

First, two outer, posterior “seromuscular” sutures are placed at the corners of the
esophageal wall and the posterior jejunum (the esophagus lacks a serosa; the bite
taken on the esophageal side consists therefore of muscle only); these are tagged with
hemostats. One or two simple interrupted 3-0 silk sutures are placed between these
corner sutures and tied. The corner stitches are then tied down to set the Roux limb
in place.

The jejunal incision site, which should lie just anterior to this created row, is now
opened with the jejunum under traction. The length of this incision should be
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Figure 19.6 The anterior layer of
the esophagojejunostomy is
completed with simple interrupted
sutures tied on the extraluminal
side.

approximately that of the esophageal diameter. Next, the posterior anastomosis is
created with the use of 3-0 silk sutures placed in an interrupted fashion, starting with
a corner suture on one end and progressing toward the other. Knots are tied on the
luminal side.

With the posterior layers now complete, a nasogastric tube is passed through the
esophageal opening and guided down into the descending portion of the jejunum.
The anterior layer is then closed with interrupted 3-0 silk sutures tied extralumi-
nally; again it is best to start at one lateral edge and incrementally move toward the
other end (Fig. 19.6).

Attention is now turned to the jejunojejunostomy part of the Roux-en-Y and oblit-
eration of any newly created space to avoid internal herniation.

The jejunojejunostomy can be handsewn or performed with a stapler. For a hand-
sewn anastomosis, the open end of the proximal jejunum is anastomosed to the side
of the jejunal Roux limb, approximately 60 cm distal to the esophagojejunostomys;
this is done in two layers using 3-0 silk sutures. Our preference is to perform a side-
to-side stapled jejunojejunostomy with the use of a GIA-75 stapler. The proximal
jejunal limb is lined up next to the Roux limb side-by-side, with the stapled end
directed inferiorly. The antimesenteric corner of the staple line is then excised while
a small incision is made in the adjoining antimesenteric border of the Roux limb.
The stapler is then introduced and fired. The staple lines are checked intraluminally
for hemostasis. The mucosal jejunal openings are then grasped with Allis clamps and
lined up; a TA-60 stapler is fired deep to the clamps. A “crotch” stitch is placed at
the end of the jejunojejunostomy staple line to take some tension off the staple line.
If needed, a row of Lembert sutures may be placed to reinforce the staple line.

The mesenteric defects of the two jejunal limbs are then closed by reapproximating
their mesenteries where possible or superficially anchoring them to the posterior
parietes to prevent internal herniation.

We now proceed with abdominal closure. We typically place a standard 12-French
feeding jejunostomy catheter distal to the jejunojejunostomy to provide nutritional sup-
port in the event of poor oral intake or anastomotic leak postoperatively. The peritoneal
cavity is copiously irrigated with warm sterile water. Hemostasis is established. We do
not generally place drains; however, if there are any concerns about the quality of the
anastomoses or if the patient has significant risk factors for poor wound healing (e.g.,
chronic steroid use, poorly controlled diabetes, intraoperative hypotension), a Silastic
drain can be placed in the surgical bed, adjacent to the duodenal stump and the
esophagojejunostomy. The abdomen is then closed by reapproximating the linea alba
using 1 PDS sutures, starting from opposite ends of the incision and tied in the middle.
The wound is then irrigated and hemostasis verified before the skin is stapled close.
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ws POSTOPERATIVE MANAGEMENT

At the end of the operation, the patient is extubated and admitted to the intermediate
care unit where pain control is achieved with the use of either an epidural catheter or
a patient-controlled analgesia (PCA) device. The Foley catheter is removed upon dis-
continuation of the epidural or on postoperative day (POD) 1 or 2 if the PCA is used.
The patient is encouraged to exercise the lungs with the use of incentive spirometry
and may require chest physiotherapy, as pulmonary complications are prevalent with
gastric operations. Activity is resumed early and advanced gradually. The nasogastric
tube is placed intermittent to wall suction and generally removed on POD 1 or 2. On
PODs 5 to 7, a gastrografin swallow evaluation is performed to evaluate the anastomo-
sis for a leak. If none is detected, the patient may be started on a clear liquid diet. Diet
is advanced as tolerated with specific restrictions (see below). Patients in whom a feed-
ing jejunostomy has been placed may be fed via the catheter as early as POD 1 if
desired, although we tend to reserve jejunostomy feeding for those patients with poor
postoperative oral intake or anastomotic leak.

A dietician is asked to see the patient early in the recovery period to provide edu-
cation on the postgastrectomy diet. From a mechanical perspective, with the storage
capacity of the stomach having been removed, the digestive circuitry is significantly
altered, necessitating commensurate modifications to the diet in the form of smaller,
more frequent meals high in protein and low in carbohydrates. From a metabolic stand-
point, the stomach plays a critical role in vitamin B12 and iron absorption. The former
is dependent on intrinsic factor produced by the gastric parietal cells while the latter
is facilitated by hydrochloric acid, which converts dietary iron to a more readily
absorbed form. Patients should therefore receive supplemental vitamin B12 and iron.
Furthermore, calcium is primarily absorbed in the duodenum, which is bypassed in
this operation. Hypocalcemia may ensue; calcium supplementation may be necessary
as well.

) COMPLICATIONS

Following a total gastrectomy with esophagojejunostomy, nonspecific complications
inherent to any major abdominal surgery may occur, including bleeding, wound infec-
tion, electrolyte imbalances, and pulmonary compromise. The latter is especially com-
mon following gastric operations due to manipulation of the diaphragm and retraction
against the ribcage.

Complications specific to this operation can be categorized as surgical, unintended,
complications, or expected but controllable, physiologic consequences.

Surgical complications can be dire, beginning with leakage from any suture line.
The dreaded anastomotic leak at the esophagojejunostomy can be fatal if diagnosis and
therapy are delayed. The same can be said of a duodenal stump blow-out or fistula
formation. These problems will manifest as abdominal pain and distention, fever, and
leukocytosis by POD 5 or 6. A work-up must be rapidly pursued so that corrective
measures can be undertaken. While leaks from either esophagojejunostomy or jejunoje-
junostomy anastomoses can often be managed conservatively, a duodenal stump leak
most often requires a return to the operating room. Rarely, one can get away with drain-
age alone, but close monitoring is required to assess adequacy of therapy. Late anasto-
motic complications can present as strictures that may respond to serial dilations alone
or require reoperation instead. The risk for anastomotic complications is minimized
when proper surgical technique is employed.

Similarly, internal herniation, which may occur through any one of several poten-
tial defects resulting from the newly reconstructed GI tract, should be avoided by mind-
fully tacking down the mesenteries of the bowel loops to each other or to the posterior
parietes.
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Physiologic consequences of total gastrectomy include dumping syndrome, which
may occur early following a meal, a phenomenon attributed to rapid delivery of a hyper-
osmolar load to the small bowel, or late, due to a state of hypoglycemia from excess
insulin production. Patients can also develop postvagotomy diarrhea and biliary stasis.
Dietary modifications alone are often adequate in controlling these symptoms; still, the
majority of patients will experience significant weight loss as a result of this operation.
Metabolic derangements include anemia due to both vitamin B12 and iron deficiencies,
as well hypocalcemia leading to bone disease (see “Postoperative Management” above).

59 RESULTS

Surgical resection offers the only chance at cure for gastric adenocarcinoma. A total
gastrectomy with esophagojejunostomy is the procedure of choice for tumors of the
gastric body and has proven to be the superior operation for proximal gastric tumors
when compared to subtotal gastrectomy.

No consensus currently exists on the extent of lymph node dissection required, as
conflicting data have been published. While the Japanese literature has reported
improved outcomes with a more aggressive lymphadenectomy, these findings have not
been reproduced in Western studies. A multicenter randomized, controlled study by
the British Surgical Co-operative Group showed equivalent 5-year survival (35% for D1
dissection vs. 33% for D2 dissection). These results were corroborated in a similarly
designed Dutch study, with 5-year survival rates of 45% and 47% for D1 and D2 resec-
tions, respectively, while the perioperative morbidity and mortality profile favored D1
resection. Interestingly, a 15-year follow-up of the same Dutch cohort demonstrated that
while overall 15-year survival rates were not different, D2 lymphadenectomy was asso-
ciated with lower locoregional disease recurrence and gastric-cancer-related death. This
is counter-balanced by the significantly higher postoperative mortality and morbidity
seen with D2 dissection. These worse perioperative outcomes are accounted for almost
exclusively by the extraneous and unnecessary splenectomy and distal pancreatectomy,
which offer no survival advantage. We now use a widely accepted approach to lymph
node dissection by performing a hybrid “D1.5” resection, where D2-level lymph nodes
are resected, but the spleen and pancreatic tail are preserved.

It is important to note that a review of the Surveillance, Epidemiology, and End
Results (SEER) database revealed that only a third of patients undergoing curative gas-
trectomy in the United States receive adequate lymph node dissection, with the mini-
mum of 15 lymph nodes being obtained, underscoring the importance of adequate
lymph node resection.

Recurrence rate after curative resection remains high for gastric cancer. Both adju-
vant chemoradiation and neoadjuvant chemotherapy regimens have been demonstrated
to improve both disease-free and overall survival, and some form of either is now the
accepted standard of care for resectable gastric cancer perioperatively.

.9 CONCLUSIONS

Total gastrectomy with esophagojejunostomy plays a critical role in the treatment of
gastric adenocarcinoma and other rare tumor types. It is a complex operation that
requires a clear understanding of the anatomy and a strong grasp on sound surgical
techniques.

Preoperative planning is of utmost importance and includes a history and physical
examination; a thorough staging work-up consisting of endoscopic biopsy, CT scan of
the chest, abdomen, and pelvis, and diagnostic laparoscopy; a realistic assessment of
the patient’s health risks; and nutritional optimization.

The first step of the operation should be verification of curative resectability before
proceeding any further. The major steps of total gastrectomy are (1) dissection of the
greater curvature with omentectomy, (2) mobilization and division of the duodenum,
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Figure 19.7 The reconstructed
alimentary tract after total gastrec-
tomy is completed by performing a
retrocolic Roux-en-Y esophagojeju-
nostomy, making sure to close any
newly created space in the mesen-
tery to avoid internal herniation.

(3) extension of the dissection along the lesser omentum toward the diaphragmatic
hiatus, and finally (4) dissection and division of the esophagus. Along these steps, an
appropriate lymph node dissection is performed. Proximal and distal margins should
be assessed with frozen sections.

Our preferred approach for reconstruction is the creation of a retrocolic, end-to-
side, Roux-en-Y esophagojejunostomy (Fig. 19.7). Anastomoses can be handsewn; alter-
natively, stapling devices can be used in this task.

The early postoperative course should be spent in a monitored setting. Enteral feed-
ing can be commenced after the anastomosis has been investigated. Nutritional coun-
seling is indispensable for these patients, and a conversation with the dietician prior
to the operation should have been initiated. The patient should be monitored for nutri-
tional deficiencies on a regular basis.

Overall, total gastrectomy with esophagojejunostomy can be performed safely and
with good results if all these critical elements are assiduously addressed.
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Gastrectomy and
Esophagojejunostomy

Brant K. Oelschlager and Rebecca P. Petersen

Introduction

Over the past decade, minimally invasive surgery is being performed more frequently
for the treatment of gastric cancer. As with other laparoscopic procedures, the intent of
this approach is to reduce surgical morbidity while achieving similar cancer-free and
overall survival rates as with conventional open surgical resection. The majority of
studies comparing open and laparoscopic approaches for gastric cancer in regards to
morbidity and oncologic efficacy have been for subtotal gastrectomies, mostly because
it is technically easier to perform. More recently, however, laparoscopic total gastrec-
tomy (LTG) has become a more feasible approach for many surgeons. This is due to
improvements in technology as well as advancing expertise with laparoscopic surgical
technique. However, LTG is considerably more complex than partial gastrectomy and
requires careful patient evaluation and planning to ensure that efficacy and safety are
not being compromised compared to a standard open approach.

Background

Laparoscopic gastrectomy for the treatment of gastric cancer was initially described in
the early 1990s, and early experiences were limited to partial gastrectomy. To date, the
majority of studies have evaluated the outcomes of laparoscopic distal gastrectomies,
and in general this has become an established approach for the treatment of limited
gastric cancer. Early experiences with LTG were limited by technical difficulty in per-
forming the esophagojejunostomy anastomosis and prolonged operative times compared
with the open approach. As a result, LTG was not favored by even the most experienced
minimally invasive surgeons. However, advances in stapling technology have enabled
totally laparoscopic intracorporeal esophagojejunostomy anastomosis to be performed.

The first LTG was reported by Umaya and colleagues in 1999, where they performed
a laparoscopy-assisted total gastrectomy with a distal pancreatosplenectomy and a D2
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lymphadenectomy. In the same year, Azagra and colleagues also reported performing a
minimally invasive total gastrectomy in 12 patients, but in the majority of these patients
a laparoscopy-assisted approach was used. Now, there are several case studies which
have demonstrated the feasibility of a “totally” LTG in experienced hands. While there
has not been a controlled trial comparing LTG to open gastrectomy and it is not clear
whether or to what degree there is a benefit over open resection, the benefit of a lapar-
oscopic approach has appeal due to the broader experience with laparoscopic tech-
niques. Importantly, LTG is a technically challenging operation; thus the surgeon must
carefully and thoughtfully consider patient-specific details before performing these
operations and be facile with laparoscopic techniques.

Patient Selection

Patient-specific selection criteria for LTG are not well established as there are very few
studies and the majority of these are small case series evaluating only the technical
feasibility of LTG. Therefore, until larger long-term outcome comparative trials are per-
formed, patient selection criteria should be focused on general principles of minimally
invasive surgery and should consider the technical challenges of the operation. As with
any laparoscopic procedure, eligible patients should be without significant cardiac,
pulmonary, or renal disease where prolonged pneumoperitoneum with carbon dioxide
will not result in increased perioperative morbidity and/or mortality. Patients who have
musculoskeletal or neurodegenerative disease and/or injuries which would preclude
them from being placed in a modified lithotomy position in reverse Trendelenburg
required to perform a LTG should be excluded as well. Multiple prior fore- or midgut
operations is a relative contraindication to LTG and this is mainly practical since taking
down adhesions from prior surgery can be time consuming and potentially risky
(depending on the surgeon’s experience). Obesity is not necessarily a contraindication
to TLG as these patients are likely to benefit in regard with decreased wound complica-
tions from a laparoscopic as compared to an open approach, but it is another factor that
increases the technical difficulty of the procedure. LTG should only be attempted in
conjunction with or by an experienced minimally invasive surgeon at a high-volume
hospital given its overall technical complexity (Table 20.1).

Preoperative Evaluation, Treatment,
and Procedure Selection

All gastric cancer patients should undergo a comprehensive preoperative evaluation which
includes upper endoscopy, physical examination focusing on the abdomen and lymph
nodes, appropriate noninvasive imaging to stage the tumor, assess size, and evaluate
response to chemotherapy, and appropriate nutritional and cardiac screening (Table 20.2).

TABLE 201 Patient Selection Criteria

Indications for LTG
* Experienced surgeon in minimally invasive techniques, resections far gastric cancer, and laparoscopic
Roux-en-y reconstructions

Contraindications for LTG (Absolute & Relative)

* Patients with severe cardiac, pulmonary, and/or renal disease intolerahle to prolonged pneumaperitoneum
(absolute)

* Unable to tolerate a madified lithotomy/split leg position in reverse Trendelenburg due to a musculoskeletal/
neurodegenerative disease or injury (abhsolute)

 Patients with multiple prior fore- or midgut surgeries (relative)

¢ Morbid obesity (relative)
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TABLE 20 2 Preoperative Assessment

* Upper endoscopy for diagnosis and to properly localize the exact location of the tumor and its boundaries.
This will determine the type of resection and inaccuracy can lead to excessive or inadequate resection.
This should be repeated by the surgeaon if there is any doubt.

Complete physical examination focusing especially on the abdomen and the lymph nodes

CT scan of the chest, abdomen, and pelvis to assess for distant nodal or visceral metastases

Endoscapic ultrasound to provide accurate tumor and nodal staging with biopsies when indicated

All patients undergoing chemotherapy or chemoradiation therapy prior to surgery should undergo repeat
staging studies (CT scan with or without FDG—PET) to rule out metastatic progression

¢ A comprehensive medical evaluation should be performed to determine whether further diagnostic studies
such as a cardiac stress test, echocardiogram, pulmaonary function tests, etc. are necessary for risk
stratification prior to surgery

Nutritional status should be assessed and optimized prior to surgery

The majority of patients with gastric cancer in the United States present with
locally advanced disease, and as a result, the majority undergo multimodality therapy
as outcomes have been shown to be superior to surgery alone for patients with stage II
or III disease. In our center the most common regimen is perioperative chemotherapy
before and after surgery as described in the MAGIC trial.

The type of gastric resection for the treatment of gastric cancer should be selected
based on the anatomic site of the tumor, stage, histology, and prognostic factors. There-
fore, all patients should undergo appropriate staging studies prior to considering surgi-
cal treatment. The first step is to perform an upper endoscopy with gastric biopsy to
establish the diagnosis. Subsequently, a staging evaluation may include endoscopic
ultrasound and CT scan of the chest, abdomen, and pelvis with or without a FDG-PET
to determine the clinical stage. Some centers routinely perform staging laparoscopy as
approximately 20% of patients with locally advanced tumors have peritoneal carcino-
matosis.

The type of surgery should be based on the ability to achieve 5 cm gross surgical
margins, clinical stage, and histology type. For patients with distal tumors, we recom-
mend a subtotal gastrectomy. For patients with tumors located in the middle third of the
stomach or in patients with infiltrative disease such as linitis plastica, we recommend a
total gastrectomy and consider LTG. We also consider LTG for Siewert III gastroesophageal
junction (GEJ]) tumors when good esophageal margins are possible. However, most GE]
tumors (Siewert I-II) require esophagogastrectomy. Finally, the laparoscopic approach
must not in any way compromise the type of gastric resection or lymph node dissection
that is required.

() SURGERY

The following is the approach used at the University of Washington.

Set-up and Patient Positioning

Operating Room Set-up

The laparoscopic tower is placed at the patient’s left shoulder or wherever facilitates
placing the monitor over the head of the bed. At the beginning of the case, the surgeon
operates by standing between the patients legs with an assistant at the left side of the
operating room table (surgeon preference), as this facilitates the greater curve and
esophageal mobilization. The scrub technician and Mayo stand are positioned above
the assistant on the left side (Fig. 20.1). The patient is placed in a supine position prior
to performing the Roux-en-Y reconstruction; at this point the surgeon and assistant
move to the right and left side of the operating room table, respectively.
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Figure 20.1 Operating room set-up.
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Patient Positioning

Following induction of general anesthesia after prophylactic antibiotics and heparin has
been administered, the patient is initially placed in a low-lithotomy position on a bean bag
which has been secured to the operating table to prevent the patient from slipping when
placed in steep reverse Trendelenburg for the beginning of the operation. An alternative is
a split leg table. This position allows the surgeon to comfortably stand facing the hiatus
and use a left upper quadrant port for mobilizing the greater curve and especially the
esophagus. Bilateral sequential compression devices are placed on the lower extremities
and a Foley catheter with a temperature probe is placed for monitoring. Prior to the
Roux-en-Y reconstruction, the patient is repositioned into a supine position (if desired) on
the operating room table and taken out of steep reverse Trendelenburg to avoid nerve com-
pression from long periods of time in stirrups.

Technique

Trocar Placement
Pneumoperitoneum is established by using a Veress needle technique approximately
2 cm inferior to the left costal margin. Following this, access is obtained under direct
visualization with a 12-mm optical entry trocar at the same site. A 10-mm, 30° laparo-
scope is introduced and a 10-mm trocar is subsequently placed superiorly and to the left
of the umbilicus. Three additional trocars are then placed: a 5-mm left flank trocar, a
5-mm right subcostal trocar, and a 12-mm trocar placed superior and to the right of the
umbilicus. A total of five ports are placed: two 5 mm (surgeon/assistant ports), one
10 mm (camera), one 12 mm (surgeon), and one 12 mm port (this should be 15 mm if a
4.8-mm linear stapler is required) (Fig. 20.2). A Nathanson retractor is placed through a
5-mm opening just left of the midline and inferior to the subxiphoid process to retract
the left lateral segment of the liver and secured to a table-mounted “strong arm”.
Following placement of the camera port and prior to placing the three remaining
trocars, a diagnostic laparoscopy is performed to rule out metastatic disease.

Omentectomy and Duodenal Division
The dissection begins by dividing the gastrocolic ligament just above the colon, starting
at the midpoint of the transverse colon where the lesser sac is entered while reflecting
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Figure 20.2 Trocar configuration: (A) 12 mm left subcostal
(EEA stapler/surgean), (B) 10 mm superior and left ta the
umbilicus (camera/assistant), (C) 5 mm left flank (assist-
ant), (D) 5 mm right subcastal (surgeon), (E) 12 mm supe-
rior and right to the umbilicus (linear stapler/surgeon),
and (F) Nathanson liver retractor placed through a 5-mm
incision.

v

the greater omentum over the stomach. The omentum should be kept en bloc with the
stomach. The dissection is carried out laterally to the pylorus. The right gastroepiploic
artery and vein are then divided at their origins with a 2.5-mm linear stapler.

Next, the first portion of the duodenum and pylorus are dissected circumferentially,
and the duodenum is divided just beyond the pylorus with a 3.5-mm linear stapler
(Fig. 20.3). The right gastric artery can be divided before or after the duodenum with
clips or stapler. The rest of the gastrocolic ligament is divided to the left until meeting
with the short gastric vessels which are divided with an appropriate energy source.

Mobilization of the Esophagus

The hiatus is dissected by initially dividing the phrenoesophageal membrane at the left
crus and carried anteriorly over the esophagus. Next, the gastrohepatic ligament and

Figure 20.3 Division of the duodenum.
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Figure 20.4 Mobhilization of the
esophagus.
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subsequently the phrenoesophageal membrane on the right are divided. At this point a
0.5-inch wide Penrose drain is encircled around the esophagus just above the GEJ to
provide downward retraction when circumferentially freeing the esophagus from its
mediastinal attachments distally to lengthen the intra-abdominal esophagus (Fig. 20.4).
Both the anterior and the posterior vagal nerves are dissected free distally off the
esophagus and divided. The point of this division and clearing of the esophagus depends
on the tumor location. For proximal gastric cancers that involve the cardia, part of the
esophagus needs to be divided. The more esophagus that is included in the specimen,
the more the esophagus should be mobilized, and the more difficult the reconstruction.
Surgeons unfamiliar with these resections should realize that an esophagojejunostomy
is substantially more difficult than a gastrojejunostomy (such as is done for a gastric
bypass in obesity surgery), and every centimeter that the resection goes proximally the
more difficult it becomes. This is very important to consider during patient selection.

Division of the Left Gastric Vessels

The Penrose drain is then retracted up toward the abdominal wall to provide exposure
of the left gastric vessels. The vessels are circumferentially dissected at their origin and
divided with a 2.5-mm linear stapler, taking the entire nodal bundle (Fig. 20.5).

Figure 20.5 Division of the left gastric
vessels.
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Figure 20.6 Division of the esopha-
gus.

Division of the Esophagus

The esophagus is divided above the GE]J with a 3.5-mm linear stapler in a slight oblique
orientation. The level of division above the GEJ is dependent upon the position of the
tumor, and the oblique orientation allows for a 25-mm end-to-end anastomosis (EEA)
anvil to be placed even in a relatively small diameter esophagus. Prior to division, two
stay sutures are placed for retraction just above the projected staple line (Fig. 20.6). A
small esophagotomy is made at the middle of the staple line and an OrVil™ orogastric
tube (tubing attached to an anvil) is then passed transorally into the esophagus by an
experienced anesthesiologist. The end of the OG tube is then directed through the
esophagotomy and grasped with a laparoscopic instrument and pulled gently into the
peritoneal cavity until the anvil (25 mm) is visible at the esophageal stump (Fig. 20.7).
Next, a pursestring suture is placed around the anvil entry site to prevent inadvertent
tearing when performing the anastomosis with the circular stapling device. Alternatively
a linear stapling technique or hand-sewn approach can be used, though the EEA, in our
opinion, simplifies the anastomosis when performed laparoscopically (especially the
greater the esophageal component of resection).

Roux-en-Y Esophagojejunostomy Anastomosis

The ligament of Treitz is identified, and the jejunum is divided approximately 30 cm
distally with a 3.5-mm linear stapler. It is important that a deep division of the mesen-
tery is performed to provide adequate mobility for the jejunum to reach the hiatus. The

Figure 20.7 Jejunojejunostomy.
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Figure 20.8 Esophageal stump and
transorally placed anvil.

jejunum is then measured distally for another 60 cm and a side-to-side functional end-
to-end stapled anastomosis is performed with a 3.5-mm, 60-mm in length linear stapler
(Fig. 20.8). The common enterotomy is then closed with another 3.5-mm linear stapler
following placement of stay sutures. The mesenteric defect is closed with interrupted
sutures. Prior experience with laparoscopic bariatric surgery greatly facilitates the learn-
ing curve for this portion of the procedure; however, it is important to again emphasize
the increased complexity of this more proximal anastomosis. The Roux limb is then
brought up in a retrocolic fashion and placed next to the esophageal stump without
tension. It should be emphasized that the retrocolic route should be performed, rather
than the longer antecolic route as the extra length is important for esophagojejunostomy.
The end of the Roux limb is opened and the circular stapler is then placed transab-
dominally at the site of the left subcostal 12-mm trocar (following lengthening of the
incision and fascia with sharp and blunt dissection). The opened Roux limb is directed
onto the circular stapler and the spike is brought through the antimesenteric side of the
bowel. The anvil and the circular stapler are then connected, and the anastomosis is
created after firing the stapler (Figs. 20.9 and 20.10). The opened end of the Roux limb
is then divided and closed with a linear 3.5-mm stapler.

Next, the integrity of the anastomosis is tested with an air leak test by placing a
bowel clamp across the jejunum distally and performing an endoscopy. The Roux limb
is then identified at the retrocolic junction and reduced and secured to the transverse
mesocolon with three mattress sutures. Our preference is to leave a drain at the site of
the esophagojejunostomy within the mediastinum. If a leak occurs, this can simplify

Figure 20.9 Creation of esophagojeju-
S lViating of Anvil nostomy.

B
EEA Spike

Stump

Hight
Crus




Chapter 20 Laparoscopic Total Gastrectomy and Esophagojejunostomy

Figure 20.10 Completed Roux-en-Y
esophagojejunostomy.
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management, as there is little chance of being able to place a percutaneous drain to
manage a leak should it occur, as drainage would then require a thoracotomy.

Removal of the Specimen En Bloc

The resected stomach with the attached surrounding tissue, greater, and lesser omentum is
placed into a plastic specimen bag or the port site covered by a wound protector and
removed from the left subcostal incision after slightly widening the port site. The fascia
is then closed following pathology confirmation that the surgical margins are free of tumor.

Placement of Jejunostomy Feeding Tube

Selected patients may require placement of a jejunostomy feeding tube. Specifically,
patients whose nutritional status is compromised as a result of their disease or by
chemotherapy prior to surgery, elderly patients, or patients with significant comorbidi-
ties may require feeding tube placement. In the postoperative setting, if a patient
requires prolonged enteral tube feeding due to poor nutrition or a complication, we will
place a jejunostomy feeding tube laparoscopically. This can be done with relative ease
given LTG does not result in a significant amount of adhesions.

ws POSTOPERATIVE MANAGEMENT

Postoperatively, patients without significant comorbidities are admitted to the surgical
floor. The Foley catheter is removed the following morning if urine output is adequate.
An upper gastrointestinal study with Gastrografin followed by barium is performed
around postoperative day 3 or 4. A clear liquid diet is started if there is no clinical or
radiographic evidence of an anastomotic leak. The drain at the site of the esophagojeju-
nostomy is removed following initiation of a liquid diet. Patients are typically discharged
on postoperative day 5 or 6 on a postgastrectomy diet regimen if there are no complica-
tions. Physiologically they often could be discharged sooner but given the higher risk,
anastomosis monitoring for complications is important. If the patient lives close and is
reliable, this can be shortened. All patients with gastric cancer, in our practice, are dis-
charged home on low-molecular weight heparin for DVT prophylaxis for 4 weeks.

) COMPLICATIONS

Total gastrectomy is considered a high-risk procedure, and perioperative morbidity and
mortality vary widely depending on the study, surgical technique, and extent of resection.
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TABLE 20 3 | nediate and Long-term Complications

Immediate

 Bleeding

¢ Anastomotic leak

¢ Duodenal stump leak
¢ Perioperative death

¢ Pulmanary embolism
¢ Pneumothorax
* Wound infection

Long-term

¢ Dumping syndrome (early and late)
¢ Anastomotic stricture

e |nternal hernia

* Vitamin B12 deficiency

Complications specific to a laparoscopic approach theoretically include an increased
risk of a pneumothorax from a more aggressive mediastinal mobilization of the esopha-
gus and inadvertent injury to the pleura, thromboembolism (DVT/PE) due to prolonged
lithotomy position, and internal herniation due to lack of adhesions as compared to an
open approach. In contrast, patients undergoing a LTG would be expected to have less
blood loss, wound infections, and incisional hernias. Other immediate and long-term
complications include gastrojejunostomy or jejunojejunostomy anastomotic leak, duo-
denal stump leak, perioperative death, dumping syndrome, anastomotic stricture, and
nutritional deficiencies (Table 20.3).

In the few case series of “totally” LTG which have been conducted to date, there
were no reports of pneumothoraces, duodenal stump leaks, wound infections, or inci-
sional hernias. Also, there were no major bleeding events despite a splenectomy and
D2 lymphadenectomy being performed in over half the patients in one of the largest
series. The esophagojejunostomy and jejunojejunostomy anastomotic leak rates ranged
from 0% to 5% and 0% to 3%, respectively. Perioperative death (30-day) ranged between
0% and 2.6% where one patient died in a series of 33 patients due to cerebral hemor-
rhage which was presumably unrelated to the surgery. Postoperative small bowel
obstruction, requiring reoperation due to internal hernias occurred in 0% to 8% of
patients.

59 RESULTS

Over the past few years there have been several reports of “totally” laparoscopic total
gastrectomies with varying surgical techniques (Table 20.4). Kachikwu and colleagues
reported performing an intracorporeal esophagojejunostomy with the OrVil™ device
and circular stapler, but the jejunojejunostomy was completed extracorporeally through
the specimen extraction site. One of the largest case series reported by Shinorhara
et al. in Japan evaluated outcomes in 55 patients undergoing LTG with D2 lymphadenec-
tomy where more than half of the patients with T2-T4 gastric cancer underwent a
concomitant splenectomy and in three patients a distal pancreatectomy. The investiga-
tors in this study performed a functional side-to-side intracorporeal esophagojejunos-
tomy using a 45-mm linear stapler. Despite concomitant splenectomies and extended
lymphadenectomies being performed in the majority of patients, there were no conver-
sions to open procedure or perioperative deaths. Only two patients (4%) experienced
minor late anastomotic leaks at the esophagojejunostomy. In another study where the
outcomes of 38 patients undergoing LTG were compared to 22 patients undergoing an
open approach, the authors identified patient’s medical condition and surgeon expertise
to be predictors of outcome as opposed to surgical approach. The surgical morbidity
was higher in this series as six patients (16%) undergoing LTG required reoperation:
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TABLE 20.4
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Case Series Evaluating the Feasibility of Totally Laparoscopic Total Gastrectomy

LOS Death Conversion to Anastomotic
Author F/U N (days) 30-day open surgery leak Other complications
Kachikwu et al. 2070 7 mos 16 8 0 0 0(0%) 3 (19%), anastomatic stricture
Guzman et al. 47 mos 4 NA 0 NA 0 None
2009 (subset)
Shinohara et al. 2009 16 mas 55 17 0 0 2 (4%), EJ 7 (13%), pancreatic fistula
3 (5%), abdominal abscess
3 (5%), SBO-internal hernia
Topal et al. 2008 NA 38 1" 1(2.6%)? 0 2 (5%), EJ 3 (8%), SBO-internal hernia
1(3%), JJ 1(3%), necratizing pancreatitis

1(3%), pulmanary empyema

EJ, esophagojejunostomy; JJ, jejunojejunostomy; F/U, follow-up (median); LOS, length of hospital stay (median); SBO, small bowel obstruction; NA, not

available.
®Death from cerebral hemorrhage.

three for small bowel obstruction due to an internal hernia, one for necrotizing pan-
creatitis, one for a small bowel fistula at the jejunojejunostomy site, and one for a pul-
monary empyema. In addition, two patients (5%) and one patient (3%) experienced
esophagojejunostomy and jejunojejunostomy leaks, respectively.

Despite the varying surgical techniques and extent of resections, these case series
support that a LTG is feasible and can be performed with relatively low morbidity and
mortality.

-rj_'g CONCLUSIONS

Although the majority of studies comparing laparoscopic to open gastrectomy in regards
to surgical morbidity and oncologic outcomes have been for distal resections, there have
been several studies demonstrating the feasibility of a laparoscopic approach for total
gastrectomy. Totally LTG has the potential to result in reduced morbidity, shortened
hospitalization, and more expedient patient recovery while adhering to oncologic prin-
ciples. Although LTG is technically feasible and safe in experienced hands, it is a
complex operation that should be reserved for surgeons with advanced laparoscopic
skills and substantial experience with gastric resection; especially laparoscopic partial

gastric resections and Roux-en-Y reconstructions.
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1 Robot-assisted Gastrectomy

with Lymph Node Dissection

for Gastric Cancer

Woo Jin Hyung, Yanghee Woo, and Kazutaka Obama

Introduction

Robotic surgery for gastric cancer is increasing. Many surgeons have adopted robotic
surgery to facilitate the technically challenging procedure of gastrectomy with D2 lym-
phadenectomy. With robotic gastric cancer surgery training, experienced laparoscopic
surgeons can safely provide the advantages of minimally invasive surgery to their
patients. Adherence to the oncologic principles of gastric cancer treatment ensures that
the long-term survival benefits of surgery will not be compromised.

@/ INDICATIONS/CONTRAINDICATIONS

The indications for robotic surgery are similar to those of the conventional laparoscopic

approach to gastric cancer. Early gastric cancer patients without perigastric lymph node

(LN) involvement are ideal candidates for robotic gastrectomy with limited lym-

phadenectomy. Locally advanced gastric cancer without evidence of distant metastases

is a generally accepted indication for robotic gastrectomy and D2 lymphadenectomy.
Indications for robotic gastrectomy with limited lymphadenectomy:

cT:NyM,
Mucosal and submucosal tumors not eligible for endoscopic resection
Failed endoscopic mucosal resection or endoscopic submucosal dissection

Indications for robotic gastrectomy requiring D2 lymphadenectomy:

CT]N]MU
cT,NyMy; cT.N;M,

Currently, there is no evidence to support robotic surgery for gastric cancer with
serosal involvement (T4a) or invasion of adjacent organs (T4b), or for palliative intent.
Intolerance to pneumoperitoneum is a contraindication.
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}3, PREOPERATIVE WORK-UP

The preoperative work-up of patients undergoing robotic surgery for gastric cancer
requires complete evaluation of the patient’s clinical status, confirmation pathologic
diagnosis, and estimation of the location and extent of disease. The preoperative work-
up will guide each step of the surgical decision-making process.

Upper endoscopy with biopsy and with or without clipping proximal to the lesion
Endoscopic ultrasound
CT scan of the abdomen

() SURGERY

Pertinent Anatomy

Robotic gastrectomy and lymphadenectomy requires the knowledge of gastric vessels
and the accompanying nodal stations as defined by the Japanese Gastric Cancer Asso-
ciation. The operative procedure is described relative to the dissection of the LN sta-
tions in D2 lymphadenectomy.

Operating Room Configuration

The operating room configuration is centered on the patient and the da Vinci Surgical
System (Sunnyvale, CA, USA). Relative position of the operating table, the surgeon
console, the anesthesia cart, the surgical cart, the assistant, the monitors, and the robot
during robotic gastrectomy are described.

The robot system is positioned cephalad to the patient.

The patient-side assistant is positioned to the lower left side of the patient on the
opposite side of the scrub nurse, scrub table, and the main assistant monitor.

The vision systems rack is placed at the foot of the operating table.

The surgeon’s master console is positioned to grant the surgeon a view of the patient.

Patient Positioning, Port Placement, Robot Docking, and
Preparation of the Operative Field

The patient is placed under general anesthesia, positioned supine with both arms tucked
to the patient side, and urinary catheter is placed. The abdomen is prepared from the
nipple line to the suprapubic region and draped in the standard sterile fashion. Five ports,
two 12 mm and three 8 mm, are used for robotic gastrectomy (Fig. 21.1). Port placements
may require minor adjustments for the patient’s body habitus. Once the ports are placed,

the robot surgical cart is brought in from the head of the patient, and the robot arms are
docked.

The camera arm is docked to the infraumbilical port (C)

The first arm holds the curved bipolar Maryland forceps

The second and the third arms hold the ultrasonic shears or a monopolar device and
the Cadiere forceps, interchangeably.

Liver Retraction

The self-sustaining retraction of the left lobe of the liver is required during robotic
gastrectomy as in other upper abdominal surgeries. Adequate liver retraction is a pre-
requisite for complete dissection of the suprapancreatic lymphadenectomy and along
the lesser curve of the stomach. Several methods have been described.
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Intraoperative Tumor Localization to Determine the Resection Extent

Intraoperative tumor localization is required to determine the appropriate margin of
resection during robotic subtotal distal gastrectomy. Since robotic surgery is performed
for lesions without serosal involvement, the lesion cannot be readily detected during
the operation. Intraoperative tumor localization has been achieved by several different
methods including dye injection, intraoperative endoscopy, or laparoscopic ultrasound.
A successful technique using preoperatively placed endoclips and an intraoperative
abdominal x-ray is a simple and effective method.

Procedure of D2 LN Dissection During Distal Subtotal Gastrectomy

Five Steps and Associated Anatomic Landmarks

1. Partial omentectomy and left side dissection of the greater curvature: left gastroepi-
ploic vessels

2. Right side dissection of the greater curvature and duodenal transection: head of
pancreas and right gastroepiploic vessels

3. Hepatoduodenal ligament dissection and approach to suprapancreatic area: right
gastric artery, proper hepatic artery (PHA), portal vein (PV), and celiac axis

4. Exposure of the root of the left gastric artery (LGA) and skeletonization of the splenic
vessels

5. Lesser curvature dissection: esophageal crus and cardia; proximal gastric resection

Partial Omentectomy and Left Side Dissection of the Greater Curvature
The exposure of the omentum can be achieved by creating a draping of the greater
omentum for safe division and retrieval of LN stations 4sb and 4d (Fig. 21.2A).

Divide the greater omentum from the midtransverse colon toward the lower pole of
the spleen.

Carefully identify, ligate, and divide the left gastroepiploic vessels at their roots.
(Fig. 21.2B).

Clear the greater curvature of the stomach from the proximal resection margin to the
short gastric vessels.

Right Side Dissection of the Greater Curvature and Duodenal Transection
Attention is directed to the right side of the patient for mobilization of the distal stom-
ach from the head of the pancreas and dissection of the soft tissues containing LN

Robot-assisted Gastrectomy with Lymph Node Dissection for Gastric Cancer
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Figure 21.1 Patient preparation.
A: Port placement. After the
12-mm infraumbilical port is placed
using the Hasson technique, the
patient is placed in 15° reverse
Trendelenburg position for the
insertion of the three 8-mm paorts
and the 12-mm assist port under
direct visualization. B: Docking of
the rohot arms. The robot arms
should be docked as indicated by
the numbers.
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Lower pole
. of spleen

Figure 21.2 Left side dissection of the greater curvature. A: Partial omentectomy begins from the distal greater curvature 4 to 5 cm
from the gastroepiploic vessels. B: The dissection is continued toward the lower pole of the spleen where the left gastroepiploic
vessels are divided and the short gastric vessels are encountered.

station 6 which is bordered by right gastroepiploic vein (RGEV), anterior superior pan-
creaticoduodenal vein (ASPDV), and the middle colic vein (Fig. 21.3).

Release the connective tissues between the pancreas and the posterior stomach and
the duodenal attachments to the colon.

Dissect the soft tissues on the head of the pancreas to identify, ligate, and divide the
RGEV as it joins the anterior superior pancreaticoduodenal vein. (Soft tissues ante-
rior to and superior to the ASPDV and superior to the middle colic vein should be
retrieved on either side of the RGEV.)

Identity, ligate, and divide the right gastroepiploic artery as it branches from the
gastroduodenal artery (GDA).

Release the attachments between the duodenum and the pancreas along the GDA
until the common hepatic artery (CHA) is reached.

Insert 4” x 4” gauze anterior to the head of pancreas to prevent injury to the GDA
and proceed to the suprapancreatic region.

Clear the supraduodenal area and divide the duodenum approximately 2 cm distal
to the pylorus using an endo-linear stapler.

This completes the intrapyloric dissection.

Dissection of the Hepatoduodenal Ligament and Suprapancreatic Dissection
The en bloc retrieval of the suprapancreatic LNs is achieved by meticulous dissection
along the PHA, the PV, and the CHA after the ligation of the right gastric artery.

Figure 21.3 Right side dissection at
the head of the pancreas. The soft
tissues containing lymph nodes from
station 6 have been remaved to reveal
the bordering vessels, the right gas-
troepiplaic vein (RGEV), anterior
superior pancreaticoduodenal vein
(ASPDV), and the middle (MCV) calic
vein. The area of the 14v lymph node
station has also heen dissected with
the superior mesenteric vein (SMV)
exposed.
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Figure 21.4 Dissection of the right
gastric artery. The root of the right
gastric artery (RGA) has been iso-
lated after soft tissues containing
lymph nodes from station 5 have been
dissected. CHA, common hepatic
artery; PHA, proper hepatic artery
(PHA).

Dissect the anterior surface of the PHA to identify, ligate, and divide the right gastric
artery at its origin for retrieval of LN station #5 (Fig. 21.4).

Clear the soft tissues anterior and medial to the PHA until the PV is exposed medi-
ally for LN station 12a (Fig. 21.5A).

The soft tissues around CHA contain LN station #8a.

Proceed to identify, ligate, and divide the left gastric vein as it drains into the PV.
(In some patients the left gastric vein drains into the splenic vein and must be iden-
tified anterior to the splenic artery.)

Skeletonize the CHA toward the celiac axis to retrieve the soft tissues around the
celiac artery, which contain LN station #9 (Fig. 21.5B).

Exposure of the Left Gastric Artery and Skeletonization of the Splenic Vessels
The dissection of the soft tissues along the LGA and splenic vessels ensures the retrieval
of LN station 7 and 11p, respectively. (Fig. 21.6)

Divide the retroperitoneal attachments to the lesser curvature of the stomach to
improve access to the root of the LGA.

Expose the root of the LGA by clearing the surrounding soft tissues and securely
ligate and divide it.

Figure 21.5 Approach to the suprapancreatic lymph node dissection. A: En bloc LN dissection along PHA and CHA. Soft tissues
anterior to and medial to the PHA and medial to the partal vein (PV) are dissected en blac with the soft tissues around the CHA to
retrieve the lymph nodes in stations 12a and 8a, respectively. B: Skeletonization of the CHA toward celiac artery. The dissection
continues alang the proximal CHA and splenic artery to clear the soft tissues surrounding the celiac artery for soft tissues contain-
ing lymph node station 9.
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Figure 21.6 Root of the left gastric
artery (LGA) and skeletonized splenic
vessels. The soft tissues along the
celiac axis are cleared to identify the
root of the LGA and retrieve lymph
nodes from station 7. Dissection along
the splenic vessels continues half way
toward the spleen to retrieve the soft
tissues containing lymph nodes from
station 11p. SPA, splenic artery; SPV,
splenic vein.

* SPV
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Skeletonize the anterior surface of the splenic artery and expose the anterior surface
of the splenic vein. (Dissection of LN station 11p is complete once the half-way point
on the splenic vessels or until the posterior gastric artery is reached.)

Lesser Curvature Dissection and Proximal Resection

The lesser curvature of the stomach is freed from the retroperitoneum until the esopha-
geal crus is reached. The soft tissues along the intraabdominal esophagus, the right
cardia, and the lesser curvature of the stomach, which contain LN stations 1 and 3, are
cleared to prepare for the proximal resection.

Perform the truncal vagotomy at this time by dividing the anterior and posterior
branches of the vagus nerve.

After the stomach is fully mobilized, transect the stomach using a 60-mm blue load
endo-linear stapler ensuring sufficient proximal margin (additional load for the sta-
pler may be required.)

This completes the procedure of robotic D2 lymphadenectomy for distal subtotal
gastrectomy.

Procedure of D2 Lymphadenectomy During Total Gastrectomy

For advanced gastric cancer located in the upper body of the stomach, total gastrectomy
with D2 lymphadenectomy is recommended. D2 lymphadenectomy for proximal tumors
require the retrieval of the soft tissues encasing the splenic hilum, which contain LN
station 10. Two options exist for retrieval of lymph station 10: a total gastrectomy with
splenectomy and a spleen-preserving total gastrectomy. While splenectomy-related post-
operative complications, such as subphrenic abscesses and postsplenectomy syndrome,
are well known, complete dissection of the splenic hilum during spleen-preserving total
gastrectomy is a very complex procedure. Spleen preservation is recommended for expe-
rienced surgeons.

Spleen-Preserving Total Gastrectomy

Robotic spleen-preserving total gastrectomy requires three additional steps: the dissec-
tion of the distal splenic vessels (LN station 11d), the splenic hilum (LN station 10),
and the division of the short gastric vessels (LN station 2) (Fig. 21.7).

After the division of the left gastroepiploic vessels, the short gastric vessels are
divided until the esophagophrenic ligament is reached and released.

Approach the splenic hilum by identifying the distal splenic vessels behind the
distal pancreas and skeletonizing the vessels toward the spleen.

Completely remove the soft tissues encasing the splenic hilum.
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Figure 21.7 Completed dissection of
the splenic vessels and splenic hilum.
D2 lymphadenectomy during spleen-
preserving total gastrectomy far
proximal lesions requires the com-
plete dissection of the soft tissues
along the entire length of the splenic
vessels for retrieval of lymph nodes
11d and the splenic hilum for lymph

¢ I.-n ' / B nade station 10.
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The remaining soft tissues along the distal splenic artery and vein can be approached
by completing the dissection from the proximal splenic vessels.

Total Gastrectomy with Splenectomy
Total gastrectomy with splenectomy requires the full mobilization of the distal pancreas
and the spleen.

Free the splenic vessels from the distal pancreas.

Release the remaining splenic attachments by dividing the splenophrenic and spleno-
renal ligaments.

Divide the splenic vessels behind the pancreas, approximately 5 to 6 cm from the
celiac artery.

Reconstruction

After robotic gastric resection and complete LN dissection, several methods for the crea-
tion of an intracorporeal or extracorporeal gastrointestinal anastomosis have been
described. The advantages and disadvantages to each approach exist. The appropriate
selection of the gastrointestinal reconstruction after robotic gastric cancer surgery depends
on the resection extent and remains a surgeon’s preference. In general, stapled anastomo-
ses are preferred but sutured anastomosis using robot assistance is also an option. Regard-
less of the method and approach used, patient-side assistance is required for the
application of the stapler. Therefore, many methods used during laparoscopic gastroduo-
denostomy, gastrojejunostomy, and esophagojejunostomy can be applied after robotic gas-
tric resections.

Gastroduodenostomy, gastrojejunostomy, or Roux-en-Y gastrojejunostomy
Intracorporeal or extracorporeal
Linear or circular staplers including transoral anvil placement

ws POSTOPERATIVE MANAGEMENT

Postoperative management of patients who have undergone robotic gastrectomy involves
determination of when to resume oral intake, appropriate fluid maintenance, pain con-
trol, DVT prophylaxis, perioperative antibiotics, and blood work.

Return of gastrointestinal function is expected in 3 to 5 days in patients without
complications.

Oral intake is resumed on postoperative day (POD) 2 and advanced as tolerated usu-
ally to liquid diet (POD 3), soft diet (POD 4), and regular diet (POD 5).

Median length of hospital stay is usually 5 days without complications.
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) COMPLICATIONS

The reported complication rates for robotic gastrectomy vary. The largest series evaluat-
ing the short-term outcomes of robotic and laparoscopic gastric cancer surgery report
wound-related issues, intraluminal bleeding and anastomotic leakage to be the most
common complications encountered after robotic gastrectomies. These complications
are not directly related to robot assistance since the port placements and anastomoses
are not performed using the robot.

In general the morbidity and mortality associated with radical gastrectomies depend
on the extent of resection, LN dissection, experience of the surgeon, and the experience
of the institution where the surgery is being performed. Many of the complications are
related to the extent of LN dissection and expectedly are higher with D2 lymphadenec-
tomy than for D1. Improved surgical outcomes have been reported with spleen-preserving
total gastrectomies when compared to total gastrectomy with splenectomy. No differences
in complication rates have been found between laparoscopic and robotic gastric cancer
surgeries.

Other possible complications are as follows:

Intra-abdominal fluid collections/abscesses
Intraluminal and intra-abdominal bleeding
Pancreatitis/pancreatic leak/pancreatic fistula
Anastomotic leak/stricture

Gastroparesis or ileus

Obstruction

,‘B RESULTS

Robotic surgery for gastric cancer treatment is a relatively novel field. Many studies
have studied laparoscopic versus open gastric cancer surgery and demonstrated many
benefits of minimally invasive surgery without the loss of oncologic standards. Com-
parison of robotic approach to laparoscopic approach is scarce, but preliminary evi-
dence suggest that robotic gastric cancer surgery has more benefits than laparoscopic
and open surgery for the patient and the surgeon. The short-term results of the robotic
gastrectomy from four major publications are shown in Table 21.1.

Benefits for the patient:

Less pain
Shorter length of hospital stay

RIS T Perioperative Factors

Study A (n=236) StudyB(n=24) Study C(n=16) StudyD(n=17)

Open conversion Nane Nane None Nane
Resection extent

Distal subtotal gastrectomy 172 13 16 1

Total gastrectomy 62 " 0 0

Completion total 2 0 0 0
D2 lymphadenectomy 105 24 14 1
Operative time (min) 220 £47 268 (255-305) 259+ 39 420 (390-480)
Estimated blood loss (cc) 92+ 153 30 (0-100) 30+£15 300 (100-900)
Number of LN retrieved 4244155 28 (23-34) 4114109 24 (17-30)
Median LOS (days) 5 6 5 4

Study A (1), Study B (2), Study C (3), Study D (4).



Chapter 21

Decreased blood loss

Faster gastrointestinal recovery
Faster physical recovery

Better quality of life after surgery
Better cosmesis

Benefits for the surgeon:

Ergonomics

3D view

Control of four arms
Accuracy of dissection
Shorter learning curve

Disadvantages:

Longer operative time

Initial cost of robot for hospital
Financial burden to patient
Limited training opportunities

->;_<; CONCLUSIONS

Robot-assisted Gastrectomy with Lymph Node Dissection for Gastric Cancer
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Robotic surgery for gastric cancer is a safe and feasible operation. The short-term ben-
efits of robotic gastrectomy parallel that of laparoscopy. Surgical oncologists who treat
gastric cancer patients can readily adhere to the oncologic principles of gastric cancer
treatment including no touch technique, negative margins, adequate LN dissection, and
so on. The adoption of robotic surgery for the treatment of gastric cancer patients may
improve the quality of surgery for the patient and offer a shorter learning curve for the

surgeomn.
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of Gastrointestinal
Stromal Tumors

R. Matthew Walsh

Gastrointestinal stromal tumors (GISTs) represent 1% of all primary gastrointestinal
tumors and are the most common gastrointestinal tumor of mesenchymal origin. This
group of neoplasms represents an interesting aspect of cell biology as an early example
of a single gene mutation-induced neoplasm. The specific mutation occurs in the intra-
cellular domain of the ¢-KIT proto-oncogene which is present in 80% to 95% of these
neoplasms. This allows the neoplasms to be distinguished from leiomyomas of the
stomach which are positive for desmin and negative for KIT.

GISTs occur anywhere in the gastrointestinal tract but are most common in the
stomach (50%) and small bowel (25%). They account for half of the submucosal lesions
seen on upper endoscopy because they arise from the muscular layer of the intestine
(Figs. 22.1 and 22.2). The median size at presentation is 5 cm and symptomatic patients
in general present a decade earlier than asymptomatic patients with an overall median
age of 66 to 69 years. The most common presenting symptom is gastrointestinal bleed-
ing which occurs in one-third of patients and could be occult or overt bleeding. The
next most common symptom is abdominal pain in 20% of patients. Additional pres-
entations include an abdominal mass or incidental gastric mass on radiologic imaging
or endoscopy. The presence of multiple GISTs can suggest familial GIST. The endo-
scopic view can include a well circumscribed submucosal mass that may include a
deep ulceration for those presenting with gastrointestinal bleeding. And while this
endoscopic finding is sufficient in symptomatic patients to proceed with resection, it
is not specific.

Surgical resection is indicated for symptomatic GISTs, and biopsy is not required
when tumor dissemination may be a risk. One tenet of treatment centers around the
knowledge that all GISTs have malignant potential. Risk stratification is important to
consider both for the indication for resection and for adjuvant therapy. Risk stratifica-
tion for resection centers on size. Autopsy series demonstrate a high prevalence (22%)
of small GISTs (<10 mm) in individuals over 50 years. Most of these small GISTs do
not progress rapidly into large macroscopic tumors despite the presence of a KIT muta-
tion. It is currently recommended that in acceptable risk patients, any GIST >2 cm
should be resected. Contraindications to resection from a tumor biology perspective
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Figure 22.1 Endoscopic view of a
submucosal mass. The endoscopic
view is typical but not specific for
a GIST. The growth pattern can be
intraluminal, exophytic to the
stomach or hoth.

include patients with known metastatic disease or unresectable tumor due to size or
extended organ involvement that would lead to unacceptable morbidity or functional
deficit. This latter group is amendable to neoadjuvant imatinib mesylate to downsize
the tumor. This therapy typically lasts for 6 to 12 months with maximal response
defined as no further improvement between two successive CT scans.

@ PREOPERATIVE PLANNING

A component of preoperative planning involves a consideration of the accuracy of the
preoperative diagnosis for GIST. The differential diagnosis includes other submucosal
masses such as lipoma, carcinoids, and leiomyomas or sarcomas, and nongastric masses
which originate from the liver, pancreas, or spleen, as well as lymphoma or germ cell
tumors. The diagnostic yield of endoscopy with biopsy is 35%, endoscopic ultrasound
with fine needle aspiration (FNA) 84%, abdominal computed tomography 74%, and mag-
netic resonance imaging 91%. Endoscopic ultrasound is valuable in assessing the gastric
layer from which the lesion arises as well as providing access for biopsy if that is required.

Once an accurate diagnosis of GIST has been determined, preoperative planning
will be guided by size, location, and relative intra/extra gastric configuration. The inter-
play of all of these factors will determine the ultimate operative approach. A large
lesion that is very exophytic or pedunculated on the anterior wall of the gastric body

Figure 22.2 Image aobtained from
endoscapic ultrasound (EUS).
These tumors arise fram the
muscularis propria as deman-
strated. They can have a dumbbell
configuration which is not always
evident on EUS.
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is a straight-forward laparoscopic resection and would be an entirely different operative
approach from the same size lesion of the posterior antrum with an appreciable intra-
gastric component which may require a standard distal gastrectomy. A posterior loca-
tion may extend into the retroperitoneum requiring a pancreatic resection for complete
removal. Transgastric or intragastric procedures should be considered for posterior wall
or gastroesophageal junction tumors with an intragastric component. A wide variety of
minimally invasive techniques are appropriate for GIST tumors which defies the con-
cept of a single best approach for all patients. The integration and assessment of intra-
operative endoscopy by the surgeon and diagnostic laparoscopy should guide operative
decisions regardless of the preoperative plan.

Preoperative planning does require consideration of special equipment for many
laparoscopic resections. A video endoscope, angled laparoscope, specimen retrieval
bags, and endoscopic linear staplers are standard fare. Intragastric procedures where
the operation occurs in an insufflated stomach with intragastric ports is a special oper-
ation which should be planned. It behooves the surgeon to be prepared with the fol-
lowing equipment if an intragastric approach is being contemplated.

Endoscopy Equipment

Diluted epinephrine
Sclerotherapy needle
Over-tube

Biopsy forceps
Endo-snare

Roth-net

Laparoscopic Equipment

Balloon stabilized 5-mm trocars

Needle drivers

Ultrasonic shears

Hook cautery

Dual channel inputs for picture-in-picture

Robotic-assisted laparoscopy can also be performed for all manner of laparoscopic
resections of GISTs including intragastric procedures. Use of robotic techniques will be
determined by equipment availability and expertise.

() SURGERY

Regardless of the specific operative approach, laparoscopic versus open, intragastric
versus transgastric, formal resection versus wedge resection, the same surgical objective
should be obtained: complete resection without tumor disruption. The principle goal
of resection is obtaining macroscopically negative margins. The need to achieve micro-
scopically negative margins is uncertain, since outcomes are likely determined by bio-
logic tumor behavior and not the microscopic margin. The presence of a positive
margin may be falsely interpreted based on specimen retraction, and re-excision is not
advised for a microscopically positive only (R1) resection. Radical resection that would
include lymphadenectomy is not required to ensure good outcomes, but a formal resec-
tion may be required based on size and location to achieve the best functional outcome.
Extended resection should be done for contiguous organ involvement only to the degree
that an RO or R1 resection is accomplished. A laparoscopic approach to resection is
feasible, providing the same principles of traditional surgery are upheld: complete
resection without tumor disruption. It was due to concern for tumor disruption by
manipulation of the tumor that laparoscopy was initially discouraged, but its utility has
been borne out in many series.
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Positioning

Routine supine positioning is employed with video monitors at the head of the bed.
Rarely will the monitors be at the feet if an intragastric resection is entertained for an
antral lesion. Access to the mouth should be available for intraoperative endoscopy.
Use of a split-leg bed is purely based on surgeon preference.

Technique

There are multiple techniques used for laparoscopic resection of gastric GISTs due to
the varied locations of the lesions. It also points to the ingenuity of techniques fostered
by minimal access surgery. General approaches will be discussed that are adaptable to
specific situations.

Laparoscopic Wedge Resections

In this general scenario, wide access to the abdominal cavity is required with trocars
positioned in a lazy “U” as used for most upper abdominal surgery (Fig. 22.3). This
involves typically five trocars, all 5-mm except for a 12-mm at the umbilicus for endo-
GIA stapler and extraction site. This approach is acceptable for all anterior wall masses
of any location and many posterior wall lesions accessible via transgastric approach or
via the lesser sac. There is a common misconception that a wedge resection requires
elevating the lesion and its gastric wall attachment using a stapler to transect both walls
of the stomach in a single firing (Fig. 22.4), and this technique is used most often by
the laparoscopic novice and is really useful for only the most exophytic of GISTs. The
resection of a spherical mass with a linear stapler will typically require a long staple
line (use and expense of multiple cartridges) resulting in an unnecessarily large gastric
deformity. It is typically a better option to resect the mass with a rim of normal stomach
with any energy source (cautery, endoscopic shears; Figure 22.5A) and reconstruct the
defect. The closure of the defect can be accomplished with a stapler (Fig. 22.5B) or
suturing which will result in a better functional result. The specimen should be placed
in a retrieval bag.

Figure 22.3 Typical trocar positioning for mast
laparoscopic gastric procedures (excluding
intragastric techniques).
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Figure 22.4 A: Laparoscopic approach to a posterior wall GIST. The gastrocolic omentum is divided with endoshears to expose the
posterior wall. A transgastric approach can reach the same lesion but does not allow assessment for extragastric, retroperitoneal
extension and thus is reserved for posterior wall lesions with dominant intragastric component. B: A stapled excision of the gastric
wall containing a GIST often requires a long staple line and multiple firings to excise a spherical mass. This is ideal for exophytic
and small lesions without causing excessive defarmity.

Intragastric Resection

Resection of gastric GISTs can be performed while operating within the gastric lumen.
This requires trocar placement directly into the gastric lumen and insufflation with CO,
to distend the lumen. Endoscopic skills are important to allow trocar placement, suture
passage, and specimen retrieval. The best candidates for this approach are those with
lesions that are near the gastroesophageal junction or on the posterior wall of the prox-
imal stomach. The lesion should be predominantly intragastric with realization that
lesions can have a “dumbbell” configuration that may be seen on endoscopic ultrasound
or preoperative CT. A full-thickness resection of the gastric wall is feasible with the
intragastric approach as well as an enucleation that involves partial depth removal.

The operative sequence is as follows:

Patient is in supine position and under general anesthesia.
Endoscopy is performed to confirm position, particularly whether anterior or poste-
rior wall, and selection of trocar location by digital indentation.

A B

Figure 22.5 A: Complete excision of anterior gastric mass with hook cautery to achieve a negative margin. Avoid direct retraction of
lesion to prevent disruption. B: Closure of a gastric wall defect after excision of an anterior wall GIST. The closure can be done in a
transverse fashion as well and compromises the lumen minimally. Sutures can also be used to elevate the corners of the defect.
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Figure 22.6 Endoscopic guidance
of balloon-tipped trocars into the
stomach with maximal triangula-
tion. Typical trocar positions (inset).

General abdominal laparoscopy to look for exophytic component and metastases.
5-mm balloon tipped trocars into the stomach with the stomach maximally distended
with air under endoscopic visualization (Fig. 22.6). Three trocars are placed with
maximal triangulation secure with balloon insufflation so trocars do not migrate from
the stomach inadvertently.

CO, insufflation into stomach.

Endoscopic injection with a sclerotherapy needle of dilute epinephrine for hydrodis-
section and improved hemostasis. The hydrodissection allows for identification of
the precise border of the GIST if enucleation is anticipated. The delineation of the
lesion is clearly visible in all cases (Fig. 22.7).

Figure 22.7 Endoscopic injection of
the submucosa with epinephrine far
hemostasis and hydrodissection.
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5-mm instruments and camera for laparoscopic intragastric dissection. Typically the
hook cautery works well for fine dissection.

Following excision the lesion is placed in the stomach and the gastric wall defect
repaired in all cases.

The endoscope is re-inserted with an over-tube. Vicryl sutures of 4 inches length are
passed into the stomach with an endoscopic biopsy forceps.

The gastric wall defect is closed with laparoscopic needle drivers and endoscopically
passed sutures (Fig. 22.8).

The needles are removed orally. Any needed number of sutures can be passed as
necessary to complete the closure.

The GIST is removed orally after endoscopic capture with a Roth-net or snare.

The balloon trocars are deflated and withdrawn from the stomach into the peritoneal
cavity. The anterior gastric wall puncture sites are closed with standard laparoscopic
suturing (Fig. 22.9).

Laparoscopic Formal Gastric Resection
A standard type of gastric resection is rarely required for resection of a GIST. It is not
necessary from an oncologic perspective. This may be necessary for the size and com-
promising position of a GIST, typically an antral lesion whose resection and reconstruc-
tion would result in luminal compromise and outlet obstruction. An antrectomy with
either Billroth I or II reconstruction is easier to accomplish as a planned excision rather
than following excision where the subsequent large defect needs to be reconstructed.
The laparoscopic approach to antrectomy or distal gastrectomy is similar to the
technique for a gastric cancer except that lymphadenectomy is not required. Should
this be undertaken due to tumor size it must be done with the consideration of not
disrupting the tumor. Many lesions that require a standard type of resection or extended
resection due to tumor size are best done with open resection to avoid tumor disruption
since this is of greater consequence than a laparotomy incision.

Robotic Excision
All of the aforementioned laparoscopic techniques can be performed with robotic assist-
ance. Robotic partial gastric resection can be utilized with robotic endoscopic shears or

Figure 22.8 Laparoscopic closure
of gastric wall defect with sutures
introduced by endoscaopically
passed sutures.
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Figure 22.9 Laparoscopic closure
of trocar sites with balloon cath-
eters removed from the stomach
into the abdominal cavity.

hook cautery. The defect can be easily sutured closed in two layers using robotic needle
drivers, thus avoiding any staplers (Fig. 22.10A and B). This robotic suturing is effective
regardless of the defect size or location and is a particularly good training procedure
for residents and fellows. The degrees-of-freedom of the robotic instruments is what
makes the defect size and location a straight-forward repair and is best demonstrated
for intragastric suturing. The intragastric repair of the gastric wall defect is the most
tedious and time-consuming aspect of the intragastric operative approach which is
greatly improved with the robotic instruments. The standard 5-mm robotic trocars can
be placed intragastricly without need for balloon-stabilized ports due to the robotic
instrument recognition platform. A standard gastric resection is also well described
robotically for early gastric cancer and can be used in this similar situation. The use of
robotics in the resection of gastric GISTs is limited by the availability of the device,
surgical training, and one’s imagination.

< LransQRairnc
re of wal| delsef,

Laparesopic
¢ trans|luminating
light

Figure 22.10 A: Endoscopic view of antral lesion that is posterior and intragastric. The light from the laparoscope shines through
the anterior gastric wall. B: Robatic closure of the excised defect that was approached transgastrically. The right robotic needle
driver is being passed through the pylorus to avoid outlet obstruction.
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ws POSTOPERATIVE MANAGEMENT

The typical course of patients following laparoscopic GIST resection is notable for brief
hospitalizations and rapid recovery. The length of stay is typically less than 5 days. A
nasogastric tube is not routinely utilized nor is routine Gastrografin studies to interro-
gate for a leak. Patients are begun on a liquid diet the first postoperative day and
advanced as tolerated. Antibiotic prophylaxis is used for 24 hours. A proton pump
inhibitor is used routinely for the 2 months to aid gastric mucosal healing and reduce
hemorrhage at the excision site. Any patient undergoing intragastric enucleation is
surveyed yearly, to include endoscopic ultrasound, for 5 years to identify local recur-
rence should that occur.

) COMPLICATIONS

Procedure-specific complications are very infrequent, with many series reporting no
complications. Potential morbidity would include hemorrhage, leak, and inlet or outlet
obstruction.

Hemorrhage can occur at the site of the resection if a partial thickness resection was
done at an anastomosis or through a staple line. These bleeding complications can be
reduced with fibrin glue for a staple line, mucosal approximation of gastric wall defects,
and use of postoperative acid-suppressive medications. Bleeding complications can be
diagnosed and managed with endoscopic techniques and rarely reoperation.

Staple or suture line leaks are technical complications that are best avoided by main-
taining meticulous technique. They should be suspected in a patient who is not
following the anticipated recovery path, is septic, unusually tender on examination,
or exhibiting delayed gastric emptying. It can be documented by oral contrast-
enhanced CT scan (perigastric abscess with or without contrast extravasation) or
Gastrografin swallow. Contained leaks can be managed with percutaneous drainage
and antibiotics; the others with reoperation.

The lumen can be operatively compromised at both the gastroesophageal junction
and the antrum (pylorus). This can occur for lesions at both locations due to a large
excision or from the reconstruction. Usually this is a consequence of poor operative
selection or unsuspected narrowing with staplers. Symptoms are typically based on
precise location: dysphagia or gastric outlet obstruction. Reoperation with resection
and reconstruction is often required.

49 RESULTS

The patient outcome is typically a consequence of tumor biology, provided the basic
surgical tenets of GIST excision are maintained. There does not appear to be an inher-
ent disadvantage to laparoscopic resection. Small retrospective comparative trials have
shown no adverse outcome from laparoscopic outcomes relative to resection, margin
status, morbidity, or tumor recurrence. The length of stay can be favorably impacted by
laparoscopic approaches.

Survival after surgery alone for GIST is favorable when compared to other intra-
abdominal sarcomas. The overall outcome for patients who undergo complete resection
with negative margins shows a 5-year disease-specific survival rate of 54% with a
median survival of 66 months. The two most important prognostic features of the pri-
mary tumor are its size and mitotic index, which provides for a consensus approach to
risk stratification.

An important consideration should be the use of imatinib mesylate in the adju-
vant setting. A seminal trial has been published that randomized patients with >3 cm
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KIT-positive GISTs to 1 year of 400 mg imatinib following complete resection. At a
median follow-up of 20 months a clear improvement in recurrence-free survival was
noted with imatinib, and the trial was stopped due to this interim analysis. There as
yet has been no improvement in overall survival. This study clearly demonstrates that
empiric adjuvant imatinib reduces rates of early recurrence, yet it is not clear whether
this strategy improves overall survival, whether longer therapy beyond 1 year is war-
ranted, and what patient selection criteria for therapy would be used.

+;5 CONCLUSIONS

Laparoscopic approaches to resection of gastric GISTs are reasonable, providing complete
resection without violation of the tumor is achieved. There are a variety of operative
approaches available to achieve this goal. The specific operative approach should be
tailored to the patient’s specific size and GIST location to obtain the optimal functional

and oncologic outcomes.
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3 Surgery for Gastrinoma

E. Christopher Ellison

Q) INDICATIONS

Gastrinoma, also known as the Zollinger—Ellison syndrome (ZES), is a rare cause of
ulcer disease. The incidence is about one case per million per year. The disease usually
occurs between the ages of 30 and 70, although cases in children and the elderly have
been reported. Sporadic cases dominate, accounting for 75% of all cases. Familial cases
occur in 25% of patients and are usually part of the multiple endocrine neoplasia type
1 (MEN1) syndrome. It is very important to establish whether the patient has sporadic
gastrinoma or MEN1, as the surgical treatment is different.

The diagnosis of gastrinoma is suggested by fasting hypergastrinemia off proton
pump inhibitors (PPIs) in a patient with refractory ulcer disease, gastroesophageal
reflex, or diarrhea. The most common causes of hypergastrinemia are achlorhydria asso-
ciated with atrophic gastritis and chronic use of PPIs. PPIs induce achlorhydria, and
hence, in the absence of negative feedback on the G cells in the gastric antrum, more
gastrin is released. To establish that the fasting hypergastrinemia is caused by gastri-
noma, it is necessary to check for the presence of gastric acid. If the patient has a gas-
tric pH of 7 off PPIs, then ZES is excluded. If the patient has acid in the gastric aspirate,
then a secretin provocative test is indicated. In a patient with gastrinoma, secretin will
cause an increase in the gastrin. A positive test is defined as an increase of gastrin
greater than 110 pg/mL over the baseline value (Fig. 23.1).

The contemporary surgical approach to gastrinoma is directed at tumor excision,
and no gastric procedure is performed. Surgery is recommended only after the diagno-
sis is clearly established and imaging has localized the tumor.

g PREOPERATIVE PLANNING

Two-thirds of gastrinomas are located in the gastrinoma triangle shown (Fig. 23.2). This
applies to both sporadic and MEN1 patients. In sporadic gastrinoma, the tumors are
located either in the duodenum (about half the cases) or the pancreas (nearly half the
cases), or both. Gastrinomas may also occur primarily in lymph nodes. About one half
of sporadic patients have tumors in both the duodenum and the pancreas. In those with
MENT1, there is a propensity for multiple tumors, and duodenal tumors are found in
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nearly all of these patients. The gastrin-producing pancreatic tumors are usually in the
head of the pancreas. Although many patients have tumors in the body and tail of the
pancreas, most of these are nonfunctional.

Preoperative localization tests should be performed. Somatostatin scintigraphy and
CT scan are the initial tests. This may be supplemented with endoscopic ultrasound,
MRI, and selective arterial secretin stimulation. In one-third of cases these tests will be
negative. Exploration is clearly warranted in patients with positive localization tests.
An individualized approach is recommended for those with negative localization tests
and for patients with MENT1.

Outline of the Surgical Procedure

The operative procedure is divided into three unique major steps and is based on the
principle of the gastrinoma triangle: step 1 is pancreatic exposure and management of
pancreatic tumors; step 2 is assessment for and resection of duodenal tumors; and step
3 is sampling of lymph nodes in the gastrinoma triangle.

Figure 23.2 The gastrinoma triangle.
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Step 1: Pancreatic Exposure and Management of Pancreatic Tumors

The operation begins after entering the abdomen through a midline incision and per-
forming a manual exploration. The surgeon next performs a wide Kocher maneuver to
fully expose the duodenum and allow palpation of the head of the pancreas. Next is
the exposure of the pancreas through the lesser sac. This is followed by bimanual pal-
pation of the pancreas and then by intraoperative ultrasound. Next is local excision of
any pancreatic tumors. Pancreatic resection, either distal pancreatectomy or pancreati-
coduodenectomy, is sometimes needed depending on the location and size of the tumor
and in particular if the pancreatic duct is involved.

Step 2: Assessment for Duodenal Tumors and Resection

Intraoperative esophagogastroduodenoscopy and transillumination of the duodenum
may be done to try to localize a duodenal tumor. However, the preferred technique is
creation of a longitudinal duodenotomy to permit palpation of the duodenal mucosa.
This is the most reliable method to identify duodenal tumors. If a tumor is found then
it is removed by either enucleation or a full thickness local resection of the duodenal
tumor if it is located in the lateral duodenum.

Step 3: Sampling of Lymph Nodes in the Gastrinoma Triangle

Details of Surgery for Gastrinoma

The operation is usually done as an open procedure; however, with improved preop-
erative localization a laparoscopic or robotic technique may be suitable for some
patients.

Positioning
The patient is placed in the supine position. The left arm is tucked and the right arm
is placed on an arm board.

Patient
A peripheral IV is started. Central venous access is used in selected cases. After induction
of general endotracheal tube anesthesia, a nasogastric tube and Foley catheter are placed.

Equipment
In addition to a general laparotomy set, the following equipment should be available:

1. Intraoperative ultrasound transducer (10 MHz) and an ultrasound unit
2. An endoscopy cart and an adult upper endoscope
3. A bipolar coagulating device

Incision
A midline incision is made, and the abdomen is manually explored. The round liga-
ment is divided. A self-retaining retractor is placed.

Pancreatic Exposure and Management of Pancreatic Tumors

Kocherization of the Duodenum

The peritoneum along the second portion of the duodenum is incised sharply. Medial
retraction on the duodenum by the assistant facilitates the mobilization. The Kocher
maneuver is complete when the left renal vein is seen. The duodenum and head of the
pancreas are palpated (Figs. 23.3 and 23.4).

Exposure of the Pancreas

The lesser sac is entered by sharply dividing the omentum from the transverse colon.
This is carried widely (Fig. 23.5).The body and tail of the pancreas are exposed. The
attachments between the posterior wall of the stomach and the anterior surface of the
pancreas are incised with electrocautery. The neck and anterior surface of the head of

24

Part Il: Procedures for Neoplastic Disease



242 Partll Procedures for Neoplastic Disease

Figure 23.3 Incision for Kocher maneuver.

Figure 23.4 Duodenum and head of
pancreas lifted by surgeans left hand.

Figure 23.5 Division of omentum to enter the
lesser sac and expose the pancreas.

Pancreas
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Figure 23.6 Pancreas exposed in the lesser sac.

Superior mesenteric
vessels

the pancreas are exposed by continued dissection of the omentum in order to expose
the vascular groove and the anterior portion of the superior mesenteric vein (Fig. 23.6).
In some cases to provide enhanced exposure the gastroepiploic vein is ligated with 2-0
silk and divided. Bimanual palpation of the pancreas is performed.

Part Il: Procedures for Neoplastic Disease

Ultrasound of the Pancreas

The ultrasound transducer is placed in a sterile covering, and gel is applied to the tip
of the probe. Transducers are designed to produce ultrasound waves of different fre-
quencies. The higher the frequency of the waves, the greater the resolution of the image
on the screen. Thus a 10-MHz transducer will produce a clearer image than a 5-MHz
transducer. Saline is instilled into the lesser sac to cover the pancreas. The pancreas is
examined for hypoechoic lesions (Fig. 23.7).

Figure 23.7 Intraoperative ultrasound
of the pancreas.

Hypoechoic
lesion
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Figure 23.8 Division of gastrasplenic liga-
ment.

Gastrosplenic
ligament

Resection of Pancreatic Tumors

Lesions in the tail of the pancreas are best removed by a distal pancreatectomy, usually
combined with splenectomy for oncologic staging and tumor control. The pancreas is
exposed as previously described. The gastrosplenic omentum is divided. This may be
done using a coagulating device, or clamps and ties (Fig. 23.8). The spleen is next
mobilized by dividing the splenorenal ligament. The surgeon cups the spleen gently in
the left hand. With the right hand, the ligament is divided using electrocautery. Some-
times it is easier to have the assistant divide the ligament as the surgeon retracts the
spleen medially (Fig. 23.9). Dividing the ligament allows blunt dissection in the retro-
pancreatic space. The spleen and pancreas are brought together to the midline. The
most superior short gastric vessel may be more easily divided at this portion of the
procedure. The tail and body of the pancreas are mobilized using electrocautery for
dissection. The splenic artery and vein are identified (Fig. 23.10). The artery is encircled
with a vessel loop and divided with an articulated endoscopic stapler (Fig. 23.11). The
neck of the pancreas is exposed and a blunt right angled instrument is used to dissect
the space between the neck of the gland and the portal vein (Fig. 23.12). The neck of

Figure 23.9 Mobilization of the
spleen and tail of the pancreas.

Splenorenal
ligament
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Figure 23.10 Splenic artery encircled with a
vessel loop.

Splenic artery

Figure 23.11 Stapling the splenic artery.

Part Il: Procedures for Neoplastic Disease

Endoscopic stapler

Figure 23.12 Dissection of the neck of
the pancreas.

Spleen

Splenic vein

Inferior
mesenteric vein
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Figure 23.13 Isolation of the splenic vain
and division using an endoscopic sta-
pling device.

Splenic vein

the pancreas is encircled with a vessel loop or a %-inch Penrose drain. This facilitates
the identification of the splenic vein. The splenic vein is encircled with a vessel loop
and then divided with an articulated endoscopic stapler (Fig. 23.13). Further dissection
with electrocautery allows complete mobilization of the pancreatic tail and a portion
of the body of the pancreas. Next, the pancreas is divided. The pancreas may be stapled
using the 3.5- or 4.8-mm staple load endoscopic stapler. The larger staple size is more
frequently used. The staple line may be secured with a bioabsorbable staple line rein-
forcement constructed from polyglycolic acid : trimethylene carbonate, a medically
proven biocompatible copolymer (Figs. 23.14 and 23.15). In some cases, the pancreas
is thick and division with a stapling device would be considered inappropriate. In this
case the pancreas is divided with electrocautery. It is preferable to create a fish-mouth—
type incision in the pancreas to facilitate closure. The pancreatic duct is directly ligated
with a 4-0 monofilament suture. In order to compress the divided pancreas, the cut end
of the pancreas is closed with horizontal mattress sutures of 3-0 silk and then a layer
of simple sutures of 3-0 silk to obtain finer approximation of the cut edges of the pan-

Figure 23.14 Division of the pancreas with
an endoscopic stapler.
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Figure 23.15 The pancreas divided and
the specimen ready to he passed off
the field.

Specimen

creas. Prior to closure, a closed-suction drain is inserted and placed near the cut end
of the pancreas.

Tumors in the head of the pancreas (Fig. 23.16) should be locally excised by
enucleation if they are less than 2 cm in greatest dimension and if the pancreatic
duct is not in close proximity or compressed by the tumor. If the tumor is greater
than 2 cm and/or involves the pancreatic duct, a pancreaticoduodenectomy is indi-
cated. The enucleation technique requires excellent exposure of the pancreas. The
surgeon controls the head of the pancreas and duodenum with the left hand posi-
tioned posterior to the head of the pancreas. As these tumors are highly vascular, the
dissection is facilitated by the use of bipolar coagulating instrument (Fig. 23.17). As
the dissection proceeds a traction suture may be placed in the tumor to permit it to
be lifted away from the pancreatic parenchyma as the dissection proceeds
(Fig. 23.18).

Figure 23.16 A gastrinoma in the head of the
pancreas.

Tumor (gastrinoma)
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Figure 23.17 Initial steps in the enucleation of a
pancreatic head gastrinoma using hipolar cautery.

Duodenal Tumors

Intraoperative Endoscopy

Upper endoscopy may be done to try to localize a duodenal tumor. Transillumination
of the duodenum can identify lesions in the wall that otherwise might be missed. It is
difficult to localize a duodenal tumor by this technique.

Duodenotomy

The most reliable way to identify a duodenal primary is by opening the duodenum and
performing manual exploration. Duodenal tumors will be present in 50% of patients
with sporadic ZES and in nearly 100% of those with MEN1. Stay sutures are placed on
the lateral surface of the second portion of the duodenum, and a longitudinal incision
is fashioned (Fig. 23.19). The duodenal mucosa is visually inspected and palpated. In
sporadic ZES, the tumors are usually located in the first portion of the duodenum. They

Figure 23.18 Traction stitch in gastrinoma
facilitates dissection.
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Figure 23.19 Longitudinal incision in the
duodenum. Stay sutures have been
placed.

may be in the pyloric channel as well. The tumors will feel rubbery in nature and pro-
trude into the lumen.

Excision of Duodenal Tumors

The surgeon needs to be aware of the location of the ampulla of Vater so as not to
confuse this structure with a medially located duodenal gastrinoma (Fig. 23.20). The
medial placed tumor may be removed with an enucleation technique using monopo-
lar cautery (Fig. 23.21). If the ampulla is difficult to visualize, then the gallbladder
may be removed and the cystic duct cannulated with a 4 French biliary Fogarty cath-
eter. This is threaded into the duodenum and the balloon insufflated with 0.5 cc of
saline. The ampulla is then easily identified. As the lesions are encapsulated, resec-
tion of the duodenal wall is usually unnecessary. The duodenal mucosa is closed with
interrupted 4-0 absorbable suture (Fig. 23.22). In cases of tumors on the lateral side
of the duodenum, the lesion is excised with a full-thickness segment of duodenal
wall. The duodenum is closed as a single layer with 3-0 silk in the longitudinal direc-
tion.

Figure 23.20 The duodenum is open
and a tumor is visible just proximal to
the ampulla of vater.
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Figure 23.21 Local excision of a
duodenal gastrinoma using a traction
stitch and monopolar electrocautery.

Sampling of Lymph Nodes in the Gastrinoma Triangle

Lymph nodes along the porta hepatis are removed. The peritoneum lateral to the common
bile duct is incised, and the bile duct retracted medially (Fig. 23.23).There are usually
large nodes posterior to the bile duct, from the cystic duct to the top of the pancreas. These
are removed with sharp dissection, with hemostasis achieved by hemoclips or 2-0 silk
ligatures. The specimens are sent for frozen section. If the nodes are positive, then this
could indicate a lymph node primary or metastasis from a duodenal or pancreatic primary.

Management of Liver Metastases

Localized liver lesions should be excised. If extensive metastases are identified the
exploration should be aborted as treatment of the primary lesion will not be of benefit
to the patient.

Figure 23.22 Closure of the mucaosal
incision made to remove the submu-
cosal mass.
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Figure 23.23 Sampling of lymph nodes
in the gastrinoma triangle.

=, POSTOPERATIVE MANAGEMENT

Intravenous fluids are administered. Urine output is monitored. The PPI should be
administered intravenously even if a tumor was found as there is hyperplasia of the
parietal cell mass and there will be continued excess gastric secretion for up to 3 months
after surgery. The nasogastric tube is removed on postoperative day 1, unless the output
exceeds 300 mL per shift. Diet is resumed the day after the nasogastric tube is removed.
The drain is removed after the drain amylase is lower than the upper limit of normal
for serum amylase. A fasting gastrin is obtained prior to discharge. Discharge medica-
tions should include a PPL

) COMPLICATIONS

The surgeon should be aware of the problem of pancreatic fistula. If the drain amylase
is elevated over serum, the drain should not be removed. The patient may be fed and
discharged with a pancreatic fistula. Weekly drain fluid is sampled for amylase, and
when it normalizes the drain is removed. Leakage from the duodenum is rare and would
be evidenced by bilious nature of the drain output. In this case the patient should be
made NPO, provided parenteral nutrition, and observed until closure. Reoperation for
either of the aforementioned complications is rarely required.

Follow-up

About 30% of sporadic gastrinoma patients are cured and have normal postoperative
gastrin levels after what is thought to be a complete resection. This indicates the problem
with microscopic disease. Only 5% of patients with MEN1 and gastrinoma are cured
after resection. However, complete resection of all visible gastrinoma in the duodenum
and/or pancreas is associated with a survival advantage in both sporadic gastrinoma and
MENT1 patients. The recommended testing protocol for patients with initial surgical cure,
defined as a normal postoperative serum gastrin concentration, is as follows:

1. Fasting gastrin each year
2. Secretin provocative test for elevated gastrin

251

Part Il: Procedures for Neoplastic Disease



252 Partll

Procedures for Neoplastic Disease

3. Screen for MEN1 each year

a. Calcium
b. Parathyroid hormone
c. Prolactin

4. Imaging for an increasing serum gastrin concentration or an abnormal secretin test

a. Octreotide
b. MRI
c. CT

For patients not cured by initial surgery, the follow-up is individualized depending
on the stage of the disease and clinical evaluation at yearly visits. If disease progression
is identified decision for re-exploration is made on an individual basis.

-a-;y CONCLUSIONS

Exploration for gastrinoma is targeted by preoperative imaging. The intraoperative plan
should be directed by the concept of the gastrinoma triangle. The goal of surgery is to
resect all visible tumors. In the standard patient no gastric procedure is performed as
was required in the past. This has been replaced by effective treatment of acid secretion
by PPIL. Exceptions are patients refractory to PPI (which is rare) and those rare patients
with serious complications of peptic ulcer disease such as gastrojejunocolic fistula.
Total gastrectomy may be warranted in such patients.
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)/l Bile (Alkaline)
Reflux Gastritis

Daniel T. Dempsey

Q/l INDICATIONS/CONTRAINDICATIONS

Alkaline or bile reflux gastritis is an unusual clinical syndrome consisting of chronic
abdominal pain, bilious vomiting, and gastric mucosal inflammation associated with an
“abnormal” amount of bilious duodenal contents in the stomach. Primary bile reflux
gastritis is thought to be due to the presence of excess duodenal fluid in the stomach,
perhaps because of abnormal motility patterns in the antrum, pylorus, and/or duodenum.
More common is secondary bile reflux gastritis which occurs after pyloroplasty or gast-
rectomy with either Billroth I or Billroth II reconstruction. Since many dyspeptic patients
(as well as many asymptomatic postsurgical patients) have both histologic gastritis and
bilious duodenal contents in the distal stomach, the diagnosis of bile reflux gastritis
must be made with care and circumspection. Prior to operation for bile reflux gastritis,
an attempt should be made to quantitate enterogastric reflux, and to rule out other pos-
sible causes of the patient’s symptoms.

Indications for operation in bile reflux gastritis are intractable chronic symptoms,
particularly bilious vomiting (with or without abdominal pain), which are unresponsive
to medical treatment including proton pump inhibitors and promotility agents. There
should be good evidence of both excessive enterogastric reflux and gastric mucosal
inflammation. Relative contraindications to operation are inanition, narcotic addiction,
and excessive use of NSAIDs or tobacco. Care should also be exercised in patients with
severe gastroparesis, and in asthenic patients. It is prudent for the surgeon contemplat-
ing operation for bile reflux gastritis to ask, “how would this patient look 10 to 15 pounds
lighter?”, because that is what often happens when an ill-conceived operation is done
for this poorly understood functional GI malady.

@ PREOPERATIVE PLANNING

The differential diagnosis of bile reflux gastritis includes peptic ulcer disease, gas-
troparesis, mechanical gastric outlet obstruction, gastric remnant carcinoma, partial
small bowel obstruction, afferent loop syndrome, and other upper abdominal disorders.
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Other causes of gastritis such as helicobacter pylori, alcohol, and NSAIDs should also
be considered. Unrecognized marginal ulceration is common in distal gastrectomy
patients who are reoperated on for bile reflux gastritis, so retained antrum and gastri-
noma should be ruled out; serum gastrin levels consistently above two times the upper
limit of normal should prompt a secretin stimulation test. It is important to recognize
that some patients sent for surgical evaluation of bile reflux gastritis will have more
than one diagnosis, e.g., bile reflux gastritis and gastroparesis; or recurrent peptic ulcer
disease and afferent loop syndrome.

In patients considered to be surgical candidates for primary or secondary bile reflux
gastritis, the minimum preoperative evaluation should include the following:

upper gastrointestinal series with small bowel follow-through
esophagogastroduodenoscopy with biopsy

HIDA scan

gastric emptying scan

abdominal CT scan

serum gastrin level

review of previous operative notes

An important part of the preoperative management in patients with bile reflux gas-
tritis is the management of postoperative expectations with the patient, family, and refer-
ring physician. It is helpful to remind patients that there are expected ups and downs
during the recovery period, and that the success of the operation cannot be judged until
the 3-month postoperative visit at the earliest. Many patients are unable to take their full
nutritional requirements by mouth during the first few postoperative weeks, and it is rare
to render patients with bile gastritis asymptomatic with an operation. Though the opera-
tions discussed below are quite effective in eliminating bilious vomiting, persistent pain
is reported in up to 30% of patients, and 20% of patients develop postoperative delayed
gastric emptying. It is important that these patients be managed both preoperatively and
postoperatively by a multidisciplinary team including a gastroenterologist, surgeon, dieti-
tian, psychologist/psychiatrist, and pain management specialist.

Choice of Operation

The rare patient with primary bile reflux gastritis (no previous gastroduodenal surgery)
should be considered for duodenal switch and highly selective vagotomy (Table 24.1). The
duodenal switch operation is inherently ulcerogenic, so it is reasonable to add a parietal
cell vagotomy. Alternatively proton pump inhibitors are continued indefinitely after the
duodenal switch operation. Cholecystectomy should be considered because after duode-
nal switch, ERCP may be impossible and cholecystectomy difficult. The duodenal switch
operation should be avoided in patients with primary gastroparesis. Success with biliary
diversion alone (choledochojejunostomy) has been reported and may be considered in
patients with a history of primary common duct stones or sphincter of Oddi dysfunction.
If the patient with primary bile gastritis has a significant history of peptic ulcer disease,
consideration should be given to vagotomy and hemigastrectomy, with Roux-en-Y gastro-
jejunostomy, or Billroth II gastrojejunostomy with Braun reconstruction. The latter may
be the preferable reconstruction in patients with delayed preoperative gastric emptying.

In patients with secondary bile reflux gastritis after Billroth II gastrectomy, the
operations to consider are

Roux-en-Y gastrojejunostomy (60 cm Roux limb)
Tanner 19 modification
Braun gastrojejunostomy
Henley loop (40 cm isoperistaltic jejunal interposition between the gastric remnant
and duodenum)

Conversion of Billroth II to Billroth I gastroduodenostomy alone is not helpful
though success has been reported when combined with Roux choledochojejunostomy.
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TABLE 241 Choice of Operation for Bile Reflux Gastritis

Previous Operation Surgical Options Special Considerations
None (primary Duodenal switch procedure (consider Avoid if primary gastroparesis present
enterogastric reflux) parietal cell vagotomy and

cholecystectomy)

Roux choledachojejunastomy (if history of Does not prevent enterogastric reflux of
primary CBD stones or ampullary non-hile duodenal contents
dysfunction)

Pyloroplasty Distal gastrectomy with Roux Subtotal gastrectomy if significant
recanstruction gastroparesis

Duodenal switch pracedure (to avoid Avoid if primary gastroparesis present
difficult duodenal stump)

Loop Takedown gastrojejunastamy (if pylaric
gastrojejunostomy channel patent)

Subtotal gastrectomy with Roux If gastroparesis exists
recanstruction or Henley loop

Distal gastrectomy with Billrath Il and If gastroparesis does not exist
Braun reconstruction

Billroth I distal Re-resection with Roux ar Henley loop Subtotal gastrectomy if gastroparesis
gastrectomy recanstruction exists
Billroth Il distal Roux-en-Y gastrojejunastomy (+/— Tanner Subtotal gastrectomy if gastroparesis
gastrectomy 19 madification) exists

Braun enteroenterostomy (+/— uncut Roux ~ May not completely eliminate
madification) enterogastric reflux

Henley loop (isoperistaltic jejunal Subtotal gastrectomy if gastroparesis
gastroduodenal interpasition) exists

CBD, common bile duct.

In patients with bile reflux gastritis after Billroth I gastrectomy, conversion to Roux-
en-Y gastrojejunostomy or Henley loop interposition should be considered.

The choice of operation for bile reflux gastritis depends on whether there are asso-
ciated problems such as peptic ulcer disease, outlet stricture and/or gastroparesis. If
not, patients with pure secondary bile reflux gastritis following gastric surgery are most
easily treated by conversion of Billroth I or II to a Roux-en-Y gastrojejunostomy or
Billroth II with Braun enteroenterostomy. Substantial re-gastrectomy is unnecessary. In
patients with uncomplicated bile gastritis following loop gastrojejunostomy to an intact
stomach, consideration should be given to takedown of the anastomosis if the pylorus
and duodenum are patent.

Postgastrectomy and postpyloroplasty patients with bile reflux gastritis and recur-
rent peptic ulcer disease should be treated with subtotal gastrectomy (70%) and Roux-
en-Y gastrojejunostomy. Patients with postsurgical bile reflux gastritis and gastroparesis
may benefit from near total gastrectomy with Roux reconstruction. In this difficult sub-
group of patients, if the left gastric artery remains intact, construction of a small (5%
to 10%) vertically oriented proximal gastric pouch with resection of the fundus and
remaining stomach may minimize persistent gastric stasis.

Operations that prevent buffering bile and duodenal contents from entering the
stomach tend to be ulcerogenic. Anastomosis of a large gastric remnant to a Roux
limb or Henley loop should be avoided since marginal ulceration is likely and gas-
troparesis common. While truncal vagotomy may prevent the former, it may also
predispose to the latter complication. Vagotomy should be avoided in patients with
clinically significant gastroparesis. In the current era, perhaps it is prudent to avoid
truncal vagotomy when operating for bile reflux gastritis, relying instead on chronic
proton pump inhibitor treatment. Thoracoscopic vagotomy is an option for the rare
patient who develops marginal ulceration despite a small gastric remnant and acid
suppression.
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() SURGICAL PROCEDURE

Positioning and Other Considerations

Operations for bile reflux gastritis can be done via a midline or transverse incision, or
laparoscopically. Epidural infusion should be considered for postoperative analgesia.
The patient is secured to the operating table in the supine position with the arms
extended. Urinary catheter and nasogastric tube are inserted. Prophylactic antibiotics
and DVT prophylaxis is initiated prior to incision. Sometimes intraoperative upper
endoscopy is helpful. It must be remembered that in the postsurgical patient with
chronic bilious vomiting, partial small bowel obstruction can be missed in the preop-
erative evaluation. If the proximal small bowel is distended, lysis of adhesions should
be performed in addition to the remedial planned operation. Feeding jejunostomy
should be considered since many patients with bile reflux gastritis are malnourished;
ideally this would be placed distal to new anastomoses.

Braun Enteroenterostomy

This is the simplest operation for postsurgical bile reflux gastritis (Fig. 24.1). A hand
sewn or stapled side to side anastomosis is performed between the afferent and efferent
limbs of the gastrojejunostomy in the patient with a Billroth II. The anastomosis should
be placed on the efferent limb at least 45 cm distal to the gastrojejunostomy to mini-
mize reflux. The afferent limb may be occluded in continuity between the new Braun
enteroenterostomy and the stomach with a TA stapler (5 cm away from the enteroen-
terostomy). This creates an “uncut Roux” arrangement which may not
be durable but it minimizes gastric bile exposure for a while. Obviously it is imperative

Figure 24.1 Addition of Braun enteroenterostomy to Billroth Il
gastrojejunostomy. The Braun anastomosis between the affer-
ent and efferent limbs of the gastrojejunostomy is placed on
the efferent limb at least 45 cm distal to the gastrojejunastomy.
If the afferent limb is stapled in continuity with a TA stapler

5 cm distal to the Braun anastomasis (A), an uncut Roux is
created.

Common
bile duct
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Figure 24.2 Roux-en-Y gastrojeju-
nostomy. The enteroenterostomy is
placed 60 cm distal to the gastro-
jejunostomy. It is usually best to

ol <30% leave a small gastric remnant.
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Ligament |
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that the surgeon be certain of the afferent limb prior to the application of this occlusive
TA staple line.

Roux-en-Y Gastrojejunostomy

In the patient with bile gastritis and Billroth I anatomy, the duodenum is transected
with a blue stapler distal to the gastroduodenostomy and the stomach is transected
with a green stapler, resecting the gastroduodenostomy and leaving a 30% to 50%
gastric remnant (Fig. 24.2). The ligament of Treitz is unequivocally identified and the
jejunum is transected with a blue stapler 50 cm distal to this. The distal end is
brought antecolic and anastomosed to the stomach with hand sewn or stapling tech-
nique. Sixty centimeters distal to the gastrojejunostomy, the proximal jejunum is anas-
tomosed to the Roux limb completing the operation. If it is necessary to bring the
Roux limb retrocolic, it should be sutured to the mesocolon with three interrupted
sutures of 3-O silk.

When additional gastrectomy is unnecessary in the patient with Billroth II anatomy,
the afferent loop is divided with a stapler just proximal to the gastrojejunostomy, and
anastomosed to the efferent limb 60 cm distal to the gastrojejunostomy. If the afferent
limb is unusually long, it may be used to construct the Tanner 19 modification of the
Roux operation (Fig. 24.3) by transecting the afferent limb 30 cm proximal to the exist-
ing gastrojejunostomy. The distal end is then anastomosed to the efferent limb 20 cm
distal to the gastrojejunostomy while the proximal end is anastomosed 60 cm distal to
the gastrojejunostomy. The Tanner 19 arrangement putatively decreases the possibility
of the Roux syndrome, i.e., postoperative gastric stasis.

Again it is mandatory that the surgeon correctly identify the afferent and efferent
limbs. This is best done by finding the ligament of Treitz proximally and tracing the
afferent limb to the stomach, then identifying the efferent limb and tracing in distally
toward terminal ileum. When additional gastric resection is required, both afferent
and efferent limbs are transected near the existing gastrojejunostomy and the short
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Figure 24.3 Canversion of Billrath Il with long afferent limb (24-3a) to Roux-en-Y with Tanner 19 madification (24-3h). The afferent
limb is divided between a-b, and b is anastomosed c, 10-20 cm distal to the gastrojejunostomy; “a” is then anastomosed to “d”,
60 cm distal to the gastrojejunostomy.

perianastomotic segment of jejunum is removed with the additional gastrectomy. If
possible, the left gastric artery is left intact. Reconstruction is with Roux gastrojeju-
nostomy as above.

Motility of the Roux limb is abnormal and this leads to a functional obstruction.
In some patients this results in profound gastric stasis (the Roux syndrome), par-
ticularly in patients with a large gastric remnant. Vagotomy may exacerbate the
situation.

Henley Jejunal Interposition

The Henley loop is an isoperistaltic 40 cm segment of proximal jejunum interposed
between the proximal gastric remnant and the duodenum; it is quite effective in pre-
venting enterogastric reflux (Fig. 24.4). If the patient has a Billroth I, the gastroduode-
nostomy is taken down and the Henley loop is interposed between the gastric remnant
and the duodenum. If the patient has an isoperistaltic Billroth II with the efferent limb
coming off the lesser curvature side of the gastric remnant, it may be converted into a
Henley loop by dividing the afferent limb flush with the gastrojejunostomy on the
greater curvature side, and dividing the efferent limb 40 cm distal to the stomach. The
latter is then anastomosed to the duodenum, and an enteroenterostomy is performed to
restore small bowel continuity. If the efferent limb comes off the greater curvature side
of the stomach, then the gastrojejunostomy is resected and the Henley loop fashioned
from the efferent limb.

Gastric Resection

It has been suggested that total gastrectomy will cure bile reflux gastritis as well as any
associated maladies like recurrent peptic ulcer disease and gastroparesis. However,



Chapter 24 Bile (Alkaline) Reflux Gastritis

Figure 24.4 Conversion of isoperi-
staltic Billroth Il to Henley Loop
jejunal interpasition. The afferent
limb is divided just proximal to the
gastrojejunostomy hetween a-h,
and the efferent limb is divided

40 cm distal to the gastrojejunos-

e tomy between c-d. Then “c” is
e ' anastomosed to the duodenal
0cm /-r"" stump (e), and intestinal continuity
; is restored by anastomasing “a”
to “d".
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most surgeons favor a more conservative approach. That being said, most patients
requiring reoperation today for postsurgical bile reflux gastritis will benefit from addi-
tional gastrectomy, to excise an inflamed, strictured or ulcerated perianastomotic region;
and/or to pare down a large gastric remnant. If preoperative evaluation shows substan-
tially delayed solid gastric emptying in the patient with secondary bile reflux gastritis
status post pyloroplasty or distal gastrectomy, and conversion to Roux-en-Y is planned,
the gastric remnant should be pared down, leaving no more than a 30% gastric remnant.
This may minimize symptomatic gastric stasis.

Duodenal Switch

This operation was designed to treat the rare patient with primary enterogastric reflux
gastritis (Fig. 24.5). The proximal duodenum is mobilized and divided distal to the
duodenal bulb. The proximal end is then anastomosed to a 60 cm Roux limb. We add
a parietal cell vagotomy since there is only a short segment of proximal duodenum with
Brunner’s glands to buffer the acid from an intact stomach prior its entry into the unini-
tiated Roux limb.

We have performed a variant of this operation in several patients who developed
debilitating enterogastric reflux and gastric stasis following esophagectomy and gastric

259

Part Ill: Operations for Postgastrectomy

Syndromes



260

Operations for Postgastrectomy Syndromes

Figure 24.5 Duodenal switch for
primary enterogastric reflux. The
duodenum is transected distal to
the bulb, and the proximal end is
joined to a 60 cm Roux limb. The
addition of a parietal cell vagot-
‘-J omy and cholecystectomy should

) be considered.
Common l &=
bile duct % /

e

u":‘f‘m i
| Ligament
J‘ of Treitz

\

pull-up with pyloroplasty. At reoperation, the duodenum is divided just distal to the
pylorus while care is taken not to injure the right gastroepiploic artery, the main
blood supply to the gastric conduit. A 60 cm Roux limb is then fashioned and anas-
tomosed to the distal antrum. In these cases preoperative upper GI had confirmed
that the pylorus and distal antrum were below the diaphragm and accessible transab-
dominally.

v/ POSTOPERATIVE MANAGEMENT

Prophylactic antibiotics are stopped within 24 hours of incision. DVT prophylaxis is
continued until hospital discharge. Supplemental oxygen is administered for at least
48 hours. Foley catheter is left in place for 24 hours, or until the epidural catheter is
removed. Incentive spirometry and early ambulation are strongly encouraged by nurse
and physician members of the care team. A nasogastric tube is positioned in the gastric
remnant intraoperatively, and left in place for 48 hours, or until bowel sounds return
and drainage decreases. Reinsertion or manipulation of the nasogastric tube should be
done with care since anastomotic disruption is possible.

When the patient is clinically ready to begin a liquid diet, we perform a limited
upper GI series to help rule out leak and to document patency and return of effective
gastrointestinal transit. Jejunostomy feedings are typically started on postoperative day
3, and plans are made upon hospital discharge for patients to receive at least half of their
caloric requirements by tube over 12 hours daily. Both in hospital and after discharge,
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the patient should be seen by members of the multidisciplinary care team. The surgeon
is wise to defer both inpatient and outpatient pain management issues to the anesthesi-
ologist and/or pain management specialist.

) COMPLICATIONS

The most frequent complications following remedial operation for bile reflux gastritis
are pulmonary and wound problems. Atelectasis is common, and aspiration pneumonia
is not unusual. Though most of these operations are classified as “clean contaminated,”
wound infection is more common than expected in these patients. Operations can be
long and patients are frequently malnourished. Motility problems are common and
nearly all operative candidates are on chronic proton pump inhibitor therapy. These
factors conspire to increase the concentration and diversity of bacteria in any intraop-
erative wound inoculation, and to decrease local resistance to infection. Other possible
postoperative complications include

intraabdominal abscess
intestinal leak or fistula
ischemia of the gastric remnant or transverse colon
hemorrhage
intraabdominal
anastomotic
ileus and small bowel obstruction

59 RESULTS

The operative mortality risk of remedial operation for secondary bile reflux gastritis is
2% to 10% and depends upon (inter alia)

patient’s comorbidities
patient’s nutritional status
magnitude of operation
difficulty of operation

If the patient and the operation are selected carefully and appropriately, long-term
outcomes are as follows:

65% of patients are improved
25% of patients are unchanged
10% of patients are worse

'*;j CONCLUSIONS

Bile reflux gastritis is an unusual syndrome and the diagnosis must be made cautiously.
Often patients with this disorder have other problems such as recurrent peptic ulcer
disease or gastroparesis, and symptoms may be more related to these concomitant mal-
adies than to bile reflux gastritis. Multidisciplinary management is helpful, and sur-
geons should not be too eager to operate. While enterogastric reflux and bile in the
vomitus can be eliminated by the operations discussed above, persistent symptoms and
side effects are common. Carefully selected patients may benefit from operation. Pri-
mary bile reflux gastritis is treated surgically with duodenal switch. Secondary (post-
surgical) bile gastritis is treated with Roux-en-Y or Braun enteroenterostomy or Henley
jejunal interposition. Results may be optimized by leaving a small (30% or less) gastric
remnant especially when Roux-en-Y is performed.
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5 Dumping Syndrome

Thomas A. Miller and Jeannie F. Savas

@ INDICATIONS/CONTRAINDICATIONS

Dumping occurs when the pyloric sphincter mechanism has been altered so that an
ingested meal is not properly processed and is discharged into the upper intestine
prematurely. It may result from resection of the distal stomach that usually includes
the sphincter, ablation of the sphincter (from pyloroplasty), or bypass of the sphincter
(as in gastroenterostomy). The vasomotor (tachycardia, palpitations, diaphoresis, light-
headedness, and flushing) and gastrointestinal (nausea, vomiting, abdominal cramping,
and diarrhea) manifestations evoked by this premature emptying are collectively called
the dumping syndrome. Both early (within 10 to 30 minutes of eating) and late (usually
2 to 3 hours after eating) forms of dumping have been identified.

While the precise mechanisms responsible for dumping are still debated, the early
form is thought to be a consequence of the rapid passage of food of high osmolality into
the upper small intestine from the stomach, while the late form is related to a high
carbohydrate load in the intestinal lumen that evokes hyperglycemia that then induces
hypoglycemia from insulin overproduction. Fortunately, both forms of dumping can be
effectively managed medically by limiting the amount of liquids in a meal, avoiding
hyperosmolar substances, and eliminating “trigger” foods if these can be identified.
Occasionally carbohydrate gelling agents (such as pectin) or the somatostatin inhibitor,
octreotide, may need to be employed as adjunctive therapy to the dietary modifications.
In 99% of patients with dumping symptoms, these conservative measures will prove
efficacious. Thus, surgery is truly a “last resort” approach to treatment and should only
be employed when non-operative management has been tried, and proven ineffective,
for a sustained period of time (usually, at least a year).

}Q) PREOPERATIVE PREPARATION

Once the decision has been made that non-operative therapy for dumping has proved
ineffective, cineradiographic studies should be obtained. This will accomplish two
things: First, it will determine whether dumping does in fact exist, and second, it will
provide an anatomic “roadmap” in planning the operation to be performed. On occasion,
such radiologic analysis will fail to demonstrate any significant dumping, calling into
question whether the patient’s symptoms have anything to do with this abnormality.
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Figure 25.1 The jejunal interposi-
tion operation which consists of
interposing an antiperistaltic or
isoperistaltic segment of jejunum
hetween the gastric remnant and
the duodenum.

It would be tragic to subject a patient to a procedure designed to correct dumping when
the disorder does not even exist.

Assuming that the cineradiographic evaluation supports the diagnosis of dumping,
the remainder of the preoperative preparation concerns the basic issues that need to be
addressed in any patient being considered for surgery. Thus, if the patient has a history
of heart disease, cardiac clearance needs to be assured. Similarly, if some other organ
dysfunction exists, such as hepatic or renal disease, such function will need to be opti-
mized before proceeding with the operation. Once such optimization has been assured,
scheduling for surgery can be safely undertaken.

Operative Therapy for Dumping

Unfortunately, no operation has emerged as being the “gold standard” for the manage-
ment of the dumping syndrome. Because of the infrequency of needing surgical care
for this condition, such lack of a specific operation for treatment should not be surpris-
ing. In the authors’ personal experience, we have only been called upon to treat this
condition surgically several times over the past two decades. As minimally invasive
surgery has become more commonplace for surgery involving the upper gut, and radical
ablative procedures have almost reached “anecdotal status,” surgery for dumping is
likely to soon be of historical interest only.

Nonetheless, of the many operations that have emerged to manage dumping, two
have achieved some level of durability. The first is the placement of a jejunal segment
interposed between the stomach and duodenum, and the second is a Roux-en-Y-gastro-
jejunostomy. The interposition operation consists of interposing a jejunal segment meas-
uring 10 to 20 cm between the stomach remnant and the proximal duodenum. (see
Fig. 25.1). Although usually placed in a reversed, antiperistaltic fashion, it may also be
positioned isoperistaltically. The rationale behind this operation is that the interposition
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Figure 25.2 The Roux-en-Y gastrojejunostomy
operation which is performed by transecting the
jejunum just distal to the ligament of Treitz and
anastomasing the distal portion of the jejunum to
the gastric remnant. The proximal jejunum is then
anastomosed to the distal jejunum 40 to 60 cm
distal to the gastric pouch.

40 -60 cm

slows down gastric emptying. Although short-term results have generally demonstrated
benefit, when patients have been followed for longer periods, dumping symptoms have
often returned. Less commonly, interposition procedures have initiated obstructive
symptoms making reoperation necessary.

The second procedure, and the one that is more commonly employed, is the Roux-
en-Y gastrojejunostomy (see Fig. 25.2). This procedure transects the proximal jejunum
distal to the Ligament of Treitz. The distal limb of jejunum is then anastomosed to the
gastric remnant and the proximal limb anastomosed to the downstream jejunum some
40 to 60 cm distal to the gastrojejunostomy. The procedure appears to work by delaying
gastric emptying in the Roux limb through alteration in its motility. This procedure has
been shown to effectively decrease dumping symptoms in a sustainable fashion. Unfor-
tunately, some patients develop the Roux stasis syndrome which manifests itself with
a variety of symptoms, including nausea, vomiting, epigastric fullness, and abdominal
pain. Thus, because both procedures have their “good and bad” points, great care should
be undertaken before subjecting a patient with dumping to surgical intervention.

ws POSTOPERATIVE MANAGEMENT

No special postoperative considerations are linked to surgery for the treatment of dump-
ing. As with all operations involving the upper gastrointestinal tract, careful attention
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should be directed to adequate fluid balance, pulmonary toilet, and prevention of
thromboembolic disease. Since bowel anastomoses are involved, a period of bowel
dysfunction will occur in the early postoperative period. This usually resolves in 3 to
4 days allowing oral liquids to be given. Full oral alimentation can usually be com-
menced by days 5 or 6 with discharge from the hospital following soon thereafter.
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( Surgical Management
of the Afferent Limb
Syndrome

Carol E.H. Scott-Conner

) INDICATIONS

Afferent limb syndrome is a specific constellation of signs and symptoms associated
with partial or complete obstruction of the afferent limb of an upper gastrointestinal recon-
struction. The syndrome was first described in 1881 as a complication of partial gastrec-
tomy with Billroth II reconstruction. The term has been used to describe obstruction of
one of the limbs of other upper gastrointestinal reconstructions, such as Roux-en-Y gastric
bypass, in which a jejunal limb reconnects to another limb of jejunum carrying the
stream of succus. That situation is usually due to an internal hernia and will not be
further discussed here.

This chapter describes the pathogenesis, prevention, diagnosis, and surgical man-
agement of afferent limb syndrome after Billroth II gastrectomy. Because gastric surgery
is much less common than it used to be, the peculiarities of the Billroth II gastrectomy
are not as well understood by many surgeons. This is a condition that can be prevented
by attention to several details during the original operation. Those details will be out-
lined here, and the remainder of the chapter will describe the surgical management.

Pathogenesis

Billroth II reconstruction involves a side-to-end anastomosis of a loop of jejunum to the
gastric remnant. Two limbs are thus created: the afferent limb, which conveys bile and
pancreatic juice to the gastric remnant and hence to the stream of chime; and the effer-
ent limb which conveys food from the stomach into the small intestine. Clearly, either
limb can become obstructed. This obstruction may be partial or complete, acute or
chronic. When the obstruction involves the efferent limb, the diagnosis is relatively
straightforward because the patient vomits food and is unable to eat. When the obstruc-
tion involves the afferent limb, the diagnosis is more subtle because food may still pass
through in the normal manner and an upper gastrointestinal contrast study may well
fail to demonstrate the etiology of the problem.
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Figure 26.1 Pathogenesis of afferent limh
syndrome. Afferent limb syndrome occurs
when there is partial or complete obstruc-
tion of the afferent limb of a gastric recon-
struction. Pressure builds up in the afferent
limb and the resulting distension causes
pain (and may even result in acute pancre-
atitis ar ischemic necrosis). When the
pressure in the limb is high enough to
overcome the resistance at the anastomo-
sis, a large amount of bile and pancreatic
juice reflux into the gastric remnant, usually
causing hilious vomiting. Because the effer-
ent limb is not obstructed, food passes
normally into the jejunum and is generally
not found in the vomitus.

The term afferent limb syndrome is used to describe the chronic, partially obstructed
situation (Fig. 26.1). Usually a problem is a kink or twist where the afferent limb
attaches to the gastric remnant, but the obstruction can, in theory, be anywhere along
the limb. Bile and pancreatic juice accumulate in the afferent limb until the pressure
in the limb is sufficient to overcome the partial obstruction. During this phase, the
patient typically experiences some degree of abdominal fullness or pain. When the
obstruction is overcome, bile and pancreatic secretions flood the gastric remnant, often
triggering bilious vomiting (and relief of pain). The vomitus generally contains little or
no food, because the food has passed down the efferent limb without obstruction.
Figure 26.1 shows some of the technical factors that contribute to the development of
this syndrome: a long afferent limb, and anastomosis of the jejunum to the stomach in
an isoperistalic fashion—that is, anastomosing the afferent limb to the lesser curvature
and the efferent limb to the greater curvature.

When the obstruction is complete and occurs in the early postoperative period,
blowout of the duodenal stump may occur. Thus, when a duodenal stump leaks, always
check the afferent limb for obstruction. Complete obstruction late in the postoperative
period may cause acute pancreatitis, or ischemic necrosis of the obstructed loop of
jejunum.

Prevention

When creating a Billroth II reconstruction, the crucial factors to keep in mind to prevent
afferent limb syndrome are these: Keep the afferent limb short, and anastomose the
afferent limb to the greater curvature of the stomach rather than the lesser curvature
in an antiperistaltic rather than an isoperistaltic fashion. The completed reconstruction
should look like Figure 26.2A rather than Figure 26.2B.
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In practice, this is easily accomplished by tracing the jejunum back to the ligament
of Treitz. If you take the proximal jejunum in your two hands, flip the loop 180 degrees
(by passing the distal part over the proximal part of the bowel), and then lay it against
the gastric remnant, you will create the ideal geometry shown in Figure 26.2A. If,
instead, you simply hold the loop up against the gastric remnant, you will create the
problem shown in Figure 26.2B which predisposes to development of this syndrome.
In working with residents over the years, it seems that the “flip” maneuver is counter-
intuitive to many inexperienced surgeons. This maneuver is, however, crucial; it allows
the limb to lie comfortably without kinking.

The second important maneuver is to shorten the limb, thus placed, as much as
possible without compromising the natural position in which it lies.

Retrocolic placement of the gastrojejunostomy allows the loop to be further short-
ened and may provide additional protection against kinking. This is the method recom-
mended by many experienced surgeons. It introduces the potential problems of
herniation or obstruction due to incomplete closure of the defect in the transverse
mesocolon, and obstruction by recurrent gastric cancer in the bed of the gastrectomy
(when the procedure is performed for cancer). To prevent this (if a retrocolic anastomo-
sis is chosen), carefully close the defect in the transverse mesocolon by suturing it to
the gastric remnant, so that the jejunum limbs hang free. Alternatively, if an antecolic
anastomosis is performed, pull the greater omentum to the right side of the abdomen
and pass the jejunum to the left of the omentum, to minimize the length of jejunum.

@- PREOPERATIVE PLANNING

In any reoperative situation, it is imperative to obtain and study the records from the
original operation. Look particularly for details of anastomotic construction. Was the
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Figure 26.2 (A) Prevention of
afferent limb syndrome. The ideal
Billroth Il reconstruction incorpo-
rates a short afferent limb anasto-
mosed in an antiperistaltic fashion
to the gastric remnant. The affer-
ent limb is thus anastomosed to
the greater curvature and the
efferent limb to the lesser curva-
ture. (B) Incarrect Billrath Il
geometry. If, instead, the afferent
limb is anastomosed to the lesser
curvature and the efferent limb to
the greater, in an isoperistaltic
fashion, kinking is mare likely. In
addition, the afferent limb gener-
ally must be longer. This longer
afferent limb further contributes to
the potential for kinking and
obstruction.
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gastrojejunostomy constructed in an antiperistaltic fashion (Fig. 26.2A) or an isoperi-
staltic fashion (Fig. 26.2B)? Was the reconstruction routed through the transverse mes-
ocolon (retrocolic) or anterior to the colon (antecolic)? Was the operation performed for
gastric cancer? Obtain the original pathology report.

The diagnosis is often suspected on clinical grounds and then confirmed by radio-
graphic studies. A standard upper gastrointestinal series rarely demonstrates the prob-
lem, but will confirm lack of efferent limb obstruction. Generally the afferent limb will
not visualize.

Use of a contrast medium excreted into the bile, such as HIDA, will allow the flow
of bile to be traced into the afferent limb and will then show delayed transit into the
rest of the gastrointestinal tract. Upper gastrointestinal endoscopy is crucial to exclude
carcinoma. Obviously, this is important when the operation was originally performed
for cancer. It is important to remember that carcinoma of the gastric remnant can occur
after any procedure in which bile refluxes into the stomach. Upper GI endoscopy is also
helpful to exclude marginal ulcers. CT or MRI scans with 3-dimensional reconstruction
further help demonstrate the anatomy.

() SURGERY

As with any reoperative surgery, the correction of afferent limb syndrome must be tailored
to the individual circumstance. Unless you are in a dire emergency situation, it is good
to obtain the best anatomic and diagnostic information possible before going to surgery.
This section will first discuss the approach in the emergency situation and will then
provide an array of options for correcting the situation when it is encountered electively.

Emergency Surgery

Suspect afferent limb obstruction whenever the duodenal stump leaks. Duodenal stump
leak or “blowout” is one of the most feared complications of the Billroth II. Emergency
surgery will involve placement of drains and washout of the abdomen. A catheter may
be placed in the duodenal stump to convert the blowout to a controlled fistula. It is
important to check the afferent limb for obstruction, and to correct this obstruction by
the simplest means possible. Correct any internal hernias or adhesive bands. If a kink
is the problem, the simplest fix is to perform a jejuno-jejunostomy (Fig. 26.3). This can
be done close to the gastrojejunostomy, as shown in this figure, or at a distance if it is
too difficult to approach the gastrojejunostomy safely. It is rarely possible or advisable
to attempt to redo the gastrojejunostomy.

The theoretical concern about creating a recirculating loop in which bacterial pro-
liferation can occur has been raised. This concern would argue in favor of making the
jejuno-jejunostomy close to the gastric remant as shown in Figure 26.3, to minimize the
size of any such recirculating loop. Alternatively, if the afferent limb is sufficiently
redundant, a remote anastomosis to the efferent limb may be advantageous as it recre-
ates the anatomy of an uncut Roux-en-Y (discussed below).

In the late postoperative period, the duodenal stump may remain intact, but acute
pancreatitis or ischemic necrosis of the completely obstructed afferent limb may require
emergency surgery for correction. In this situation, carefully inspect the entire duodenum
and jejunum by mobilizing the right colon and small intestine with a Cattell-Braasch
maneuver. If any necrotic areas are found, resection may be required. Pancreaticoduo-
denectomy has been reported in isolated severe cases when neglected complete obstruc-
tion has caused extensive ischemic duodenal necrosis.

If there is no necrosis, the simplest remedy is jejuno-jejunostomy as described above.

Elective Surgery

Jejuno-jejunostomy remains a simple straightforward remedy that is applicable to most
patients, and any surgeon embarking upon reoperation for afferent limb syndrome
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Figure 26.3 Jejuno-jejunostomy. The sim-
plest carrective maneuver for afferent limb
syndrome is jejuno-jejunostomy. Anastomose
the afferent limb (shown ta the left in this
figure) to the efferent limb (shown to the
right). Either do this close to the stomach

(to minimize the potential for blind loop
syndrome, as shown here) or sufficiently
downstream to re-create the uncut Roux-
en-Y reconstruction shown in Figure 26.5. Be
careful not to cause kinking of the efferent
limb.

should keep this reliable fall-back maneuver in mind. It is safe and involves the least
dissection of any options.

The next simplest corrective maneuver is division of the afferent limb where it
attaches to the gastric remnant and conversion to a standard Roux-en-Y reconstruction
(Fig. 26.4) by anastomosing the end of the afferent limb in an end-to-side fashion to the
efferent limb. This may be hand-sutured, as shown in Figure 26.4, or stapled. This
conversion reliably corrects the afferent limb syndrome, and it is also used to correct
alkaline reflux gastritis. Division of the afferent limb is easily accomplished with a cut-
ting linear stapler. The new jejuno-jenunostomy should be constructed 40 to 60 cm
distal to the gastrojejunostomy to prevent alkaline reflux. This is also a safe and reliable
immediate remedy, but Roux-en-Y reconstruction after partial gastrectomy is associated
with two characteristic problems of its own.

First, because bile and pancreatic juice no longer combine with gastric contents,
acid peptic ulceration is common and this is considered an “ulcerogenic” preparation.
In the past, truncal vagotomy was recommended as a routine, and this is still found in
many textbooks. In the modern era of pharmacologic manipulation, the need for routine
vagotomy should be critically assessed.

The second and thornier problem with Roux-en-Y reconstruction is poor gastric
emptying due to diminished peristalsis in the proximal jejunum. Complete division
of the proximal jejunum interrupts the conduction of pacemaker impulses from the
duodenum, leading to decreased jejunal peristalsis, and truly refractory stasis can
result. The so-called “uncut” Roux-en-Y provides an alternative (Fig. 26.5). The
similarity to the previously described jejuno-jejunostomy is evident. The new jejuno-
jejunostomy should be made 40 to 60 cm distal to the gastric remnant to prevent bile
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Figure 26.4 Conversion to Roux-en-Y. Another rela-
tively simple and reliable corrective maneuver is to
disconnect the afferent limb close to the gastrojeju-
nostomy. Then anastomase this to the efferent limh

40 to 60 cm distal to the gastrojejunostomy to create
a standard Roux-en-Y reconstruction.

wo 09-0V

Figure 26.5 Uncut Roux-en-Y recanstruction. If there is
sufficient redundancy in the afferent limh, anastomaosis
to the efferent limh 40 to 60 cm distal to the gastroje-
junostomy will create an uncut Roux-en-Y recanstruc-
tion. This combines the complete bile diversion of the
Roux-en-Y, but does not interrupt pacemaker activity
from the duodenum and hence may be less likely to
cause gastric emptying problems.
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Figure 26.6 Conversion to Billrath |. The
most radical solution is canversion to a
Billrath | recanstructian.

reflux gastritis. Cullen et al. reported significantly less gastric stasis with this method
of reconstruction.

One final alternative has been described, but should only be attempted by a highly
experienced gastric surgeon. This is conversion of the Billroth II to a Billroth I recon-
struction (Fig. 26.6). To accomplish this, take down the gastrojejunostomy and close the
gastric incision. Tailor a smaller gastric outlet and anastomose this to the duodenal
stump. Complete the reconstruction by re-establishing gastrointestinal continuity with
a jejuno-jejunostomy. There is considerable intuitive appeal to this corrective maneuver,
but also considerable peril. The most difficult part is likely to be dissection of the duo-
denal stump to a sufficient degree to allow safe creation of the gastroduodenostomy. In
some situations, chronic obstruction may produce sufficient redundancy of the proxi-
mal duodenum to make this easy. The second potential issue is creation of a blind
segment at the jejuno-jejunostomy. Such a blind segment may be associated with bacte-
rial overgrowth and the blind limb syndrome.

It is important to note that stenting has been reported as an alternative to surgery
and may be particularly useful when the syndrome is caused by inoperable recurrent
cancer. Scattered case reports document primarily the use of the transhepatic route for
this method (see recommended readings).
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"7 The Roux Stasis Syndrome:

Diagnosis, Treatment,
and Prevention

Michael G. Sarr

The Roux stasis syndrome was coined by Matthias and colleagues to explain a symptom
complex of postprandial fullness, nausea, vomiting, and abdominal pain occurring after
restoration of esophagoenteric or gastroenteric continuity using a Roux-en-Y reconstruc-
tion. Several other groups then studied this clinical syndrome in humans in depth.
Multiple other experimental, laboratory-based, and clinical studies have investigated
the incidence, etiology, pathogenesis, and treatment of this unusual disorder of gastroin-
testinal motility. Recent experience with bariatric procedures using a Roux-en-Y type
reconstruction offers considerable insight into the pathogenesis of this disorder when
considered in the context of prior Roux-en-Y reconstructions in the era of postgastrec-
tomy/postvagotomy syndromes after duodenal ulcer surgery. The importance for the
gastrointestinal surgeon of today is that operative attempts at correction of this problem
are usually neither indicated nor successful; the Roux stasis syndrome is predominately
a disorder of gastric or intestinal motility related to the effects of vagotomy and intestinal
transection.

Q/l INDICATIONS/CONTRAINDICATIONS

Clinical Recognition

The Roux stasis syndrome was much more common in the era of gastrectomy (including
vagotomy) for duodenal ulcer and gastric cancer and was a well-recognized, though
poorly understood, postgastrectomy syndrome that followed a Roux-en-Y type of recon-
struction. This spectrum of symptomatology involves a varied constellation of five
patient complaints: early satiety, postprandial fullness, nausea, vomiting of non-bile
stained food, and postprandial pain. Weight loss is present inconsistently but can be a
part of the spectrum of symptoms as well, and on occasion may lead to severe malnutri-
tion requiring enteral or parenteral nutritional support. Vomiting of poorly digested food
is quite common, but most notable is the lack of bile staining of the food and lack of
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bilious vomiting between meals or at night. The epigastric and central abdominal pain
that occurs postprandially can be especially troublesome, is more visceral than somatic,
but is not crampy nor characteristic of mechanical obstruction. One feature is virtually
always present—the coexistence of vagotomy, either carried out as part of the therapeu-
tic approach (i.e., acid-suppression for ulcer diathesis) or necessitated as a result of the
gastric resection. The Roux stasis syndrome is extremely uncommon after a Roux-en-Y
gastric bypass for morbid obesity, an operation that does not necessitate an abdominal
vagotomy but involves a similar reconstruction of esophageal and gastroenteric continu-
ity. The pain of the Roux stasis syndrome is very reminiscent of the abdominal pain
of patients with idiopathic intestinal pseudo-obstruction and primary idiopathic
gastroparesis.

There are two clinical presentations of the Roux stasis syndrome. One involves the
presence of this symptom complex beginning immediately after the Roux-en-Y opera-
tion and persisting past the usual time period of adaptation to occur. The second more
common form appears one or more years after the original Roux-en-Y reconstruction,
becoming established often in an indolent fashion and with no apparent extenuating
circumstances or putative cause. The symptomatology does not often wax and wane as
with diabetic gastroparesis or some forms of intestinal pseudo-obstruction, but rather
the symptom complex persists without much change in severity.

Clinical presentation: early satiety, postprandial fullness, nausea, vomiting of non-
bile stained food, and postprandial pain

Occurs after Roux-en-Y reconstruction after partial or less commonly total gastrec-
tomy accompanied by vagotomy

Very rare (if present at all) after Roux-en-Y gastric bypass for obesity

Two presentations: early with persistent symptoms immediately after Roux recon-
struction, or late—occurring months to years postoperatively

Etiopathogenesis

van der Mijle, Vantrappen and others were the first to suggest a motor abnormality, and
several groups have measured a disordered direction of contractions in the Roux limb.
Normally, all contractions in the small intestine propagate distally secondary to the direc-
tion of the myoelectric “slow wave” driven by the duodenal pacemaker; this intestinal slow
wave determines both the timing and the direction of contractions through the small intes-
tine. When the small intestine is transected, this duodenal pacesetter becomes “isolated
electrically” from the intestine distal to the site of transection. A new pacemaker region(s)
appears distally and serves as the new site for generation of the myoelectric slow wave,
but the direction of the myoelectric slow wave and thus contractions depends on the site
of the new spontaneous pacemaker; the new slow wave (and the direction of contractions)
then propagates both proximally and distally from this site.

Several groups have carried out a series of experimental studies in dogs examining
both the direction of spread of intestinal contractions (proximal, distal) as well as the
effect on the rate of gastric emptying using a standard loop gastrojejunostomy versus a
Roux-en-Y type reconstruction (necessitating intestinal transection) after a hemigastrec-
tomy (with vagotomy). After Roux reconstruction, 56% of contractions in the proximal
aspect of the Roux limb were retrograde (proximal!), and gastric emptying was signifi-
cantly slowed. In man, van der Mijle and colleagues were able to confirm abnormalities
in the direction of spread of contractions in the Roux limb in patients with the Roux
stasis syndrome. But equally and possibly more importantly, they showed an associated
gastroparesis in these patients that did not appear to be correlated as closely with the
extent of abnormally directed contractions as would have been expected if the major
abnormality involved primarily a dysmotility of the Roux limb. Similarly, symptoms
also failed to correlate closely with the contractile dysmotility of the Roux limb, sug-
gesting to these investigators that most patients with the clinical findings of the Roux
stasis syndrome had predominantly gastroparesis as the origin of their symptoms and
not a functional obstruction by the Roux limb. There were only a small fraction of
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patients with objective “stasis” within the Roux limb of the radionuclide marker used
to quantitate gastric emptying. These findings corroborated prior studies by Gustavsson
and Kelly and McAlhany et al. who found the Roux stasis syndrome in only a small
percentage of patients after a complete gastrectomy (~8%); note also that all of these
patients by necessity of the total gastrectomy had a concomitant vagotomy.

Roux-en-Y reconstruction disrupts the normal distal direction of contractions in the
Roux limb

Most symptomatology involves a gastroparesis more than a mechanical obstruction
of the Roux limb

All patients have had a vagotomy

% PREOPERATIVE PLANNING

Diagnosis

The diagnosis of the Roux stasis syndrome is a clinical diagnosis of exclusion. First, the
clinician must exclude any true mechanical obstruction, such as a stomal stricture at
the gastro- or esophagojejunal anastomosis, as well as a more distal, partial small intes-
tinal obstruction either from adhesions or internal hernia at the site of the jejunojeju-
nostomy, the mesocolic defect (if a retrocolic orientation), or the infracolic so-called
Petersen’s hernia. These exclusionary investigations require both an upper endoscopy
and a radiographic or computed tomography contrast study of the small intestine. A
gastric emptying test using a more solid marker in the absence of any mechanical
obstruction will confirm the diagnosis in the appropriate clinical setting—Roux anatomy
with vagotomy. In truth, vomiting of non-bilious, partially digested food ingested hours
beforehand is as sensitive as and possibly more specific than a formal, quantitative,
radionuclide gastric emptying study. While transoral manometry of gastric contractions
and the contractile activity of the Roux limb are possible, this test is uncomfortable for
the patient, is not readily available in many/most hospitals, and usually is unnecessary,
because the diagnosis is one of exclusion on the basis of symptomatology in an appro-
priate clinical setting.

Roux stasis syndrome is a clinical diagnosis of exclusion
Must rule out partial mechanical obstruction
At gastrojejunostomy or esophagojejunostomy
At potential sites of internal hernias—mesocolic defect or Petersen’s hernia
Distal adhesive obstruction
Radioscintigraphic gastric emptying (or vomiting of solid food eaten hours previously)
confirms delayed emptying

Surgery or Non-Operative
Treatment and Results

The best form of treatment is actually one of prevention. The role of a therapeutic-
directed vagotomy is disappearing as we have come to better understand the etiology
of duodenal ulcer disease (H. pylori and aspirin/NSAID use) and as we have access to
progressively more powerful, acid, anti-secretory medications. Thus, the need for gast-
rectomy with vagotomy is currently a rarity for ulcer disease.

Similarly, one might envision certain techniques of gastro- or esophagoenteric
resection/reconstruction that would avoid the abdominal vagotomy (such as a selective
vagotomy) and the intestinal transection used classically to construct a Roux-en-Y limb.
Indeed, a number of innovative techniques of an “uncut” Roux limb reconstruction
have been explored experimentally in the laboratory as well as clinically.
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Prevention: Experimental Studies

Because the intestinal transection required to construct a classic Roux limb leads to
disordered motility, several animal models have been evaluated after creating a “func-
tional” Roux limb, i.e., a “defunctionalizing limb,” by diverting the chyme distally but
without fully transecting the intestinal wall—the so-called “uncut” Roux limb first sug-
gested by Merrill, McClusky, and Letton. Early techniques (Fig. 27.1) utilizing one
application of a non-cutting linear stapler led to an unacceptable rate of staple line
dehiscence; however, this technique preserved myoelectric continuity and, in doing so,
maintained the direction of the slow wave (and direction of contractions) propagating
across the staple line, thereby preserving the normal, distally oriented propagation of
the slow wave and associated contractions. Indeed, when compared to a classic Roux
drainage, gastric emptying with the uncut Roux limb was faster. Several other tech-
niques have been introduced to attempt to prevent dehiscence of the staple line using
a serosal buttress of Teflon® or other materials or techniques to provide a definitive
scaffold onto which the staples will be fixed more securely. Another imaginative
approach involved preserving a muscular bridge between the “afferent limb” and the
proximal Roux limb but otherwise transecting the remainder of the lumen to form a
modified Roux limb; this technique also preserved successfully the myoneural continu-
ity, but although easy to create in a dog, attempts to do so in human jejunum have been
largely unsuccessful (personal observation).

Attempts experimentally to treat the already-established disordered motility in a
previously constructed Roux limb have involved placement of pacing electrodes on the
proximal-most aspect of the Roux limb which, at least in the dog model, are able to
“entrain” the slow wave in a distal direction by pacing at a frequency just greater than
the inherent jejunal frequency; this directional pacing speeds gastric emptying. The use
of a jejunal pacemaker is not, unfortunately, applicable in man due to the characteristics
of myoelectric activity in the jejunum. Other attempts involved moving the site of the
gastrojejunostomy to a more distal location in the Roux limb, hopefully to a region
downstream (distal) to the site(s) of the new, spontaneous pacemaker. This approach and
other similar approaches have not been successful universally. Unfortunately, the con-
cept of taking down the gastrojejunostomy and restoring jejunal continuity by end-to-end
jejunojejunostomy does not restore myoelectric continuity with the duodenal pacemaker.

Prevention: Clinical Studies

Several groups have evaluated the use of various forms of “uncut Roux” reconstructions
in patients requiring a Roux-type reconstruction after subtotal or total gastrectomy. Kel-
ly’s group used a single firing of a non-cutting, linear stapler. While the postoperative
clinical course was excellent, in early follow-up 5 of the 14 patients developed a dehis-
cence of the staple line leading to bile reflux esophagitis and need for operative repair—
i.e., conversion to a classic Roux limb. Other groups have utilized two firings of a
non-cutting linear stapler with or without a serosal, external prosthetic scaffold to main-
tain security of the stapled partition of the uncut Roux (Fig. 27.1B). Others have evalu-
ated a Rho-shaped limb (Fig. 27.1A) or the “Noh procedure,” (Fig. 27.1C) both done in
an attempt to prevent the syndrome.

Prevention of the Roux stasis syndrome involves the following:
Avoiding vagotomy
Creating various forms of “uncut Roux” procedures by using staplers, Rho-shaped
limbs, or the Noh procedure

Treatment—~Clinical Studies

Because the extensive clinical investigations by van der Mijle and colleagues and the lack
of a clinical Roux stasis syndrome after a Roux-en-Y gastric bypass for obesity suggests
that the vast majority of patients with the Roux stasis syndrome in reality probably have
a postvagotomy gastroparesis as the primary disorder rather than a primary functional
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Figure 27.1 Variations of the “uncut” Roux or other configurations (Rha) to prevent Roux stasis syndrome. (A) Rho limh anatomy.
Left panel—classic Roux anatamy. Right panel—Rhao anatomy. (B) Two firings of a nan-cutting stapler. (C) Noh procedure.
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obstruction or “stasis” in the Roux limb. Exceptions of course include the rare patients
after a total gastrectomy reconstructed with an esophagojejunostomy, but these patients
have also undergone a vagotomy.

Medical Treatment

Every attempt at dietary modification and pharmacologic therapy should be exhausted
before any operative therapy is undertaken. A primary strategy toward managing the
patient with gastroparesis is the optimal approach. Avoidance of high roughage foods
that can form bezoars is suggested. Blenderized foods and liquid supplements may allow
for adequate nutritional support, but the patient may require multiple, small feedings
throughout the day. In contrast, attempts at intragastric enteral feeding via gastrostomy
will, of course, be unsuccessful.

Several medications have met with anecdotal success. Metoclopramide should not
work, because its primary target for efficacy is the antrum; however, a short trial is war-
ranted if for no other reason than its effect on nausea. Erythromycin, tegaserod (a partial
5-HT agonist), and cisapride are also appropriate therapeutic agents, although impres-
sive success with trials of these agents is unusual. Tegaserod and cisapride may be
difficult to obtain in the United States, because they have been taken off the market for
rare but serious side effects.

Try dietary modification with less solid foods, liquid supplements, and multiple
small meals
Medications to consider

Metoclopramide (primarily for nausea)

Erythromycin to “speed” gastric emptying

Cisapride or tegaserod—not available in the United States

The indications for operative treatment of the Roux stasis syndrome, unfortunately,
are limited. Progressive weight loss and malnutrition would be the most common indi-
cations, while debilitating symptoms of nausea, vomiting, and postprandial abdominal
pain might be considered as relative indications. Because myoelectric restoration of
normal, distally oriented propagation of the slow wave and associated contractions are
not possible with restoration of intestinal continuity, most attention should be directed
at the gastric remnant combined with a feeding enterostomy tube; enteral feeding may
prove difficult as well due to postvagotomy intestinal dysmotility.

Most patients with the “Roux stasis” syndrome have a combined postvagotomy
gastroparesis and intestinal dysmotility as the primary defect. As with studies of the
operative treatment of postvagotomy gastroparesis, the focus should be on removing the
non-contractile gastric reservoir via a near total gastrectomy. Results are only partially
rewarding with marked improvement in 45% to 75% of patients, depending on the
definition of improvement. As many as 50% of patients will still require some form of
enteral (and occasionally parenteral) nutritional supplementation to maintain health.

The rare patient with the (true) Roux stasis syndrome after total gastrectomy with
vagotomy represents a very difficult situation. An attempt to move the esophagojeju-
nostomy more distally along the Roux limb combined with a Rho-type revision (proxi-
mal end of the Roux limb anastomosed to the distal aspect of the Roux limb) seems
rational, because the further distally, the more likely the contractions will be oriented
aborally; however, there is minimal documented experience with this approach. Aside
from this theoretic approach, no definitive operative therapy has proven effective in
this group of patients; a primary supportive medical approach is suggested as described
above—medical treatment. Avoiding narcotic treatment of the abdominal discomfort
should be stressed; “treating” the discomfort with narcotics will only lead to the addi-
tion of a new problem of substance dependency and all its implications.

There are no really good, reliable, effective operations for Roux stasis syndrome.
If there is a sizable gastric remnant, near total gastrectomy, as for gastroparesis, may
be warranted in the nutritionally crippled patient.
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Attempts at creating a Rho-type anatomy seem rationale, but experience is limited.
A feeding enterostomy tube is mandatory, but enteral feeding may be complicated.

Avoid “treating” the abdominal pain with narcotics.
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7 Open Bariatric
Operations

J. Wesley Alexander

@ INDICATIONS/CONTRAINDICATIONS

During the past two decades, there has been a major increase in the number of
laparoscopic bariatric procedures compared to open procedures for the surgical treat-
ment of morbid obesity. The advantages of the laparoscopic procedures have been
improved cosmesis (lack of a long scar), a slightly decreased mortality rate (approx-
imately 0.2% vs. 0.4% related somewhat to patient selection and characteristics) and
a reduction in postoperative incisional hernias. However, the laparoscopic proce-
dures have an increased leak rate, a higher rate of bleeding and small bowel obstruc-
tion and an increase in costs. The amount of long-term weight loss is similar for open
vs. laparoscopic procedures as is improvement in co-morbidities and quality of
life.

The selection of open vs. laparoscopic procedures depends in large part upon the
experience of the surgeon and the desire of the patient. However, additional considera-
tion for open procedures should be made in patients who are extremely obese (e.g., BMI
>60), have had previous gastric procedures or prior operations in the central subdia-
phragmatic region or with the need for additional intraabdominal operations or revision
of prior bariatric procedures. Furthermore, there is sometimes a need for conversion of
a laparoscopic to an open procedure. Therefore, it is mandatory that anyone who does
laparoscopic bariatric procedures be qualified to do open procedures as well.

This chapter will discuss gastric bypass, biliopancreatic diversion, sleeve gastrec-
tomy and revisions, but not various types of gastric banding as nearly all of these are
done laparoscopically.

Indications for bariatric surgery should follow guidelines by the NIH and ASMBS
which generally include a BMI >40 or >35 with significant co-morbidities.

Untreated coronary artery stenosis needs correction before any major surgical pro-
cedure, but hypertension, cardiovascular disease, severe sleep apnea, severe diabetes,
advanced renal disease and thromboembolic disease should not themselves prevent the
performance of needed bariatric surgery.
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9’3 PREOPERATIVE PLANNING

In patients who have had prior gastrointestinal surgery, obtaining and reviewing the
operative report is essential.

In patients who have had prior bariatric procedures, an upper GI series and endos-
copy are needed.

Preoperative endoscopy should be done in patients who have a history of reflux
disease.

Some surgeons perform preoperative evaluations for the presence of H. pylori, but this
is unnecessary in patients who have no history of reflux symptoms or ulcer disease.
Preoperative weight loss has been mandated in some programs to reduce liver size,
but is unnecessary in open procedures.

To reduce skin organisms, the patient should shower with chlorhexidine the night
before as well as the morning of operation.

A laxative is given the night before operation.

Preoperative oral neomycin/metronidazole is helpful in reducing both gastric and
intestinal organisms.

All patients should undergo psychiatric evaluation, nutritional counseling, and phys-
ical therapy counseling preoperatively.

All patients should attend support groups preoperatively.

() SURGERY

Positioning

Patient must be placed supine on the operating table being careful to avoid any pres-
sure points to prevent rhabdomyolysis.
Place both arms out being careful to prevent any stretch on the brachial plexus.

Management of the Incision and Prevention of Wound Infection

All patients should receive preoperative systemic antibiotics. Cefazolin is used widely
for this. The initial dose should be based on weight, giving 2 grams for patients under
300 pounds and 3 grams for patients weighing more than this, approximately 30 minutes
before incision. A repeat dose should be given approximately 3 hours later in lengthy
operations.

For skin preparation, scrubbing with a sponge saturated with 70% alcohol is used
to remove grease, desquamated skin, dirt, and debri. After this dries, paint the skin
with DuraPrep®. Wait until it dries completely and then apply Ioban®. Press firmly
over the site of the incision since this has a pressure-sensitive adhesive, and lifting
of the Toban® from the skin edge will result in an increased incidence in wound
infection. Evacuate all trapped bubbles. If the Ioban® adheres well to the skin edges,
there is no possibility of contamination from the skin.

Make the incision from the xiphoid to just above the umbilicus. Incise the subcuta-
neous fat with a knife rather than electrocautery to minimize tissue damage. Elec-
trocautery can be used to spot coagulate bleeders. Make the fascial incision in the
center of the linea alba without cleaning off any of the attached fat.

Closure of the fascia at the end of the operation should be done with a running #2
Prolene starting at each end and tying the sutures together somewhere in the middle
with six square tightly tied knots. The ends of the suture should be cut short to avoid
sharp points. To avoid the “cheese cloth” type of hernias, the bites into the fascia
should be placed approximately 1 cm from the edge and 1 cm apart, making certain
not to pull the sutures excessively tight. It might seem intuitive to take larger bites
into the fascia, but this actually increases tension at spots where the fascia is not as
strong and promotes the development of the “cheese cloth” hernias.
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The deep subcutaneous tissue is closed partly with a running suture of 3-0 Vicryl
using a very large curved needle (XLH) so that the space, including the Scarpa’s
fascia and down to the midline fascia, is basically obliterated. The skin is closed
with a subcuticular stitch using 3-0 PDS starting at each end and burying the knot
in the middle using vertical rather than horizontal dermal stitches. Steri-strips are
applied to the wound immediately after closure.

Before dermal closure, place a drain from a Hemovac® into the subcutaneous space.
After skin closure, infuse 20 to 80 mL of solution of gentamicin (320 pg/mL) or kan-
amycin (1000 pg/mL) and attach the tubing to the reservoir but do not activate suc-
tion, leaving the fluid to remain in the wound for 2 hours before removal by
activation of the collection device. This allows for diffusion of the antibiotic into the
tissues and will reduce the incidence of wound infections to <0.5%. The drain can
be removed on the second postoperative day just before discharge.

Some surgeons use a left subcostal approach, but this may prevent doing a cholecys-
tectomy, and it is important to do a thorough intraabdominal examination with the
initial procedure.

If the patient has an umbilical or epigastric hernia, it should be repaired as part of
the initial closure since this could be a site for a postoperative small bowel incar-
ceration, and repair usually prevents the need for re-operation.

Cholecystectomy

A concurrent cholecystectomy may be performed if the patient has not already had one.
This adds 20 to 30 minutes to the procedure, but is a safe cost-effective means to pre-
vent the need for a subsequent cholecystectomy. An intraoperative cholangiogram is
done if there are relative indications for doing so. It is important to address this since
access to the duodenum by EGD is obviously not possible after GBP.

If common duct exploration is done, placement of a T-tube should be done using
an additional length of the T-tube intraabdominally since it can be dislodged by exces-
sive tension when the patient stands up because of an excessive abdominal wall
thickness.

Gastric Bypass

Creation of the Enteroenterostomy
Before performing the enteroenterostomy, the entire bowel should be examined and
adhesions from prior operations lysed using appropriate treatment for any pathologic
lesions that are found (e.g., ovarian mass).
Next, the length of the alimentary, biliopancreatic and common channels limbs should
be determined. A frequent choice is to make the biliopancreatic limb 80 to 100 cm
and the alimentary limb 150 cm. This is sometimes modified if the mesentery is short,
making it difficult to bring the end of the alimentary limb to the gastric pouch with-
out tension. In our program, we have chosen to modify the length of the alimentary
and biliopancreatic limbs to be longer as the patient’s weight increases (e.g., each limb
0.5 cm X patient’s weight in pounds). For a patient weighing 400 pounds, the alimen-
tary limb would be 200 cm and the biliopancreatic limb 200 cm; for a patient weigh-
ing 500 pounds, both the biliopancreatic limb and alimentary limb would be 250 cm.
Once the site is selected, the bowel is divided with a GIA-55 stapler and the cut ends
oversewn with 3-0 Prolene. The suture on the antimesenteric side of the closure of
the distal limb is cut long so that it can be identified later as the proximal end of the
alimentary limb.
The mesentery is then divided.
A side-to-side anastomosis is then made with the bilio-pancreatic limb using a hand-
sewn anastomosis using an inner layer of 3-0 Maxon® and outer layer of 3-0 Prolene®
(Fig. 28.1). After completion of the posterior outer suture line, opposing enterotomies
are made with an electrocautery to form an orifice of approximately 5 cm. It is important
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Biliopancreatic = Figure 28.1 Technique for hand sewn
limb —— e = enterostomy. Place knots far inner and
Wi = outer layers at opposite end.
e ——
Alimentary limb —— fl - l, Common

channel

not to make the orifice too large as this can result in a sack that does not empty well
and is prone to bacterial overgrowth. The inner suture line is placed and continued
anteriorly so that there is only one knot, using a running lock stitch. This type of
anastomosis is extremely stable. In approximately 1,000 patients, there has been only
one patient who has had postoperative bleeding from this site, and there have been
no leaks or obstructions. The mesenteric defect is closed with interrupted 2-0 silk
sutures.

Creation of the Pouch

First, make sure the alimentary limb will reach the pouch without tension. Then, the
upper fundus and cardio-esophageal junction are mobilized by blunt dissection
behind the upper part of the stomach. The peritoneum on the right side can then be
incised to mobilize circumferentially. Care should be used not to enter the stomach
by keeping the blunt dissection posteriorly.

Bring an 18 French urinary catheter behind the stomach with the open end toward
the right. Then thread the catheter onto the posterior anvil of a TA90B stapler and
bring the anvil behind the stomach using the catheter as a guide (Fig. 28.2).

Staple with three firings of the staple gun in such a way as to create a pouch of
approximately 20 to 25 mL with the anterior lip of the pouch being slightly larger than
the posterior side. With each firing, compression with a maximal amount of pressure
that can be achieved with the hand should be maintained for at least 10 seconds. This
is essential to prevent gastrogastric fistulas. Less than three firings should never be
used. Be careful not to staple the nasogastric tube.

Many surgeons create the pouch by dividing the stomach with a stapler, but this is
not done with a TA90B stapler.

Creation of the Gastrointestinal Anastomosis

The proximal end of the alimentary limb is brought through the transverse mesentery
of the colon, making sure that there is no injury to the middle colic artery. It is then
positioned in an antegastric fashion, placing it adjacent to the pouch. A side-to-side
anastomosis is then made placing the sutures similarly to the enteroenteric anasto-
mosis with several exceptions (Fig. 28.3). The outer running suture uses 3-0 PDS since
a nonabsorbable suture sometimes erodes into the lumen and predisposes to ulcer
formation. The orifice itself is made to be approximately 1.2 to 1.5 cm in diameter.



Chapter28 Open Bariatric Operations 281

Figure 28.3 Creation of the gastroenterostomy. A side-to-side

The orifice itself is made to be approximately 1.2 to 1.5 cm in
diameter. The anterior layers are placed over an 18 French
nasogastric tube which is passed through the opening, thus
avoiding an inadvertent incorporation of the posterior wall.

anastomasis is made. The outer running suture uses 3-0 PDS.

Figure 28.2 Creation of the gastric
pouch. (A) The upper fundus and
cardio-esophageal junction are
mobilized by blunt dissectian
behind the upper part of the stom-
ach. (B) Application of the TAI0B
stapler to create a pouch of
approximately 20 to 25 m with the
anterior lip of the pouch being
slightly larger than the posterior
side. (C) Staple with three firings
of the staple gun. With each firing,
compression with a maximal
amount of pressure that can he
achieved with the hand should be

maintained for at least 10 seconds.
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The anterior layers are placed over an 18 French nasogastric tube which is passed
through the opening, thus avoiding an inadvertent incorporation of the posterior wall.
Once the anastomosis is completed, it is tested by occluding the alimentary limb
with a vascular clamp and infusion of 8 to 10 L of oxygen/minute through the
nasogastric tube while the anastomosis and staple lines are submerged in a topical
antibiotic solution. After assurance that there are no leaks, the nasogastric tube is
removed after application of suction.

The mesenteric defect in the transverse mesentery is closed with interrupted silk
sutures. Petersen’s defect is then closed if it can be done without tension which is
often not the case. We have not seen obstructions from Petersen’s hernias in our
series of patients.

Sleeve Gastrectomy

Sleeve gastrectomy is gaining increased popularity because it can achieve weight loss
comparable to a gastric bypass but is not malabsorptive. Improvement in diabetes is
regularly achieved, and there is also a significant reduction in hunger. In some series,
late benefit has lessened because of dilatation of the stomach. To prevent this, we have
recently used a band of human dermis around the upper part of the stomach to decrease
overeating and prevent dilatation of the gastric tube.

The first maneuver is to divide all of the vessels along the greater curvature down
to the pylorus using a LigaSure®.

A 46 to 50 French bougie (sizer) is then passed down to the pylorus.

A stapling device used to remove the body and fundus of the stomach beginning
approximately 5 to 6 cm from the pylorus and extending up to the angle of His.
The posterior blood vessels to the fundus are left intact until the staple line is com-
pleted to insure complete stapling of the stomach. Care is taken to provide adequate
compression with stapling which is done with maximal pressure for at least 10 sec-
onds with each firing. After removal of the specimen, the entire staple line is over-
sewn with a running 3-0 PDS suture.

The line of closure is then tested for leaks by occluding the pylorus and infusing
oxygen through a nasogastric tube to create relatively high pressure within the
gastric lumen while the suture line is placed under solution of topical antibiotic
(gentamicin). The nasogastric tube is then removed. Placement of a drain is
unnecessary.

Recent experience achieved good success with additional banding of the sleeve gas-
trectomy. A piece of preserved human dermis (Alloderm®) measuring 2.0 x 6 cm is
placed around the muscular tube with the upper edge approximately 5-6 cm from
the esophagogastric junction using a 38F bougie as a sizer (Fig. 28.4). This creates a
pouch and prevents dilatation of the distal stomach. However, there is no long-term
follow-up past two years. Since there is no malabsorption and weight loss is similar
to gastric bypass, this might be a preferred procedure, especially for patients with
organ transplant.

Duodenal Switch

The duodenal switch operation first employs a sleeve gastrectomy and then adds an
intestinal diversion (Fig. 28.5). This has been done primarily for extremely obese
patients, but the second phase is now reserved for patients who have had insufficient
weight loss after the sleeve gastrectomy.

Biliopancreatic Diversion

This procedure has not been done as a primary procedure in our patients, but is shown
diagrammatically in Figure 28.6. Conversion to a modified biliopancreatic diversion is
sometimes used for failed primary procedures.
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Figure 28.4 Banded sleeve gastrectomy. A
piece of preserved human dermis (Alladerm®)

measuring 2.0 X 6 cm is placed around the
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Revisional Surgery for Failed Bariatric Procedures
The techniques for surgical treatment of obesity have evolved enormously during the

past several decades. Virtually all procedures have had failures.

Horizontal Gastroplasty
This operation was used fairly frequently during the early development of bariatric sur-

gery. It consisted of application of a staple line across the entire stomach after removal
of 1 to 2 staples or simply not stapling to the edge of the stomach so that a small gas-
trogastric orifice was present. Invariably, in all of these patients, the orifice became
progressively larger with regain of weight. Revisional surgery consists of conversion to

gastric bypass with removal of the affected portion of the stomach.

Figure 28.5 Duodenal switch. A sleeve gastrec-
tomy with an intestinal diversion.
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Figure 28.6 Biliopancreatic diversion.
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Vertical Banded Gastroplasty

Failure of this initially effective procedure occurred primarily because of stenosis at
the outlet, development of a gastrogastric fistula in the vertical staple line or widening
of the outlet. There can also be erosion or other problems with the band. It is very
important to determine which of these have occurred, especially the gastrogastric fis-
tula.

Revisional surgery usually involves resection of the band and closure of any fistu-
las by dividing the stomach, often with removal of the upper part of the fundus. Con-
version to RYGBP is probably the best option for revision, making a vertical gastric
pouch (Fig. 28.7). All staple lines should be oversewn.

Gastric Bypass

Failure of gastric bypass characteristically involves dilatation of the pouch and/or its
stoma. Corrective surgery may involve revision of the pouch and/or the anastomosis,
which can be technically quite difficult, or conversion to a modified biliopancreatic
diversion which is much easier. This is done by disconnecting the enteroenteric anas-
tomosis with reanastomosis of distal part of the alimentary limb to the ileum, approxi-
mately 75 to 100 cm from the ileocecal valve, depending somewhat on the length of
the alimentary limb (Fig. 28.8).

Reconstructed Figure 28.7 Conversion of vertical
pouch handed gastroplasty to gastric
bypass.
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Figure 28.8 Conversion of gastric
bypass to madified biliopancreatic
diversion.
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Biliopancreatic Diversion

Malabsorption can be excessively severe in a small minority of patients, and this can
be correctly by simply increasing the length of the alimentary limb at the site of the
distal anastomosis—sort of the reverse of shortening the alimentary limb as just
described.

Lap Band
Increasing numbers of patients have had failure of adjustable band placement. These
can be treated by removal of the band and conversion to gastric bypass or sleeve gast-
rectomy.

Sleeve Gastrectomy

The primary cause for failure is insufficient weight loss or weight regain because of
dilatation of the sleeve. The sleeve gastrectomy was used initially as a preliminary
procedure before the duodenal switch operation, so the revisional procedure may be to
complete the duodenal switch. However, some surgeons recommend doing a “resleeve”
operation by excising the dilated outer curvature or placing an adjustable band.

Jejunoileal Bypass

Intestinal bypass operations have not been done for several decades, but there are still
occasional patients that present because of persistent malnutrition. The surgical treat-
ment is to restore some of the continuity of the excluded intestine, but this can present
problems because on occasion the excluded intestine has atrophied to such a degree
that there is no or a limited functional lumen. Before placing the excluded intestine into
the enteric flow, one must be absolutely certain that a lumen persists. This can be done
by infusion of saline down the bowel or by passage of a small catheter. Once the patent
but atrophied intestine is placed back in circulation, it does rapidly grow and become
functional. Care should be made to make the lumen of the anastomosis wide enough to
accommodate the growth of the excluded intestine. A sleeve gastrectomy can be per-
formed in patients with weight regain.

Postoperative Management

Appropriate postoperative management can result in prevention of most postoperative
complications.
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Thromboembolic problems are a major risk after bariatric surgery. Heparin, 6,000 to
8,000 units, depending on weight, should be given every 8 hours, beginning preop-
eratively. Pneumatic leg compression devices should be used routinely during the
operation and whenever the patient is not ambulating. For patients with a prior
thromboembolic complication, warfarin should be started promptly. For most
patients, 10 mg is given on the first day, 5 mg given postop day 2, and 2 mg on postop
day 3. INR must be checked on a daily basis until it is stabilized. Target for INR
should be 2 to 2.5. In general, there is a decrease in the dosage of warfarin that was
administered preoperatively in postoperative patients after gastric bypass. Over-
anticoagulation is not infrequent and will be the rule with patients who are placed on
the same dosage of Coumadin as they were on preoperatively. Obviously, over-
coagulation is a significant risk but can be avoided by aggressive monitoring.
Positive pressure ventilation with BiPAP is used for patients >350 pounds. In patients
with sleep apnea, CPAP or BiPAP is used routinely. Nasal O, is given to all patients
to maintain O, sat >92. Incentive spirometers are used in all patients.

Ambulation is encouraged the day of operation and is mandatory by the next morn-
ing. The more the patient walks, the quicker will be the recovery.

Clear liquids, 30 mL/hr, are offered by mouth the day of operation and a pureed diet
is offered the first postoperative day with solid food being given after four weeks.
Pain control can be achieved by standard approaches.

Urinary catheter should be removed on the first postoperative day unless the patient
is unable to ambulate.

Ulcer prophylaxis should be given using a proton pump inhibitor for at least
6 months.

If the patient has been on beta blockers, these should be continued during the time
of operation and afterward.

The large majority of patients can be discharged after 48 hours. Removal of the Hemovac
is done just before discharge. Patients who live more than a one-hour drive from the
hospital, and/or have additional medical problems that require continued hospitaliza-
tion (such as renal failure requiring dialysis), will be kept for a longer period of time.

Complications

Numerous complications can occur in both the early and late postoperative periods.

Atelectasis is one of the more common early complications. The primary prevention
for this is early ambulation and the use of an incentive spirometer.

Pneumonia is much less common but sometimes cannot be easily distinguished from
atelectasis. Antibiotic therapy is indicated if pneumonia is likely.
Thromboembolism can be fatal. If a pulmonary embolism is suspected, a CT scan or
pulmonary angiogram should be done so that appropriate therapy can be instituted
promptly. A duplex scan of the lower extremities is sometimes helpful. Placement
of a vena caval filter is infrequently indicated.

Bleeding occurs in 1% to 4% of patients but is less common after open procedures.
This can be from anastomotic sites, sites of surgical dissection or from ulcers. A
thorough workup should include endoscopy, coagulation profiles and sometimes
tagged red cell studies or angiography. On rare occasions, bleeding is associated with
lesions in the excluded stomach so if no other cause is found, a transgastric endos-
copy can be done, either open or laparoscopically. Death from bleeding is rare in the
absence of a severe coagulopathy.

A leak can occur from any of the procedures where the GI tract is opened, but they
are less common with open procedures when all staple lines are oversewn. In gen-
eral, detection measures using drain placement or upper GI contrast studies are not
done routinely with open procedures. Most leaks from the stomach can be treated
without reoperation.

Wound infection is reported in 3% to 25% of patients. In general, the incidence of
abdominal wound infection is approximately five times higher in obese patients than
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in nonobese patients. With the use of appropriate means to prevent wound infection
as described earlier, (use of an incise drape, proper preparation of the skin, systemic
antibiotics just before the incision in doses which are appropriate for morbidly obese
patients with redosing as necessary, use of monofilament rather than multifilament
sutures, running sutures rather than interrupted sutures, and the administration of
antibiotics into the wound for a short period of time), the incidence of infection can
be reduced to <0.5%.

Gastrointestinal disturbances including cramping, bloating, diarrhea and abdominal
pain are not infrequent and can be caused by bacterial overgrowth. This usually
responds to treatment with probiotics (such as VSL#3) with or without prebiotics.
Hypoglycemia can also occur, often related to an increased production of GLP-1.
Treatment usually responds to Acarbose®.

Nutritional deficiencies can occur with any bariatric procedure, especially related to
protein, vitamin D, thiamine, B12, calcium, and iron as well as others. Careful mon-
itoring is mandatory.

The incidence of kidney stones is increased and can be reduced by the administra-
tion of calcium citrate with vitamin D.

Intestinal obstruction can occur at any time from a variety of causes. Early obstruc-
tions often involve herniation and late obstructions often involve adhesions. Treat-
ment should be straightforward but is beyond the scope of this communication.
Ulcer formation is not uncommon and prevention requires the use of protein pump
inhibitors at least for several months. Ulcers at the anastomosis can involve exposure
of suture material which, if present upon endoscopy, should be removed endoscop-
ically. Nonsteroidal anti-inflammatory drugs should be avoided.

Stenosis of the gastrojejunal anastomosis can cause outlet obstruction with repeated
vomiting. This is usually treated easily with endoscopic balloon dilatation.

59 RESULTS

Risks of the procedure as well as the benefits are related at least in part to the procedure
being done. Of the common procedures, adjustable gastric banding is associated with a
slightly improved survival, and reduced complication compared to procedures which
open the GI tract, but long-term weight loss and resolution of co-morbidities such as
diabetes are not nearly as good as with the more invasive procedures. Gastric bypass has
been the most frequent operation, but sleeve gastrectomy is gaining in popularity and
will probably replace gastric bypass as the most desirable operation. Overall mortality
with the open procedures is <0.5%. The benefits include the improvement of almost all
co-morbidities, a marked reduction in the health expenditure and a significant improve-
ment in overall survival.

-»;j CONCLUSIONS

Open bariatric procedures can provide excellent results in experienced hands with
equal or better outcomes than laparoscopic procedures in most situations.

Every surgeon doing bariatric procedures should be fully capable of performing
these open techniques.
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@‘ INDICATIONS/CONTRAINDICATIONS

Obesity and obesity-related comorbidities, such as diabetes and heart disease, constitute
a significant and increasing health problem. Currently, nearly two-thirds of the US
population is overweight with one-third being classified as obese (BMI > 30 kg/m?).
Unfortunately, public health campaigns, lifestyle modifications, and medical therapy
have little effect on long-term weight loss. Weight loss induced by surgical therapy,
however, appears to be both significant in magnitude as well as sustainable over a long
period of time. Weight loss procedures are generally classified into restrictive or mal-
absorbtive. Mason and Ito are credited for employing the Roux-en-Y gastric bypass
(combining restriction and malabsorption) for the treatment of morbid obesity. In 1996,
Wittgrove reported on the first totally laparoscopic gastric bypass, which has generally
been shown to have lower rates of wound and pulmonary complications than the open
procedure. Laparoscopic Roux-en-Y gastric bypass is currently the most commonly per-
formed bariatric procedure in the United States.

In 1991, the National Institutes of Health Consensus of Conference on Obesity stated
that bariatric surgery is an effective and safe method of achieving sustained weight loss
in morbidly obese individuals and that the benefit that results from weight loss after
surgery outweighed the risk of the surgical procedures. The procedures are indicated for
those individuals who are morbidly obese (BMI > 40 kg/m?*) or with a BMI > 35 kg/m*
and a comorbidity that would resolve if the patient had significant weight loss, such as
diabetes or obstructive sleep apnea. Recently, there has been increased interest in citing
type 2 diabetes as a primary indication for those patients with BMI < 35 kg/m®. This is
based on the observation of frequent diabetes resolution after gastric bypass in the mor-
bidly obese and experimental evidence that there may be a weight-loss-independent
function of gastric bypass that impacts blood glucose levels. Currently, gastric bypass is
being performed in lower BMI patients only under IRB-approved protocols.

The NIH consensus also stated individuals who undergo surgery should be those
who are not likely to lose weight by other means (e.g., failed prior nonsurgical tech-
niques) and those who would comply with long-term follow-up. Many insurance com-
panies require a medically supervised weight loss program of varying lengths of time
before approving bariatric surgery. While commonplace, there is limited evidence that
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this appropriately selects patients for surgery and only prolongs the patient’s wait time.
Patients should, however, meet with a nutritionist prior to surgery in order to optimize
healthy eating habits and diet choices, as well as have reasonable expectation of diet
postoperatively. Any vitamin or mineral deficiencies should be diagnosed preopera-
tively and optimized prior to surgery.

The patients should have reasonable expectations from the surgical procedure and
desire significant weight loss. Generally, preoperative psychiatric evaluation is per-
formed to ensure that patients are prepared for what can be a life-altering event and able
to comply with the life-long follow-up that is necessary for best results. Patients with
untreated or undiagnosed psychiatric disorders generally should not undergo bariatric
surgery. In addition, the patients should be of appropriate surgical risk from a cardiop-
ulmonary standpoint and have an abdomen that is amenable to the surgical procedure.

These guidelines generally apply to all bariatric procedures. Laparoscopic gastric
bypass is appropriate for those who meet these criteria. Currently, no set criteria define
which procedure is more preferable over another. However, operations that can be per-
formed in a shorter period of time such as sleeve gastrectomy or adjustable gastric
banding may be more appropriate in cases where minimizing time under anesthesia is
a consideration. In diabetics, bypass maybe preferred, as there appears to be a greater
frequency of resolution after this procedure. On the other hand, bypass may be less
effective in super morbidly obese patients and biliopancreatic diversion might be more
appropriate. Commonly, the choice of bariatric procedure is generally left to the patient.

Indications

BMI > 40 kg/m*

BMI > 35 kg/m* with a comorbidity (e.g., diabetes, hypertension, obstructive sleep
apnea.)

Failed attempts at nonsurgical weight loss

Contraindications

BMI < 35 kg/m* (unless under IRB-approved protocol)

Inability to comply with postoperative follow-up

High anesthetic risk

Hostile abdomen: Extensive foregut surgery or extensive small-bowel adhesions

% PREOPERATIVE PLANNING

A thorough history and physical examination should be obtained. History should include
pertinent information regarding dietary habits and diet history. There should be docu-
mentation of attempts at nonsurgical means of weight loss. Generally, counseling by a
registered dietician is warranted to establish this. Any preoperative vitamin or mineral
deficiencies (e.g., vitamin D, iron) should be treated. Comorbidities should be elucidated
and risk stratification and optimization should be undertaken before general anesthesia.
This may include stress echocardiograms, pulmonary function tests, and sleep studies.
Many patients present for operation with previously undiagnosed diabetes or sleep apnea.
These and other newly diagnosed conditions should be optimized prior to surgery.
Patients are assessed for hypercoagulable states and history of venous thromboembolism
(VTE). Some patients, particularly super-super morbidly obese patients, may require a
preoperative inferior vena cava (IVC) filter. Upper endoscopy should be performed to
evaluate the stomach for pathology prior to bypass. If Helicobacter pylori is present, it
should be treated prior to surgery to reduce the risk of postoperative ulcers and stricture.
Notation of a hiatus hernia should be made; an upper GI series may be helpful for this.
If significant hernia is present, it should be repaired at the time of surgery in order to
prevent the creation of a large gastric pouch. Patients should not be active smokers, as
this not only leads to postoperative pulmonary complications but also increases the risk
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of later ulcer formation. Psychiatric evaluation should also be performed both to diagnose
and optimize any pre-existing pathology and to assess patient’s ability to cope and com-
ply with postsurgical life and follow-up.

Pertinent points in the physical examination include abdominal fat distribution.
Patient’s who are “apple” shape or android tend to be more challenging to operate on
than “pear” shape or gynecoid patients. Notation of prior abdominal surgery, scars, and
hernias should be made. Skin folds should be examined for extensive fungal infection
or cellulitis. Lower extremity edema, particularly asymmetric edema, may portend an
underlying deep venous thrombosis (DVT), and this should be evaluated. The ability
to ambulate and “clear a chair” should be assessed. Immobile patients are at signifi-
cantly higher risk of postoperative complications.

Some surgeonsrequire their patients to undergo a strict low-calorie, low-carbohydrate
diet (e.g., Optifast) in the weeks leading up to surgery. The thinking here is not absolute
weight loss per se, but the hopes it will reduce the size of the liver and amount of
visceral fat. This makes access to the hiatus easier and safer and allows for easier
manipulation of the mesentery. This may be particularly useful in higher BMI patients.
Some surgeons also use this as a “test” to determine whether the patients have the
willpower to comply with postoperative dietary restrictions. Generally, we do not feel
that this is necessary or appropriate. Certainly patients should not be actively gaining
weight in the weeks leading up to surgery, and such behavior should be discouraged.

Immediately prior to surgery all patients should receive appropriate antibiotic
prophylaxis to limit wound infection. This is particularly the case when using transoral
anvil and EEA stapling device. In addition, patients should have appropriate VTE
prophylaxis. There have not been adequate studies to determine the best means of VTE
prophylaxis in this patient population and it must be weighed against the risk of post-
operative bleeding. There is unlikely to be such a study given the large number of
patients required to measure differences. Generally, all patients should walk to the
operating room if possible and ambulate hours after surgery. All patients should wear
pneumatic compression devices prior, during, and after surgery while in bed. It is also
generally recommend that some chemoprophylaxis be utilized. We administer 5,000
units of subcutaneous heparin prior to surgery and continue it every 12 or 8 hours.
Low-molecular weight heparin administered in low doses may also be appropriate.

Preoperative Assessment

Nutritional assessment: Diet history, expectations after surgery, and optimization of
nutritional deficiencies

Medical evaluation and optimization: Treat uncontrolled blood sugars, cardiac eval-
uation, assess for risk of VTE, diagnose and treat sleep apnea, and assess ambulatory
status

Endoscopy: Evaluation of pre-existing pathology and treatment of H. pylori
Psychiatric: Diagnose and treat underlying psychiatric conditions if present. Assess
for patient compliance and identify maladaptive behaviors

Abdominal assessment: Predict the likelihood of successfully completing a laparo-
scopic gastric bypass

Preoperative diet: Reduce liver size and intra-abdominal fat

Preoperative antibiotics and VTE prophylaxis as appropriate

() SURGICAL TECHNIQUE

Pertinent Anatomy: Surgeons undertaking laparoscopic gastric bypass should be
well versed in foregut anatomy. Identification of the gastroesophageal junction and
the anatomy of the angle of His is necessary to safely create the gastric pouch. The
surgeon should be comfortable around the hiatus of the diaphragm and able to
repair a hiatus hernia. The spleen lies at the superior extent of the dissection when
creating the gastric pouch and may be injured during the process. The pancreas
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and splenic vessels run in the retroperitoneum behind the stomach. Injury here
can result in bleeding or postoperative pancreatitis or fistula. Preservation of the
left gastric artery and the lesser curve vasculature ensures blood supply to the
gastric pouch. Identification of the ligament of Treitz is crucial in appropriately
making the Roux-en-Y jejunal limbs. Generally, it can be located by its fixed
attachment to the transverse colon mesentery. Often, the inferior mesenteric vein
is seen just to the patient’s left of the fourth portion of the duodenum as it exits
the transverse colon mesentery. Appropriately orienting the proximal and distal
ends of the bowel is crucial when reconnecting bowel segments and creating the
gastrojejunostomy.
Patient positioning and equipment: The operating room table should have the capa-
bility to withstand 800 lbs and should have split leg capabilities with right angle
foot board attachments and have the ability to undergo steep reverse Trendelen-
burg. We prefer the Alphastar table (Maquet, Rastatt, Germany). Intubating the mor-
bidly obese patient can be a challenge for the untrained anesthesiologist and having
a dedicated bariatric team is ideal. Placing a “bump” or a “wedge” under the
patient’s upper back can facilitate intubation and pull away flesh from the upper
chest that can hinder manipulation of the patient’s airway. Once intubated, the
patient should have all pressure points protected with foam padding. The arms
should be out to the sides, just shy of 90 degrees. Care must be taken to assure that
the arms are not hyperextended in both the cephalo-caudal and the anterior-poste-
rior direction.
French Position: The patient is in split leg with all pressure points protected and
each leg secured to boards with circumferential bandages or tape. The operating
surgeon is between the legs. The first assistant stands to the patient’s right and is
a dedicated camera driver and liver retractor. A second assistant is on the left and
assists with retraction. The scrub technician stands on the patient’s left. A single
high-definition screen should be positioned above the patient’s head at eye level.
Alternatively, the surgeon can stand on the patient’s right with the camera driver
between the legs.
American Position: The patient is supine with legs together. Right angle foot sup-
ports are still necessary for steep reverse Trendelenburg. The surgeon stands to the
patient’s right and the first assistant on the left. The scrub technician stands on
either the left or the right. Two high-definition screens are required over each of the
patient’s shoulders. A second assistant is generally not required.
Trocar placement: Peritoneal access can be quite challenging in the obese patient.
Several techniques have been described. We feel the safest method is to cut-down at
the umbilicus. This site can serve as an optical port and all subsequent ports are placed
under direct vision. Other techniques include the blind insertion of a Veress needle to
establish pneumoperitoneum with blind placement of the first trocar and optical non-
bladed trocar placement. If these techniques are used, it is generally recommended that
they be placed in the left upper quadrant at the midclavicular line close to the costal
margin. Our preferred trocar scheme is to have a 10-mm optical trocar in the umbilicus
and a 10-mm optical trocar in the epigastrium which enters at the base of the falciform.
A 12-mm trocar in the subxiphoid position is used for dissecting and stapling the
gastric pouch and creation of the jejunojejunostomy. A second 12-mm trocar in the left
upper quadrant is used for stapling the gastric pouch and is later expanded to intro-
duce the EEA stapler to create the gastrojejunostomy. A 5-mm trocar in the left anterior
axillary line is used by the second assistant and a 10-mm trocar in the right upper
quadrant is used for a fan liver retractor and serves as an optical port during the crea-
tion of jejunojejunostomy. A fixed Nathanson or Genzyme liver retractor can be inserted
through a separate 5-mm incision as an alternative.
Alternative techniques have been described and are valid and can be tailored to
the surgeon’s preference and patient habitus. We have found this to be the most
reproducible across a wide range of patient sizes and the most ergonomic. The
abdomen should be insufflated to 15 mm Hg. At times 20 mm Hg may be necessary
to enhance visualization.
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Two insufflators are useful in maintaining pneumoperitoneum, especially if suction
is used. The surgeon and anesthesia team should be aware of hemodynamic and respi-
ratory alterations during insufflations.

Abdominal survey: Assess the abdomen for feasibility of gastric bypass. Any unex-
pected anatomy or adhesions should be evaluated. Most important to successful
completion of gastric bypass is the ability to expose the diaphragm and angle of His.
If the left lobe of the liver is too large to retract or fatty and friable, creation of the
gastric pouch maybe too difficult or dangerous. In this case, the surgeon may decide
to abort the case and subject the patient to a low-calorie diet, convert the procedure
to sleeve gastrectomy or a two-staged gastric bypass.

Creation of the gastric pouch: We prefer to start with the creation of the gastric pouch
and creation of the gastrojejunostomy, as this is the most challenging part of the case.
Others feel that creation of the Roux limb first is more appropriate.

Dissection of the angle of His: The patient should be in maximal reverse Trendelen-
burg. The first assistant retracts the liver exposing the gastroesophageal (GE) junc-
tion, gastric fundus, and diaphragm. The second assistant retracts the fundus of the
stomach caudally and to the patient’s left with an atraumatic grasper. The surgeon
retracts the fat pad overlying the GE junction to the patient’s right with his or her
left hand via the subxiphoid trocar. With a hook electrocautery or ultrasonic dissec-
tor, in the right hand via the left upper quadrant port, the angle of His is dissected
free of the GE junction and off the left crus. Bulging of retroperitoneal fat through
this space suggests adequate dissection. Care should be taken to avoid injury to the
spleen. In case this dissection is difficult due to the size of the liver or patient habi-
tus, it can be completed from behind the stomach after the first couple of staple
firings. Freeing the angle of His marks the target of the staple line in creating the
gastric pouch (Fig. 29.1).

Perigastric dissection: In order to perform the first staple firing, the gastric wall along
the lesser curvature should be freed from the fat containing its blood supply. A spot
is chosen about 5 cm from the GE junction, which is generally between the second
and third vessel on the lesser curvature. Some surgeons prefer longer pouches in
order to decrease tension off the gastro-jejunal (G-J) anastomosis. The neurovascular
fat bundle is freed with combination of blunt and sharp dissection using blunt grasp-
ers alternating with judicious use of the ultrasonic shears to seal individual vessels,

Figure 29.1 Angle of His has been
dissected. Perigastric window approxi-
mately 5 cm below GE junction cre-
ated for firing of first stapler.

Part [V: Bariatric



300

Bariatric

taking care not to injure the gastric wall. The majority of the dissection is done with
the surgeon’s left hand via the subxiphoid trocar. The surgeon’s right hand acts as a
place holder and gently pushes the gastric wall away from the fat. The second assist-
ant should retract the stomach at this point anteriorly to create adequate tension for
dissection. Bleeding can make this dissection difficult and should be controlled
quickly if occurs. Care must be made to not track superiorly or inferiorly in the
perigastric fat which can devascularize a larger portion of the stomach than necessary
(Fig. 29.1).

Stapling the pouch: Before beginning, it is important to confirm that the anesthesi-
ologist has removed all tubes from the esophagus. The lesser sac is entered via the
perigastric dissection. The surgeon’s right hand holds the place open while a 45 mm
x 3.5 mm stapler is inserted via the subxiphoid trocar. It is important that this first
staple line is perpendicular to the lesser curvature. The subsequent staple firings are
performed from the left upper quadrant 12-mm trocar aiming toward the left crus
with the surgeon’s left hand retracting the forming pouch to the patient’s right. After
the second staple firing, it may be necessary to free up posterior adhesions to the
pancreas and dissect posterior gastric vessels. This can be done with the ultrasonic
scalpel. The second assistant can grasp the posterior fundus and retract it to the
patient’s left. This results in a smaller pouch size. Generally, the pouch is created
with one 45 mm x 3.5 mm and two to three 60 mm X 3.5 mm staplers. We prefer
using stapling line buttressing material (Seamguard, Gore, Flagstaff AZ) for all except
the first two staple lines in order to reduce bleeding. The resultant pouch is approx-
imately 30 mL in volume. Once the pouch is created, the staple lines should be
checked for completeness and hemostasis. The staple lines that do not have buttress-
ing material on the remnant stomach can be over sewn to prevent bleeding from the
excluded stomach (Figs. 29.1 and 29.2).

Transoral Anvil: A 25-mm EEA anvil can be sutured to an orogastric tube or the
DST series EEA OrVil (CovidienCovidien, Mansfield, MA) can be passed through
the mouth into the gastric pouch. The anesthesiologist should be instructed that the
tube end should enter the mouth and pass with ease. The anvil should be guided
into the mouth with the convex end up toward the hard palate. It does get hung up
on the hard palate and behind the arytenoids. A jaw thrust can facilitate passage

Figure 29.2 Stapling completed
toward angle of His dissection.
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J. Figure 29.3 Transoral passage of anvil into gastric pouch.

f Anvil

i

into the esophagus. The tip of the tube should be visible against the staple line. It
can be guided into place by the surgeon’s graspers. Ideally it should be on the
patient’s left side of the first staple line or the junction of the first and second staple
line. A small gastrotomy is created with the ultrasonic shears just big enough to
allow passage of the tube. The tube is gently withdrawn from the gastric pouch
while the anesthesiologist assists in guiding the anvil into the mouth. No resistance
should be felt while traction is applied to the tube. If resistance is encountered, it
is generally in the places described above. If the anvil gets caught in the esophagus,
an endoscope should be passed to evaluate the site of obstruction or to help push
the anvil into position. The tube is withdrawn out of the body. It is not sterile at
this time and should be manipulated with clamps or towels. Traction should be
stopped when the white cuff of the anvil is seen. The sutures to the tube are cut
and the tube is passed off the field. The anvil should fit snuggly in the gastrotomy.
If it is gaping open, then a purse string suture around the device should be applied
(Figs. 29.3 and 29.4).
Alternative technique: The anvil of an EEA can be placed into the stomach via a
separate gastrotomy prior to complete transection of the gastric pouch from the
remnant stomach. The gastrotomy is stapled closed and the anvil is pulled through
a small hole in the pouch.
Creation of Roux limb: The camera is placed in the umbilical port and the patient
is placed in a level position. The end of the omentum is identified and grasped by
the surgeon’s left hand and the second assistant. The omentum is then split in a line
headed toward the left phrenic vessels (Fig. 29.5). Care must be taken to make note
of the location of the transverse colon to avoid injury. Once two leaves of omentum
are created, they can be tucked away on each side. The transverse colon is rolled
cephalad and the ligament of Treitz is identified. The first assistant can aid in retract-
ing the colon with the liver retractor. The surgeon runs the bowel for 75 to 100 cm
from the ligament. The bowel can be tucked away in the left upper quadrant. The
second assistant grasps the proximal end of the bowel and the surgeon’s left hand is
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Figure 29.4 Transoral passage of
anvil into gastric pouch.

on the distal end (the future site of gastrojejunostomy). The bowel is held tightly
while a blunt dissector such as a 10-mm right angle is used to dissect a space between
the bowel and mesentery. A 45 mm x 2.5 mm stapler with buttress material is used
to transect the bowel. It is important to maintain orientation of which are the prox-
imal and distal ends of the bowel (Fig. 29.6).

1 Gastrojejunostomy with the EEA: The staple line on the distal end (being held by
the surgeon’s left hand, on the patient’s right) is opened using ultrasonic shears.
Once open, the distal end is distinct from the proximal end, and the ends of the

Figure 29.5 Division of greater
omentum.
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Figure 29.6 Creation of Roux limh.

bowel can be let go. The left upper quadrant 12-mm port is enlarged to about
2.5 cm and the subcutaneous and muscle layers are spread using a large Kelly
clamp. The hole should allow passage of two fingers which can further spread the
opening. The EEA stapler should be wrapped in a disposable camera bag secured
to the shaft with a Steri-strip. This allows for subsequent removal of the stapler
without contaminating the abdominal wound. The stapler is placed through the
abdominal wall. This can be challenging, and it is helpful to use the curve of the
instrument. Once inside the abdomen, the surgeon grasps the open end of
the bowel at the 10 o’clock position while the second assistant holds open the
staple line. They work together to guide the stapler into the bowel. It is important
to allow the bowel to accommodate the stapler so it is does not tear. Here again,
the curve of the stapler can be used to facilitate this process. The stapler is placed
curve down, and once in the bowel, it can be flipped upward to keep the bowel
on the stapler and the graspers can be taken off. The patient is returned to the
reverse Trendelenburg position and the Roux limb is brought up to the gastric
pouch containing the anvil. The spike of the EEA is brought out to reveal the
orange stripe. The first assistant’s liver retractor can help hold the bowel tightly
over the stapler. The liver is retracted to reveal the anvil and pouch. The anvil is
grasped with a 10-mm right angle clamp with the surgeon’s left hand from the
subxiphoid position while the right hand drives the EEA and Roux limb toward
the anvil anterior to the transverse colon and remnant stomach (antecolic, antegas-
tric). As the anvil and stapler are married, ensure that there is no kinking or fold-
ing of the bowel that can serve as an obstruction. Confirm there is no fat or remnant
stomach that is being caught in the stapler. The “green” line appearing on the
stapler signifies a complete union of the stapler. It should be fired, with an audible
“click” heard. The stapler is opened and removed from the small bowel. A gentle
rotation can aid in this. The stapler should be withdrawn from the body by undo-
ing the Steri-strip on the shaft and pulling the bag over the device and then out of
the body. The 12-mm trocar can be replaced with the addition of towel clamps to
maintain pneumoperitoneum. The corners of the anastomosis can be reinforced
with 2-0 Vicryl sutures. The anastomosis is inspected from inside the small bowel
for completion and bleeding. Bleeding sites should be sutured from the outside of
the anastomosis. Once satisfactory, the open end of the bowel is stapled closed

303

Part [V: Bariatric



304 Part IV Bariatric

A

Figure 29.7 (A—C) Creation of gastrojejunastomy with EEA circular stapler.

Figure 29.8 Creation of jejunojeju-
nastomy.

with a 60 mm x 2.5 mm load with buttressing material. When doing this, it is
critical to make sure the mesenteric end of the bowel is within the staple line. The
end of the bowel should be removed from the body. The anastomosis can be tested
by passage of an orogastric tube and instillation of methylene blue or with an
endoscope and insufflations of air. If leak is encountered, sutures can be used to
oversew the area in question (Figs. 29.7-29.9).

Jejunojejunostomy: With the camera in the umbilical port, the surgeon runs the Roux
limb from the anastomosis for 150 cm. The cut end of the biliopancreatic limb is
identified and approximated to the site of anastomosis. Some surgeons suture the
two together, but we find this unnecessary. An enterotomy is made on each side with
the ultrasonic shears on the antimesenteric surface. The surgeon now moves to the
patient’s right side and the camera is placed in the right upper quadrant 10-mm
trocar site. A 60 mm X 2.5 mm stapler is introduced via the 12-mm subxiphoid inci-
sion, and the surgeon manipulates the bowel on either end of the stapler. Once on
the stapler, the bowel and the stapler are raised anteriorly to allow the mesenteries
to align. The stapler is fired and withdrawn from the body. The staple line is examined
for bleeding. The enterotomy is closed with two layers of permanent suture in a run-
ning fashion. Alternatively, the enterotomy can be stapled closed. It is important to
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i Figure 29.9 Completed antecolic-antegastric
i Roux-en-Y gastric bypass.

take note not to narrow the anastomosis during this step. A stitch is placed in the
crotch of anastomosis (Fig. 29.8).

Closure of mesenteric defects: The jejunojejunostomy defect can be closed as a con-
tinuation of the outer layer of the enterotomy or with a separate permanent suture
and is done from the patient’s right side. It is important to include a bite of serosa
to prevent the closure from opening once the patient loses weight. Closure of Peter-
son’s defect (between the Roux limb and transverse colon mesentery) is performed
from between the patient’s legs. It may be necessary to place another 5-mm trocar in
the patient’s left lower quadrant to perform this closure ergonomically. The closure
is performed with permanent suture from the base of the defect to the level of
the transverse colon. Again, it is important to include bites of serosa in the closure.
The Roux limb should be flipped to the patient’s right side after closure of this defect.
And proper orientation of the limbs is confirmed one last time. We do not feel it is
necessary to routinely leave a drain (Fig. 29.9).

Closure: We close all 10- or 12-mm trocar sites with 0 Vicryl figure of eight transfas-
cial sutures using a suture passer. The site of the EEA stapler may require more than
one suture. The umbilical site can be closed this way or from the outside. We prefer
prolene suture at the umbilicus. All wounds are irrigated and closed with running
absorbable subcuticular suture.

Alternate Techniques

Gastrojejunostomy:

Hand-sewn: A two-layered anastomosis can be performed between the Roux
limb and the gastric pouch with absorbable 2.0 or 3.0 sutures. This can be per-
formed with a free needle or an Endostich (Covidien, Mansfield, MA) device.
Advantages (compared to EEA) include decreased cost, lower rate of postopera-
tive ulcers, strictures, and lower wound infection rate. Disadvantages include
longer operative times, greater skill in suturing, and greater variability in size of
anastomosis. No difference in long-term weight loss or leak rate is noted in the
literature.
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Linear stapler: This is generally performed with an outer layer of hand-sutured
anastomosis, followed by a linear stapler, and the enterotomy is either sutured or
stapled closed. Advantages (compared to EEA) include decreased wound infection
rate and decreased cost. Disadvantages: Requires suturing skills and variable size of
anastomosis. No difference in leak has been shown.
Retrocolic versus antecolic Roux limb: The Roux limb can be passed in front of
or through the mesocolon. In addition, if retrocolic, it can be ante- or retrogastric.
We prefer an antecolic approach, as described. Advantages of a retrocolic approach
are as follows: potentially decreased tension on the gastrojejunal anastomosis and
no division of the omentum is necessary. Disadvantages include potential diffi-
culty in dissection through the mesocolon, bleeding in the mesocolon, need to
close the defect in the mesocolon, and higher rate of internal hernia through this
space.

v/ POSTOPERATIVE MANAGEMENT

After extubation, the patient should be transferred to a bed capable of withstanding
the weight of bariatric patient. Hospital staff should be protected against injury when
transferring patients with the assistance of hover technology air mattress transfer
systems if possible. After discharge criteria from the post-anesthesia care unit are
met, the patient should be transferred to a floor that is familiar with bariatric patients
and surgery. Routine use of monitored settings is not necessary, unless the patient
has significant obstructive sleep apnea or cardiovascular disease. The patient is
maintained NPO for the first 24 hours, with IV fluid, urinary catheter in place with
an IV dilaudid PCA supplemented by ketorolac. The patient should ambulate on the
evening of surgery, have compression devices in place when in bed, and have 5000
units of subcutaneous heparin administered every 8 to 12 hours to prevent VTE.
Incentive spirometry and chest therapy is also necessary to prevent atelectasis and
pneumonia.

On post operative day 1, a contrast upper gastrointestinal series is obtained to
evaluate for patency of anastomosis. Some centers forgo this study if there are no clin-
ical signs of leak. Clear liquids are initiated, and the urinary catheter is removed. On
postoperative day 2, if the patient continues to tolerate liquids, the IV is discontinued,
oral medications are initiated and the diet is advanced to puree. Most patients can be
discharged on the afternoon or evening of postoperative day 2.

Patients stay on a pureed diet for 2 weeks after surgery and slowly transition to
more formed food over the next month. Patients should take a proton pump inhibitor,
multivitamin fortified with iron, calcium, and vitamin D. Patients are also instructed to
take about 70 grams of protein a day, generally in the form of shakes in the first few
weeks following surgery. Interface with specialized dieticians are crucial in maintaining
postoperative patient health and nutrition.

) COMPLICATIONS

Several early and late complications are possible after laparoscopic Roux-en-Y gastric
bypass (LRYGB). The overall rates of serious complications is usually less than 5% in
most series, and generally lower than that of open gastric bypass, particular in the area
of wound and pulmonary complications.

Anastomotic leak: Probably the most dreaded complication, it generally occurs less
than 3% of the time in most large series by experienced surgeons and is rare after
the surgeon’s first hundred cases, stressing the significance of the learning curve.
Tachycardia, fever, low urine output, and elevated WBC are all signs of a leak.
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Stable patients should undergo imaging by contrast examination or CT scan. If
patients are unstable or doubt exists as to the diagnosis, there should be no hesita-
tion in proceeding to the operating room for diagnostic laparoscopy. Leaks are not
limited to the gastrojejunal anastomosis but can occur in the pouch, the remnant
stomach, and the jejunojejunostomy. A leak should be suspected if a patient dete-
riorates in the setting of a normal upper GI series that may not evaluate some of
these other sites. Managing early leaks generally means reoperation and direct
suture repair, drainage, and distal feeding tube. Delayed leaks may be managed by
percutaneous drain placement and feeding tube placement. Oral feeds should be
held for several weeks to allow the leak to heal, and an upper GI demonstrates
patency without leak.

VTE: Pulmonary embolus is a significant source of perioperative fatality in this pop-
ulation. As discussed earlier, all measures should be made to prevent DVT, including
screening of high-risk individuals, early ambulation, and mechanical and chemical
prophylaxis and IVC filter in the highest risk individuals. If suspected, patients
should be anticoagulated, and a CT pulmonary angiogram should be obtained. PE
and gastrointestinal leak can often have the same symptoms (tachycardia and
hypoxia). If one is suspected, both should be ruled out.

Bleeding: Can occur in up to 5% of cases and can be intra-abdominal or intraluminal.
Staple lines are a frequent cause of bleeding and absorbable buttressing can reduce
the incidence of bleeding. If bleeding occurs, it may be necessary to hold nonsteroi-
dal anti-inflammatory drugs and VTE prophylaxis. Endoscopy and re-operation to
oversew staple lines may be necessary to control bleeding.

Later formation of marginal ulcers or formation of gastrogastric fistula can be a source
of gastrointestinal bleeding. Smokers and those with untreated H. pylori are at higher
risk of ulcer formation.

Stricture: This can also occur in 3% to 5% of cases. Emesis and intolerance to oral
intake in the first few months after surgery may suggest stricture formation at the GJ
anastomosis. It can generally be managed with outpatient endoscopic dilation, unless
the patient is severely dehydrated. Two to three balloon dilations are usually neces-
sary. Patients with untreated H. pylori are at higher risk of stricture. There is also a
slightly higher stricture rate using the EEA stapler to form the anastomosis, particu-
larly the 21-mm EEA.

Internal hernia: One of the few complications that occur more frequently after
laparoscopic bypass as opposed to open surgery, probably due to less adhesion
formation. Closure of the mesenteric defects and use of antecolic Roux limb has
reduced the incidence of this complication. It can present with chronic or acute
pain, vomiting or acutely with signs of ischemic bowel. The presentation may be
insidious as the herniated bowel is usually the excluded segment so vomiting may
not be present. If suspected and the patient is stable, a CT scan should be ordered.
Dilated bowel, dilated gastric remnant, or “swirling” of the mesentery suggests
internal hernia. If the CT is negative and symptoms persist, diagnostic laparoscopy
should be undertaken.

Nutritional complications: The majority of gastric bypass patients can have normal
vitamin and micronutrient levels when adequate supplementation is administered.
Patients are, however, at risk of iron, vitamin D, calcium, and vitamin B12 deficiency.
Other deficiencies can occur but are rarer. Protein calorie malnutrition is generally
not seen, unless there are very poor diet choices or a distal gastric bypass has been
performed. Patient compliance with long-term follow-up is critical in preventing
deficiencies.

9 RESULTS

Safety: Despite the multiple potential complications that can exist in this relatively
high-risk population, with this rather complex surgery, the overall major complication
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at high volume is generally less than 5% with a mortality less than 0.5%. Patients
with a history of VTE, sleep apnea, and higher BMIs are at increased risk of compli-
cation and death.

Weight loss: In terms of weight loss, many large series of laparoscopic gastric bypass
with about 2-year follow-up have demonstrated that the average percent excess
weight loss (%EWL) ranges from 60% to 80%. Ten-year data available on gastric
bypass from the Swedish obesity study suggests that weight loss is maintained over
a long period of time and that gastric bypass is superior to other solely restrictive
mechanisms of bariatric surgery.

Comorbidities: Resolution of comorbidities is frequent and dramatic after gastric
bypass. Meta-analysis of all published series of laparoscopic gastric bypass (and
other bariatric procedure) by Buchwald demonstrated that diabetes resolves or
improved in 86% of subjects. Hypertension improves in 78.5% of patients. These
patients can frequently be free of medications. Eighty-five percent of patients with
obstructive sleep apnea had resolution and were able to come off CPAP. Lipid profile
improvement is seen in 93% of patients. In addition, patients can also see improve-
ment in GERD, asthma, infertility, stress urinary incontinence, osteoarthritis, normal
pressure hydrocephalus, and mood.

Overall survival: Perhaps most significantly, gastric bypass is associated with an
increase in overall survival of obese patients. In a study comparing patients having
undergone gastric bypass with matched obese patients obtaining a drivers license,
not undergoing surgery with 7 year follow-up, there was a 40% reduction in death
noted. While not a randomized study, the findings highly suggest a survival benefit
from having undergone surgery. The reduction in mortality was primarily due to
decreased cardiovascular disease.

'*;j CONCLUSIONS

Obesity is a prevalent and growing health problem with few adequate long-term
solutions.
Surgical weight loss is currently the most effective means of weight loss for morbidly
obese individuals. That is, those with a BMI > 40 kg/m* or BMI > 35 kg/m* and a
comorbidity.
Patients should be appropriately educated prior to surgery, have demonstrated inabil-
ity to lose weight by other means, and be of reasonable risk to undergo surgery.
Preoperative evaluation and preparation can be extensive and involve multiple spe-
cialists including nutritionists, psychiatrists, cardiologists, sleep specialists, gastro-
enterologists, and endocrinologists.
Laparoscopic Roux-en-Y gastric bypass is a complex and technically demanding pro-
cedure and surgeon and institution volume has been shown to reduce complications.
Operating room equipment and postoperative care units should be customized to
address the need of bariatric patients.
Several variations of technique have been described in performing gastric bypass:

Position: French vs. American

Order of steps: Proximal first vs. distal first

Type of anastomosis: Circular stapled, linear stapled, or hand-sewn

Position of Roux limb: Ante-colic vs. retro-colic (can be retro or ante-gastric)
Common themes: Small restrictive gastric pouch (approximately 30 ml); approximately
2 cm anastomosis, bypassed bowel of varying lengths, closure of mesenteric defects.
Postoperative care aims to have patients ambulate early and prevent VTE, identify
early leaks, and feed patients as early as possible and have them return to an ambula-
tory lifestyle.
Various complications are possible, but overall rate of major complications is low,
with most complications being treatable.
Weight loss after LRYGB is significant and durable, is associated with profound and
frequent resolution of comorbidities, and is associated with increased overall survival.
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@ INDICATIONS AND CONTRAINDICATIONS

The morbid obesity epidemic continues to spread throughout industrialized nations.
Bariatric surgery continues to be the only proven method to achieve sustained weight
loss in the majority of patients. Currently, the four most common bariatric operations
in the United States are Roux-en-Y gastric bypass (RYGB), adjustable gastric band
(LAGB), laparoscopic sleeve gastrectomy (LSG), and biliopancreatic diversion with duo-
denal switch (BPD-DS). These operations are now performed laparoscopically at most
bariatric centers. The adoption of laparoscopic techniques has led to a dramatic increase
in the annual number of bariatric procedures performed.

Sleeve gastrectomy (SG), a relatively new surgical approach, was initially conceived
as a restrictive component of the BPD-DS in the era of open bariatric surgery. With the
advent of minimally invasive surgery in the late 1980s, LSG has been proposed as a
step procedure in high-risk patients, followed by a second step RYGB or BPD-DS, and,
recently, as a stand-alone bariatric approach.

When evaluating a potential patient for bariatric surgery, a multidisciplinary team
should be used. This team includes a dietitian and a mental health professional who
are familiar with bariatric surgery. Their purpose is to obtain past dietary and behavio-
ral eating history, discuss postoperative dietary expectations, and decide whether the
individual is an appropriate candidate for this type of operation. Support for the surgery
from family members and friends is important. If the team believes that the patient is
not appropriate for the procedure, then consideration should be given to nonoperative
medical management with appropriate counseling.

Since the National Institutes of Health (NIH) Consensus Conference convened in
1991, surgical approaches have been identified as the best course of treatment for
patients with clinically severe obesity, who have a body mass index (BMI) of at least
35 kg/m?* and associated comorbid conditions.

In most institutions, LRYGB, LAGB, and LSG are offered to all patients. Following
the NIH recommendations, most centers in the United States recommend LRYGB as the
procedure of choice or gold standard in patients with a BMI over 40 kg/m* with or
without comorbidity. As the experience with LSG increases, attempts are being made
to define indications for LSG as a first or final step. Most centers agree that there is
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TABLE 30.1 Indications

Indication/Procedure Characteristics

Two-stage procedure
First step in super-super marbidly ohese patient Followed by RNYGB or BPD
First step to a nonbariatric second procedure Low BMI of 35-40
Followed by hip replacement, recurrent
incisional hernia, pull through procedure for
ulcerative colitis, renal/liver transplantation

Single-stage procedure

Final step in ASA IV marbidly ahese patient Low EF, heart/liver/kidney transplant recipient
Final step in poor candidate for LRYGB or BPD-DS Smaker
Warfarin
Final step in extremes of age Adolescents
Elderly age =70 yrs
Final step in a high-risk stomach Chile, Colombia, Japan: high incidence of

gastric cancer

Patient preference/refusal to undergo anatomic

rearrangement of their intestinal anatomy or

placement of an implanted device
Low BMI of 3540 with comarhidity
Final step in Crohn's/Celiac disease or UC
BMI 30-35 with the metaholic syndrome Under praotacal only
Otherindications: liver cirrhasis. Dense adhesions of

small bowel, expected complex colarectal surgery

in patients with diverticular disease, huge abdominal

hernia, necessity to continue specific medications

(immunosuppressant, anti-inflammatary)

BPD-DS, biliopancreatic diversion and duodenal switch; BMI, body mass index; BPD, biliopancreatic diversion; EF, ejection
fraction; LRYGB, laparoscopic Roux-en-Y gastric bypass; RYGBP, Roux-en-Y gastric bypass; UC, ulcerative colitis.

enough evidence to recommend LSG in the presence of serious contraindications or for
poor risk surgical candidates for LRYGB, BPD-DS, and LAGB. Owing to the two Inter-
national Consensus Summits for SG, held in 2007 and 2009, this procedure has been
recognized as an established bariatric procedure and is rapidly becoming accepted as
an acceptable procedure for morbid obesity.

Additional indications include patients with liver cirrhosis (without severe portal
hypertension), dense adhesions of small bowel (high risk for bowel obstruction after RYGB
or BPD-DS), large recurrent abdominal wall hernias in the presence of obesity (lower inci-
dence of recurrence after weight loss), and expected complex colorectal surgery in patients
with diverticular or inflammatory bowel disease. More controversially, LSG may have a
role in patients with a low BMI of 30 to 35 kg/m* with the metabolic syndrome. The latter
should be conducted under Institutional Review Board protocol only (Table 30.1).

The potential benefits of performing SG (Table 30.2) include that, due to its “rela-
tive” technical simplicity, it can be performed laparoscopically in high BMI patients
(super-super morbid obesity). Minimal follow-up is required when compared with other
well-established procedures such as LAGB (no need for adjustments with LSG) and
RYGB/BPD-DS (no marginal ulcerations and micronutrient malabsorption with LSG). It
is an attractive option for patients with chronic conditions, such as Crohn’s/celiac dis-
ease or ulcerative colitis, which preclude extensive intestinal surgery.

As mentioned before, LSG provides an effective decrease in operative risk and
alleviates technical difficulties when implemented as a first-stage procedure for super-
obese and high-risk patients. It can be converted to a malabsorptive procedure such as
BPD-DS or to a LRYGB in case of failure of weight loss and/or severe GERD.

When contemplating bariatric surgery indications, factors that are taken into con-
sideration by surgeons and patients are the following: insurance coverage, age, BMI,
associated comorbid illnesses, efficacy, and morbidity. There is also the so-called patient
preference when discussing surgical options. LSG is attractive to patients who do not
want to undergo anatomic rearrangement of their intestinal anatomy (RYGBP or BPD-DS)
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TABLE 30.2 Advantages and Disadvantages

Advantages
1. The stomach is reduced without major changes in either anatomy or continuity
2. The pylaric preservation prevents dumping syndrome and might add to the restrictive component
3. The patient can be discharged from haospital within 2 days postoperatively
4. It provides an effective first-stage procedure for super-ohese patients
5. Itis useful for patients with conditions such as Crohn’s disease, celiac disease, or ulcerative colitis,
which preclude intestinal hypass.
. Itcan be performed laparoscapically, even in patients who weigh over 500 Ibs
7. Minimal follow-up is required when compared with other well-established procedures such as
laparoscopic adjustable gastric banding and Roux-en-Y gastric hypass
8. There are no problems with malabsarption and nutritional deficiencies as seen in hiliopancreatic
diversion with duodenal switch
9. It provides a good educational base for resident doctors lacking experience in the surgical treatment of
gastric ulcers
10. It can be converted to a malabsarption procedure (hiliopancreatic diversion with duadenal switch) in
case of failure or to laparoscopic Roux-en-Y gastric bypass for severe gastroesophageal reflux disease

[=2]

Disadvantages
1. The risk of stapling complications such as leaks, bleeding, and stenasis
2. The irreversibility of the procedure

or placement of an implanted device (LAGB). While all procedures are similar in their
“final effect,” by inducing rapid weight loss and resolution of comorbidities, there can
be a significant difference in its efficacy and morbidity.

The disadvantages of LSG include the risk of stapling complications, such as leaks,
bleeding, and stenosis, and the irreversibility of the procedure.

There are to our knowledge no studies that discuss in the detail the contraindica-
tions for LSG (Table 30.3). Three clinical scenarios can be considered as absolute con-
traindications:

1. Patients with severe and documented GERD. The performance of LSG in this clinical
scenario could worsen the GERD by creating a high-pressure system in a patient who
already has insufficient lower esophageal sphincter. Furthermore, LSG removes the
gastric fundus, and as a result an antireflux procedure becomes impossible for those
patients who are not candidates for RYGB or BPD-DS.

2. Patients with Barrett’s esophagus. There is scientific evidence that for morbid obes-
ity patients with severe GERD, gastric bypass is the procedure of choice. Addition-
ally, by removing the greater curvature of the stomach with LSG, we eliminate the
portion of the stomach that can potentially be used as a graft (interposition) in those
cases when esophagectomy is indicated.

3. Patients with liver cirrhosis and severe portal hypertension (Childs B/C).

In this clinical scenario, LSG has a high risk for complications and mortality, as
with any other surgical procedure. It would be of interest to evaluate LSG as a treatment

TABLE 30.3 Contraindications

Absolute

1. Severe and documented gastroesophageal reflux disease
2. Barrett’s esophagus

3. Liver cirrhaosis and severe partal hypertension

Relative

1. Perioperative risk of cardiac complications

. Poor myacardial reserve

. Significant chranic obstructive airways disease or respiratary dysfunction
. Noncompliance of medical treatment

. Psychological disorders of a significant degree

. Significant eating disorders

. Large hiatal hernias
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option for morbidly obese patients with liver cirrhosis and portal hypertension who
would undergo a decompressive procedure, such as transjugular intrahepatic portosys-
temic shunt followed by a LSG.

There are several relative contraindications for LSG that are common in other sur-
gical procedures, including the following: perioperative risk of cardiac complications,
poor myocardial reserve, significant chronic obstructive airways disease or respiratory
dysfunction, noncompliance of medical treatment, psychological disorders of a signifi-
cant degree, and significant eating disorders (Table 30.3).

?D:';; PREOPERATIVE PLANNING

All patients undergoing surgery should meet the NIH criteria for obesity surgery and
have completed a comprehensive, multidisciplinary, preoperative program. The stand-
ardized comprehensive preoperative program includes an initial information session
conducted by one of the bariatric surgeons.

After the initial information session, patients are preliminarily evaluated by a spe-
cialized bariatric nurse clinician, a psychologist, and the patient’s own primary care
physician. During these visits, the patients are provided with written materials, in addi-
tion to direct contact with care providers, with regard to weight loss and weight loss
surgery. Patients are then evaluated by a bariatric surgeon, who conducts a preoperative
quiz and full consultation. The consultation includes discussion of surgical options and
expectations of postoperative life.

After the surgical consultation, the patients see a nutritionist, who provides further
written information. Additionally, patients are required to adhere to a strict preopera-
tive high-protein liquid diet 2 weeks before the date of surgery. This serves two func-
tions: it minimizes liver size and prepares patients for the postoperative experience.

Preoperative evaluation should include a thorough history, a complete endocrino-
logical workup, psychological testing, and counseling by a dietician, as with any other
bariatric procedure. At our institutions (Cleveland Clinic Florida & University of
Vermont/Fletcher Allen Health care) as well as most bariatric centers, patients undergo
upper abdominal sonography to exclude gallstones and barium swallow/upper GI or an
esophagogastroduodenoscopy (EGD) to exclude anatomic variations of the upper diges-
tive tract, such as hiatus hernias. Hiatus hernias are repaired when present.

The planned procedure (LSG, possible open procedure, possible gastric bypass,
intraoperative EGD/upper endoscopy), the risks, benefits, and alternatives of the proce-
dure are explained to the patient and his/her family in detail. The risks include but are
not limited to medical, surgical, intraoperative, postoperative, and early and late com-
plications. Medical complications include but are not limited to death, anesthesia and
medically adverse effects, deep vein thrombosis, pulmonary embolism, myocardial inf-
arction, stroke, and respiratory and renal failure. Surgical complications include but are
not limited to early and late complications, intra-abdominal bleeding, injury to nearby
structures such as liver, spleen, esophagus, small and large bowel, infection with abscess
formation, staple line leak, stenosis, stricture, reflux symptoms, and delayed gastric
emptying. Other potential risks and complications include wound infection or bleeding
at the trocar sites, incisional hernia, and failure to lose weight or regain weight. A con-
sent form is obtained after all of the patient’s and their family’s questions are answered.

() SURGICAL TECHNIQUE

Mechanism of Action

LSG involves removing most of the stomach (70% to 80%), including the fundus, and
creating a gastric “tube” 100 to 130 mL in capacity. The efficacy of SG has been attributed
to the reduction of gastric capacity (restrictive effect) and/or to the orexigenic and ano-
rexigenic intestinal hormone modification (hormonal effect). Currently, both hormonal
changes and a hindgut theory have been postulated to be involved. The mechanism of
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weight loss following LSG is mainly due to a restricted calorie intake, which results from
the combination of the small capacity, low distensibility of the sleeve, and the resultant
immediate high intraluminal pressure. Both might be responsible for the satiety effect
of this procedure.

The role of the pylorus as another potential mechanism of increased intragastric
pressure remains to be determined. There are, however, other mechanisms that must be
considered, such as hormonal changes that result in alliesthesia and anorexia. Although
resection of the fundus may lower ghrelin levels by reducing the volume of ghrelin-
producing cells, it has been suggested that the low levels of this hormone after surgery
are in fact attributable to the paracrine effect exerted by endogenous gastrointestinal
hormones, such as glucagon-like peptide-1 (GLP-1), GLP, ghrelin, and other hormones.
However, it is doubtful that decreased levels of ghrelin are the sole reason for the weight
loss achieved by LSG. The insulin, GLP-1, and peptide YY levels increase similarly
after LRYGB and LSG with marked improvement in glucose homeostasis, as well as
appetite suppression and excess weight loss (EWL). Adequate weight loss plays a key
role in alleviating comorbidities and can be achieved by complete removal of the gastric
fundus, which is not only important for eliminating ghrelin production but also for
making the inlet of the stomach small enough so that the patient will feel full quickly.

The incorporation of laparoscopy in bariatric surgery has increased the demand and
application of minimally invasive techniques in the treatment of morbid obesity. The
adoption of these techniques has led to a dramatic increase in the annual number of
bariatric procedures performed. SG can be performed by open or conventional multiport
laparoscopy. More recently, some surgeons have performed the procedure using a
single-incision or hybrid NOTES transvaginal approach.

On the morning of surgery, the patient is injected subcutaneously with 5,000 units of
unfractionated heparin to prevent venous thromboembolic complications. Then low-
molecular-weight heparin is continued during hospitalization, whereas the higher risk
venous thromboembolism patient may be treated beyond this period up to an entire post-
operative month. A peripheral intravenous (IV) line is placed and a second-generation
cephalosporin is administered intravenously and continued for the first 24 hours postsur-
gery. The patient is placed on the operating room table in the supine position with a foot-
board. Sequential compression devices are placed on the lower extremities. General
anesthesia is administered and a urinary catheter is inserted. The anesthetist inserts, applies
suction to, and then immediately removes the orogastric tube before starting the operation.
The esophageal temperature probe is removed to prevent migration into the stomach during
stapling. The operating surgeon stands at the patient’s right side together with the second
assistant (camera operator) and the first assistant at the left with the scrub nurse. We have
found that the safest way to enter the abdomen in morbidly obese patients is under direct
vision using a device that allows visualization of the abdominal wall layers sequentially with
a zero-degree laparoscope. When performing LSG, there is so far no general agreement or
standard technique regarding the number of trocars used, bougie size, staple line reinforce-
ment, complete or partial removal of the gastric antrum, intraoperative testing, EGD, drain
placement, and postoperative upper gastrointestinal study among most bariatric surgeons.
The entire abdomen is prepped and draped in usual sterile surgical fashion. A seven-trocar
technique is used (Fig. 30.1). The aim of the operation is to create restriction and reduce the
size of the stomach to a 100-cc tube by resecting the greater curvature (Fig. 30.2).

The main steps of this operation are as follows:

Access to the abdominal cavity

Trocars placement (Fig. 30.1)

Creation of pneumoperitoneum

Liver retraction (Fig. 30.3)

Inspection of the gastroesophageal (GE) junction for possible hiatus hernia
Identification of the pylorus (Fig. 30.4)

Dissection of the stomach from the greater omentum up to the GE junction (Figs. 30.5
and 30.6)

8. Identification the left crus of the diaphragm at the esophagogastric junction to
ensure complete mobilization of the gastric fundus (Figs. 30.7 and 30.8)

N gk wN =
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Figure 30.1 Trocar placement.

Figure 30.2 lllustration showing
sleeve gastrectomy.
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Figure 30.3 Liver retraction.

Figure 30.4 ldentification of the
pylorus.

Figure 30.5 Dissection of the short
gastric vessel alang the greater
curvature starts ahout 5 cm from the
pylaric channel.
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Figure 30.6 Dissection of the short
gastric vessel alang the greater
curvature starts ahout 5 cm from the
pylaric channel.

Figure 30.7 Posterior dissection of
the stomach.

Posterior aspect § Spleen

Diaphragm
of stomach preg

Greater Posterior adhesion
omentum to stomach
Liver Left crus of Figure 30.8 ldentification the left crus
diaphragm of the diaphragm at the esophago-

gastric junction to ensure complete
mohilization of the gastric fundus.

Gastro-esophageal Spleen
junction
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Stomach GE junction Figure 30.9 Transoral insertion of
the bougie.

Greater omentum Bougie entering
gastric fundus

9. Transoral insertion of the bougie (Fig. 30.9)
10. Vertical transaction of the stomach to creation the gastric sleeve (Fig. 30.10)
11. Imbrication of the staple line (Fig. 30.11)
12. Removal of the bougie (Fig. 30.12)
13. (+/-) intraoperative testing: air insufflation, methylene blue and EGD
14. Drain placement (Fig. 30.13)
15. Placement of the specimen in the endobag and retrieval (Figs. 30.14 and 30.15)
16. Fascial closure of the 15-mm trocar site and skin closure

For all laparoscopic SG patients at our institution, we adopted the following technique:

Access to the abdominal cavity is gained through a 1-cm supraumbilical incision
using the Xcel trocar® (Ethicon Endo-Surgery, Cincinnati, OH, USA) in the middle of
the left rectus sheath above the umbilicus. To create the pneumoperitoneum, warm CO,
is insufflated to achieve an intra-abdominal pressure of approximately 15 mm Hg. The
patient is placed in a slightly reverse Trendelenburg position with left side up to facil-
itate additional trocar placement and exposure. Four additional 12-mm and two 5-mm
bladeless trocars are inserted under direct visualization. The liver retractor is placed
through the 5-mm subxiphoid trocar (Fig. 30.3). The lateral segment of the left lobe of
the liver is then elevated out of the way to expose the GE junction and the gastric fun-
dus. The retractor is then fastened to the table.

With the trocars in proper position, the fundus of the stomach is grasped and then
retracted caudally, exposing the gastrophrenic ligament to assess for the presence of a

Figure 30.10 Vertical transaction of
the stomach to create the gastric
sleeve.
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Diaphragm Figure 30.11 Imbrication of the staple
line.

Liver GE junction

Imbrication of Greater
gastric sleeve omentum

Figure 30.12 Sleeve completed.

Blake drain Figure 30.13 Drain placement.
(placement)

Imbricated Greater omentum Diaphragm
gastric sleeve
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Figure 30.14 Placement of the
specimen in the endabag.

hiatus hernia. The pyloric channel is identified, beginning opposite the crow’s foot,
approximately 5 to 7 cm proximal to the pylorus, and the stomach is separated from
the greater omentum using the Harmonic scalpel™ (Ethicon Endo-Surgery) ultrasonic
shear device by taking down the greater omentum and the short gastric vessels of the
greater curvature all the way up to the GE junction (Fig. 30.4).

The peritoneal covering over the left crus of the diaphragm is taken down to iden-
tify the esophagogastric junction and to ensure complete mobilization of the gastric
fundus.

It is important to identify and mobilize the angle of His with exposure of the left
crus of the diaphragm to delineate the GE junction and to facilitate complete resection
of the gastric fundus (Fig. 30.8). Retrogastric adhesions are taken down with the Harmonic
scalpel™ (Ethicon Endo-Surgery) device to allow for complete mobilization of the stom-
ach, to eliminate any redundant posterior wall of the sleeve, and to exclude the fundus
from the gastric sleeve (Fig. 30.7).

The area is irrigated with warm normal saline until hemostasis has been assured.

The cardia of the stomach, the distal esophagus, and the esophagogastric junction
are supplied in the right and anterior side by branches of the left gastric artery and left
inferior phrenic artery. The posterior and left sides are vascularized mainly by fundic
branches of the splenic artery and, if present, by the posterior gastric artery. The arterial
supply of the esophagus is segmental. Complete dissection of the fundus requires

Figure 30.15 Retrieval of the specimen
through the right lower quadrant
trocar site.
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necessarily division of the short gastric vessels, posterior gastric artery, and phrenic
branches when present. A “critical area” of vascularization may occur laterally, just at the
esophagogastric junction at the angle of His. A resection line avoiding the “critical area”
may partly solve the problem by leaving 1 to 2 cm of gastric remnant just at the GE junction.

In our experience, this technique was adopted in all cases (greater than 400) with
one leak occurrence, and the residual capacity of the gastric sleeve remained unchanged.

Other factors considered for the development of gastric leak in this area are the
increased intraluminal pressure and the diminished thickness of the gastric wall at the
fundus.

After complete mobilization of the stomach, a 38 to 42F bougie is inserted transor-
ally into the stomach and through the pylorus under direct vision and is placed against
the lesser curvature (Fig. 30.10). This helps to calibrate the size of the gastric sleeve,
prevents any constriction at the GE junction, and provides a uniform shape to the
remaining stomach.

After securing the bougie against the lesser curvature of the stomach, the main part
of the corpus and the gastric fundus are transected in vertical fashion up to the angle
of His.

The gastric sleeve is created using a linear stapler (EndoGIA, US Surgical, Norwalk,
CT, USA), with two sequential 4.8/45-mm green load firings for the antrum, followed
by two or three sequential 3.8 to 3.5/45-mm purple/blue loads for the remaining gastric
corpus and fundus or Echelon™ Endopath (Ethicon Endo-Surgery; Johnson & Johnson,
Cincinnati, OH, USA) with gold cartridge (Fig. 30.10).

A long laparoscopic reticulating 45-mm EndoGIA linear cutting stapler (Covidien,
Norwalk, CT, USA) loaded with a green (4.8 mm) cartridge is inserted through the
15-mm trocar in a cephalad direction to transect the thick antrum of the stomach. Then,
a sequential application of the purple/blue (3.8 mm and 3.5 mm) load cartridge is uti-
lized, creating a gastric sleeve with an estimated capacity of less than 150 mL. Care
must be taken not to narrow the stomach at the incisura angularis. It is important to
inspect the stomach anteriorly and posteriorly to ensure no redundant posterior stom-
ach is present (Fig. 30.10).

In all cases, the staple line is reinforced/imbricated with a running 2-0 Vicryl suture
on an SH needle over the bougie from each direction to ensure hemostasis along the staple
line and for possible leakage prevention. One suture is used from the superior staple line.
A second suture is used from the inferior portion. The sutures are tied together at the
staple line midportion (Fig. 30.11). The left upper quadrant is irrigated with warm normal
saline above the spleen and once hemostasis has been assured, the bougie is removed (Fig.
30.12). Throughout the years, technical modifications have been introduced. Reinforce-
ment by oversewing the staple line was adopted to reduce bleeding and leaks.

With LSG we do not routinely test the integrity of the staple line unless clinically
indicated or after revisional procedures. If the decision is made to perform intraopera-
tive testing, we proceed as follows: The patient is placed flat, and an atraumatic clamp
is placed near the pylorus. The integrity of the staple line is tested by either insufflating
air after immersing the sleeve under saline, infusing 60 cm® of methylene blue, or intra-
operative EGD.

A large bore 19Fr Blake drain is placed in the subhepatic area near the staple line
at the conclusion of the procedure to identify any potential postoperative bleeding and/
or leak. The drain is exteriorized through the right upper quadrant trocar site and secured
with 2-0 nylon and put to self-suction (Fig. 30.13). The use of drains after gastrointesti-
nal surgery has long been debated. Most bariatric surgeons use drains for the early detec-
tion of the presence of bleeding or leaks and to try to obviate the need for emergent
repeat operation in the case of a leak, allowing a nonoperative treatment option. It is our
routine to use a large bore drain after all bariatric procedures. From the beginning, we
have left this drain in place until the seventh postoperative day (POD). This is a practice
we imported from our general surgery experience, and in some cases from our initial
series of bariatric surgery, we detected some leaks after the seventh POD. The duration
of cavity drainage is also controversial; however, the tendency has been to maintain the
drain until the third or fourth POD or before the patient’s discharge.
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Using the same working trocars, other associated surgical pathologies, such as
paraesophageal hernia, umbilical hernia, cholecystectomy, and diagnostic liver biopsy,
are addressed at the same time.

The resected stomach is extracted in a retrieval bag (15-mm Endo Catch II. Speci-
men Retrieval Pouch. Covidien-Mansfield, MA,USA), or is grasped at the antral tip by
a laparoscopic grasper and retrieved through one of the enlarged trocar site (15 mm)
(Figs. 30.14 and 30.15). The trocars should be removed under direct vision to identify
any bleeding points. The 15-mm trocar-site-enlarged fascia is closed with absorbable,
figure-of-eight Vicryl #1 suture. Fascial defects on the other trocar site are not routinely
closed but the skin is approximated with absorbable subcuticular Monocryl 4-0.

The mean operative time is 60 minutes (range 58 to 190) with a mean blood loss
of 20 mL (range O to 300). There have been no perioperative deaths in our series.

d POSTOPERATIVE MANAGEMENT

All bariatric patients are transferred to the intermediate care unit after routine monitor-
ing in the recovery room. Moderate-to-severe obstructive sleep apnea patients are pre-
scribed continuous positive airway pressure while they are sleeping. Occasionally, we
admit patients to the intensive care unit if their respiratory demands exceed the capa-
bility of the floor staff. IV antibiotics are continued for 24 hours in most cases. Ambu-
lation is started as soon as possible. Low-molecular-weight heparin is continued during
hospitalization for most patients, whereas the higher risk venous thromboembolism
patients may be treated up to an entire postoperative month.

Early postoperative ambulation and generous use of incentive spirometry is encour-
aged. Adequate postoperative analgesia is essential to improve mobility and decrease
pulmonary-related complications. We initially use a patient-controlled analgesia pump
and then convert to an oral morphine elixir after the first POD. On the first POD, a
water-soluble contrast as well as a thin barium swallow is performed to exclude leakage
and to serve as a baseline study for future follow-up (Fig. 30.16).

Figure 30.16 Postoperative upper Gl contrast
study.
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Lower extremity duplex is performed to rule out deep venous thrombosis. The
patients are discharged on POD 2 or 3 when they meet our discharge criteria: stable
vital signs, negative upper GI study, negative lower extremity duplex study, ambulation,
well-hydrated, and able to tolerate liquid diet.

We discharge the patients on a liquid diet and they are continued on a semisolid/
liquid diet for another 2 weeks with instructions to start multivitamin substitution daily
thereafter. Proton pump inhibitor in the form of solutabe is prescribed for 3 months to
control any reflux symptoms.

Postoperative management involves scheduled visits for education and counseling
with physicians, nurse practitioners, nutritionists, and nurse clinicians.

The patients are strongly encouraged to attend a monthly support group meeting
and see the dietitian on a routine basis, as well as a mental health professional if one
is needed or requested.

Patients are seen 2 weeks postoperatively, and then follow-up is conducted at 3, 6,
and 12 months, and annually thereafter, as it is routine in all centers of excellence in
the United States. At each postoperative visit, a nonfasting blood sample is drawn. The
measurements include total/corrected calcium, albumin, vitamin D, iron, ferritin, folic
acid, zinc, magnesium, vitamin B1, B6, and B12 concentrations, and complete blood
count. Owing to the drastic change in diet (quality and quantity), we prescribe oral
multivitamin supplementation postoperatively at least temporarily for these patients.

) COMPLICATIONS

Major complication rates reported in these studies are relatively low. For all studies,
the complication rates range up to 24% and, for the larger studies (n > 100), up to 15%.
The reported leak, bleeding, and stricture rates are 2.2, 1.2, and 0.63%, respectively, for
all studies reporting detailed complication data (n = 2367).

Overall, the complication rate of LSG is equivalent to RYGB, BPD-DS, and LAGB
with less or absent nutritional complications, dumping syndrome, internal hernia, mar-
ginal ulcers, foreign body, and port access problems that plague more traditional bari-
atric operations.

59 RESULTS

The American Society for Metabolic and Bariatric Surgery, in its position statement,
analyzed the published reports in the literature and concluded that LSG is a promising
procedure for the surgical management of morbid obesity. More recently, a systematic
review of the current literature reporting either complications or weight loss outcomes
after LSG in adult human subjects has been completed. This review includes 36 studies,
two randomized controlled trials, one nonrandomized matched cohort analysis, and 33
uncontrolled case series. Three were multicenter trials while the remaining studies
were from single institutions. These 36 studies report on a total of 2,570 patients.
Intermediate-term follow-up is now reported in the literature with 3-, 4- and 5-year
follow-up periods. The postoperative 30-day mortality rate is 0.19% in the published
literature. The mean percentage EWL after SG was reported in 24 studies (n = 1662)
and was 33% to 85%, with an overall mean EWL of 55.4%. The follow-up period for
the weight loss data was 3 to 60 months.

During the consensus section of the second annual International Consensus Summit
for LSG (ICSSG) in 2009, the audience responded as follows:

1. There was enough evidence published to support the use of LSG as a primary pro-
cedure to treat morbid obesity and indicated that it is on par with LAGB and RYGB,
with a yes vote at 77%.

2. There is a perception among most bariatric surgeons that in order to achieve accept-
able long-term weight loss, the bougie size should not be larger than 40Fr; however,
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it has also been a concern that the lower the bougie size, the higher the incidence
of staple line disruption.

3. The responders reported postoperative occurrence of a high gastric leak in 1.5% and
a lower gastric leak in 0.5%.

4. A total of 81.9% of the surgeons reported no conversions from a laparoscopic to an
open SG.

5. A total of 65.1% of the surgeons reported that they reinforced the staple-line of the
gastric tube; of these, 50.9% over-sew the staple line, 42.1% use a buttress on the
staple line, and 7.0% do both, depending on the circumstances (e.g., a figure-of-eight
stitch where each buttress meets).

6. Nearly two thirds (64.1%) leave a drain, with 93.2% of these using a closed-suction
(Blake/Jackson—Pratt) and 6.8% using a Penrose drain.

»+9 CONCLUSIONS

LSG is rapidly gaining popularity as a primary, staged, and revisional operation for its
proven safety, as well as short-term and midterm efficacy. It is a safe procedure with
less short- and long-term morbidity, as well as negligible mortality when compared with
other well-established operations. It is technically a simple operation, and it causes
satisfactory weight loss along with resolution and/or improvement of comorbidities.

There are still important questions that remain unanswered. What will the future
of LSG look like? Will LSG replace any of the current procedures such as LAGB? Will
the long-term results be superior or equivalent to the current procedures endorsed by
CMS and American Society for Metabolic and Bariatric Surgery?

LSG has clearly been demonstrated to be a safe and efficacious procedure in the
treatment of morbid obesity. The most compelling argument that is positioning this
procedure as superior to the current options is the lack of long-term complications. The
difference in morbidity is significant when comparing the long-term follow-up of LSG
to RYGB and LAGB. Currently, several new laparoscopic and endoscopic approaches,
such as gastric imbrication, gastroplasties, balloons, and removable devices, are being
tested under US FDA supervision. We hope that they may provide a better and less
invasive option for weight loss and resolution of comorbidities than the current surgical
approaches. However, it is too early to predict the efficacy and safety of these new
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procedures when implemented in clinical practice.
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@l INDICATIONS AND CONTRAINDICATIONS

In 1991, the National Institutes of Health Consensus Development Conference estab-
lished the current indications for bariatric surgery which have remained in effect since
that time. These guidelines recommend bariatric surgery for the following patients:

n Acceptable operative risks, well-informed and motivated

1 Evaluated by a multidisciplinary team

1 Failure of established weight control programs

1 Body mass index (BMI) > 40 or > 35 with at least one high-risk, obesity-related
comorbid condition

The prominent obesity-related comorbid conditions include hypertension, type 2
diabetes, dyslipidemia, obstructive sleep apnea, cardiomyopathy, and pseudotumor cer-
ebri. Other common obesity-related comorbidities include gastroesophageal reflux, oste-
oarthritis, infertility, cholelithiasis, venous stasis, and urinary stress incontinence. With
a large body of evidence supporting the efficacy of bariatric surgery in ameliorating the
above comorbidities, debate over the role of bariatric surgery specifically to treat these
conditions, more than the obesity, has begun. In February 2011, the FDA approved the
expanded use of the Lap-Band (Allergan Inc., Irvine, CA, USA) for adults with obesity
who have failed more conservative weight reduction alternatives and have a BMI of 30
to 40 with at least one obesity-related comorbid condition.

Relative contraindications to bariatric surgery include the following:

Alcohol or drug dependence

Ongoing smoking

Uncontrolled psychiatric disorders such as depression or schizophrenia

Untreated, severe underlying psychiatric disorders, specifically depression and
schizophrenia.

Inability to comprehend the requirements for postoperative nutritional and behavio-
ral changes

Unacceptable cardiorespiratory risk (American Society of Anesthesiologists class IV)
i End-stage hepatic disease
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The patients best suited for gastric band placement are those who have less weight
to lose (BMI < 40), are willing to exercise regularly, and those willing to significantly
change their eating habits. Patients who tend to take-in high-calorie foods or those who
graze continuously throughout the day are less well suited to gastric banding, as are
those unable to perform regular exercise to augment the dietary restriction or those who
live far enough from their surgeon to preclude regular band adjustments.

%) PREOPERATIVE PLANNING

Patients preparing for laparoscopic adjustable gastric banding (LAGB) require both pre-
operative medical evaluation as well as optimization prior to surgery. Medical clearance
requires a comprehensive and thorough review of the patient’s medical history, spe-
cifically looking for factors which can predict an adverse outcome. Independent predic-
tors of surgical morbidity and mortality include age >45 years, male gender, BMI >50
kg/m?, risk for pulmonary embolism, and hypertension. Collectively, these clinical find-
ings can be used to calculate Obesity Surgery Mortality Risk Score which has been
validated at multiple institutions. Patients with 0 or 1 comorbidity are considered low
risk or class A with a 0.2% risk of mortality. Those in class B have two or three comor-
bidities and are at intermediate risk of 1.2%. Class C patients are highest risk and have
four or five comorbidities with a corresponding mortality of 2.4%. BMI > 50 kg/m* and
cigarette smoking have also been shown to be associated with higher postoperative
surgical morbidities. Basic preoperative work-up should include the following:

Comprehensive history and physical

12-lead EKG

Basic blood chemistries, lipid profile, and nutritional panel
Chest radiograph

The choice of operation for a particular patient must take into account several
issues including patient’s preference, surgeon’s expertise, BMI, patient’s metabolic con-
ditions, and other associated comorbidities. While gastric bypass is largely considered
the most effective procedure at achieving long-term weight loss, it is also the most
effective at reducing the metabolic derangements of obesity, including diabetes, hyper-
tension, and dyslipidemia. However, these benefits come with a slightly higher overall
mortality rate. For gastric bypass, average 30-day mortality is 0.16%, compared with
that of LAGB placement at 0.06%. For this reason, high-risk patients, including older
patients with more comorbidities, should be counseled with regards to the perioperative
risks between gastric bypass and LAGB.

The benefit of preoperative weight loss prior to bariatric surgery has been debated.
A recent randomized trial demonstrated that patients who achieve >5% excess body
weight loss (EBWL) prior to surgery had significantly lower weight and BMI and a
higher EBWL at 1 year. The success of preoperative weight loss is felt to predict patients
with the discipline and willingness to follow a healthy lifestyle that will ultimately
translate to sustained long-term weight loss. As a result, many surgeons will place
patients on one of many available forms of preoperative weight loss diet for 2 to
4 weeks prior to surgery, with a goal of 5% to 10% EBWL. Many forms of commercial
dietary programs are available for these purposes, often consisting of a high-protein,
low-fat, low-carbohydrate, predominately liquid diet. An additional benefit of this
preoperative liquid diet is decreased liver size and density which makes manipulation
of the left lobe of the liver easier during surgery.

() SURGICAL PROCEDURE

All patients should receive routine deep venous thrombosis (DVT) chemoprophylaxis
immediately prior to arrival in the operating room, as initial development of DVT is felt
to occur intraoperatively in this high-risk population. In addition, sequential compression
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device is placed prior to anesthetic induction. Routine preoperative antibiotic prophylaxis
is also indicated. A second-generation cephalosporin is adequate but typically requires
increased dosing in morbidly obese patients. There are two adjustable gastric bands cur-
rently on the market, including the Lap-Band™ (Allergan Inc., Irvine, CA, USA) and the
Realize® Band (Ethicon Endo-Surgery, Cincinnati, OH, USA). Regardless of which band is
implanted, it is advisable to have a second band available for backup at the time of surgery
in the event that one is contaminated or damaged at the time of implantation. Each band
also has a separately packaged replacement port available as a stand-alone when necessary.

Patient Positioning

Patient positioning is often dictated by surgeon’s preference. Some surgeons prefer the
French or lithotomy position. The main advantage of this position is access in between
the patient’s legs and inline trajectory of one’s laparoscopic instruments. This centers
the surgeon over the operative field and improves posture while minimizing shoulder
fatigue. However, this position can be difficult and time consuming and places patients
at risk for nerve injury if not positioned properly. Most surgeons have evolved to a
completely supine position with arms outstretched on and secured to arm boards. For
LAGB placement, supine positioning is recommended. A footboard is also recom-
mended to minimize patient slippage inferiorly during reverse Trendelenburg position-
ing, as is an upper thigh strap to minimize lateral slippage during rotation of the patient.
All bolsters placed behind the patient’s neck and/or shoulders by anesthesia to facilitate
endotracheal intubation should be removed prior to initiation of surgery. A Foley cath-
eter is optional. Routine cardiac noninvasive monitoring is essential. Invasive monitor-
ing, including arterial and central venous catheters, is not routinely indicated and is
only utilized in selected cases where such additional monitoring is necessary.

Technique

Standard technique includes a five-trocar configuration (Fig. 31.1). Initial cannulation
of the abdominal cavity with Veress needle is typically through the camera port, located

Figure 31.1 Port placement for laparo-
scopic adjustable gastric banding.
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in the left supraumbilical region. Upon insufflation to 15 mm Hg, the Veress is removed
and a 15-mm trocar is inserted followed by camera confirmation of no visceral injury
from entry. Subsequent 5-mm trocars are placed in the far left and right subcostal mar-
gins just above the viscera, along with right epigastric (12 mm) and right upper quadrant
(5 mm) trocars. The far right subcostal trocar secures a serpentine liver retractor for
anterior retraction of the left lobe of the liver. Alternatively, the subxiphoid 5-mm trocar
site can be used to accommodate a Nathanson liver retractor. The operating surgeon
utilizes the epigastric and right upper quadrant trocars while the assistant utilizes the
left subcostal trocar and the laparoscope.

The band is inserted through the 15-mm trocar, either utilizing a blunt grasper or
specific band introducers are commercially available for intra-abdominal placement.
Once the band is in the abdominal cavity, it can be placed in the left upper quadrant
in preparation for placement. A small peritoneal window between the stomach and the
diaphragm is dissected at the angle of His for eventual band passage. The gastrohepatic
ligament is then incised with thermal energy and the right crus of the diaphragm
exposed. The pars flaccid dissection begins immediately anterior to the base of the right
crus and is initiated with thermal energy. Blunt dissection is then continued along the
anterior decussation of both diaphragmatic crura which is avascular. A tunnel is created
between the crura and the retroesophageal fat pad. One of several commercially avail-
able 10-mm articulating band graspers is then passed through this tunnel and articu-
lated and brought through the previously created window at the angle of His. The band
is then secured to the band grasper, which is un-articulated and withdrawn through the
tunnel, drawing the band around the gastric cardia. The band is then disconnected from
the band grasper and the tubing may need to be drawn through the buckle prior to
closure, depending on the brand (Fig. 31.2). The band is then closed over the cardia
using the buckle attached to the band (Fig. 31.3). Gastric plication of the body to the
cardia to cover the band anteriorly is then performed with several interrupted sutures
(Fig. 31.4). This plication, along with the pars flaccida approach posteriorly, serves to
discourage band slippage. Another plication suture is also placed on the medial aspect
of the gastric cardia, immediately below the band to minimize the risk for slippage.

The band tubing is then grasped and brought out to the 15-mm port site, taking
great care to avoid abrupt angles upon exit through the fascia. The 15-mm port site is
then closed utilizing a suture passing device, and a pocket in the subcutaneous tissue
is created to accommodate the port. The suture tails of the fascia closure can be saved
to secure the port to the fascia. Band tubing is then shortened to appropriate length and
connected to the saline-flushed port, again taking great care to avoid abrupt angles or
redundancy in the tubing. The port is then secured to the fascia with the previous
suture tails or with a commercially available securing device, which comes with the

Figure 31.2 Placement of adjust-
able gastric band using the pars
flaccid approach.
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Figure 31.3 Closure of the adjust-
able gastric band.

Realize band. Soft tissue is closed over the port, followed by skin closure. All instru-
ments and trocars are then removed and closure of the 12-mm port site is optional at
the surgeon’s discretion. Port sites are then closed at the skin level.

ws POSTOPERATIVE MANAGEMENT

Patients without significant cardiac issues can be transferred to a ward bed. Cases where
continuous monitoring may be indicated postoperatively include a significant cardiac
history, any intraoperative cardiorespiratory issues, or severe obstructive sleep apnea.
Higher-risk patients are admitted for overnight observation while lower-risk patients
can be discharged on an ambulatory basis. Patients begin a diet of sugar-free clear lig-
uids on the evening of the surgery. Ambulation also begins on the evening of surgery.
Medication adjustments are vital, particularly in diabetic patients, and must take place
immediately postoperatively. While each patient must be individualized, often utilizing
half of the patient’s preoperative dose of diabetic medications serves as an appropriate
starting point after surgery.

Diet is advanced to sugar-free full liquids upon discharge for the first 2 weeks post-
operatively. Patients are then transitioned to pureed diet, soft foods, and finally a mod-
ified regular diet over the ensuing 6 weeks. Postoperatively, patients are counseled

Figure 31.4 Placement of anterior
gastrogastric sutures to minimize
postoperative slippage.
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regarding appropriate behavioral and dietary changes. Overall dietary guidelines include
routine low-calorie, low-fat, and low-sugar food intake. Patients are encouraged to take
in three small meals per day with healthy snacks in between and to eat slowly, stopping
at the first sign of feeling full. Specific efforts at protein intake at each meal are encour-
aged. Patients are counseled to take eight 8-ounce cups of water daily and should avoid
taking beverages concurrently with meals. Carbonated beverages result in gas expansion
of the small gastric pouch that lead to significant discomfort and hence should be
avoided. Vitamin and mineral supplementation is essential to avoid deficiencies in
vitamins A, D, B1, B6, B12, calcium, and folate. As banding is not a malabsorptive
procedure, these deficiencies are less pronounced yet not entirely absent, predomi-
nately due to dietary restrictions encouraged after surgery. As such, a daily multivita-
min is usually adequate for most LAGB patients. Routine daily physical activity is
encouraged, and participation in monthly bariatric support groups has been shown to
result in significantly improved and sustained weight loss. Postoperative follow-up
typically occurs at 1 week, 1, 3, 6, 9, and 12 months, and then every 4 months there-
after. Evaluation for late complications, behavioral counseling, and monitoring for nutri-
tional deficiencies are the main goals of these routine visits.

Band adjustments are the hallmark of progressive weight loss. The first band adjust-
ment typically takes place beyond 4 weeks postoperatively, as the majority of wound
healing has taken place by that time. In addition, the band usually provides adequate
restriction upon placement, and only after several weeks of weight loss does the band
become sufficiently loose to require adjustment to augment restriction. Adjustments are
office-based procedures and can be done with or without fluoroscopic guidance. A long
Huber needle is used to access the subcutaneous port with the port pinned between the
fingers of the opposite hand. Local anesthetic is not indicated. It is recommended that
all fluid in the band be completely aspirated with each adjustment prior to infusion in
order to ensure accuracy of the adjustment. Addition of fluid typically ranges between
0.5 and 1 mL of saline per adjustment, depending on the brand of band. Older bands
had smaller reservoirs, requiring adjustments ranging from 0.1 to 0.5 mL. Alternatively,
adjustments can be performed under direct fluoroscopic imaging to visualize the amount
of desired restriction based on contrast retention and passage through the adjusted
band. The authors find this unnecessary and cumbersome, but the practice is common
in certain practices.

) COMPLICATIONS

Complications after LAGB placement range from those that are perioperative, to late com-
plications, to eventual band explantation. Relatively low perioperative complications rates
range from 2.3% to 2.8% and largely account for the good safety profile of LABG. These
complications tend to include those issues related more to obesity and major surgery than
to the band itself. They include pulmonary complications, wound infections, venous
thromboembolism (VTE), postoperative hemorrhage, and band failure/leak, each with a
rate less than 1%. The most common late complication after LAGB remains prolapse/slip-
page (Fig. 31.5), occurring in approximately 3% of patients. This rate has decreased in
recent years with adoption of the pars flaccida technique and gastric plication over the
band anteriorly, decreasing the posterior and anterior prolapsed rates, respectively. Band
erosion occurs in 1% to 2% of patients and rarely causes significant morbidity. This proc-
ess occurs slowly over time and often presents with a port infection as the herald sign. As
the band erodes through the wall of the stomach, the serosa typically heals over the band,
preventing leakage of gastric contents but permitting luminal infection to ascend along the
tubing and eventually infect the port. Band removal is indicated once erosion is discov-
ered. Port and tubing problems, including port inversion or kinking of the tube, can be as
high as 4% at 5 years. Correction of these problems is often a local procedure.

The most common indications for band explantation include band slippage, pouch
dilation, gastric inlet obstruction (Fig. 31.6), band erosion, and inadequate weight loss.
In a prospective multicenter trial, band removal rates due to slippage and pouch dilation
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Figure 31.5 Upper gastrointestinal contrast
study demanstrating band slippage. Note the
harizontal plane of the band. A normal band
should reside at a 30° angle from the harizontal
plane on an AP film.

(5.3%), obstruction (4.6%), inadequate weight loss (3.5%), and erosion (1%) as well as
other conditions (3.5%) totaled 18% of the patients within 5 years. Rates of band
removal in other studies have been similar, ranging from 1.4% to 5.8%. Most complica-
tions from LAGB are not life-threatening, making this the operation of choice when
patient comorbidities serve as a deterrent to the more risky gastric sleeve or bypass.
Mortality rates have been consistently low at 0.01%.

Figure 31.6 Band obstruction despite complete
evacuation of all fluid from the band.
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Weight Loss Outcomes

Bariatric surgery has been shown repeatedly to be the most definitive and successful
treatment for severe obesity compared to conventional medical therapy. Lifetime risk
of death from extreme obesity is decreased by 35% in individuals who undergo bariat-
ric surgery compared to control individuals. However, the safety of bariatric surgery has
come under increasing scrutiny since the early part of this century. Bariatric Centers of
Excellence were developed by the American College of Surgeons and the American
Society of Metabolic and Bariatric Surgery, and many insurance carriers have followed
by only covering bariatric surgery performed at these centers. The Leapfrog Group has
added bariatric surgery to the growing list of procedures with improved mortality when
performed at high-volume centers (>125 annual cases).

LAGB has consistently yielded the lowest EBWL percentages of all bariatric opera-
tive procedures. A recent randomized controlled trial comparing gastric bypass to LAGB
revealed a 41.8% EBWL at 2 years and 45.4% at 4 years. The same trial also revealed
statistically better EBWL in those patients with BMI less than 50 kg/m* compared to
those whose preoperative BMI was above 50 kg/m?, suggesting LAGB is not ideal for
the larger super morbidly obese. These results were consistent with another prospective
randomized trial between the two different band devices available. In this trial, those
patients with preoperative EBW < 50 kg had a better postoperative weight loss at 2 years
(565% EBWL) compared to larger patients with EBW > 50 kg (44%; P = .004). These two
studies provide evidence to help counsel super obese and larger patients away from
LAGB and toward a more invasive procedure such as sleeve gastrectomy and gastric
bypass. Other studies have demonstrated EBWL closer to 50% at 1 year.

Improvement in obesity-related medical comorbidities has been shown to be simi-
lar to other weight loss procedures. However, results tend to be more time (and hence
weight loss) dependent than with gastric bypass. Predictors of poor weight loss and/or
failure, defined by either conversion to another procedure or < 20% EBWL at 4 years
postoperatively, included male sex for those undergoing LABG. Overall failure rate in
the randomized trial was 16.7% at 4 years for LAGB. The FDA) recently approved the
Lap Band for use in patients with BMI > 30 and at least one obesity-related medical
comorbidity. This approval represents the first formal US government movement toward
expansion of surgery to patients with a lower BMI for the treatment of both obesity and
the concomitant comorbidities.

*;:7 CONCLUSIONS

Of the standard bariatric operations currently available and widely covered by insur-
ance, gastric banding remains the safest and second most commonly performed opera-
tion. However, such safety is traded for the lower long-term weight loss outcomes of
the standard operations currently being performed. Morbidity of gastric banding has
been largely overcome with improved techniques of surgery and adjusting the band. It
appears that males are more likely to fail with LAGB as are the super obese. However,
with the FDA lowering the BMI threshold recently for band placement to 30, bands will
likely continue to play an integral role in the bariatric surgery lineup as the entry-level
operation for the foreseeable future.
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37 Robot-assisted Laparoscopic
Biliopancreatic Diversion
with Duodenal Switch

Ranjan Sudan

@ INDICATIONS/CONTRAINDICATIONS

The biliopancreatic diversion with duodenal switch (BPD/DS) has more weight loss,
but it is technically complex and has more malabsorptive side effects than the other
bariatric operations. The first BPD/DS was performed by Hess in 1988 and is a modifi-
cation of the original biliopancreatic diversion (BPD) described by Scopinaro. In the
BPD/DS, a sleeve gastrectomy is performed and the pylorus is preserved. This modifica-
tion is associated with reduced dumping, marginal ulcerations, diarrhea, and protein
malnutrition compared to the Scopinaro operation. The first laparoscopic BPD/DS in
humans was described in 2000, and the same year the first robot-assisted procedure was
performed. While any patient with morbid obesity with a body mass index (BMI) of
more than 40 kg/m® or more than 35 kg/m* with comorbid medical conditions may be
a candidate for a BPD/DS, those with severe diabetes, severe hypercholesterolemia, or
higher BMI may benefit more with the BPD/DS than other bariatric operations. It is also
a good option for revisions from a previous failed restrictive operation such as a lapar-
oscopic adjustable gastric band, a sleeve gastrectomy, or a vertical banded gastroplasty.
Compliance with diet and micronutrient intake as well as lifestyle modification, and
regular follow-up to monitor for vitamin deficiencies, will give the best results. Con-
traindications for a BPD/DS are those for any bariatric operation such as unacceptable
anesthetic risk or unresolved psychological issues, but more specifically those medical
conditions in which a malabsorptive procedure is contraindicated such as Crohn’s dis-
ease or end-stage liver disease.

@ PREOPERATIVE PLANNING

Detailed clinical history and physical examination helps detect co-existing medical
problems and guides further investigations such as cardiac echography, sleep apnea
studies, and pulmonary evaluations. Suitable medical consultations are obtained on the
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basis of individual assessment of the patient to optimize their health prior to surgery.
Routine laboratory investigations include a comprehensive metabolic panel, hemogram,
thyroid tests, HbA1c, lipid profile, and vitamin levels. Electrocardiograms and chest
radiographs are also obtained. Nutritional deficiencies are easier to correct in patients
prior to their undergoing a malabsorptive operation. Patients are also asked to update
their screening mammograms, Papanicolaou’s smears, and colonoscopy, as indicated for
cancer screening.

In addition, all patients undergo psychological and nutritional evaluations to assess
their understanding of the lifestyle changes that are necessary for the success of a
bariatric operation, ability to comply with medical instructions, rule out untreated psy-
chiatric disorders or addictions and maladaptive eating behaviors.

() SURGICAL TECHNIQUE

Pertinent Anatomy

In order to perform the sleeve gastrectomy and the duodenal switch, it is necessary to
recognize the location of the pylorus and the gastroduodenal artery. The pylorus is
thicker, has a slightly more pale appearance and is identified by the overlying vein of
Mayo. The gastroduodenal artery lies posterior to the first part of the duodenum and
provides a useful landmark where the first part of the duodenum is transected.

Identifying the incisure is important to avoid narrowing the stomach tube when
performing the sleeve gastrectomy. The lesser sac is entered across from the incisure
near the greater curvature of the stomach. By keeping the dissection close to the stom-
ach, the gastroepiploic vessels are preserved, avoiding excessive bleeding. The gastro-
splenic ligament is also thin in this location, facilitating division with an ultrasonic
dissector. To prevent a delayed perforation of the stomach, transmission of thermal
energy near the gastroesophageal junction is avoided when dividing the proximal short
gastric vessels.

The ileocecal valve is an important landmark because the bowel is measured and
marked from it in order to create the distal anastomosis.

Positioning

The patient is placed supine with the right arm by the patient’s side. The left arm is
placed on an arm board and can be extended to provide the operating surgeon with stand-
ing room by the patient’s side, and the anesthesiologist sufficient access for intravenous
lines and other monitoring devices, as needed. The extremities are suitably padded and
protected to prevent pressure sores or a neuropathy. A Foley catheter is placed, but it is
not necessary to place routine arterial catheters. The endotracheal tube is positioned with
a low profile, ensuring an adequate distance between the operating table and the anes-
thetic cart, to allow the robot to be brought in over the patient’s right shoulder. A thermal
blanket is used on the lower body so that it does not interfere with the operation.

There are three phases of the operation, and the operating team changes its position
in relationship to the patient in each phase. At the beginning of the operation, the team
stands near the head of the patient and face toward the patient’s feet. The surgeon is to
the patient’s left, the camera operator is in the middle, and the assistant is to the right.
During this phase, the distal ileoileal anastomosis is performed, and an appendectomy
is optional.

In the second phase of the operation, the team moves to the patient’s side and face
toward the patient’s head. The camera operator and surgeon are on the patient’s left
while the assistant is on the patient’s right. During this phase of the operation, the sleeve
gastrectomy, division of the duodenum, and placement of the alimentary limb in a ret-
rocolic position is completed. Many surgeons will also elect to perform a cholecystec-
tomy in this phase.
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In the last phase, the operating surgeon moves to the robotic console from where
the robotic arms and the camera are controlled, and the assistant moves to the patient’s
left side.

Technique

Pneumoperitoneum is obtained using a left upper quadrant Veress needle and the abdo-
men is entered in the midline, about 15 cm inferior to the xiphoid, using a 12 mm opti-
cal trocar, and a zero-degree scope. Additional clear non-cutting trocars are positioned
in the anterior and midclavicular lines as shown in Figure 32.1. All port sites are pre-
injected with a local anesthetic.

The operation is divided into three major phases as outlined above:

Phase 1

With the patient in Trendelenburg position and tilted to the left, the team stands near
the patient’s head and identifies the ileocecal valve to perform the ileoileal anastomosis,
and an optional appendectomy.

If the surgeon decides to perform an appendectomy, a 2.5 mm leg-length stapler
load is used to divide the base of the appendix, and its mesentery is divided close to
the appendix to facilitate its removal from one of the ports.

In order to perform the ileoileal anastomosis, marking sutures are placed at 100 cm
and 250 cm from the ileocecal valve (Fig. 32.2). The bowel is divided 250 cm proximal
to the ileocecal valve with a 2.5 mm leg-length stapler and the mesentery is divided
using the ultrasonic dissector. A two-inch piece of blue drain (non-latex sterile tourni-
quet) is attached to the stapled edge of the alimentary limb to facilitate its subsequent
passage through the retrocolic tunnel.

The distal ileoileal anastomosis is performed by making small enterotomies at the
100 cm mark on the common channel and near the stapled edge of the biliary limb
(Fig. 32.3). A 60 mm long staple load with 2.5 mm leg-length is used to create the side-
to-side anastomosis. The enterotomy is closed with intra-corporeal suturing to prevent
narrowing of bowel.

Figure 32.1 Trocar placement.
Anterior axillary line Midclavieular line
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Figure 32.2 Marking sutures are
placed at 100 cm and 250 cm from
the ileacecal valve.

The mesenteric defect between the biliary limb and the common channel is closed
with a running permanent 2-0 suture.

Phase 2

With the patient placed in steep reverse-Trendelenburg position, the Nathanson liver
retractor is inserted just to the left of the xiphoid and is used to elevate the liver. The
falciform ligament may need to be divided or sutured to the anterior abdominal wall if
it obscures visualization.

This phase begins with a cholecystectomy. The cystic duct and artery are dissected,
double clipped proximally, and single clipped distally before dividing. The gallbladder
is taken off the liver bed by using cautery or ultrasonic dissectors and placed in an

Figure 32.3 The distal ileoileal
anastomasis is performed by
making small enterotomies at the
100 cm mark on the comman
channel and near the stapled
edge of the biliary limb.
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endobag for retrieval later. The gallbladder may also be left in place for later removal
with the help of the robot in phase three.

Next, the lesser sac is entered across from the incisure, near the greater curva-
ture of the stomach. The greater curvature of the stomach is then mobilized to about
4 cm distal to the pylorus, and the duodenum is divided using a 3.5 mm leg-length
stapler load (Fig. 32.4). In order to position the stapler in this location, a window
is created on the superior aspect of the duodenum, using a right angle clamp. The
areolar tissue overlying the second part of the duodenum, where it turns to become
the third part, is cleared to facilitate the retrocolic passage of the alimentary limb.

The rest of the greater curvature of the stomach is then mobilized to the angle of
His using the ultrasonic dissector. After completing the division of all of the short gas-
tric vessels, the sleeve gastrectomy is performed by dividing the stomach about 5 cm
proximal to the pylorus. This part of the stomach is thick and at least 4.5 mm leg-length
staples are used for the Initial two firings. Using a 45 mm long stapler cartridges makes
it is easier to create a smooth curve so that there is no encroachment of the stomach
lumen toward the incisure. After the first two cartridges are fired, the rest of the stom-
ach is divided using 3.5 mm leg-length, 60 mm long stapler cartridges with the intent
to create a 150 to 250 mL stomach tube. An Allergan® sizing tube is used as a guide to
size the stomach pouch and can be used to insufflate the stomach with methylene blue
to check for leaks. After the stomach is resected, a long suture is secured to one of
the ends on the specimen to facilitate its removal at the end of the operation. The sta-
ple lines may be reinforced with buttress material or suture, particularly if the stomach
is thick or the integrity of the staple line is in question. Bleeding along the staple line
can easily be controlled with hemoclips. The patient is next taken out of the steep
reverse Trendelenburg position, and the omentum is elevated to create a window in the
transverse mesocolon. A blunt grasper or the ultrasonic dissector can be used to open
the transverse mesocolon. Using the blue tubing as a handle, the alimentary limb is
delivered through a retrocolic tunnel to the first portion of the duodenum where it is
anchored to the proximal duodenum with a stay suture. The robot is then engaged in
position to perform the duodenoileostomy.

Phase 3

The robot is brought over the patient’s right shoulder and the robotic camera is inserted
through the umbilical port. The robotic instrument ports are inserted using a cannula-
in-cannula technique in the right anterior axillary, right midclavicular, and left midcla-
vicular ports. A grasper in the right anterior axillary line port is used to retract the stay

Figure 32.4 The greater curvature
of the stomach is mabhilized to
about 4 cm distal to the pylorus,
and the duodenum is divided
using 3.5 mm leg-length stapler
load. The sleeve gastrectomy
starts 5 cm proximal to the
pylorus.
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Figure 32.5 Two robotic needle
drivers are used to perform a
two-layer robot-sewn anastomasis.

suture and help align the bowel for suturing. Two robotic needle drivers are then
brought in from the remaining robotic ports and used to perform a two-layer robot-sewn
anastomosis (Fig. 32.5). First, the posterior seromuscular row is completed using run-
ning 2-0 braided nylon suture. Next, the bowel is opened using the robotic ultrasonic
dissectors and a running full-thickness posterior row of 2-0 absorbable suture is placed
and then continued anteriorly to close the bowel. The placement of seromuscular ante-
rior layer of sutures completes the formation of the two-layer anastomosis. Methylene
blue is insufflated to check for leaks. The omentum is again lifted to identify the mesen-
tery of the alimentary limb and close the defect between the alimentary limb mesentery
and the retroperitoneum. A 2-0 permanent braided nylon is used to close this defect
robotically completing the rearrangement of the bowel (Fig. 32.6). The robot is then
disengaged and the gallbladder and stomach specimens are removed. Grasping the long
suture attached to the stomach specimen helps retrieve it though the midline port-site.
Usually, the port-site does not need to be dilated to retrieve the stomach specimen.
Following the irrigation and suctioning of the right upper quadrant of the abdominal
cavity, the absence of leaks is confirmed and ports are removed. The skin incisions are
closed with subcuticular absorbable suture. A drain is not placed routinely.

s POSTOPERATIVE MANAGEMENT

Patients are encouraged to ambulate early and the liberal use of incentive spirometry.
Prophylactic doses of low-molecular weight heparin are used for the duration of the
patient’s hospital admission. A patient-controlled analgesic pump is used for pain con-
trol, and patients are given acetaminophen orally, as a scheduled dose, to reduce the
need for narcotic medication. Due to the probability of gastroparesis, a liquid diet is
initiated only after the patient passes flatus. Over the ensuing weeks, the diet is gradu-
ally advanced to solid foods, and supplemented with vitamins and minerals. It is
important to include the water-soluble analogues of fat-soluble vitamins for BPD/DS
patients.

) COMPLICATIONS

A leak may present with tachycardia, fever, and significant abdominal pain. It should
be investigated radiographically or even surgically, if needed. A pulmonary embolism
may develop despite prophylactic anticoagulation and is often suspected in a dyspneic
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Duodenum
Pylorus

Figure 32.6 The robot is used to create the duode-
noileal anastomasis and close the defect between the
alimentary limb mesentery and the retroperitoneum.
The orientation of the rearranged bowel is shown.

patient. Results of blood gas results and computerized tomographic angiogram confirm
the diagnosis. Superficial or deep wound infections are infrequent and may need treat-
ment with antibiotics or drainage. Bowel obstructions or vitamin deficiencies (particu-
larly vitamin D) can develop long term.

79 RESULTS

Patients lose more than 70% of their excess body weight long term, and the cure rate
for diabetes type 2 is as high as 98% to 99%. Rates of resolution of other medical con-
dition including hypertension, hypercholesterolemia, and sleep apnea are also high.
Results of initial robotic BPD/DS series are available.

%49 CONCLUSIONS

The BPD/DS is a less commonly performed but very effective bariatric operation. By
using the robot, a complex bariatric procedure can be performed safely with fewer ports

and easier intracorporeal suturing.
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Bariatric Surgery

Sunil Sharma and Alan A. Saber

@ INDICATIONS AND CONTRAINDICATIONS

There is a growing trend toward surgical techniques that facilitate less abdominal
trauma. This has the potential to complement and expand the benefits of traditional
laparoscopic surgery that stems from less abdominal trauma, less postoperative pain,
analgesia requirement, hospital stay, less scarring, and better cosmetic outcome.

With the emergence of natural orifice translumenal endoscopic surgery, more atten-
tion has been directed toward the single-incision transumbilical laparoscopic approach
for minimally invasive surgery. Single-incision surgery brings together the cosmetic
advantages of natural orifice translumenal endoscopic surgery and the familiarity of
conventional laparoscopic surgery. As instruments become more flexible, along with
availability of multichannel ports, the single-incision approach could represent the
future direction of minimally invasive surgery.

The predetermined exclusion criteria for the single-incision bariatric approach
includes patients who have undergone previous bariatric surgery, upper abdominal
open surgery, or upper abdominal ventral hernia mesh repair and super-morbid
obesity.

@ PREOPERATIVE PREPARATIONS

As with any form of bariatric surgery the essential prerequisites before surgery are to
attend a weight loss surgery information seminar, psychological evaluation and clear-
ance, nutrition evaluation, medical evaluation, workup and clearance. We have found
that by instructing all of our bariatric patients to consume a high-protein low-calorie
liquid diet for 2 to 4 weeks before their scheduled surgery enables the liver to shrink,
making its retraction more feasible. All patients should be involved in the decision-
making process. They should receive a detailed description of the risks and benefits of
all bariatric procedures.
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Deep vein thrombosis prophylaxis is achieved using anticoagulation, compression
stockings, and lower extremity sequential compression devices. Preoperative intrave-
nous antibiotic prophylaxis is administrated before making the skin incision.

Operative Strategy and Technical
Considerations

The feasibility of the single-incision approach is enhanced when tailored according to
each patient’s body habitus. In patients with a relatively low BMI, peripheral obesity,
a small liver, and a short umbilicus—xiphoid distance, we proceed with transumbilical
single incision. In addition to the cosmetic advantages of a hidden intraumbilical single
incision, the umbilicus provides a safe zone for abdominal access while minimizing the
torque effect of an obese patient’s thick abdominal wall. In contrast, for patients with
a much greater BMI, central obesity, a large liver, and a long umbilicus—subxiphoid
distance, we advance the single incision toward the epigastric area.

TAP Block

The single-incision approach involves a single incision as opposed to multiple tiny
incisions, scattered all over the abdomen in a standard laparoscopic operation. We take
advantage of this situation by selectively blocking the nerves supplying the perium-
bilical area. This is achieved by ultrasound-guided transversus abdominis plane (TAP)
block. When the block is performed correctly, the single incision stays relatively pain-
free, thereby reducing the requirement for narcotic analgesics and enabling for a faster
recovery and earlier discharge from the hospital.

Anatomy

The anterior abdominal wall (skin, muscles, parietal peritoneum) is innervated by the
anterior rami of the lower six thoracic nerves (T7 to T12) and the first lumbar nerve
(L1). Terminal branches of these somatic nerves course through the lateral abdominal
wall within a plane between the internal oblique and transversus abdominis muscles.
This intermuscular plane is called the TAP. Injection of local anesthetic within the TAP
can therefore potentially provide unilateral analgesia to the skin, muscles, and parietal
peritoneum of the anterior abdominal wall (Fig. 33.1).

Figure 33.1 Anatomy of the abdominal
wall.
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Figure 33.2 Ultrasound showing
layers of the abdominal wall.
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Block Technique

Scanning Technique
Ultrasound-guided TAP block:

Using ultrasound guidance, it is easy to identify the fascial plane between the inter-
nal oblique and the transversus abdominis muscles.

The patient is placed in a supine position exposing the costal margin and the iliac crest.
A linear, high-frequency transducer is recommended for this block.

After preparing the skin and transducer in sterile fashion, the transducer is placed
in an axial (transverse) plane, above the iliac crest, and at the anterior axillary line.
The three muscular layers of the abdominal wall are identified as follows: the exter-
nal oblique (most superficial), the internal oblique (most prominent), and the trans-
versus abdominis muscles below it (Fig. 33.2). The terminal branches of the anterior
rami are expected to lie within the TAP between internal oblique and the transverse
abdominis muscles above the iliac crest. The peritoneal cavity lies deep to the trans-
versus abdominis muscle layer and may be identified by the peristaltic movements
of bowel loops.

Needle Insertion
A 120- to 150-mm 22G short beveled block needle is inserted in-plane with the
transducer, in an anterior-posterior direction Alternatively, a spinal needle may be
used and connected to the syringe via short extension tubing.
The needle is inserted some distance away from the transducer. This permits a shal-
lower needle trajectory and improves needle shaft and tip visualization.
In obese patients with protuberant abdomen, manual retraction of the abdominal
wall by an assistant is a useful maneuver to facilitate needle insertion.
Accurate placement of the needle tip may be facilitated by “hydrodissection” of the
appropriate plane. This is achieved by injection of a small amount of fluid (1 to 2 mL
of saline or local anesthetic).
It is important to deposit local anesthetic deep to the fascial layer that separates the
internal oblique and the transversus abdominis muscles.

Local Anesthetic Injection
A total of 20 to 30 mL of local anesthetic (e.g., ropivacaine 0.5% to 0.75%) is injected
into this plane on each side (Fig. 33.3).
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Figure 33.3 Ultrasound-guided
TAP Blaock.
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Correct needle tip position and deposition of local anesthetic is indicated by the
appearance of a hypoechoic fluid pocket immediately deep to the hyperechoic fascial
plane below the internal oblique and above the transversus abdominis. If the needle
tip is intramuscular, a pattern of fluid spread consistent with intramuscular fluid
injection will be seen.

During local anesthetic injection, it is advisable to scan the abdomen cephalad and
caudad to determine the extent of longitudinal spread. Medial and lateral scanning
will determine the extent of horizontal spread.

Technical and Physical Challenges in Single-Incision Approach

Lost Triangulation and Trocar Placement Strategy
Achieving adequate triangulation is a basic principle of traditional laparoscopic surgery.

Trocars could be directed from multiple points of entry, guiding instruments toward
the target organ, where adequate manipulation could be achieved. (Fig. 33.4A)

Operating through a single incision with only rigid instruments would be challeng-
ing, because the surgeon would either implement a coaxial positioning of instruments
(Fig. 33.4B) or a “crossing” arrangement (Fig. 33.4C). In the coaxial technique, both
instruments emerge through the umbilicus and are parallel to one another; thus, con-
trolling both instruments outside the abdomen would pose a challenge, because the
surgeon’s hands would be at such close proximity. On the other hand, when rigid
instruments are crossing, there would be a considerably more comfortable range of
movement on the outside; however, on the inside, the left hand controls the right instru-
ment, and vice versa, posing a challenge for first-time single-incision adopters. As the
overall flexibility of the instruments increases, triangulation issues can be overcome
without sacrificing external maneuverability.

Flexible instruments have articulating shafts, steering the tip of the instrument
toward the target organ and restoring lost triangulation. Thus, combining flexible and
rigid instruments has resulted in a more comfortable configuration (Fig. 33.4D,E),
increasing maneuverability and the feasibility of advanced surgical procedures using a
single incision.

Conflict of Instruments
Multiple instruments inserted at close proximity through a common port of entry pro-
duce an undesirable limitation of movement both inside and outside. Many advanced
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Figure 33.4 Conflict of instrumentation and triangulation in single-incision laparoscopic surgery and trocar reduction. Reproduced
with permission fram Saber AA. Single incision laparascopic surgery (SILS) and tracar reduction strategies for bariatric procedures.
Adapted from: Dietel M, Gagner M, Dixan JB, Himpens J, Madan AK, eds. Handbhook of Obesity Surgery. Toranto: FD Communications
Inc. 2010:190-197.

procedures involve switching instruments and trocars more often, which could com-
promise the pneumoperitoneum. These challenges have led to the development of mul-
tichannel ports to avoid the clinching of laparoscopic instruments diverting from a
common point.

If multichannel ports are not available, it is necessary to insert three trocars through
the same umbilical skin incision but with different fascial incisions at different levels
in a triangular fashion. Using a flexible tip laparoscope minimizes the external conflict
of instruments, because its cable exits through the instrument’s back end, keeping it
away from the operative field.

Abdominal Wall “Torque Effect”

Utilizing the umbilicus (the thinnest part of abdominal wall) minimizes the torque
effect on trocars inserted at such close proximity, providing a wider range of motion
for the instruments and trocars in different directions. However, in incisions away from
the umbilicus, the “torque effect” on trocars increases with the increasing thickness of
the point of abdominal access, counteracting the movement of trocars and decreasing
maneuverability.

Umbilical Recession

In super-obese patients a receded umbilicus can reduce the feasibility of the tran-
sumbilical approach, favoring the epigastric placement of trocars to ensure that the
gastroesophageal junction is within the comfortable reach of the laparoscopic instru-
ments.

Retraction of Large Liver

Bariatric patients have a higher incidence of fatty liver, potentially obscuring the
operative field and presenting a challenge for the single-incision approach. Liver
retraction can be achieved by internal retraction (i.e. sutures), external retraction (i.e.
subxiphoid, transumbilical liver retractor), or using the mobilized portion of the
stomach.
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Operative Technique for Single-Incision Sleeve Gastrectomy

The patient is placed in a supine or split leg position. The surgeon stands either on
the right side or between the legs of the patient with the assistant on the left. Both
the location of the single incision and the method of liver retraction are tailored
according to the operative strategy discussed in the previous sections. For the tran-
sumbilical approach, the deepest point in the umbilical scar is pulled up using Kocher
graspers while applying subtle pressure on the abdominal wall to tent up the umbil-
ical scar. A 2.5-cm intraumbilical skin incision is created and deepened to the linea
alba. A fascial opening up to a length of 2 cm is established. Larger incisions can
result in a loose port, promoting gas leakage and an inadequate pneumoperitoneum.
The SILS™ Port (Covidien, Norwalk, CT) is folded at its lower edge (opposite to the
insufflator) and advanced under direct vision into the abdomen using a clamp. Once
the bottom half of the port is introduced into the abdomen, the port is released. Two
5-mm trocars and one 15-mm trocar are introduced through the access channels. The
pneumoperitoneum is initiated to a pressure of 15 mm Hg. A 5-mm flexible tip lapar-
oscope is inserted.

Using a 5-mm LigaSure™ and 5-mm flexible grasper, the greater curvature of the
stomach is mobilized, beginning from a point 6 cm proximal to the pylorus, staying
close to the wall of the stomach, all the way up the greater curvature to the angle of
His, dividing both gastrocolic and gastrosplenic ligaments. This is followed by liver
retraction, as detailed, according to each patient’s body habitus and liver size (Fig. 33.5).

It is important to identify and mobilize the angle of His, with exposure of the left crus
of the diaphragm, to facilitate complete resection of the fundus. Retrogastric adhesions are
taken down with the LigaSure™. This allows complete mobilization of the stomach, elim-
inates any redundant posterior wall of the sleeve, and excludes the fundus from the gastric
sleeve.

Once the stomach is completely mobilized, a 34F orogastric tube is inserted orally,
placed against the lesser curvature and through the pylorus. This calibrated size of the
gastric sleeve prevents constriction at the gastroesophageal junction and incisura angu-
laris and provides a uniform shape to the entire stomach.

The gastric transection is started at a point 6 cm proximal to the pylorus, leaving
the antrum and preserving gastric emptying. A long laparoscopic roticulating 60-mm
XL endo-GIA stapler with green cartridge 4.8-mm staples and a synthetic absorbable
buttressing material is inserted through the 15-mm trocar in a cephalad direction.
The stapler is fired consecutively along the length of the orogastric tube until the

Figure 33.5 Umbilical port, trocars,
and liver retractor placement during
single-incision sleeve gastrectomy
and adjustable gastric band.
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Figure 33.6 Operative picture after
completion of single-incision
sleeve gastrectomy.

angle of His is reached. Care must be taken not to narrow the stomach at the incisura
angularis. It is important to inspect the stomach anteriorly and posteriorly to ensure
that there is no redundant posterior stomach. Approximately 80% of the stomach is
separated. The entire staple line is inspected for bleeding and tested for leakage.
Insufflating air under saline and infusing methylene blue into the remaining stomach
tests the integrity of the staple line. The resected stomach is extracted along with the
SILS™ Port without the need for an Endobag. The fascial defect of the port site is
closed with a figure-of-eight 2-0 nonabsorbable suture to prevent port site hernia
formation. The skin incision is closed with 4-0 absorbable suture in a subcuticular
fashion (Fig. 33.6).

Technique for Single-Incision Adjustable Gastric Band

The patient is placed in a supine position with the surgeon standing on the right side
and the assistant standing on the left side of the patient. A 2.5-cm skin incision is
placed intraumbilically. The incision should be large enough to accommodate the mul-
tichannel port and ultimately the subcutaneous access port for the adjustment of the
gastric band. A safe entry to the abdomen with a 2-cm fascial incision is achieved using
the open Hassan technique. The adjustable gastric band is inserted through the skin
and the fascial defect into the abdominal cavity in an atraumatic fashion. A SILS™ port
is placed and three 5-mm very low-profile trocars are placed at different levels. Pneu-
moperitoneum is established. A 5-mm flexible-tip laparoscope is used for visualization.
The liver retractor is inserted either through the umbilical port or a 5-mm subxiphoid
skin puncture with no port placement, in a fashion similar to that of single-incision
sleeve gastrectomy (Fig. 33.5).

Using the endofinger device, the phrenoesophageal ligament is bluntly dissected at
the angle of His exposing the apex of the left crus of the diaphragm; this represents the
first landmark for the operation. Extensive dissection should be avoided to minimize
the risk of slippage.

A flexible grasper is used to elevate the lesser curve of the stomach. L-hook elec-
trocautery is used to open the pars flaccida of the gastrohepatic ligament exposing the
right crus of the diaphragm. The peritoneum overlying the base of the right crus is
incised using L-hook electrocautery.

Next, an articulating 5-mm blunt grasper is used to develop the retrogastric tunnel.
The instrument is passed gently without resistance from the base of the right crus to
the apex of the left crus at the 0 of His (Fig. 33.7). This will achieve a 45-degree angu-
lation of the band. The distal end of the band tubing is held securely by the grasper
and is passed through the retrogastric tunnel by an articulating grasper allowing the
band to be placed within the retrogastric tunnel. The band is wrapped around the
proximal stomach creating a small gastric pouch and the buckle is locked.
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Figure 33.7 Operative strategy during single-incision
laparoscopic adjustable gastric band placement.
Note that the use of flexible blunt grasper facilitates
retrogastric dissection.

The flappy part of the fundus below the band is then sutured to the pouch to imbri-
cate the band. This is done using an endostitch device (Covidien) with a 2-0 nonabsorb-
able extra corporeal suture technique. The automated features of the endostitch device
facilitate extra corporeal knot tying and overcome the challenges associated with the
limited range of motion in the single-incision approach. It is important to make sure
that the stomach is taken in each bite using seromuscular to seromuscular gastrogastric
sutures. A total of four interrupted anterior gastrogastric sutures are placed to create the
gastric plication necessary to reduce the risk of anterior slippage. Upon completion of
the laparoscopic part, the band should be seen assuming a 45-degree tilt, with its buckle
outside the anterior gastric wrap to minimize the risk of erosion.

The single-incision port is removed, and the tubing is exteriorized through the
single umbilical incision and attached to the subcutaneous access port. The fascial
defect is closed to avoid postoperative herniation. Four 2-0 nonabsorbable sutures are
used to secure the access port to the anterior rectus fascia; this is done to avoid the
rotation and subsequent inaccessibility to the port. The skin incision is closed with 4-0
absorbable suture in a subcuticular fashion.

Operative Technique for Single-Incision Roux-en-Y Gastric Bypass

Patient Position

The patient is placed in the supine position. The patient is properly strapped to the
bed with a foot strap and appropriately cushioned on all the pressure points. After
endotracheal intubation, a Foley catheter is inserted.

TAP block: The TAP block is then performed in a sterile fashion as described.
Creating pneumoperitoneum: The surgeon stands on the right side with the assistant
on the left. Pneumoperitoneum is created by inserting a 150-mm Veress needle
through umbilicus or left subcostal area. We have experienced that this step is very
helpful in planning skin incision, undercutting the fascia and entering the peritoneal
cavity.
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Figure 33.8 Umbilical incision.

Incision: Both the location of the single incision and the method of liver retraction
are tailored according to the operative strategy discussed in the previous sections.
Our preferred incision is a 3-cm periumblical with small vertical extension as
shown in Figure 33.8. About 10 mL of xylocaine is infiltrated at the umbilical site
to evert the umbilicus. Skin incision is placed using a no. 15 blade, and then the
subcutaneous fat is cut using electrocautery. The bulging peritoneum is opened
by blunt dissection. Undercutting of fascia is performed to admit at least three
fingers.

Insertion of port: We prefer using GelPOINT™ port (Applied Medical) for single-
incision gastric bypass. The inner ring of the wound protector is first inserted into
the abdominal cavity. It is then rolled in until it becomes snug to the skin (Fig. 33.9).
The GelPOINT port is then prepared by inserting three 5-mm ports and one 12-mm
port as shown in the figure. The port is then mounted over the wound protector and
the pneumoperitoneum is created (Fig. 33.10).

Diagnostic laparoscopy: A 5-mm 45-degree angle scope is used to visualize the peri-
toneal cavity (Fig. 33.11). Alternatively a 5-mm flexible scope can also be used. If
adhesions are seen, then lysis of adhesions is performed using the ultrasonic shears
and also the liver size is assessed at this point. A snake retractor is used through a
5-mm port to retract the lateral segment of the left lobe of liver. Occasionally, a
Nathanson retractor may be placed through a subxiphoid incision without a port if
the liver is massively enlarged.

Creation of gastric pouch: The pars flaccida overlying the caudate lobe of the liver
is entered by blunt dissection. The lesser sac tunnel is visualized under the left
gastric vessel. Three firings of articulating GIA 60-mm blue cartridges are used to
create the gastric pouch. The first stapler is fired almost horizontal, the second one

Figure 33.9 Wound protector.

353

Part [V: Bariatric



354

Bariatric

Figure 33.10 Gelpoint port.

is vertical, and the last one is through the angle of His (Fig. 33.12) creating a 10- to
20-mL gastric pouch. An Orovil™ (Covidien) tube is then passed by the anesthesi-
ologist via the oral route. Using a point cautery the tube is delivered out through the
posterior wall of the pouch about 1 cm away from the staple line. The tube is then
gently pulled until the anvil is seen projecting out through the gastric pouch. The
tube is then detached from the anvil and pulled out.

Creation of jejunojejunal anastomosis: We prefer doing an extra corporeal small
bowel anastomosis as it significantly reduces the operating time. After identifying
the ligament of Treitz, the jejunum is measured and transected at about 50 cm distal
from the ligament of Treitz using an endoscopic linear cutter stapler 60-mm white
cartridge. The tip of the Roux limb is then undermined for 3 cm using a harmonic
scalpel. The Roux limb is then measured for about 100 to 150 cm. A stay suture is
placed between the measured Roux limb and the tip of the biliopancreatic limb. The
suture is cut long. The gelpoint port is then detached from the ring, desufflating the
peritoneal cavity. By pulling the stay suture the two jejunal limbs are delivered out.
Enterotomies are made at the appropriate antimesenteric sites, and using a linear
cutter 60-mm white cartridge a jejunojejunal anastomosis is created (Fig. 33.13). The
enterotomy site is then closed by firing another 60-mm white cartridge (Fig. 33.14).
Silk suture is used to close the mesenteric defect, and Brolin stitch is placed to pre-
vent the kinking of Roux limb. The anastomosis is then placed back into the abdom-
inal cavity.

Creation of gastrojejunal anastomosis: The tip of the Roux limb is identified. With-
out twisting the mesentery the tip is delivered out. The staple line is excised

Figure 33.11 Diagnostic laparos-
copy.
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Figure 33.12 Creation of gastric pouch.

Figure 33.13 Extracorporeal jejunajejunal
anastomosis.

Figure 33.14 Closure of enterotomy.
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extracorporeally using electrocautery. A 25-mm EEA stapler is then passed through
the gelpoint port and then introduced into the tip of the Roux limb. The spike of the
stapler is then advanced to pierce the Roux limb at about 5 to 6 cm from the tip.
Under direct vision the Roux limb with the tip of the spike is placed into the peri-
toneal cavity and gelpoint port is mounted back. Pneumoperitoneum is re-established
and the 45-degree angle scope is again introduced. A flexible grasper is introduced
to hold the anvil. The spike is then aligned to the anvil under direct vision and
locked. After ensuring that there is no tension or twisting of mesentery, the stapler
is fired and the GJ anastomosis is created. The nonviable open portion of the tip of
the Roux limb is excised using a linear cutter 60-mm stapler. The specimen is
removed after placing it in a specimen retrieval bag.

Testing the anastomosis: EGD is performed to do the air leak test and check for any
internal bleeding.

Closure
The fascial closure is done by no. 1 PDS suture. Dead space is obliterated by subcutane-
ous vicryl sutures and the skin is approximated by subcuticular stitches.

Postoperative care

Postoperative gastrografin swallow is obtained on the first postoperative day to rule
out leaks and obstruction in case of sleeve gastrectomy or gastric bypass and in case
of gastric band to confirm the appropriate position of the band with no obstruction
or extravasation. Deep vein thrombosis prophylaxis is achieved using anticoagulation,
compression stockings, and a sequential compression device. The patient is dis-
charged once they are tolerating a full liquid diet, are hemodynamically stable, afe-
brile, ambulating, able to maintain hydration, and pain is managed appropriately with
oral analgesics.

) COMPLICATIONS

There have been very few minor early complications described; however, long-term data
are required to rule out port site hernias, and weight regain.

59 RESULTS

The scarce data documenting the early intraoperative and postoperative experience
with single-incision bariatric surgery have shown that single-incision sleeve gast-
rectomy, adjustable gastric banding, and gastric bypass procedures are feasible and
associated with a reasonable degree of safety. Postoperative weight loss is similar
to those occurring after conventional multiport laparoscopic procedures, for both
sleeve gastrectomy (1) and adjustable gastric banding (2). More importantly, no
major operative or perioperative complications have been reported. Regarding
the benefits of the single-incision approach, in addition to the cosmetic advantage, the
potential advantages might include a shorter hospital stay or a reduced need for
analgesia.

However, prospective randomized studies comparing multiport laparoscopic adjust-
able gastric banding, gastric bypass, and sleeve gastrectomy with their single-incision
counterparts in large volumes with long-term follow-up are needed to confirm these
initial results, identify the direct benefits, and assess the cost-effectiveness of the single-
incision approach in broad detail.
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The single-incision approach is a new emerging approach for bariatric surgery.
The approach is particularly attractive for procedures that require a 2- to 3-cm inci-
sion to insert the adjustable band and the port as in adjustable gastric banding or to

retrieve a large specimen as in sleeve gastrectomy.

The single-incision approach has many potential advantages over the conventional
laparoscopic approach, including less postoperative pain, less need for analgesia,
and hospital stay. In addition it improves cosmesis and body images.

However, some technical challenges are encountered during single-incision bariatric
procedures including lost triangulation, conflict of instruments, umbilical recession,

and large fatty liver.

These could be overcome by using long flexible instrument, flexible tip scope, mul-

tichannel access ports, and liver retractor.
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Open and Laparoscopic
Procedures for SMA
Syndrome

Markus W. Biichler and Thilo Welsch

‘:,ﬂ INDICATIONS/CONTRAINDICATIONS

The superior mesenteric artery syndrome (SMA syndrome or Wilkie’s syndrome) is
caused by the compression of the third part of the duodenum in the angle between the
aorta and the SMA (Figs. 34.1 and 34.2). The entity was first described by the Austrian
professor Carl von Rokitansky in his anatomy textbook in 1842. Subsequently, Wilkie
published the first comprehensive series of 75 patients in 1927 and his name has
become a common eponym for the SMA syndrome. Symptoms arise from the duodenal
compression and comprise chronic or acute postprandial epigastric pain, nausea, vom-
iting, anorexia, and weight loss. Frequently, predisposing medical conditions associated
with catabolic states or rapid weight loss result in a decrease of the aortomesenteric
angle and subsequent duodenal obstruction. External cast compression, anatomic vari-
ants, and surgical alteration of the anatomy following spine or gastrointestinal surgery
(e.g., ileoanal pouch anastomosis) can also precipitate the syndrome (Table 34.1).

Once radiologic studies have established SMA syndrome, first-line treatment is
usually conservative with jejunal or parenteral nutrition for restoration of the aortome-
senteric fat tissue. Nasogastric tube placement for duodenal and gastric decompression
and mobilization into the prone or left lateral decubitus position often is effective in
the acute setting. If conservative management fails, surgical procedures are indicated
and include open or laparoscopic duodenojejunostomy or duodenal mobilization and
diversion of the ligament of Treitz (Strong’s procedure). Surgical exploration is further
indicated if the SMA syndrome is expected to be caused by vascular pathology or by
local tumor growth that require surgical intervention.

Indications for surgical treatment are as follows:

Failure of conservative treatment

Longstanding disease with progressive weight loss and duodenal dilatation with stasis
The need for surgery for the causative pathology

Complicated peptic ulcer disease secondary to biliary stasis and reflux
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@ PREOPERATIVE PLANNING

Figure 34.1 The SMA crosses the
third part of the duodenum in the
mesenteric root. A high insertion
of the ligament of Treitz at the
duodenojejunal juncture can
displace the duodenum cranially
into the vascular angle farmed by
the SMA and the aorta. A, SMA;
B, third part of the duodenum;

C, ligament of Treitz. Adapted from
Welsch T, Buchler MW, Kienle P.
(2007). Recalling superior mesenteric
artery syndrome. Dig Surg. 24:
149-156.

A detailed history (predisposing medical or surgical conditions, weight loss, epigastric
pain, and conservative treatment strategies) and physical examination of the patient is
mandatory in the preoperative setting. Patients who present with a history of character-
istic symptoms suggesting SMA syndrome should undergo further radiographic studies

Figure 34.2 The SMA leaves the
aorta at an acute angle that is
sustained by the left renal vein
and the uncinate pracess of the
pancreas embedded in retroperi-
toneal fat and lymph tissue. A low
aortomesenteric angle can lead
to vascular compression of the
duodenum. A, SMA; B, aorta;

C, third part of the duodenum;

D, pancreas. Adapted from Welsch
T, Buchler MW, Kienle P. (2007).
Recalling superior mesenteric
artery syndrome. Dig Surg. 24:
149-156.



Open and Laparoscopic Procedures for SMA Syndrome

TABLE 34.1 . . o
Predisposing Conditions for Development of SMAS
Chronic Wasting Disease Postoperative States
Cancer Bariatric surgery
Cerebral palsy Practocolectomy and ileocanal pouch anastomasis
Paraplegia Nissen fundaplication
Juvenile rheumatoaid arthritis Aortic aneurysm repair
Cardiac cachexia Spinal instrumentation, scaliosis surgery, or hady casting
Drug abuse
Trauma Anatomy and Congenital Anomalies
Burn injury High insertion of the ligament of Treitz
Brain injury Intestinal malrotation, peritoneal adhesions
Multiple injuries Low arigin of the SMA

Increased lumbar lordasis
Intestinal malrotation

Dietary Disorders Local Pathology
Anarexia nervosa Neoplastic growth in the mesenteric root
Malabsarption Dissecting aartic aneurysm

to establish the diagnosis. Upper gastrointestinal series, computed tomography (CT) scan
or CT angiography, magnetic resonance (MR) angiography, conventional angiography,
ultrasonography, and endoscopy have all been used for diagnosis. The following strict
radiographic criteria have been established for diagnosis of the SMA syndrome by upper
gastrointestinal series with contrast dye: (i) dilatation of the first and second parts of the
duodenum, with or without gastric dilatation, (ii) abrupt vertical and oblique compres-
sion of the mucosal folds, (iii) antiperistaltic flow of contrast medium proximal to the
obstruction, (iv) delay in transit of 4 to 6 hours through the gastroduodenal region, and
(v) relief of obstruction in a prone, knee-chest or left lateral decubitus position.

Contrast-enhanced CT scan additionally demonstrates the aortomesenteric angle, dis-
tance and fat tissue, obstruction of the duodenum and a potential culprit for compression,
for example, local neoplasia or an aneurysm. Contrast-enhanced CT scan and MR imaging
seem to be equivalent in evaluating the exact angle and distance and are recommended
by the authors (Fig. 34.3). Criteria for diagnosis mainly result from angiography studies
(the former “gold standard”). An aortomesenteric angle of less than 22 to 25 degrees and
a distance of less than 8 mm correlated well with the symptoms of the SMA syndrome.

Because of the superior information content and noninvasiveness, contrast-enhanced
CT or MR angiography is more valuable if the cause for the SMA syndrome is unclear.
In addition, upper gastrointestinal endoscopy should be performed to rule out intestinal
intraluminal obstruction and gastric or duodenal ulcer disease that might be secondary
to reflux or that might constitute a primary pathology mimicking SMA syndrome.

Figure 34.3 SMA syndrome in a
28-year-old female after gastrain-
testinal surgery. MR image dem-
onstrating a moderately dilated
second part of the duodenum (*)
and compression by the SMA
(arrow). The aortomesenteric
distance was measured at 7 mm.
Adapted from Welsch T, Buchler
MW, Kienle P. (2007). Recalling
superior mesenteric artery syn-
drome. Dig Surg. 24:149-156.
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Preoperative assessment:

Attempts of medical treatment failed or are contraindicated

Proper imaging with contrast-enhanced CT scan or MR angiography of the abdomen
and endoscopy (to rule out intrinsic abnormality) for surgical planning

Optimize the patient’s medical and nutritional status and nasogastric decompression

() SURGERY

Several surgical approaches to resolve or bypass the SMA syndrome have been described:

gastrojejunostomy

open or laparoscopic duodenojejunostomy

open or laparoscopic duodenal mobilization by division of the ligament of Treitz
(Strong’s procedure)

The first duodenojejunostomy for the SMA syndrome was done by Stavely in 1908
and has become the most frequent surgical procedure with a success rate of about 80%.
Data reporting the outcome after different surgical procedures are historical. Lee et al.
concluded after reviewing 146 cases operated after 1963 that duodenojejunostomy
revealed the best results in severe cases and was significantly better compared to gas-
trojejunostomy and Strong’s procedure. Today, laparoscopic procedures are increasingly
performed, but studies comparing the outcome of laparoscopic duodenojejunostomy or
duodenal mobilization are missing.

In this chapter, the authors describe the open Strong’s procedure and the laparo-
scopic duodenojejunostomy for SMA syndrome. For either approach, the patient should
undergo preoperative gastric decompression through a nasogastric tube.

Positioning

For the open Strong’s procedure, the patient should be placed in a decubitus position.
For the laparoscopic approach, the patient is placed in the lithotomy position with the
legs extended in stirrups. The right arm is tucked at the patient’s side. The operating
surgeon stands between the legs, and the assistant stands to the patient’s left side.
Preoperative antibiotics are given 30 minutes prior to incision.

Laparoscopic Duodenojejunostomy

Recent reports have demonstrated that laparoscopic duodenojejunostomy can be safely
and successfully performed without duodenal mobilization (Kocher maneuver). In the
presented laparoscopic approach, a duodenojejunal bypass is created anastomosing the
dilated third part of the duodenum with a proximal jejunal loop.

A pneumoperitoneum is established and a 30-degree laparoscope is inserted through
a 12-mm port near the umbilicus. The patient is placed in a 20-degree reverse Tren-
delenburg position. The surgeon operates through one right-handed 12-mm working
trochar on the left side of the abdomen and one left-handed 5-mm port on the right
abdomen. A third port (5-mm) is inserted in the left subcostal region and allows the
assistant to retract the transverse colon cephalad.

Once the transverse colon is elevated the dilated third part of the duodenum is seen
below the transverse mesocolon and the ligament of Treitz can be identified. Dissec-
tion of the visceral peritoneum and base of the transverse mesocolon over the distal
second part of duodenum and third part proximal to the superior mesenteric vessels
is performed with laparoscopic scissors. This exposes the duodenum just proximal
to the site of obstruction.

A proximal jejunal loop 15 to 20 cm from the ligament of Treitz is mobilized to the
exposed duodenal segment and the most caudal part of the duodenum is identified
for the creation of the side-to-side anastomosis. The two limbs were secured with
two stay sutures of 2-0 Vicryl.
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Figure 34.4 Laparoscopic duode-
nojejunostomy. The transverse
colon is elevated with the assis-
tant laparoscopic grasper. After
incision of the mesaocolon, the
dilated third part of the duodenum
(A) is clearly exposed. A proximal
jejunal loop (B) is mobhilized to the
duodenum and the twa limbs are
side-to-side anastomosed using
an endoscopic stapler device.
Compression of the duodenum is
caused hy the superior mesenteric
artery (C).

Two small antimesenteric enterotomies are made with the hook cautery and gently
dilated with an atraumatic grasper. The duodenojejunostomy is then performed using
a 45-mm endoscopic gastrointestinal anastomotic (GIA) stapler (Fig. 34.4), and the
remaining enterotomy is closed using a running 2-0 slowly absorbable suture. Finally,
the abdomen is irrigated, a drain is positioned, and the trocars are removed.

Open Duodenal Mobilization by Division of the Ligament
of Treitz (Stong’s Procedure)

Strong first described the diversion of the ligament of Treitz with mobilization of the trans-
verse and ascending duodenum for caudal displacement of the duodenum. The advantages
of this procedure are that it does not violate the bowel and thus is the less invasive, quicker,
and safer procedure. It has been correlated with an earlier postoperative recovery. The dis-
advantages are that the procedure can be aggravated or impossible due to adhesions and that
caudal displacement of the duodenum cannot always be achieved because of interference
with short vessels from the inferior pancreaticoduodenal artery to the duodenum. In recent
years, Strong’s procedure has also been performed laparoscopically.

An epigastric midline incision is made and the abdominal cavity is explored.

The ligament of Treitz is identified and divided with the electrocautery.

Then the third part of the duodenum is completely mobilized from the mesenteric
root. This results in a caudolateral shift of the duodenum resolving the duodenal
compression in the aortomesenteric angle.

No drain is placed and the abdomen is closed.

=, POSTOPERATIVE MANAGEMENT

After duodenojejunostomy, the nasogastric tube is left in situ initially. A swallow study
with oral contrast dye is performed on the first postoperative day. In the absence of a
leak or a delay of the contrast dye passage through the anastomosis, a liquid diet is
started. If liquid diet is well-tolerated, the nasogastric tube is removed. Patients are
slowly advanced to pureed and solid diet as tolerated. Abdominal drains are generally
removed on the second postoperative day.
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Postoperative hospital stay after laparoscopic procedures is usually short lasting
about 4 to 5 days. Patients should be followed regularly in the outpatient clinic for
3 months to check relief of symptoms and weight gain.

) COMPLICATIONS

Postoperative complications are rare. In a systematic review, the morbidity rate was
calculated to 7% with no mortality. Patients can present with delayed gastric emptying
requiring prolonged decompression with a nasogastric tube. Further, leakage of the
duodenojejunostomy is a critical complication, and early diagnosis of this complication
through the swallow study should prompt surgical re-exploration.

%9 RESULTS

Symptom relief is usually achieved early after the surgical procedure and the surgical
results are excellent. From 1978 to 2010, duodenojejunostomy is reported to be success-
ful in almost 100% of the patients, although there are only small series or case reports
published in the literature owing to the paucity of the entity. A contemporary com-
parison of the different surgical procedures is not available, but in the past, duodeno-
jejunostomy was considered to be superior to Strong’s procedure. However, Strong’s
procedure is indicated only in selected patients without long-lasting duodenal dilata-
tion and is limited by the extent of duodenal mobilization.

».9 CONCLUSIONS

SMA syndrome is a rare condition and is caused by the compression of the third
part of the duodenum in the angle between the aorta and the SMA.

There are numerous conditions that can cause SMA syndrome including catabolic states,
anatomic abnormalities, scoliosis, external cast compression, gastrointestinal operations.
Diagnosis is optimally confirmed through contrast-enhanced CT scan or MR angiography.
The first-line treatment approach of SMA syndrome is conservative aiming to restore
the aortomesenteric angle for duodenal decompression through nutritional support.
Surgery is indicated if medical treatment fails.

Historically, two major surgical approaches have been described: duodenojejunos-
tomy and duodenal mobilization (Strong’s procedure).

Today, both procedures are increasingly performed laparoscopically with excellent
results. The indications for Strong’s procedure are limited, but duodenojejunostomy
is the more invasive procedure.

Complications are rare, and the most critical complication following duodenojeju-
nostomy is anastomotic leakage. Postoperative contrast study is therefore recom-
mended early before advancing dietary intake.
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Gastrostomy: Endoscopic,
Laparoscopic, and Open
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‘:J INDICATIONS/CONTRAINDICATIONS

The importance of nutritional support has been shown to decrease infectious complica-
tions, lead to better wound healing, and improve overall surgical outcomes. The most
common approach for enteral access is through placement of a gastrostomy tube which
can be placed through a percutaneous, laparoscopic, or open approach. Dysphagia and
aspiration are common indications for gastrostomy tube placement and can result from
multiple pathologies. Despite the approach taken, gastrostomy tube placement for nutri-
tional support requires a functional gastrointestinal tract.

Neurologic disease: This is the most frequently encountered indication for gastros-
tomy placement. Underlying neurologic pathology may range from an acute onset
cerebrovascular event to those with a more slowly progressive process such as mul-
tiple sclerosis or amyotrophic lateral sclerosis. Additional indications may include
severe dementia, hypoxic encephalopathy, and meningitis.

Trauma: In addition to direct facial trauma, many people who undergo multisys-
tem trauma require placement of a temporary gastrostomy for support during the
recovery process. Patients with a high percentage of total body surface area burns
may require supplemental nutritional support secondary to the induced state of
catabolism.

Aerodigestive malignancies: The indication for gastrostomy may be a direct result of
the patient’s primary malignancy, as would be the case in a nearly obstructing esopha-
geal cancer or in dysphagia induced by a squamous cell carcinoma of the tongue. It
may be, however, independent of the primary malignancy, being placed as a method
for maintaining supplemental nutritional support during chemotherapy or to assure
adequate caloric intake following a planned surgical resection.

Pediatric indications: Pediatric patients have additional indications, such as con-
genital malformations, enzymatic deficiencies, or congenital neurologic syndromes.
Examples of these conditions include tracheoesophageal fistulas, cerebral palsy, and
seizure disorders.

Decompression: Patients with unresectable malignant obstructions with a life expectancy
greater than 4 weeks may be candidates for gastrostomy placement for decompression.
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Other indications include severe radiation enteritis, refractory gastroparesis, or for redi-
rection of gastrointestinal flow, such as following a duodenal perforation.

Other indications: Gastrostomies have been used for refeeding of bile in patients with
malignant biliary obstruction or for administration of intolerable medications. In
patients who are unable to meet their caloric needs, such as those with inflammatory
bowel disease or cystic fibrosis, supplemental tube feed support may also be indicated.

There are very few contraindications to gastrostomy tube placement although the
approach for placement must be tailored to meet the specific needs of the patient. With
the exception of a decompressive gastrostomy, an absolute contraindication for place-
ment is a nonfunctioning gastrointestinal tract. Another specific contraindication is a
limited life expectancy, generally accepted as less than 4 weeks. Patients in this situa-
tion should have a nasoenteric tube placed for temporary need given the cost and risks
of a more permanent procedure. Patients with psychologically based eating disorders
should also have a full evaluation including ethics consult before an invasive procedure
is undertaken. Any patient with clinical decompensation, including fever of unknown
origin or generalized sepsis, should undergo work up of this condition and gastrostomy
tube placement should be delayed. Generally speaking, the percutaneous approach for
gastrostomy is preferred in all patients without a specific indication for laparoscopic or
open placement.

Percutaneous approach: Relative contraindications for the endoscopic approach
include morbid obesity, massive ascites, portal hypertension, and a history of peri-
toneal dialysis. Anatomic variations, such as the presence of a hiatal hernia or previ-
ous operations, must be considered. These factors can be overcome in many
circumstances by the use of a good technique and the skill level of the endoscopist.
Any patient with peritonitis should not undergo a percutaneous approach to gastros-
tomy but should be treated with immediate surgical exploration.

Surgical approach: Laparoscopic or open gastrostomy is often reserved for patients
who are not candidates for a percutaneous approach. This includes patients who
have upper aerodigestive obstruction, commonly from malignancy, that does not
allow the endoscope to pass. It may also be required for patients in whom there is
a concern for interposed viscera (colon, liver, small bowel) between the gastric wall
and the abdominal wall during a percutaneous attempt. In patients who have under-
gone a previous surgical intervention, an open approach may be required if signifi-
cant intra-abdominal adhesions or postsurgical anatomy modifications fail to provide
safe access to the stomach for gastrostomy tube placement.

%) PREOPERATIVE PLANNING

As mentioned in the “Indications” section, each patient should undergo evaluation as
to which type of gastrostomy tube will offer the best benefit. The level of invasiveness
increases with the different approaches from percutaneous to laparoscopic to open. The
most common approach taken is a percutaneous endoscopic gastrostomy (PEG) which
can be performed under sedation in an endoscopy suite.

All patients undergoing gastrostomy placement should have coagulation values and
platelet levels checked. Subcutaneous heparin administration for deep venous throm-
bosis (DVT) prophylaxis is not a contraindication; however, full anticoagulation may
need to be held temporarily. Any patient requiring general anesthesia should have the
risks of this evaluated and an appropriate evaluation, such as cardiac clearance or con-
sultation for a difficult airway, performed.

Any patient who has undergone previous surgical intervention should have evalu-
ation to detail the postsurgical anatomy before undertaking gastrostomy placement. Old
operative notes should be obtained and will help with determining the best treatment
approach. In patients who have undergone imaging of the abdomen for other reasons,
these studies should be evaluated to assess for the feasibility of a percutaneous approach.
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(O SURGERY

All patients undergoing gastrostomy placement should be prepared by fasting for 8 hours
prior to the procedure. Intravenous access should be obtained in all patients. Patients
should receive preprocedural antibiotics as this has been shown to decrease the risk for
peristomal infection. Antibiotic coverage should be directed to skin flora and should be
administered within 30 minutes of the procedure.

Operative Technique for Percutaneous Endoscopic Gastrostomy

Placement of a PEG was first described in 1980. Since its description, multiple modifi-
cations for placement have been developed. These can be broadly divided into proce-
dures that introduce the gastrostomy orally, such as the “pull” or “push” techniques,
and those that introduce the gastrostomy through the abdominal wall under endoscopic
guidance, such as the introducer technique.

Positioning and sedation: The patient is placed in the supine position and step-wise
administration of intravenous medications, commonly a combination of narcotic and
benzodiazepine, is given until adequate sedation has been obtained. Patient factors
may necessitate the use of general anesthesia and should be evaluated before the
procedure is undertaken.

Upper endoscopy: Following the placement of a bite block, a standard gastroscope
is passed through the mouth. The esophagus, stomach, and duodenum are then
examined for any evidence of pathology. Specifically, one must take care to assure
that there is no evidence of poor gastric emptying or of duodenal obstruction before
PEG placement.

Site selection: Finding the appropriate site for PEG placement is important as poor
technique in this step can lead to inadvertent viscus injury. Attempts should be
made to identify transillumination of the gastroscope when viewing the external
abdominal wall. Next, the abdominal wall should be palpated under endoscopic
visualization, watching for a one-to-one movement of the abdominal wall with fin-
ger indentation as seen by the gastroscope. Most important in the opinion of the
authors is the use of the “safe tract” technique to confirm placement (Fig. 35.1A).
A syringe is filled with local anesthesia, available in most kits, and the needle is
introduced through the anterior abdominal wall while negative pressure is applied
to the syringe. Endoscopically, the expected site is carefully monitored for the pres-
ence of the needle (Fig. 35.1B). If air is aspirated before the needle is seen in the
gastric lumen, significant concern for interposed viscera is present. If this occurs, a
new site should be selected. If the “safe tract” technique is unable to confirm a safe
location, the percutaneous approach should be aborted and other techniques of
gastrostomy considered.

Obtaining access: After an appropriate location has been chosen, an introducer needle
with a plastic catheter is introduced through the anterior abdominal wall (Fig. 35.2A).
This catheter is grasped using an endoscopic snare while the needle is removed
(Fig. 35.2B). A guidewire is then passed through the catheter and the endoscopic
snare is relocated onto the guidewire. The guidewire is then advanced through the
abdominal wall while the snare, other end of the guidewire, and endoscope are
removed through the patient’s mouth.

“Pull” technique: The guidewire used in the “pull” PEG is soft and has a preformed
loop at the mouth end. Once the guidewire has exited through the mouth, this loop
is passed through the loop attached to the gastrostomy tube, forming a secure attach-
ment. After application of a water-soluble lubricant, firm but gentle pressure is
applied to the abdominal side of the guidewire as the gastrostomy tube is introduced
through the mouth. The guidewire is used to advance the tube into the stomach and
through the abdominal wall to the final position (Fig. 35.3). The guidewire is removed
and the PEG is secured in place.
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Figure 35.1 Percutaneous gastrostomy: safe-tract technique for selecting a safe location. The external view (A) shows transillumi-
nation and confirms lumen with visualization of air bubbles while the endoscopic view (B) confirms intragastric location of the
needle simultaneous to air bubble appearance.

Figure 35.2 Percutaneous gastrostomy: access to the stomach. A catheter-covered needle is introduced, the needle removed, and
guidewire inserted from the external view (A) and from an endoscopic view (B).



Gastrostomy: Endoscopic, Laparoscopic, and Open 369

Figure 35.3 Percutaneous
gastrostomy: introduction of the
gastrostomy tube. The tube is
inserted through the mouth, fol-
lowed by the endoscope, and, in
this case, the “pull” technique is
used to pass the tube through the
anterior abdominal wall.

“Push” technique: The guidewire used for the “push” PEG is longer and more firm
than that used for the “pull” approach and does not have an associated preformed
loop. The associated gastrostomy tube is also longer and more tapered than that used
for the “pull” approach. The gastrostomy tube is fed over the mouth side of the guide-
wire. While tension is held on both the mouth and the abdominal sides of the
guidewire, the gastrostomy is advanced forward by applying gentle pressure to the
bumper end. This allows the endoscopist to “push” the PEG through the abdominal
wall from the mouth side. Once the bumper enters into the mouth, the endoscopist
applies gentle traction to the abdominal side of the gastrostomy tube to align it into
the final position. The guidewire is removed and the PEG is secured in place.
“Introducer” technique: In this approach, endoscopic visualization is maintained
throughout the entire procedure, which is performed from the abdominal wall side.
The use of percutaneously placed t-tag anchors may be placed to provide fixation of
the anterior gastric wall to the abdominal wall. Access to the gastric lumen is obtained
with an 18G needle and a guidewire inserted. The needle is removed and an incision
is then made where the wire pierces the skin. Using Seldinger technique, a dilator
with break-away sheath is introduced using a twisting motion to facilitate introduc-
tion into the stomach. Care must be taken to assure that the dilator follows the path
of the wire and does cause a kink. Again, endoscopic visualization is essential to the
safety of this procedure. The guidewire and dilator are then removed, leaving the
break-away sheath in place. Through this, a balloon tip gastrostomy, or alternatively
a Foley catheter, can then be introduced. The sheath is then removed and the PEG
is secured in place.

Final touches: After the gastrostomy has been placed, the scope can be reintroduced
to confirm positioning of the bumper (Fig. 35.4A). Literature has supported that this
second pass may not be necessary, but the authors routinely confirm placement endo-
scopically at the completion of the procedure. When securing the gastrostomy tube
at the completion of the procedure, care must be taken to avoid undue tension on
the tube as this can lead to increased risks of wound complications (Fig. 35.4B).

Operative Technique for Surgical Gastrostomy:
Open and Laparoscopic

Surgical gastrostomy is one of the earliest documented surgical procedures and was the
gold standard for enteral access before the invention of the percutaneous approach.
Operative gastrostomy still remains an important adjunct of care, as a significant number
of patients are not candidates for PEG placement. Open and laparoscopic approaches
are available and will be detailed here.

Part V: Other Gastric Operations
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Figure 35.4 Percutaneous gastrostomy: final gastrostomy placement. Note the endoscopic view (A) shows good approximation of
the internal bumper while the external view (B} allows far 2 to 3 mm of freedom to prevent local ischemia and erosion.

Positioning and sedation/anesthesia: The patient is placed in the supine position.
Open gastrostomy may be performed under local anesthesia with sedation or under
general anesthesia. Laparoscopic approaches require general anesthesia for appropri-
ate insufflation of the abdomen. The arms can be positioned perpendicularly to the
torso on arm boards.

Stamm gastrostomy: This technique for gastrostomy placement involves the develop-
ment of a serosal-lined channel from the gastric wall to abdominal wall. This technique
requires that an indwelling gastrostomy tube be present, otherwise the gastrocutaneous
tract will close, losing access to the stomach. Through a small vertical midline incision,
the anterior wall of the stomach is identified and a location is chosen that will reach
the anterior abdominal wall without undue tension. Two purse-string sutures are then
placed, one inside the other, to define the boundaries of the gastrostomy entry site
(Fig. 35.5A). The gastrostomy is then placed in the center of these two sutures and a
gastrostomy tube introduced through this incision (Fig. 35.5B). The authors prefer the
use of a mushroom tip (dePezzar) catheter with a 20 to 24F diameter. The inner purse-
string is tied, creating a secure closure around the gastrostomy tube, followed by the
outer purse-string, which allows reinforcement of the gastrostomy tube by inverting it
into the wall of the stomach (Fig. 35.5C). The external portion of the gastrostomy is
then inserted (inside to outside) through the abdominal wall. The anterior gastric wall
is secured to the abdominal wall using four absorbable sutures to encourage a mature
gastrocutaneous tract. The catheter is secured to the abdominal wall at the level of the
skin and the laparotomy site is closed.

Janeway gastrostomy: This technique is based on the creation of a full thickness gas-
tric tube to the anterior abdominal wall. The advantage of the Janeway approach is
that a permanent, indwelling catheter is not required. The tract functions more as a
small ostomy, allowing for intermittent access for feeding. The stomach is approached
through a midline laparotomy. When compared to the Stamm approach, placement
of a Janeway gastrostomy requires more extensive exposure of the stomach. The direc-
tion of the proposed gastric tube, either in the transverse or oblique direction, is
chosen and the stomach is elevated in that direction. Creation of the full thickness
gastric tube may be accomplished through firing of a commercially available stapling
device with contained knife on an elevated piece from the anterior gastric wall
(Fig. 35.6). This may also be performed as a hand-sewn approach if desired by the
surgeon. This gastric tube must be of adequate length to reach through the abdominal
wall intact without undue tension. The gastric tube is passed through the rectus
sheath, similar to placement of an ostomy. The midline laparotomy is closed and
covered to prevent contamination. The tip of the gastric tube is then removed. The
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Figure 355 Open Stamm gastrostomy: note the double pursestring
placement (A), the gastrostomy tube insertion (B), and the use of the
sutures to invert the gastric wall (C).

gastrostomy tube site is then matured, similar to an ostomy, using absorbable sutures.
A straight tip gastrostomy or Foley catheter is placed for decompression until ileus
improves. The catheter is then removed and inserted intermittently for feedings.

Laparoscopic Stamm gastrostomy: The most common laparoscopic approach is a
modified Stamm gastrostomy. After general anesthesia, access to the abdominal cav-
ity is obtained, usually with a trocar at the level of the umbilicus. One additional
trocar, used as the working port for an atraumatic grasper, is placed in the right upper
quadrant. The anterior gastric wall is grasped and, using the above criteria, a location
is chosen for the gastrostomy. Using t-fasteners, the anterior gastric wall is then

Figure 35.6 Open Janeway gas-
trostomy: note the use of staples
to create a full thickness gastric
tube, which will function as an
intubatable connection through
the abdominal wall.

n
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secured to the abdominal wall. A 10-mm skin incision is then made and a needle
introduced into the gastric lumen through the abdominal wall at this incision. A
guidewire is passed into the stomach and the tract is serially dilated using Seldinger
technique. The gastrostomy tube is then introduced, confirming appropriate place-
ment using the laparoscope. The tube is secured in place. The abdomen is desufflated
and the trocar sites closed.

Laparoscopic Janeway gastrostomy: Similar to the laparoscopic approach to Stamm
gastrostomy, access to the abdomen is obtained with the camera port at the umbilicus
and the working port in the right upper quadrant. One additional 12-mm port is placed
in the left upper quadrant, allowing for the introduction of a commercially available
stapling device. The anterior gastric wall is elevated and the directionality of the gastric
tube is chosen. While this area is elevated, an articulating stapling device is used to
create the full thickness gastric tube that will reach the abdominal wall without ten-
sion. Once created, an instrument through the left upper quadrant port is used to grasp
the tip of the gastric tube, allowing it to exit through the abdominal wall without twist-
ing. The abdomen is desufflated and the trocar sites are closed in standard fashion. The
tip of the gastric tube is then amputated and it is matured in the manner described
above in the open section. The catheter is introduced and left in place until ileus
resolves.

¢/ POSTOPERATIVE MANAGEMENT

Gastrostomy tubes placed through a percutaneous approach may be used immediately
for medications. Tube feeds can be initiated beginning 4 hours following the procedure.
Surgically placed gastrostomy tubes, if straightforward, may be used according to these
guidelines. For more difficult cases or those requiring extensive lysis of adhesions, the
initiation of tube feeds should be delayed until the concern for postoperative ileus has
passed.

All gastrostomy sites should be cleaned with soap and water and covered with dry
gauze. Excessive tension on the gastrostomy tube should be avoided as this may increase
wound complication rates or lead to conditions such as buried bumper syndrome,
detailed below. These patients may have preexisting postoperative care needs related
to the indication for gastrostomy tube placement, such as neurologic disease or trauma,
which should continue to be addressed.

) COMPLICATIONS

Wound complications: Wound problems are common following gastrostomy tube
placement and most frequently consist of local skin irritation or small volume leak-
age around the tube. These can be treated conservatively, cleaning the site with soap
and water daily and leaving open to air. True infectious complications, such as per-
itubal abscess, are rare and may require incision and drainage for resolution. The
risk for infectious complications can be reduced by making the skin incision 1 to
2 mm larger than the gastrostomy tube to allow for egress of bacteria. Avoiding ten-
sion on the tube can also decrease the risk for tissue ischemia and reduce wound
complications. Excessive tension on the gastrostomy can lead to buried bumper syn-
drome, a situation in which the bumper erodes through the gastric wall into the
abdominal wall. Finally, administration of prophylactic antibiotics that cover skin
flora has also been shown to decrease the risk for infectious complications related to
gastrostomy placement. After surgical gastrostomy, patients are also at risk for devel-
oping standard postoperative wound infections at the site of incision(s).

Clogging of the gastrostomy: Intraluminal obstruction of a gastrostomy is more com-
mon with smaller diameter tubes. Prevention is the key. Routine tap water flushes,
especially following medication administration, will help maintain patency. If clogging
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does develop, commercially available enzymatic products, hydrogen peroxide, or soda
may help dissolve the obstruction. Clogged tubes that are not able to be opened may
require removal and replacement.

Tube dislodgement: Early dislodgement is a complication that is more concerning
after percutaneous approach, as surgical approaches provide direct fixation of the
anterior stomach to the abdominal wall. Whether the gastrostomy was placed through
surgical or percutaneous technique, an attempt may be made to replace the tube. This
should be performed in an expedient manner as the tract may close spontaneously
within a few hours. A water-soluble contrast study should be used to confirm intra-
gastric placement before the replaced tube is used. If the tube is unable to be replaced,
a stable patient with a benign abdominal examination can be treated with gastric
decompression, bowel rest, and antibiotics until a repeat gastrostomy tube can be
placed. Any patient who develops fevers, pain, feeding intolerance, or an acute abdo-
men should undergo emergent laparotomy or laparoscopy.

Perforation: Inadvertent visceral injury is rare. Following good operative judgment
and using the above-mentioned techniques for percutaneous site selection, including
the safe tract approach, reduces the risk for unintended injury to surrounding organs.
The endoscopic approach also carries a small risk of esophageal or gastric perfora-
tion, most commonly occurring at the level of the cricopharyngeus.
Sedation/anesthesia-related complications: As many as 10% of patients undergoing
conscious sedation experience hypoxemia with desaturation, but this is most com-
monly transient and without residual effect. Close monitoring with prompt interven-
tion is required to maintain good outcomes. General anesthesia is relatively safe but
does carry risks of cardiovascular collapse, myocardial infarction, stroke, allergic
reaction, and DVT formation.

Rare complications: Rare cases of cancer seeding to the abdominal wall have been
reported after endoscopic placement of gastrostomy in patients with aerodigestive
malignancies. Use of a surgical approach or the percutaneous introducer technique
can help eliminate this risk. Other complications include parotitis, abdominal cramp-
ing, osmolarity-related diarrhea, and nutritional deficiencies.

59 RESULTS

Results following gastrostomy placement are dependent on the original indication for
enteral access, such as stroke, trauma, decompression for unresectable disease, or sup-
plemental nutrition for catabolic states. The procedure and direct complications have
only minor impact on overall outcome.

+;§-,1 CONCLUSIONS

Gastrostomy tube placement is a safe and a reliable way to provide enteral access to
the gastrointestinal tract for a variety of different indications. Common indications
for gastrostomy include neurologic disease, trauma, and malignancies of the head,
neck, or esophagus. Gastrostomy placement may also be necessary for decompression
in patients with unresectable malignancy or for refractory gastroparesis.

Successful gastrostomy placement can be predicted in most patients and modifica-
tions in techniques can help overcome complicating factors, such as surgically
altered anatomy, morbid obesity, ascites, or portal hypertension. Surgical indications
for gastrostomy include the inability to pass a gastroscope secondary to obstruction,
concern for inadvertent viscera interposition with failed “safe tract” technique, and
postsurgical anatomy that precludes percutaneous gastrostomy.

Percutaneous approaches for gastrostomy include oral passage methods (“pull” and
“push”) and abdominal wall introducer methods. Patient-specific factors should be
considered in the choice of the approach.
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The two main approaches to surgical gastrostomy include construction of a serosal-
lined channel requiring indwelling catheter (the Stamm gastrostomy) or creation of
a full thickness gastric tube that allows for intermitted catheterization for feeding
(the Janeway gastrostomy). Either technique can be performed via an open or a lapar-
oscopic approach.

Complications from gastrostomy include wound complications, clogging, dislodgement,
perforation, and those related to sedation. Good surgical technique, reducing tension
on the gastrostomy, and routine catheter care will help decrease these risks. All patients
should receive preprocedural antibiotics to decrease wound complications.

Outcomes following gastrostomy are dependent on the indication for gastrostomy
placement. The procedure and direct complications play only a minor role in overall

recovery of the patient.
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Gastric Electrical
Stimulation for
Chronic Gastroparesis

Jameson Forster

f_:,» INDICATIONS/CONTRAINDICATIONS

As a transplant surgeon who 13 years ago happened to become involved in placing
gastric electrical stimulators for the treatment of gastroparesis, I have been impressed
that the patients who suffer from this disease are as much psychologically impaired as
they are nutritionally impaired. They are afraid of eating and scared to be anywhere
but in a hospital bed; to later see these patients walking down the hospital hallway,
well dressed, smiling, and engaged in life, all because they can now eat is astounding
and gratifying. I have learned that being able to eat is an important part of being human.
Gastroparetics suffers from nausea, vomiting, bloating, abdominal pain, weight loss, and
early satiety. The disease is defined as having >10% of a standard meal remaining in
the stomach after 4 hours. There needs to be an anatomically normal stomach, normal
thyroid function, and no small bowel obstruction. The condition is frequently associ-
ated with diabetes mellitus of 20 years or more duration but may develop from unknown
causes (idiopathically) or following abdominal surgery.

Since the gastric electrical stimulator does not cause gastric contractions, I have felt
that we should not use the term “pacemaker,” even though the device resembles a cardiac
pacemaker. To actually pace the stomach, one needs to use a pulse lasting 1,000-fold
longer, which can only be accomplished with an external power source.

A surgeon should not venture out alone in this endeavor but be an integral part of a
multidisciplinary team that cares for these complicated patients. The other members
should include gastroenterologists, with an interest in motility disorders, dietitians, psy-
chologists, psychiatrists, pain specialists, and nurse practitioners. Conditions that often
mimic gastroparesis but require a significantly different approach include rumination syn-
drome, conditioned vomiting, regurgitation, gallbladder dyskinesia, gastric outlet obstruc-
tion, and severe constipation. Medical treatment includes Erythromycin, Reglan,
Domperidone, Tegaserod, Bethanechol, phenothiazines, ondansetron, tricyclic antidepres-
sants, and antihistamines.

Surgeons have previously played only a minor role, since any resections short of
total gastrectomy have proven ineffective in promoting gastric emptying or reducing
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nausea and vomiting. Pyloroplasties, gastrostomies, and/or subtotal gastric resections
do not help. A jejunostomy feeding tube may allow a malnourished patient to be safely
fed without the expense and risk associated with total parenteral nutrition (TPN).

Q PREOPERATIVE PLANNING

Patients should have recently documented normal esophagogastroduodenoscopy (EGD)
and colonoscopy. An abdominal ultrasound should be obtained to rule out gallstones
and a biliary scan with measurement of the gallbladder ejection fraction is appropriate,
if there is a suggestion of biliary colic. Thyroid function studies are also required. Since
postoperative infections are difficult to treat, prevention is the key. For patients with a
history of infections, I suggest nasal swabs to make certain MRSA is not present and
treatment with Bactroban if positive. Showers with chlorhexidine soap for a week prior
to surgery are recommended. Ioban skin drapes are used during the operation so that
neither the stimulator nor the electrodes come in contact with the skin; cefazolin as the
preoperative intravenous antibiotic and for 24 hours postoperative is essential; a sub-
cuticular closure with a running absorbable suture, dressed with dermabond, which
seals and protects the skin from postsurgical infection, ends the case. Some patients
may benefit from pyloroplasty, in an effort to improve gastric emptying which is not
improved by the stimulator; others who come to surgery severely malnourished are
often supplemented by placement of a feeding jejunostomy.

We have seen two early postoperative deaths in our series, for a mortality of about
1%, one elderly woman died from a pulmonary embolism and the other, also an elderly
woman, died from a cardiovascular event. Morbidity includes no improvement in symp-
toms, migration of the device requiring reoperation, 10% incidence of infection, and a
limited (7 to 8 years) battery life requiring replacement.

() SURGERY

The patient is placed supine. After sufficient endotracheal anesthesia is established,
nasogastric (NG) tube and Foley catheter are placed. Preoperative antibiotics are given
and the lower chest and abdomen are prepped with chlorhexidine. The patient is
draped using an Ioban Incise Drape. A small upper midline incision is made, approxi-
mately 5 cm in length. Once in the abdomen, exploration is done. The stomach is
identified and the pylorus is located. If there was a prior cholecystectomy, the pylorus
is usually adherent to the gallbladder bed and needs to be mobilized. Only when the
pylorus is freed, can one properly measure along the greater curvature. Using a plastic
ruler, we measure along the greater curvature and mark the stomach at 9.5 and 10.5 cm
proximal to the pylorus, stretching the stomach as much as possible (Fig. 36.1). The

Figure 36.1 A plastic ruler is used
to measure 9.5 and 10.5 cm proxi-
mal to the pylorus.
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Figure 36.2 The needles are
inserted tangentially through the
gastric wall.

needles of each electrode are inserted tangentially through the gastric wall, radially
inward, deep enough so that the needle is in the gastric muscle and not visible through
the serosa. The two needles are placed a centimeter apart and coursing for at least a
distance of 1 cm within the muscle (Fig. 36.2). With an endoscope, the gastroenterolo-
gist verifies that the needles have not traversed the mucosa and are not visible within
the gastric lumen. During the endoscopy, the NG is clamped to allow the stomach to
be insufflated. With the ceiling lights off but the operating room lights on, the surgeon
gently pushes against the needles to clearly locate them, identifies that they are close
to the incisura, and makes certain the needles are not visible to the endoscopist. If the
needles are far from the incisura or if the needles are visible from the lumen, they are
removed, cleaned with Betadine, and reinserted. Once proper position of the needles
is ascertained, the needles are pulled through the stomach wall and left dangling until
the endoscopy is completed. The endoscope is passed into the duodenum and retro-
flexed in the stomach to complete the examination. While the endoscope is being pulled
out, care is taken to not also pull out the NG tube, which tends to stick to the sides of
the endoscope. Once the endoscope is out, the stomach is decompressed using the NG
tube. Both of the gastric electrodes are pulled into the gastric muscle wall by pulling
on the monofilament, which is swedged onto the end of the electrode; this is safely
done while the surgeon gently holds the stomach around the electrode (Fig. 36.3). Due
to the slight difference in the diameter of the electrode and the monofilament, more
force is needed to pull the electrodes into position than one would have thought; one
feels a slight pop when the electrode gets into place. Once the electrode is in position,
each anchor is sutured to the serosa with two interrupted stitches of 5-0 silk. Each
monofilament is threaded through a plastic disk and two medium clips are placed to
hold the monofilament to the disk. Each disk is stitched to the serosa with two sutures

Figure 36.3 Each electrode is
pulled into paosition.
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Figure 36.4 The final appearance
of the electrodes.

of 5-0 silk (Fig. 36.4). An adequate-sized pocket is created on the right side of the inci-
sion, anterior to the rectus fascia, using electrocautery. The stimulator needs to be at a
sufficient distance from the costal margin; so the pocket is often made lateral to the
umbilicus while the incision is above the umbilicus. The electrodes are pulled into the
pocket via a stab wound through the abdominal wall created with a tonsil clamp. The
two electrodes are screwed into place on the stimulator. Either electrode can go into
either track. The stimulator is interrogated and the load impedance is measured. The
stimulator is sutured to the abdominal wall with three stitches of a 2-0 Ethibond suture.
Two stitches are placed through the anterior rectus fascia and one of the plastic tracts
and one stitch is placed through one tract and the abdominal wall and then through the
abdominal wall and the second tract, being tied on top. The stimulator has to be posi-
tioned so that the writing is toward the skin, because only in that position can the inter-
rogator change the settings of the stimulator. The pocket is closed with a running 3-0 PDS
suture, bringing the edge of the subcutaneous fat to the top of the fascia. This suture
separates the pocket from the skin and hopefully prevents a wound infection from getting

Figure 36.5 This is the x-ray of one patient’s
abdomen after placement of the stimulator.
The important issue is to note the distance
hetween the end of an electrode and the
first clip. In follow-up for waorsening symp-
toms, one needs to re-examine that distance
and if greatly increased, the electrode may
have pulled out of the stomach.
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into the pocket. The stimulator is interrogated a second time and the load impedance
rechecked. The fascia is closed with a running 0 PDS suture. The subcutaneous tissue is
closed in two layers with interrupted 3-0 chromic sutures, and skin is closed with a run-
ning subcuticular 4-0 absorbable suture. The wound is dressed with dermabond.

ws POSTOPERATIVE MANAGEMENT

The stimulator is usually not activated until after the operation is completed and the
electrocautery is no longer in use. The settings used initially are those that the device
selects. Postoperatively, we advance the diet slowly. With placement of the stimulator
and electrodes alone, the patients are kept NPO for the first 24 hours. Then they are
advanced to clear sips the second day, clear liquids the third day, full liquids the fourth
day, a soft mechanical diet the fifth day, and discharged on the sixth day. If the patient
had a pyloroplasty, the NG is left in for the first day, and then the same schedule is
followed, with discharge being on the seventh day. Once the patients are taking liquids,
their preoperative medications are resumed. The day after surgery the patients should
get a flat and upright of the abdomen to establish the initial position of the electrodes
relative to the medium clips, in order to allow for a check later on whether the elec-
trodes had moved (Fig. 36.5). If a jejunostomy feeding tube had been placed, the tube
is put to gravity for the first 24 hours. The next day feedings are started at 10 mL/hour
of a 1 Kcal/mL formulation and are slowly advanced by 10 mL/hour every 6 hours until
goal is reached. If the patient is severely malnourished, the rate may need to be advanced
more slowly. Once the patient is eating sufficiently by mouth, the tube feedings are
stopped. The tube placed at surgery can be exchanged for a low-profile Mickey tube at
2 weeks, if the patient needs to have small bowel access for the long term. Most patients
will not need long-term access and the tube can be simply removed when both the
patient and the gastroenterologist are comfortable doing so.

) COMPLICATIONS

The majority of patients do very well and are seen by the surgeon only once postopera-
tively until 7 to 8 years later when their battery is running out and they need a new
stimulator. Unfortunately, some patients have an inordinate number of problems. After
placement of the stimulator and its activation, some patients feel better almost immedi-
ately; we feel we need to wait 3 months to see the maximum effect of the stimulator. When
a patient’s symptoms abruptly worsen, a flat and upright x-ray of the abdomen should be
done to make certain the electrodes have not pulled out of the stomach (Fig. 36.5) and the
stimulator should be interrogated to make certain that the load impedance has not
changed. An upper endoscopy should also be considered to verify that the electrodes have
not eroded through the gastric wall and thus are visible from within the lumen.

If a patient is found to have the electrodes visible in the stomach’s lumen, we
assume that the entire system is contaminated and the electrodes, the stimulator, and
the plastic disks all have to be removed, cultures have to be taken, and the patient
should be appropriately treated with antibiotics.

Fluid collections around the stimulator need to be carefully aspirated and the fluid
cultured. Not all such collections are infected; even if the cultures are negative, such
patients need extended antibiotic therapy. Clearly, if there is infection in the pocket and
around the stimulator, the stimulator, the electrodes, and the plastic disks are all removed.
The pocket is left open and a wound vacuum assisted closure (VAC) device is used to
help the healing process. Infections that do not clearly involve the system, even intra-
abdominal abscesses, have been successfully treated without removing the device.

When patients develop pain associated with the stimulator, the stimulator may be
moving. Unfortunately, the stimulators have become detached from the rectus fascia
due to trauma and abdominal wall movement; this has been seen in patients who lean
over a tub in their job washing clothes and or in patients whose stimulator is too close
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to the right costal margin. The patients will complain that such stimulators flip or stand
upright. If the stimulator has completely loosened, it can coil up the electrodes and
pull out the electrodes from the stomach wall.

#9 RESULTS

About 90% of the patients achieve more than a 50% reduction in Total Symptom Score.
Patients with diabetic and postoperative gastroparesis seem to do better than those with
idiopathic gastroparesis. Gastric emptying time was reduced at 6 months but not at a
year. About 89% of jejunostomies were removed at 1 year. After placement of the
stimulator, diabetic patients have improved HgbA1c.

%9 CONCLUSIONS

1. Gastroparesis is characterized by a dysfunctional stomach that no longer pushes food

into the duodenum.

2. Treatment requires a team approach and relies on prokinetic medications.
3. The best surgical procedure is placement of a gastric electrical stimulator.
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Taylor procedure, 104—106
anterior seromyotomy, 105-106, 105f,
106f
hiatal dissection, 104
posterior truncal vagotomy, 104, 104f
trocar placement, 102
Laparoscopic Roux-en-Y gastric bypass,
295-308
complications, 306-307
anastomotic leak, 306—307
bleeding, 307
internal hernia, 307
nutritional, 307
stricture, 307
VTE, 307
gastrojejunostomy
hand-sewn, 305
linear stapler, 306
indications/contraindications, 295-296
postoperative management, 306
preoperative planning, 296-297
results, 307—-308
comorbidities, 308
overall survival, 308

safety, 307-308
weight loss, 308
retrocolic versus antecolic Roux limb, 306
surgical technique
abdominal survey, 299
closure, 305
closure of mesenteric defects, 305, 305f
creation of gastric pouch, 299
creation of Roux limb, 301-302, 302f, 303f
dissection of angle of His, 299, 299f
equipment, 298
gastrojejunostomy with EEA, 302-304,
304f, 305
jejunojejunostomy, 304-305, 304f
patient positioning, 298
perigastric dissection, 299-300
pertinent anatomy, 297-298
stapling pouch, 300, 300f
transoral anvil, 300-301, 301f, 302f
trocar placement, 298

Laparoscopic sleeve gastrectomy (LSG),

311-325, 316f
complications, 324
contraindications for, 313—-314, 313t
indications for, 311-313, 312t, 313t
postoperative management, 323-324
preoperative planning, 314
results, 324-325
surgical technique, 314-323
dissection of short gastric vessel,
317f, 318f
drain placement, 320f
imbrication of staple line, 320f
left crus of diaphragm, identification of,
318f
liver retraction, 317f
mechanism of action, 314-315
posterior dissection of stomach, 318f
pylorus, identification of, 317f
resected stomach, extraction of, 321f
sleeve completed, 320f
transoral insertion of bougie, 319f
trocars placement, 316f
vertical transaction of stomach, 319f

Laparoscopic subtotal gastrectomy and D2

lymphadenectomy, 185-192
complications after
early, 191-192
late, 192
contraindications for, 185-186
indications for, 185
instrumentation and equipment, 186
Nathanson liver retractor placement, 188
operative technique
greater curvature and pyloric
mobilization, 188—190, 189f
reconstruction with Roux-en-Y, 190-191
right gastric vessels and lesser curvature
mobilization and lymphadenectomy,
190
tumor localization and entry into lesser
sac, 188, 188f, 189f
patient positioning, 187-188, 187f
postoperative care and follow-up, 191
preoperative planning/staging, 186
results, 192
surgery, 186—-191
trocar placement, 187, 187f

Laparoscopic subtotal gastrectomy and D1

resection, 163-170
complications, 169—-170
contraindications for, 163-164
indications for, 163
postoperative management, 169
preoperative planning, 164
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results, 170
surgery, 164-169
alternative lesser curvature first
technique, 167
D1-lymphadenectomy, 167
greater curvature first technique, 165,
166f
hand-sewn anastomosis, 167
intra-abdominal Billroth II
reconstruction, 168f
port placement, 164, 165f
positioning, 164
specimen retrieval, 167
stapled anastomosis, 167-169, 168f
Laparoscopic total gastrectomy (LTG), 207
complications, 215-216, 216t
contraindications for, 208t
and esophagojejunostomy, 207-217
for gastric cancer, 207-208
indications for, 208t
operating room set-up, 209, 210f
patient positioning, 210
patient selection criteria for, 208, 208t
postoperative management, 215
preoperative evaluation, 208, 209t
results, 216-217, 217t
technique, 210-215
creation of esophagojejunostomy, 214f
division of duodenum, 211f
division of esophagus, 213, 213f
division of left gastric vessels, 212, 212f
mobilization of esophagus, 211-212, 212f
omentectomy and duodenal division,
210-211, 211f
placement of jejunostomy feeding tube,
215
removal of specimen en bloc, 215
Roux-en-Y esophagojejunostomy
anastomosis, 213-215, 214f, 215f
trocar placement, 210, 211f
treatment and procedure selection, 209
Laparoscopic truncal vagotomy with
antrectomy and Billroth II
reconstruction, 61-71
complications, 70
alkaline reflux gastritis, 70
dumping syndrome, 70
contraindications to, 61
indications for, 61—62
postoperative management, 70
preoperative planning, 62
results, 70-71
surgery, 62—-69
closure of common gastrotomy and
enterotomy defect, 67f
completed anastomosis, 69f
division of proximal duodenum, 66f
division of right gastric vessels, 65f
endoscopic evaluation of anastomosis, 69f
excision of vagus nerve, 65f
gastric resection using linear stapler, 66f
gastrocolic omentum dissection, 63, 64f
inversion of stapled and suture line, 68f
jejunal loop sutured to transverse
mesocolon defect, 69f
jejunum apposed to posterior gastric
wall, 67f
jejunum in newly created gastric pouch,
67f
ligation of right gastroepiploic vessels, 64f
linear stapler’s cartridge and anvil limbs
insertion, 68f
patient positioning, 62
transverse mesocolon window, 66f
trocar and liver retractor placement, 63f



384

Index

Laparoscopic tuncal vagotomy with
antrectomy and Billroth I
reconstruction, 33—43

complications, 42
indications/contraindications, 33—-35
adenocarcinoma, 34—35
carcinoids, 34
gastrointestinal stromal tumors, 34
peptic ulcer disease, 33—-34
patient positioning, 35, 35f
port placement, 36, 36f
postoperative management, 42
preoperative planning, 35
results, 42, 43t
surgical technique, 36—42
Billroth I reconstruction, 39-40, 40f-42f
distal gastrectomy, 36-38, 37f-39f
endoscopic adjuncts use, 42
Kocher maneuver, 37f
vagotomy, 38-39, 391, 40f

Lap-Band, 327, 329

Leapfrog Group, 334

LigaSure, 94, 288, 350

Ligation of bleeding ulcer, antrectomy,
vagotomy, and gastrojejunostomy,
133-145

complications, 142-143

contraindications for, 134

indications for, 133—-134

postoperative management, 140-142

preoperative planning, 134-135

results, 143-145

surgical procedure, 135-140
antrectomy, 136-137, 136f, 137f
gastrojejunostomy, 138-140, 139f-141f
oversewing of ulcer, 135-136, 135f, 136f
truncal vagotomy, 137-138, 138f

Ligation of bleeding ulcer, vagotomy and
pyloroplasty, 123-130

complications, 128, 130
dumping syndrome, 130
postvagotomy diarrhea, 130
rebleeding, 128
indications for, 123-124
postoperative management, 128
preoperative planning, 124
surgery
duodenotomy and ligation of bleeding
vessel, 125, 125f, 126f
exposure, 124-125
Heineke-Mikulicz pyloroplasty,
125-127, 126f
positioning, 124
truncal vagotomy, 127-128,
127f-130f

Linear stapler, 322

Linitis plastica, 195

Low-molecular weight heparin, 297

Lymph node dissection, for gastric
adenocarcinoma, 171, 172f, 172t. See
also Subtotal gastrectomy and D2
resection

M

MacDonald trial, 186

MAGIC trial, 186, 209

Marginal ulceration, in gastrojejunostomy
without vagotomy, 11

3-0 Maxon, 285

Medical Research council (MRC) trial, 184

Metoclopramide, 280

Multiple endocrine neoplasia type 1 (MEN1)
syndrome, 239. See also Gastrinoma,
surgery for

N

Nasogastric (NG) aspiration, 123

Nathanson Hook Liver Retractor, 102, 164

Nathanson retractor, 3, 63

National Institutes of Health Consensus of
Conference on Obesity, 295, 327

Neuroendocrine carcinomas, 34

Nissen closure, 149, 150f

Noh procedure, for Roux stasis syndrome
prevention, 278, 279f

NSAID-induced ulcers, 1-2

0
Obesity, 295
and surgical procedure for weight loss,

295, 311 (See also specific
procedures)

Obesity Surgery Mortality Risk Score, 328

Octreotide, 263

Omental pedicle flap, 111, 111f, 112f

Omni retractor, 124, 156

OrVil, 167-168, 213

P

Parietal cell vagotomy. See Proximal gastric
vagotomy (PGV)
Patient-controlled analgesia (PCA), 10, 203
Pectin, 263
Peptic ulcer disease (PUD), 1, 23, 61-62
truncal vagotomy for, 23-24, 33-34 (See
also specific technique)
Perforated peptic ulcers
nonoperative management of, 109
presentation, 109
use of patch for (See Perforated ulcer,
patch repair for)
Perforated ulcer, patch repair for, 109-114
complications, 113-114
intra-abdominal abscess, 114
persistent leak, 113-114
sepsis, 114
indications/contraindications, 109-110
postoperative management
inpatient, 113
outpatient, 113
preoperative planning, 110
duodenal ulcer, 110
gastric ulcer, 110
results, 114
surgery
open technique, 110-111
operative pearls, 112113
patch techniques, 111-112, 111f, 112f
Perigastric lymph nodes, groupings of, 172t
PGV. See Proximal gastric vagotomy (PGV)
3-0 Polydioxanone, 167f
4-0 Polyglycolic acid suture, 9
3-0 Polyglycolic acid sutures, 7, 7f
Port placement
for laparoscopic adjustable gastric
banding, 329f
for laparoscopic gastrectomy, 36, 36f, 165f
Positron-emission tomography, in gastric
adenocarcinomas, 154, 164
Posterior vagus nerve, locating of, 138, 138f
Postgastrectomy syndromes, 86—87
Postvagotomy diarrhea, 86, 130
3-0 Prolene, 285
Proton pump inhibitor (PPI) therapy, 251
chronic use of, 239
for giant duodenal ulcer, 148
for ulcer disease, 33
Proximal gastric vagotomy, open, 89-99

advantages of, 89
disadvantages of, 89
indications for, 89—90
postoperative management, 98
preoperative planning, 90
results and complications, 98-99
surgical techniques, 90-98
abdominal closure, 98
anesthesia and skin preparation, 91
anterior lesser omental dissection,
93-95, 94f
distal esophageal dissection, 92-93, 92f,
93f
exposure and exploration, 91
extended PGV, 97-98
incision, 91
lesser curvature closure, 96—97, 96f, 97f
management of perforation and
bleeding, 91-92
patient positioning, 90-91
posterior lesser omental dissection,
95-96, 95f, 96
procedural steps in PGV, 92
seven areas of vagotomy, 97f
Proximal gastric vagotomy (PGV)
laparoscopic, 101-107
open, 89-99

R
Realize Band, 329
Retrocolic placement, of gastrojejunostomy,
269
Rho-shaped limb, for Roux stasis syndrome
prevention, 278, 279f
Robot-assisted gastrectomy with lymph
node dissection, 219-227
complications, 226
D2 LN dissection during distal subtotal
gastrectomy, 221-224
exposure of left gastric artery and
skeletonization of splenic vessels,
223-224, 224f
five steps and associated anatomic
landmarks, 221
hepatoduodenal ligament and
suprapancreatic dissection, 222-223,
223f
left side dissection of greater curvature,
221, 222f
lesser curvature dissection and
proximal resection, 224
right side dissection of greater
curvature, 221-222, 222f
D2 lymphadenectomy during total
gastrectomy, 224-225
spleen-preserving total gastrectomy,
224-225, 225f
total gastrectomy with splenectomy, 225
gastrointestinal reconstruction, 225
indications for, 219
intraoperative tumor localization, 221
liver retraction, 220
operating room configuration, 220
patient positioning and port placement,
220, 221f
pertinent anatomy, 220
postoperative management, 225
preoperative work-up, 220
results of, 226-227, 226t
robot docking and preparation of
operative field, 220, 221f
Roux stasis syndrome, 87, 265, 275-281
clinical presentations, 276
diagnosis of, 277



etiopathogenesis of, 276-277
patient complaints in, 275
prevention
clinical studies, 278, 279f
experimental studies, 278, 279f
treatment, 277
clinical studies, 278, 280
medical, 280-281

S

Salvage surgery, for bleeding duodenal
ulcer, 145

Secretin provocative test, for gastrinoma,
239, 240f. See also Gastrinoma,
surgery for

Seromyotomy, suture for, 106f

Serosal patch, 112

3-0 Silk Lembert sutures, 6, 7f

SILS Port, 350, 351

Single-incision laparoscopic bariatric
surgery, 345-357

block technique

local anesthetic injection, 347-348, 348f

needle insertion, 347

scanning technique, 347, 347f
challenges in

conflict of instruments, 348—349

lost triangulation and trocar placement

strategy, 348, 349f
retraction of large liver, 349
torque effect, 349
umbilical recession, 349
complications, 356
indications and contraindications, 345
preoperative preparations, 345-346
results, 356
single-incision adjustable gastric band,
technique for, 351-352, 352f

single-incision Roux-en-Y gastric bypass,

technique for, 352—-356, 353f-355f
single-incision sleeve gastrectomy,
technique for, 350-351, 350f, 351f
TAP block, 346
abdominal wall anatomy, 346, 346f
Sleeve gastrectomy (SG), 288, 289f,
291, 311
Somatostatin analogues, 30, 70
Stomach, 196, 198f
arterial supply of, 155f, 196, 197f
Stress gastritis, 60
Subtotal gastrectomy and D2 resection,
171-184
complications after, 181-183
afferent loop syndrome, 182
dumping syndrome, 181-182
efferent loop syndrome, 182-183
indications/contraindications, 171-173
postoperative management, 181
preoperative planning and assessment,
173
results, 183-184
surgical therapy, 173-181
celiac axis dissection, 176, 176f
completed Billroth II retrocolic
gastrojejunostomy, 178f
laparoscopic approach, 178-181, 180f
lesser omentectomy, 175-176

ligation of right gastroepiploic vessels,

175f
omentobursectomy, 174, 174f

plane of dissection for complete lesser

bursectomy, 175f
positioning, 174
reconstruction, 176-178, 177f-179f

stapled gastrojejunostomy, 179f
technique, 174-176
Superior mesenteric artery (SMA)
syndrome, surgical treatment of,
359-364
complications, 364
indications/contraindications, 359, 360f,
361t
postoperative management, 363—-364
preoperative planning, 360-362
results, 364
surgical approaches, 362-363
laparoscopic duodenojejunostomy,
362-363, 363f
positioning, 362
Strong’s procedure, 363
Surveillance, Epidemiology, and End
Results (SEER) database, 204

T

TA90B stapler, 286

TA stapler, 157-158

TA-type stapler, 137, 137f

Taylor procedure. See Laparoscopic
posterior truncal vagotomy with
anterior seromyotomy

Tegaserod, 280

Thompson retractor, 91, 156

Total gastrectomy and esophagojejunostomy,

195-205, 205f
complications, 203-204
contraindications, 195-196
indications for, 195
postoperative management, 203
preoperative planning, 196
CT scan, 196
endoscopic ultrasound, 196
nutritional status assessment, 196
pulmonary function tests, 196
upper gastrointestinal endoscopy, 196
results, 204
surgery
incision/exposure, 197
pertinent anatomy, 196, 197f, 198f
positioning, 197
technique, 198-202, 199f-202f
Total Symptom Score, 380
Transcatheter arterial embolization (TAE)
therapy, 144
Transversus abdominis plane (TAP) block,
346
Triple therapy, 113, 120
Tri-Staple technology, 158
Truncal vagotomy and gastrojejunostomy
(TV & GJ), 1-12
complications of, 10-11
contraindications to, 2
indications for, 1-2
postoperative management, 9—10
preoperative planning, 2
results of, 11
surgery, 3—9
antibiotics, administration of, 3
gastrojejunostomy, 6
hand-sewn, anterior or antecolic
gastrojejunostomy, 6-8, 7f, 8f
positioning, 3
stapled, anterior gastrojejunostomy,
8-9, of
technique, 3
truncal vagotomy, 3-5, 4f—6f
Truncal vagotomy and pyloroplasty, 13-22
pyloroplasty, 16—22
Finney pyloroplasty, 19, 20f-22f
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HM pyloroplasty, 16—19, 17f, 18f
Jaboulay pyloroplasty, 19
vagotomy, 15-16, 15f, 16f

Truncal vagotomy with antrectomy and

Billroth I gastroduodenostomy, 23-31

complications, 30-31

delayed gastric emptying, 30

dumping, 30

recurrent ulceration, 30
indications/contraindications, 23—24
postoperative management, 30, 30f
preoperative evaluation, 24

endoscopy, 24

imaging, 24

laboratory values, 24
results, 31
surgical technique, 24-29

antrectomy, 26-27, 27f-28f

Billroth I gastroduodenostomy, 28, 29f

pertinent anatomy, 24, 25f

positioning, 24-25

vagotomy, 25, 26f

Truncal vagotomy with antrectomy and

Roux-en-Y reconstruction, 73—-87
complications after, 86—-87
delayed gastric emptying, 86—87
dumping syndrome, 86
early, 86t
postvagotomy diarrhea, 86
recurrent ulcers, 87
Roux stasis syndrome, 87
indications/contraindications, 73—-74
postoperative management, 86
preoperative planning, 74
surgery, 74—85
anterior vagus nerve mobilization, 76f
cephalad division of gastrocolic
omentum, 77f
circular stapler technique, 83, 83f-85f
creation of tunnel, 78f
dissection of right crus of diaphragm,
75f
dividing gastrocolic omentum, 76, 76f
division of right gastroepiploic pedicle,
77f
duodenum, division of, 78f
jejunum, division of, 79f
ligament of Treitz, 79f
linear stapler technique, 81, 81f-82f
mesenteric defect, closure of, 80f
mesentery, division of, 80f
mesocolic window, creation of, 81f
operative techniques, 75-85
port placement, 75f
positioning, 74
right gastric artery, division of, 77f
stomach, division of, 78f
40 to 50 cm Roux limb, creation of, 80f

Tuncal vagotomy with antrectomy and

Billroth II reconstruction, 45—60
antrectomy, 52—59, 53f-59f
anterior anastomosis, 59f
dissection of lesser curvature, 57f
division of duodenum, 57f
division of gastrocolic omentum, 54f
division of proximal stomach, 58f
division of right gastroepiploic vessels,
56f
entry into lesser sac, 53f
incision of gastrohepatic ligament, 54f
ligation of right gastric vessels, 56f
preparation of greater curvature for
hemigastrectomy, 55f
sutured technique, 58f
indications for, 45
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Tuncal vagotomy with antrectomy and
Billroth II reconstruction (continued)
patient positioning, 47, 47f
postoperative management, 60
preoperative planning, 45
truncal vagotomy, 47-51, 48f-52f
anterior vagus trunk, isolation of, 50f
division of triangular ligament, 48f
exposure of anterior vagus nerve, 49f
exposure of esophagogastric junction, 49f
exposure of posterior vagal trunk, 51f
isolation of posterior vagal trunk, 51f
ligation of nerve trunk, 50f
mobilization of left lateral segment of
liver, 47, 48f
nerve division, 52f
vagal anatomy and, 45-47, 46f

U

Ultrasonic shears, 179

Uncut Roux variations, for Roux stasis
syndrome prevention, 278, 279f

Upper gastrointestinal (UGI) bleeding, from
duodenal ulcers, 123

\Y
Vacuum assisted closure (VAC) device, 379
Vagal nerves, 24, 25f, 45-46
Vagotomy, 13, 15-186, 23
anterior, 15f
kinds of, 13
and need of drainage procedure, 14
posterior, 16f
truncal, 14f

Vagus nerve, 13, 15
Vertical banded gastroplasty, 290

w

Wedge gastrectomy, 33

Wilkie’s syndrome. See Superior mesenteric
artery (SMA) syndrome, surgical
treatment of

X

Xcel trocar, 319

Z

Zollinger-Ellison syndrome, 195
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