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Preface

vii

Over the last decade, bariatric surgeons have witnessed more dramatic
advances in the field of bariatric surgery than in the previous 50 years of
this relatively young discipline. These changes have certainly been fueled
by the great obesity epidemic beginning in the 1970s, which created the
demand for effective treatment of severe obesity and its comorbidities.
The gradual development and standardization of safer, more effective,
and durable operations, such as Roux-en Y gastric bypass (RYGB), bil-
iopancreatic diversion, duodenal switch, and adjustable gastric banding
account for the first wave of advances over the last decade. More
recently, the advent of minimally invasive surgery in the mid-1990s
accounts for the second wave of major advances.

Fifteen years ago, fewer than 15,000 bariatric procedures (mostly ver-
tical banded gastroplasty) were performed each year in the United States,
and all were performed with a laparotomy requiring nearly a week of hos-
pitalization and six weeks of convalescence. Mortality rates exceeding 2%
and major morbidity exceeding 25% was the norm. It later became appar-
ent that the laparotomy itself accounted for much of the morbidity of
bariatric surgery. It contributed to major impairment in postoperative
cardiopulmonary function, which led to atelectasis, pneumonia, respira-
tory failure, heart failure, and lengthy stays in the intensive care unit for
a significant subset of patients. Furthermore,wound complications, includ-
ing infections, seromas,hernias,and dehisences were the norm rather than
the exception. Hernias were so common (20–25%) that they were often
considered the second stage of a bariatric procedure.

Today, more than 200,000 bariatric procedures are performed each
year in the United States and almost twice that figure worldwide. Nearly
all gastric banding procedures, an estimated 75% of RYGB procedures,
and even some BPD procedures are performed laparoscopically, indi-
cating that the laparoscopic approach has been widely adopted in
bariatric surgery. The dramatic reduction in postoperative pain, hospital
stays of only 1 to 3 days, recovery time of 2 to 3 weeks, incidence of inten-
sive care utilization to less than 5%, along with a great reduction in car-
diopulmonary complications and wound complications can be attributed
to the laparoscopic approach. Operative mortality of less than 1% is now
common and perhaps also attributable to laparoscopic surgery. Indeed,
bariatric surgery has become safer and more desirable because of laparo-
scopic surgery.

This textbook, Minimally Invasive Bariatric Surgery, is intended to
provide the reader with a comprehensive overview of the current status
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of bariatric surgery, emphasizing the now dominant role of laparoscopic
techniques. It is our intention to address issues of interest to not only
seasoned and novice bariatric surgeons, but all healthcare providers who
participate in the care of the bariatric patient. Specifically, we expect sur-
gical residents, fellows, allied health, and bariatric physicians to benefit
from this book. At the onset of this book, we invited contributing authors
whom we considered the most authoritative, coming up with a “Who’s
Who” list of bariatric surgeons. The reader will note among the authors
a high degree of clinical expertise and international diversity, as well as
diversity of thought. We have even included a chapter on the role of open
bariatric surgery to balance the enthusiasm of the editors for minimally
invasive surgery. Furthermore, we are thankful for our good fortune in
recruiting authors who have been in the forefront in developing and
teaching specific procedures. Although not intended to be an atlas of
bariatric surgery, this text does provide detailed illustrations and descrip-
tions of all the common procedures with technical pearls from the sur-
geons who introduced them to the world.

The benefits of laparoscopic surgery, however, must be balanced with
the significant training challenges posed by laparoscopic bariatric
surgery. Special emphasis on learning curves and training requirements
are found throughout this text. A chapter on training and credentialing
is included to update the reader on current guidelines.

To further enlighten the reader, we also have included chapters on
special issues and controversial subjects, including laparoscopic instru-
ments and visualization, bariatric equipment for the ward and clinic,
medical treatment of obesity, hand-assisted surgery, hernia management,
diabetes surgery, perioperative care, pregnancy and gynecologic issues,
and plastic surgery after weight loss. Chapter 24, “Risk-Benefit Analysis
of Laparoscopic Bariatric Procedures,” is particularly useful in that it
compares head-to-head the risks and benefits of all the major operations.
Finally, we do incorporate chapters that focus on new and futuristic oper-
ations, such as sleeve gastrectomy, gastric pacing, and endoluminal/
natural orifice surgery—perhaps the next wave of minimally invasive
surgery.

In the wake of the laparoscopic revolution of the 1990s, minimally
invasive approaches to nearly every abdominal procedure and many tho-
racic procedures have been devised. However, in reality, only a few
common procedures are now performed with a laparoscopic approach
as the standard (i.e., >50%). Laparoscopic cholecystectomy, Nissen fun-
doplication, and bariatric procedures represent the major triumphs thus
far of the laparoscopic revolution. Perhaps, bariatric operations repre-
sent the best application of minimally invasive procedures because
avoidance of an extensive laparotomy in the high-risk bariatric popula-
tion provides the greatest relative benefit. We hope that you encounter
as much enjoyment reading Minimally Invasive Bariatric Surgery as we
have had writing it! Now, on to the next revolution in bariatric surgery!

Philip R. Schauer, MD
Bruce D. Schirmer, MD
Stacy A. Brethauer, MD
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1
Pathophysiology of Obesity Comorbidity:
The Effects of Chronically Increased
Intraabdominal Pressure
Harvey J. Sugerman

women with stress overflow urinary incontinence, in
whom resolution of the problem occurred within months
following GBP surgery, underwent measurement of
urinary bladder pressures (UBPs) in the gynecologic uro-
dynamic laboratory before and 1 year following obesity
surgery (10). These women were noted to have extremely
high UBPs that normalized following surgically induced
weight loss. Their pressures were as high as, or even
higher than, UBPs noted in critically ill patients with an
acute abdominal compartment syndrome where treat-
ment is urgent surgical decompression (11,12). It was
hypothesized that severely obese patients with central
obesity have a chronic abdominal compartment syn-
drome with high UBPs, as an estimate of an increased
intraabdominal pressure (IAP), and this would be related
to a number of obesity comorbidity problems.

Animal Studies

Several studies have been performed to evaluate the
effects of acutely elevated IAP in a porcine model,
using either an infusion of isosmotic polyethylene glycol
normally used for bowel cleansing (Go-Lytely®) or 
an intraabdominal balloon, on the cardiovascular, pul-
monary, and central nervous systems. Polyethylene glycol
was chosen, as it is not osmotically active, and it neither
should be absorbed into the central circulation in signif-
icant amounts nor cause significant decreases in intravas-
cular volume. Urinary bladder pressures correlated well
(r = 0.98, p < .0001) with directly measured IAP in this
model. Acutely elevated IAP produced hemodynamic
changes characterized by decreased cardiac output,
increased filling pressures, and increased systemic vascu-
lar resistance (Fig. 1-2). Pulmonary effects were hypoxia,
hypercarbia, increased inspiratory pressure, and elevated
pleural pressure (13). These changes are consistent with
the pulmonary pathology characteristic of obesity
hypoventilation syndrome. As IAP increased, pleural

1

Severe obesity is associated with multiple comorbidities
that reduce the life expectancy and markedly impair the
quality of life. Morbidly obese patients can suffer from
central (android) obesity or peripheral (gynoid) obesity
or a combination of the two. Gynoid obesity is associated
with degenerative joint disease and venous stasis in the
lower extremities. Android obesity is associated with the
highest risk of mortality related to problems due to the
metabolic syndrome or syndrome X, as well as increased
intraabdominal pressure (IAP). The metabolic syndrome
is associated with insulin resistance, hyperglycemia, and
type 2 diabetes mellitus (DM), which in turn are associ-
ated with nonalcoholic liver disease (NALD), polycystic
ovary syndrome, and systemic hypertension (1–7).
Increased IAP is probably responsible in part or totally
for obesity hypoventilation, venous stasis disease,
pseudotumor cerebri, gastroesophageal reflux disease,
stress urinary incontinence, and systemic hypertension.
Central obesity is also associated with increased neck cir-
cumference and sleep apnea.

A previous clinical study of patients with obesity
hypoventilation syndrome noted extremely high cardiac
filling (pulmonary artery and pulmonary capillary wedge)
pressures, as high as or higher than in patients with con-
gestive heart failure (CHF), but most of these patients
were not in heart failure. It was initially hypothesized that
this could have been secondary to hypoxemic pulmonary
artery vasoconstriction; however, the pressures remained
elevated following gastric surgery for obesity despite
post-operative mechanical ventilation and correction of
both hypoxemia and hypercarbia. This pressure returned
to normal within 6 to 9 months after surgically induced
weight loss (8). High lumbar cerebrospinal fluid (CSF)
pressures were noted in obese women with pseudotumor
cerebri (also known as idiopathic intracranial hyperten-
sion). Resolution of headache and marked decreases in
CSF pressures were noted when restudied 34 ± 8 months
following gastric bypass (GBP) surgery (Fig. 1-1) (9). The
cause(s) of these phenomena remained unexplained until
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pressure, central venous pressure, and intracranial pres-
sure also increased (Fig. 1-3). When pleural pressure was
prevented from rising by midline sternotomy and incision
of the pleura and pericardium, the effects of rising IAP
on the cardiovascular, pulmonary, and central nervous
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Figure 1-1. Elevated cerebrospinal fluid (CSF) pressure prior
to, and significant (p < .001) decrease 34 ± 8 months following,
gastric surgery for severe obesity associated with pseudotumor
cerebri. [Sugerman et al. (9), with permission.]
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Figure 1-2. Progressive increase in pleural pressure and pul-
monary artery wedge (occlusion) pressure with increasing
intraabdominal pressure associated with the intraabdominal
instillation of iso-osmotic polyethylene glycol in an acute
porcine model. Resus, resuscitation. [Ridings et al. (13), with
permission.]
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Figure 1-3. Progressive increase in directly measured intra-
cranial pressure with increasing intraabdominal pressure asso-
ciated with the intraabdominal instillation of iso-osmotic 
polyethylene glycol in an acute porcine model and prevention
of this increase in animals that had undergone a median ster-
notomy and pleuropericardiotomy. [Bloomfield et al. (14), with
permission.]
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Figure 1-4. Progressive increase in plasma renin activity with
increasing intraabdominal pressure (IAP) associated with the
intraabdominal instillation of iso-osmotic polyethylene glycol in
an acute porcine model as compared to control animals that did
not have their IAP increased; effect of volume expansion
(resuscitation) and 30 and 60 minutes after abdominal decom-
pression (AD). *p < .05 versus baseline and control animals; †p
< .05 versus pre-resuscitation value. [Bloomfield et al. (15), with
permission.]

systems were all negated, except for the decrease in
cardiac output (14). Acute elevation of IAP caused
increases in both plasma renin activity (PRA) and aldos-
terone levels (Figs. 1-4 and 1-5) (15).
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Clinical Studies

During the course of this research it was noted that con-
ditions known to increase IAP such as pregnancy, laparo-
scopic pneumoperitoneum, and ascites are associated
with pathologic consequences also encountered in the
morbidly obese, such as gastroesophageal reflux, abdom-
inal herniation, stress overflow urinary incontinence, and
lower limb venous stasis (16–20). Thus, the comorbidities
that are presumed to be secondary to increased IAP in
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Figure 1-5. Progressive increase in serum aldosterone levels
with increasing intraabdominal pressure (IAP) associated with
the intra-abdominal instillation of iso-osmotic polyethylene
glycol in an acute porcine model as compared to control
animals that did not have their IAP increased; effect of volume
expansion (resuscitation) and 30 and 60 minutes after abdomi-
nal decompression (AD). *p < .05 versus baseline and control
animals; †p < .05 versus pre-resuscitation value. [Bloomfield 
et al. (15), with permission.]
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Figure 1-6. Correlation between urinary bladder pressure and
sagittal abdominal diameter in 84 morbidly obese patients (•) and
five control nonobese patients (o) with ulcerative colitis, r = 0.67,
p < .0001). [Sugerman et al. (21), with permission.]
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Figure 1-7. Increased urinary bladder pressure in the 67
patients with intraabdominal pressure-related morbidity and in
17 patients without IAP-related morbidity. [Sugerman et al.
(21), with permission.]
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Figure 1-8. Sagittal abdominal diameter before and 1 year
after surgically induced weight loss. • = individual patient, � =
mean ± standard error of the mean. *p < .0001. [Sugerman 
et al. (11), with permission.]

obese patients include CHF, hypoventilation, venous
stasis ulcers, gastroesophageal reflux disease (GERD),
urinary stress incontinence, incisional hernia, pseudotu-
mor cerebri, proteinuria, and systemic hypertension.

In a study of 84 patients with severe obesity prior to
GBP surgery and five nonobese patients prior to colec-
tomy for ulcerative colitis, it was found that obese patients
had a significantly higher UBP (18 ± 0.7 vs. 7 ± 1.6cm H2O,
p < .001) which correlated with the sagittal abdominal
diameter (SAD, r = 0.67, p > .001, Fig. 1-6) and was greater
(p > .05) in patients with (compared to those without) mor-
bidity presumed due to increased IAP (Fig. 1-7) (21). The
waist/hip ratio (WHR) correlated with UBP in men (r =
0.6, p > .05) but not in women (r = −0.3), supporting the
concept that the SAD is a better reflection of central
obesity than the WHR. In 15 patients studied before and
1 year after GBP,there were significant (p > .001) decreases
in weight (140 ± 8 to 87 ± 6kg), body mass index (BMI) (52
± 3 to 33 ± 2kg/m2), SAD (32 ± 1 to 20 ± 2cm, Fig. 1-8),
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UBP (17 ± 2 to 10 ± 1cm H2O,Fig. 1-9),and obesity comor-
bidity with the loss of 69% ± 4% of excess weight (11).

Discussion

The relationship of central obesity to the constellation of
health problems known collectively as the metabolic syn-
drome appears well established (3,7). However, this has
been presumed to be due to increased visceral fat metab-
olism. Increased UBP and its relationship to increased
IAP has been used in postoperative patients as an indi-
cation for emergent reexploration and abdominal decom-
pression for an acute abdominal compartment syndrome
to correct oliguria and increased peak inspiratory pres-
sures with mechanical ventilation (12,22). The decision to
perform emergency abdominal decompression is usually
taken when the UBP is ≥25cm H2O. In the study of obese
patients prior to GBP surgery, 11 patients had UBPs ≥25,
four ≥30, and one ≥40cm H2O. It became apparent after
our previous study where we found very high UBPs in
severely obese women with stress overflow urinary incon-
tinence (10) that centrally obese patients may have a
chronic abdominal compartment syndrome. We have also
found a significantly higher (p < .001) risk of incisional
hernia following surgery for obesity (20%) than after
colectomy in mostly nonobese patients with ulcerative
colitis (4%) where two thirds of the colitis patients were
taking prednisone and had a much larger incision (19).
Four of the seven incisional hernias in the colitis group
occurred in patients with a BMI ≥30. Presumably, this
increased risk of incisional hernia was due to an increased
IAP in the obese patients.

Urinary bladder pressures were significantly higher in
patients with comorbid factors mechanistically associated

with elevated IAP than in patients with obesity-related
problems that are not considered to be secondary to an
increased IAP. The abdominal pressure–related morbid-
ity factors chosen have been documented in pregnancy
and cirrhotics with ascites, as well as obese patients, and
included hypoventilation, venous stasis disease, GERD,
urinary incontinence, pseudotumor cerebri, and inci-
sional hernia. In another report we have found that obese
women with pseudotumor cerebri have increased SAD,
thoracic pressures as measured transesophageally, and
cardiac filling pressures (23). In addition, hypertension
was considered to be probably related to IAP, through
one or more of the following mechanisms: (1) increased
renal venous pressure, (2) direct renal compression (24),
and (3) an increased intrathoracic pressure leading to a
decreased venous return and decreased cardiac output.
Each of these may lead to activation of the renin-
angiotensin-aldosterone system, leading to sodium and
water retention and vasoconstriction. The increased renal
venous pressure could lead to a glomerulopathy with 
proteinuria. It is currently hypothesized that the hyper-
tension seen in the morbidly obese is secondary to
insulin-induced sodium reabsorption. However, systemic
hypertension in the morbidly obese may not be associ-
ated with hyperinsulinemia, and these patients have been
noted to have a decreased renal blood flow (RBF),
glomerular filtration rate (GFR), and proteinuria (25).

Although the UBPs were measured supine in anes-
thetized, paralyzed patients and these pressures could be
altered by the upright position, we believe the data to be
clinically relevant. First, in the stress incontinence study
the pressures rose even further when the patient assumed
a sitting or standing position (10). Second, these pres-
sures likely would be even higher in the absence of
muscle paralysis. Third, most individuals spend 6 to 8
hours sleeping in a supine or lateral decubitus position.
Many severely obese patients, especially those with sleep
apnea and hypoventilation, have found that they must
sleep in the sitting position, presumably to lower the
effect of the increased IAP on their thoracic cavity. It is
also for this reason that patients with pseudotumor
cerebri have more severe headaches in the morning upon
awakening.

Although an increased WHR is a recognized measure-
ment of central obesity and metabolic complications, we
found a poor correlation between the WHR and UBPs
in women but a good correlation in men. This is proba-
bly the result of the diluting effect of peripheral obesity,
commonly present in women, on the estimate of central
obesity. The greater problem of central obesity in men
was reinforced by the finding of a greater SAD and UBP
in men compared to women despite an equal BMI (11).
Unlike the WHR, the SAD provided good positive cor-
relations with UBP in both men and women, corroborat-
ing the computed tomography (CT) scan data reported
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Figure 1-9. Urinary bladder pressure before and 1 year after
surgically induced weight loss. • = individual patient, � = mean
± standard error of the mean. *p < .0001. [Sugerman et al.
(11), with permission.]
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by Kvist et al. (26,27) that the SAD is a better reflection
of central obesity than the WHR.

In the study of UBP in patients following GBP surgery,
significant weight loss was associated with a marked
reduction in both pressure-related and non–pressure-
related comorbidity, except for incisional hernias and the
need for cholecystectomy. Much of the improvement in
comorbidity was based on subjective reports by patients
rather than on objective data such as sleep apnea (respi-
ratory disturbance) index from sleep polysomnography or
acid reflux episodes from 24-hour pH monitoring. This
improvement may have been exaggerated by the patients’
sense of euphoria over their significant weight loss and
their desire to please the investigative team. To obtain
objective follow-up data would be expensive and difficult
in the current managed-care environment in the United
States. Several studies have documented improvement
following surgically induced weight loss in conditions such
as urinary incontinence (10), respiratory insufficiency
including sleep apnea and hypoventilation (8,28), type 2
diabetes (29), GERD (30), pseudotumor cerebri (9),
hyperlipidemia (31), female sexual hormone dysfunction
(32), hypertension (31,33), and cardiac dysfunction (8).

These possible pathophysiologic consequences of
increased IAP (hypertension, peripheral edema, protein-
uria, increased CSF pressures, increased cardiac filling
pressures, and increased hepatic venous pressures)
suggest that the chronic abdominal compartment syn-
drome could be responsible for toxemia of pregnancy.
This hypothesis is supported by the increased association
of preeclampsia in primiparas (where the abdomen has
never been stretched before), twin pregnancies, morbid
obesity where an increased IAP is predictable, and its
correction with parturition. We are in the process of
developing an externally applied device that reduces IAP,
and we plan to use this device to treat severely obese
patients with systemic hypertension, venous stasis
disease, GERD, obesity hypoventilation, and pseudotu-
mor cerebri. Results of these studies should provide
further data to evaluate the proposed hypothesis that
increased IAP is responsible for these comorbidities.
Furthermore, this device may prove to be therapeutic in
women with preeclampsia/eclampsia, obviating the need
to urgently deliver a very premature infant with its atten-
dant morbidity and mortality.
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vers, nutritional education, exercise, cognitive-behavioral
therapy, pharmacotherapy, group support, self-help, and
surgery. The measurement of the body mass index (BMI)
has become a useful tool in determining the type(s) of
treatment. The BMI, which is defined as the weight in
kilograms divided by the square of the height in meters,
allows identification of the overweight or obese patient as
follows: normal, BMI = 18.5 to 24.9; overweight, BMI = 25
to 29.9; class I obesity, BMI = 30 to 34.9; class II obesity,
BMI = 35 to 39.9; class III obesity, BMI = 40 or greater
(Table 2-2). In considering modes of treatment, it is
important for the clinician to be aware that as the BMI
increases, so do all-cause morbidity and mortality (5,6).
Thus, weight loss interventions become more aggressive
as the BMI increases. The more extreme recommenda-
tions stem not only from the higher morbidity and mor-
tality associated with higher BMIs but also from the
heightened difficulty patients experience in achieving
substantial and durable weight loss. Although bariatric
surgery is reserved for patients with BMIs greater than 35
with comorbidities or greater than 40 without comorbidi-
ties, many persons who are surgical candidates have BMIs
that far exceed these numbers. The operative risk in these
heaviest individuals is so great (7,8) that some surgeons
attempt to lower patients’ BMIs prior to surgery.

It has been demonstrated repeatedly that most people
who lose weight gain it back, and gain even more (9,10).
The comprehensive weight-loss models, which incorpo-
rate dietary adjustments, exercise, behavioral modifica-
tion, and group support, have been the most successful 
in maintaining weight loss (9,10). People who receive
ongoing follow-up after losing weight have the least
regain of weight (9,10).

The Office Visit

The History

When evaluating an overweight or obese patient in the
setting of either a general or bariatric practice, the 

7

Although health practitioners traditionally have not been
trained in the medical management of obesity, they attain
expertise in the treatment of its comorbidities—those
conditions associated with, exacerbated by, or even
caused by obesity, such as coronary artery disease, hyper-
tension, type 2 diabetes, obstructive sleep apnea, degen-
erative joint disease, cancers (endometrium, colon, renal
cell, breast, and prostate), gout, nonalcoholic steatohep-
atitis (NASH), polycystic ovary (PCO) syndrome, and
other gynecologic conditions (Table 2-1).

Even though the numbers of individuals classified as
overweight and obese have reached epidemic proportions
in the United States, affecting the majority of Americans
(1), and rapidly approaching tobacco use as the leading
preventable cause of death in this country (2,3), there
remain numerous obstacles to the discussion of obesity in
the clinical setting. First, most medical professionals have
not had the training necessary to address the subject ade-
quately. In addition, many overweight individuals who
have failed diets do not return for follow-up visits. Fur-
thermore, a clinician knowledgeable about weight man-
agement might not be allotted sufficient time during the
office visit.To compound these difficulties, insurance com-
panies often deny claims when obesity is listed as the
primary diagnosis. Unfortunately, out-of-pocket costs of
comprehensive medical weight management programs
may be prohibitive. This chapter presents an overview of
the nonsurgical management of obesity in adults.
Although the increase in pediatric and adolescent obesity
and its concomitant conditions is alarming (4), the man-
agement of obesity in this population is beyond the scope
of this chapter, and only brief mention will be made.

The Approach to the Obese Patient

Spectrum of Treatment

The spectrum of obesity treatment has been broad and
overlapping, and consists of a variety of dietary maneu-
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clinician should obtain information pertinent to the
patient’s weight, including an assessment of the patient’s
knowledge about diet and exercise, previous weight loss
attempts, and exercise patterns. Intake questionnaires
that request details about diet, exercise, psychosocial
factors, and stress can be used as starting points in the
interview. The clinician should identify medications that
cause weight gain, and assess obesity-related comorbidi-
ties, underlying genetic or hormonal disorders, and the
presence of psychiatric conditions, with particular atten-
tion to eating disorders—anorexia nervosa, binge-eating
disorder, and bulimia. Because there is not yet a clear evi-
dence-based algorithm for the care of the obese patient,
treatment must be planned individually.

The Physical Examination

At the initial visit, the patient’s height should be meas-
ured, and at the initial and all subsequent visits, the

weight should be obtained and the BMI calculated or
obtained from a chart. In patients younger than 20 years
of age, once the BMI is obtained, the percentage BMI
must then be determined from an age-specific and
gender-specific growth chart. An individual in greater
than the 85th percentile is considered “at risk for over-
weight” or “overweight,” and an individual in greater
than the 95th percentile is considered “overweight” or
“obese.” The terminology varies because of the concern
about social stigma attached to the word obesity in the
pediatric population (11).

In adult patients with a BMI less than 35, a waist cir-
cumference measurement can be an adjunct in predicting
a patient’s cardiovascular risk factors. This measurement
has largely supplanted the waist/hip ratio (WHR) meas-
urement because it is easier to obtain and yields the same
information. A circumference greater than 35 inches in 
a female and 40 inches in a male indicates the presence
of the metabolic syndrome, which is characterized by

Cardiovascular
Coronary artery disease
Congestive heart failure
Hypertension
Diastolic dysfunction
Cor pulmonale
Peripheral vascular disease peripheral edema
Lymphedema

Pulmonary
Obstructive sleep apnea
Cor pulmonale
Asthma
Peripheral edema
Lymphedema
Insomnia

Endocrinologic
Dyslipidemia
Diabetes mellitus types 1 and 2
Gestational diabetes mellitus
Insulin resistance
Metabolic syndrome
Polycystic ovarian syndrome
Gynecomastia
Testicular atrophy

Hematologic
Pulmonary embolism
Venous thrombosis hypercoagulable state
Endothelial dysfunction

Gastroenterologic
Nonalcoholic steatohepatitis
Cholelithiasis
Reflux
Hiatal hernia
Esophageal dysmotility
Constipation
Irritable bowel syndrome

Musculoskeletal
Degenerative joint disease
Gout
Lumbago
Fibromyalgia

Genitourinary
Preeclampsia
Polycystic ovarian syndrome
Infertility
Amenorrhea
Dysfunctional uterine bleeding
Menorrhagia
Urinary incontinence
Testicular atrophy

Nephrologic
Chronic renal insufficiency
Primary nephrotic syndrome proteinuria

Dermatologic
Venous stasis
Cellulitis
Tinea corporis
Alopecia
Hirsutism
Hidradenitis suppurativa
Acanthosis nigricans
Telangiectasia
Striae

Neoplastic
Breast
Colon
Endometrial
Prostate
Renal cell

Psychological
Depression
Anxiety
Personality disorder
Bulimia
Anorexia
Eating disorders
Body dysmorphic syndrome
Insomnia

Neurologic
Cerebrovascular accident
Pseudotumor cerebri
Meralgia paresthetica

Table 2-1. Obesity-related comorbidities
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hypertension, abdominal obesity, insulin resistance, low
high-density lipoprotein (HDL) cholesterol, and high
triglycerides, and is linked to an increased risk of cardio-
vascular events (12).

Some practitioners find body fat analysis a useful
gauge in quantifying the fitness of the overweight indi-
vidual; however, measurements may not be consistent. At
this time, a body fat analysis is not recommended in the
routine care of the overweight or obese person. Blood
pressure and pulse should be measured at each visit. The
physical exam often reveals underlying and often under-
diagnosed medical diseases. Pertinent physical findings in
a bariatric examination include neck circumference to
assess for the risk of obstructive sleep apnea (greater
than 16 inches in women and 17 inches in men confers
increased risk) and acanthosis nigricans (AN). Polycystic
ovary syndrome and Cushing’s syndrome have many 
similarities on physical examination. A PCO patient, by
definition female, is likely to present with hirsutism,
oligomenorrhea or infertility, and acne. Striae, buffalo
hump, muscle wasting, and moon-like facies are more
specific to a syndrome of hypercortisolism. Hypothy-
roidism may be suspected with a history of rapid weight
gain and findings on physical examination of goiter,
lateral eyebrow thinning, and skin changes.

The Laboratory Evaluation

Pertinent initial tests include a fasting lipid profile, fasting
blood glucose, and renal, liver, and thyroid function tests.
If fasting blood glucose is greater than 100mg/dL (the
most recent criterion for impaired fasting blood glucose),
the test should be repeated and a glucose tolerance test
considered. Hemoglobin A1c, fasting insulin, and C-
peptide levels can be used to guide treatment in both the
metabolic syndrome and type 2 diabetes. If diabetes is
present, a urine microalbumin level and hemoglobin A1c

should be ordered. An electrocardiogram should be
included and may uncover weight-related abnormalities,
such as left ventricular hypertrophy, right ventricular
strain, ischemia, or arrhythmias.

Treatment Modalities

General Considerations

Individuals in whom weight loss is contraindicated
include women who are either pregnant or lactating,
persons with unstable psychiatric illnesses, and those with
other medical conditions, such as immunologic diseases
or malignancies, which could be exacerbated with caloric
restriction. Others who have gained less than 20 pounds
during adulthood, and are without comorbidities and
have BMIs between 25 and 25.9, can be encouraged
simply to avoid weight gain and can be educated about
how to do so, perhaps merely by increasing exercise.

The initial objective for most weight-loss candidates is
a reduction of 10% of baseline weight. In addition to
having a beneficial effect on health, this degree of weight
loss is usually achievable in about 6 months (13). Once
this 10% target is attained, the clinician and patient can
decide if further weight loss is necessary.

Diet

Loss of weight requires an energy deficit, which can be
achieved both through adjustment of diet and activity. A
unit of energy is 1 kilocalorie (kcal), which is the quantity
of energy required to raise 1kg of water by 1°C. For weight
maintenance, most humans require anywhere between
1500 and 2500kcal (heretofore called the colloquial “calo-
ries”). To lose 1 pound in 1 week, it is necessary to create
a calorie deficit of 3500 calories, or 500 fewer calories a
day, for 7 consecutive days. Dietary approaches to weight
loss include total fasting, very low calorie diets (VLCDs),
low-calorie diets (LCDs), balanced deficit diets, and fad
diets. Near- or total-fasting diets have been used for rapid
weight reduction, with daily caloric intake of less than 
400 calories. These “starvation diets” should rarely be re-
commended, because of serious consequences including
lean body mass loss, fluid and electrolyte abnormalities,
decrease in resting metabolic rate, cardiac arrhythmias,
and nutrient deficiencies (14). A VLCD is a diet with
caloric intake between 400 and 800 calories a day, a sig-
nificant reduction in calories. It is reserved for individuals
with BMIs greater than 30, or BMIs greater than 27 in
patients with comorbidities, and who have failed to lose
weight with more conventional diets. Another term often
used to describe this diet is protein-sparing modified fast
(PSMF). A VLCD is indicated for persons in whom a
rapid,substantial weight loss would ameliorate life-threat-
ening conditions related to the obesity (14). For example,
VLCDs have been used in bariatric surgery candidates in
whom a preoperative reduction in weight might reduce
significantly the operative risk (15).

The VLCDs are often commercially produced meal
substitutes (such as shakes, hot beverages, nutrition bars,
soups) that incorporate essential nutrients including 
the recommended daily allowance of vitamins, and are
formulated as complete dietary replacements. Another
approach to VLCDs is utilizing over-the-counter meal
substitutes (beverages or nutrition bars are most
common) for two meals a day, with the third meal com-
posed of high-quality lean protein and vegetables. As an
alternative to meal substitution, a careful diet plan using
real food can be devised with the assistance of a dietitian,
who can suggest weekly menu plans and grocery lists, as
well as vitamin and mineral supplements. In the latter
two instances, the protein intake should be from 1 to 
1.5g of protein per kilogram of ideal body weight per 
day, and multivitamins must be prescribed to prevent
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deficiencies. Patients must be monitored closely with 
clinician visits and laboratory evaluations. Potential com-
plications of VLCDs are symptomatic cholelithiasis,
cardiac arrhythmias, and exacerbation of underlying
medical conditions. Common side effects include ortho-
static hypotension, constipation, dry skin and brittle nails,
hair loss, and menstrual irregularities.

The LCDs, which average 1 to 2 pounds a week of
weight loss, are recommended to many overweight and
obese individuals (6). They are diets ranging from 800 to
1500 calories a day. It remains unclear which type of LCD
works best or is the most healthful. The more traditional
LCD is a lower fat regimen, and includes lean protein,
complex carbohydrates, and less than 30% fat. The Adult
Treatment Panel II (ATP II; the second report of the
Expert Panel on the Detection, Evaluation and Treat-
ment of High Blood Cholesterol in Adults) has suggested
a “step I” LCD (energy deficit of 500 to 1000 calories a
day) with the following composition: total fat, 30% or less
of total calories; protein, about 15% of total calories; and
carbohydrates, 55% or more of total calories (15). Addi-
tional recommendations include a fiber intake of 20 to 
30g per day, a calcium intake of 1000 to 1500mg per day,
and a sodium intake of no more than 2400mg per day.
Included is the recommendation to consume five to nine
servings of fruits and vegetables per day, because these
higher-densities, lower-calorie foods are satisfying and
therefore may encourage adherence. In addition to being
helpful with weight loss, diets high in fruits, vegetables,
and fiber have been shown to reduce the incidence of
certain cancers and type 2 diabetes. Currently, only 1%
of U.S. children are meeting all of the nutritional recom-
mended daily allowance (RDA) guidelines, and only 30%
are meeting the fruit and vegetable guidelines (16,17). In
a study of children and parents, there was an improve-
ment in percentage of subjects overweight at the end of
the study in families whose only instruction was to eat
more fruits and vegetables (18).

On some LCDs, individuals are instructed to eliminate
certain foods, such as sweets. More recently, however,
those on LCDs have been encouraged to include all
foods, but practice portion control. Underestimation of
serving sizes often sabotages attempts at weight loss.
Although a serving size of fish, poultry, or beef is only 3
oz—the size of a deck of cards—restaurant portions are
often several times larger. Therefore, education about
portion sizes may decrease daily caloric intake by hun-
dreds of calories. By practicing gauging by sight portions
of various foods and by weighing or measuring foods
when eating at home, patients learn how to judge appro-
priate serving sizes when eating out. These balanced
deficit diets are modified versions of LCDs, with less
restrictive daily caloric intakes.

Although the medical community has raised objections
to low-carbohydrate diets, several recent studies suggest

that both weight loss and maintenance are at least as, if
not more, effective than the more conventional LCD
described above, although a consensus has not yet been
reached concerning recommendations of such diets
(19–22). The regimens do not require calorie counting,
but instead propose unrestricted quantities of protein, an
“induction” phase in which only minimal quantities of
carbohydrate (20g/day, or 80 calories) are permitted, and
some limitations on fat intake.

Health professionals should advise against “fad” diets,
which may be dangerous, such as those that incorporate
“cleansing” programs such as coffee enemas, or only one
or two types of food, exemplified by the cabbage soup
diet or the grapefruit diet. These diets not only may lead
to nutritional deficiencies, dehydration, and electrolyte
abnormalities, but also are so unpalatable that their use
is usually short-lived and followed by rebound weight
gain.

Exercise

The benefits of exercise in any weight loss regimen
cannot be overemphasized. The greatest health advan-
tages result when people exercise for 60 minutes, most
days of the week (4 to 7 days), and there is evidence that
lesser amounts are also beneficial. Moderate, consistent
exercise without calorie deficit does not seem to result 
in weight loss, but has been shown to be a crucial factor
in weight maintenance. During the weight-loss phase,
increasing activity has been shown to enhance health by
improving cardiovascular fitness and lipid metabolism,
improving bone density, preventing or delaying the onset
of type 2 diabetes mellitus, increasing lean body mass and
strength, controlling depression and anxiety, promoting a
sense of well-being, increasing resistance to infection,
improving energy level and quality of sleep, and reduc-
ing symptoms of degenerative joint disease (DJD)
(23–25).

Having patients complete activity questionnaires can
help the clinician establish safe, realistic exercise goals
and determine a patient’s exercise preferences. The role
of the clinician is to assess the patient’s physical capabil-
ities, reinforce the benefits of exercise, and help the
patient ease into a medically safe exercise program.

Abnormalities in cardiac and pulmonary function may
limit the patient’s tolerance to exercise. Other impedi-
ments to exercise include hypertension, venous stasis
disease, and degenerative joint disease as well as addi-
tional comorbidities of obesity. In this group of patients,
recommending a rigorous exercise plan would be inap-
propriate and medically unsafe. A full assessment includ-
ing pulmonary and cardiac evaluations is recommended
for this population. An exercise stress test should be con-
sidered in asymptomatic individuals with diabetes melli-
tus or other cardiovascular risk factors (26).
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Behavioral and Cognitive Strategies

Through a variety of techniques, based on the theory that
behaviors are learned, and that thoughts leading to
behaviors can be changed, overweight and obese indi-
viduals can be taught to recognize their less healthful
behavior patterns with respect to eating and exercise and
substitute more healthful ones that will eventually lead
to weight loss, maintenance of lost weight, and improved
health. Behavioral and cognitive therapies are goal ori-
ented, and are often employed in combination in either
group or individual settings. Even commercial weight loss
programs use these approaches, incorporating a variety
of strategies, including patient education, patient support,
and problem solving. The ultimate challenge is to make
these changes in thought and behavior durable. There 
is evidence that a variety of behavioral therapies as
adjuncts to both weight loss and weight maintenance 
are effective, but that long-term efficacy depends on 
consistent, professional reinforcement of the new habits
even after weight loss and throughout maintenance
(6,27).

The first step to modifying behavior is the desire to
change. Therefore, the clinician must first assess the
patient’s stage of readiness. This is especially true in a
primary care setting, where patients’ priorities are varied.
The stages of readiness are precontemplation, when a
person is not even thinking about change yet; contem-
plation, when a person has begun to think about change
but is not yet prepared to act; preparation, when a person
begins to get ready to act; action, when a person has
begun to take the action necessary to make the change;
and maintenance of the altered behavior. The action
stage is often triggered by a defining moment, during
which the patient experiences an epiphany that leads to
a change in behavior.

A positive patient–clinician relationship can help
enhance weight loss endeavors, especially if the patient
has suffered the emotional consequences of discrimina-
tion or ostracism. Obese persons may feel alienated,which
may lead to low self-esteem,shame,and reluctance to seek
help. The relationship with the patient may be improved
if the clinician employs the following tools: empathic
communication; formation of a patient–clinician partner-
ship; understanding one’s own and the patient’s cultural
biases, values, and health beliefs regarding weight and
nutrition; and promotion of respect, support, and accept-
ance of these patients. Patient education and behavior
modification can be provided by a variety of health pro-
fessionals such as primary clinicians,behavioral therapists,
dietitians, and exercise physiologists.

Weight maintenance frequently is even more challeng-
ing than weight loss. There is substantial evidence that 
in the majority of individuals who actually reach or
approach a goal weight, the lifestyle changes are often

abandoned, supervision is discontinued, and weight
regain occurs (6,27,28) usually to or even above previous
levels. Many people do not know how to maintain lower
weights, and believe they can revert to their old ways
without regaining. Even after bariatric surgery, there can
be weight regain because despite eating restrictions
imposed by the altered anatomy, patients may learn to
circumvent these limitations.

Evidence supports the continued role of health pro-
fessionals after weight loss is accomplished (6). Although
by the time weight is lost, individuals usually are cog-
nizant of healthful diet and activity styles, it is not knowl-
edge alone that predicts successful weight maintenance.
The same evaluation and strategies described above
should be sustained and reinforced, ideally with medical
oversight. Long-term success is more likely in individu-
als who tend to eat an average of 1580 calories a day
(24% fat, 19% protein, and 56% carbohydrates); eat five
times a day, eat breakfast, eat out no more than three
times a week, weigh themselves at least once a week, and
continue an exercise regimen. Other predictors of success
include continued self-monitoring, and continued contact
with a health professional. Those who regain lost weight
tend to participate in restrictive or inconsistent dietary
patterns, have negative coping styles, experience unusual
life stresses, and continue emotion-driven binge-eating
patterns (29–32).

Pharmaceutical Interventions

Due to our growing understanding of the pathophysiol-
ogy and pathogenesis of obesity, and the use of molecu-
lar biology to study energy balance, more than 150 new
drugs are in developmental stages, with more than 44 
now in human clinical trials at the time of this writing
(33). As the extremely complex hormonal regulation of
appetite and weight in normal-weight and obese indi-
viduals becomes understood, new pharmaceutical agents
can be more precisely targeted along these regulatory 
pathways.

Medications are not recommended for use in isolation,
but rather as adjuncts to diet, exercise, and behavioral
modification. Patients who are optimal candidates for
pharmacologic intervention have BMIs of 30 or greater,
or BMIs of 27 or greater with comorbidities (6). Some
experts recommend that medications be used only after
a failure to lose a significant amount of weight after 6
months of nonpharmacologic therapies (6). In random-
ized, placebo-controlled trials, there have been reports of
weight loss significantly greater with weight-loss medica-
tion when combined with lifestyle changes than with
placebo, although differences are modest (6).

Efficacy is predicted by short-term outcome. Pharma-
cologic intervention is most likely to be successful (10%
or more of body weight reduction after 12 months) if a
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patient loses 2kg or more in the first month of use, or if
the weight falls to 5% or more below baseline after 3
months of use (6,34). A satisfactory ultimate response 
to medication is considered a 10% loss; an excellent
response is 15% or greater. Weight loss medication does
not cure obesity; a rebound in weight is predictable when
the medication is stopped, and, even if continued, the
medication may lose some effectiveness.

Only a few of the medications have been approved for
long-term use by the Food and Drug Administration
(FDA); however, many bariatric specialists prescribe
them off-label for long-term use and find them both
effective and safe. Some specialists report excellent
results and few adverse effects when the medications are
used intermittently during both the weight loss and main-
tenance phases (33–37). However, neither long-term nor
intermittent uses of most medications prescribed for
weight loss are supported by clinical evidence.

In the past, drugs used for weight loss have been found
to be unsafe and to pose clinical risk. Medications taken
off the market include fenfluramine, which in the combi-
nation of phentermine/fenfluramine (phen-fen) was asso-
ciated with a risk of valvular heart disease and pulmonary
hypertension (38,39); dexfenfluramine (an isomer of fen-
fluramine), which was also associated with a higher risk
of valvular disease and pulmonary hypertension (9,40);
and phenylpropanolamine, an over-the-counter decon-
gestant that was associated with an increased incidence of
hemorrhagic stroke in women who used it (41). For a
variety of reasons, multiple other medications are no
longer used. These include thyroid hormone, dinitrophe-
nol, dexamphetamine, amphetamine, digitalis, rainbow
pills, human chorionic gonadotropin, dexfenfluramine,
aminorex, and chlorphentermine.

Currently, pharmaceutical options include the pure
sympathomimetic agents, which include the prototype,
phentermine, as well as diethylpropion, phendimetrazine,
benzphetamine, and ephedrine. All are noradrenergic,
potentiating the release of norepinephrine, which binds
to hypothalamic β-adrenergic receptors and, to a lesser
extent, the release of dopamine. These medications all
cause anorexia (a reduction in appetite) through an as yet
unclear mechanism. Both phentermine and diethylpro-
pion, which are the only ones approved by the FDA for
the short-term treatment of obesity (up to 12 weeks), are
schedule intravenous (IV) drugs and considered by the
FDA to have addictive potential, although this potential
seems to be quite low (33). Phentermine, the most fre-
quently prescribed agent of its class, was shown to be effi-
cacious in a 36-week, placebo-controlled trial. Caution
must be exercised when a clinician chooses to prescribe
any of these medications off-label, or differently from
those uses approved by the FDA. A careful tracking
mechanism should be in place, and each patient should
sign an off-label consent form (9,33).

Sibutramine, a weight-loss medication which is FDA-
approved for long-term use (9), is a serotonin and nor-
epinephrine reuptake inhibitor that acts as an appetite
suppressant and, in rodents, seems to have a thermogenic
effect (not yet established in humans). Multiple other
clinical trials have demonstrated efficacy of this medica-
tion. The major adverse reaction of sibutramine is an
increase in diastolic blood pressure, even in the presence
of significant weight loss, and even with the improvement
of other parameters, such as low-density lipoprotein
(LDL) and total cholesterol and hemoglobin A1c (42,43).

Another class of agent that is FDA-approved for long-
term use is exemplified by orlistat, which is in the nutri-
ent-partitioning category. As a pancreatic lipase inhibitor,
it alters fat metabolism by preventing hydrolysis of
ingested fat to fatty acids and glycerol, thereby reducing
the absorption of ingested fat by 33% (44). Since fat-
soluble vitamins may be poorly absorbed with this 
medication, multiple vitamin supplementations are rec-
ommended. The efficacy has been established in placebo-
controlled studies (45). A further benefit of orlistat is an
improvement in serum lipid levels, which cannot be
explained by weight loss alone (46). Major adverse reac-
tions include fecal soiling, oiliness, and incontinence. The
fact that the adverse effects increase as ingested fat
increases may itself deter individuals from consuming fat-
laden, calorie-dense foods. Orlistat, among other med-
ications, is now being evaluated for use in overweight
adolescents (9).

In patients with metabolic syndrome, PCO, insulin
resistance, and type 2 diabetes, metformin is an optimal
medication, because unlike other oral hypoglycemic
agents, it not only does not cause weight gain, but also
may result in some weight loss. It also improves insulin
sensitivity as well as the lipid profile, and may delay the
onset of overt diabetes mellitus.

Drugs with Potential that Are on the Horizon

Several new and promising agents that are not yet
approved by the FDA are endogenously produced pep-
tides. The discovery of leptin, a hormone secreted by
adipocytes, caused initial excitement among researchers
and in the press because the absence of it seemed to cause
obesity in mice and the administration of it in these mice
caused weight loss. However, when it was found that
leptin levels are increased in obese humans, and that they
suffer from leptin resistance, the excitement waned. Very
large doses of leptin do seem to overcome this resistance
(47). Glucagon-like peptide (a fragment of the hormone
glucagon) may reduce food intake in humans (48).
Although there is conflicting data on the weight loss
actions of peptide YY, which is produced in the human
gut, the substance has been shown to decrease appetite
and food intake in both normal-weight and obese human
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subjects; caloric intake was reduced by as much as 30%
in these subjects via suppression of serum levels of
ghrelin, an appetite-stimulating hormone (49).

A medication called Axokine, which is a recombinant
human modified variant of ciliary neurotrophic factor
(CNTF), was associated with unintentional weight loss in
some patients taking it for amyotrophic lateral sclerosis.
This finding triggered a randomized clinical trial of obese
subjects, in which Axokine produced dose-related weight
losses (50). In another trial, many patients developed
antibodies to this agent, which was then ineffective;
however, it remained effective in those without the anti-
body response (50).

Rimonabant (SR141716), which is a cannabinoid
receptor-1 antagonist, antagonizes cannabinoid hyper-
phagia in mice both by reducing food intake transiently
and then by sustaining weight loss when food intake nor-
malized, suggesting an increase in metabolic rate (51).

Research involving herbal supplements, such as green
tea, guar gum, and hydroxycitric acid, has not yet ascer-
tained that they result in significant weight loss. Ephedra,
because of its serious adverse effects, was ultimately
banned by the FDA (52).

Conclusion

In the United States, the incidence of overweight and
obesity now affects the majority of the population. As
obesity surpasses smoking as the major cause of mortal-
ity in the U.S., it becomes the epidemic of the new mil-
lennium. Despite extensive coverage in the media and
the burgeoning of weight loss products and programs, the
disturbing trend is not reversing. And although the
numbers of bariatric practitioners are increasing, there is
still a vast shortage of effective medical weight loss pro-
grams and medical professionals trained in bariatrics.
Eradication of this new scourge will require a commit-
ment as well as action from the community at large, the
medical profession, insurance companies, academic insti-
tutions, school boards, corporations, politicians, and 
families.
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intestine by surgical induction of short bowel syndrome
and secondary malabsorption would represent an
optimal approach to accomplishment and maintenance of
major weight loss in patients with morbid obesity (2,3).
Jejunocolic bypass was initially performed (Fig. 3-1), but
it uniformly caused excessive malabsorption and related
complications such as uncontrollable diarrhea, dehydra-
tion, electrolyte imbalance, and liver dysfunction. The
jejunocolic surgery was abandoned and the operations
ultimately revised to a jejunoileal bypass (Fig. 3-2). This
new procedure achieved widespread popularity in the
late 1960s and early 1970s despite a lack of scientific study
of its mechanisms of action and relatively high complica-
tion rates (4). Although long-term weight loss was vari-
able, 65% of patients maintained a mean loss of ≥50% of
excess weight (4). Jejunoileal bypass laid the foundation
for malabsorptive procedures and helped shape bariatric
surgery (5).

Actual Mechanisms of Action

Malabsorption was created by a surgically induced short
gut syndrome, so it was originally thought that diarrhea
was the cause of weight loss. However, due to rectal com-
plications and intense anal irritation, it was determined
that the actual cause of weight loss was the diminished
caloric intake in an attempt to alleviate the diarrhea (6).
This idea was confirmed with careful metabolic balance
studies done in the mid-1970s, in which the reduced
intake accounted for the majority of the weight loss in
patients with intestinal bypasses (7,8). This diminished
intake was due not only to diarrhea but also to a change
in eating habits representing a learned behavior (6). The
patients soon learned that if they were to control their
diarrhea sufficiently to be able to function in society, they
could consume only minimal fat and minimal nutrients
prior to venturing out of their homes. In addition, a major
reduction of total intake, particularly fat intake, was
required to avoid excessive loss of electrolytes and 
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The present state of minimally invasive bariatric surgery
is the result of separate but parallel progress in the fields
of bariatric surgery and minimally invasive surgery, with
the ultimate combination of the two. Thus, minimally
invasive surgery evolved from its early beginnings to the
performance of advanced laparoscopic procedures, prior
to the establishment and acceptance of the techniques for
minimally invasive bariatric surgery. Similarly, bariatric
surgery evolved substantially such that the establishment
of bariatric surgical procedures using minimally invasive
techniques was initially a matter of adapting accepted
bariatric surgical procedures to the minimally invasive
methodology.

History

The recognition that morbid obesity is a life-threatening
disease that produces multiple comorbidities, which is
well established at the present time, evolved slowly. Prior
to the development of modern medicine, it was consid-
ered a sign of affluence and prestige to be overweight, if
not morbidly obese. Early attempts to control obesity in
the modern era of medicine and surgery were dominated
by jaw wiring (1). While conceptually understandable,
jaw wiring proved unsuccessful because it still allowed
patients to consume high-calorie liquids. In addition, the
teeth could not withstand permanent wiring of the jaws
so it would have to be reversed at some point. Other
associated issues included difficulty in maintaining oral
hygiene, dental infection, danger of vomiting, difficulty
with upper respiratory infection, local pain, loosening of
wires, and high rate of weight regain (1). Thus, one of the
most critical concepts of bariatric surgery was recognized:
the requirement for a permanent procedure with perma-
nent protection or action against recurrent obesity.

Induction of Malabsorption

The modern era of bariatric surgery began in the 1950s
with the concept that limiting the length of the small
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minerals, with resultant life-threatening hypokalemia,
hypocalcemia, and other deficiencies. The role of neu-
roendocrine signals resulting from the presence of
luminal nutrients in the distal gut remains incompletely
studied, but it serves as a promising mechanism for stim-
ulating diminished intake.

Complications

While frequent diarrhea and flatulence were major social
problems for the patients, it was in fact the incidence of
unacceptable complications that forced a purely malab-
sorptive approach to bariatric surgery to be abandoned.
Specifically, loss of potassium, calcium, and magnesium
were a constant threat and frequently led to rehospital-
ization. Deaths due to losses of these electrolytes were

also reported. Other nutrient deficiencies developed over
a longer interval of time, including vitamin deficiency
with secondary neuropathies and bone demineralization
and protein malnutrition. Additional complications of
the intestinal bypass, which seemed to be partially due to
bacterial activity in the bypassed intestine, included
hepatic decomposition and arthritis. Alterations of
luminal calcium, fatty acid, and oxalate absorption led 
to paradoxical hyperabsorption of ingested oxalate and
secondary nephrolithiasis or chronic renal failure (6).
Scopinaro et al. (9) performed studies that showed that
most of the undesirable side effects of the jejunoileal
bypass were caused by toxins from bacterial overgrowth
in the unused excluded bowel. As adaptation to the short
gut syndrome progressed, the capacity to digest and
absorb carbohydrate remarkably increased. Patients
would thus experience cessation of weight loss and vari-
able regain of weight, in some cases back to the original
weight, despite continued malabsorption of certain nutri-
ents, hepatic decomposition, arthritis, and nephrolithiasis
(6). This failed experience with a purely malabsorptive
procedure must not be forgotten when devising new
bariatric surgical procedures.

Figure 3-1. Jejunocolic bypass. (Courtesy of the Cleveland
Clinic Foundation.)

Figure 3-2. Jejunoileal bypass. (Courtesy of the Cleveland
Clinic Foundation.)
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Gastric Restriction

In response to the popularity and widespread application
of intestinal bypass for morbid obesity and the associated
complication and mortality rates, in 1966 Mason and Ito
(10) at the University of Iowa set out to devise an entirely
different conceptual approach to bariatric surgery, result-
ing in gastric restriction. They had observed that women
who had undergone partial gastrectomy for peptic ulcer
disease had difficulty gaining weight and therefore
remained underweight. The initial procedure that they
performed involved the creation of a small 100- to 150-
mL gastric pouch with a Billroth II–type loop gastroje-
junostomy (Fig. 3-3). In the late 1970s, conversion of the
Billroth II gastrectomy into a Roux-en-Y anastomosis
became a very common procedure in an effort to combat
bile reflux esophagitis and gastritis (11). In 1979, Mason
began performing the gastric bypass, creating a smaller
gastric pouch, gastric transection, and the use of a jejunal
Roux-en-Y limb of various lengths.

Gastroplasty

Early in their experience, Mason and others became con-
cerned about the immediate postoperative complications

that followed the early gastric bypass procedures. There-
fore, efforts were made to establish gastric restrictive pro-
cedures based on various types of gastroplasty. Various
relatively simple procedures were devised in which
stomach partitioning was done (Fig. 3-4) (12,13). In the
late 1970s, gastric restrictive operations became the
choice of most bariatric surgeons because they were rel-
atively safe and proved to be generally effective, at least
in the short term (11).

Introduced in 1971, gastroplasty was developed with
the idea of controlling energy intake by creating a small
upper stomach to limit food and liquid intake and small
outlet to limit the rate of passage of food and liquid into
the intestine (6). Gastroplasty does have advantages over
gastric bypass, such as the ease of performing the opera-
tion and its associated safety. In contrast, the gastroplasty
does require more careful control over food choices as it
lacks the malabsorptive component of the gastric bypass
(6). Dilation of the pouch and stoma, between the gastric
partition and body of the stomach, was thought to be the
reason for the rapid failure of these procedures. As a
result of inadequate weight loss, revisions of the gastro-
plasty were common. In response, Mason and others
developed the vertical banded gastroplasty (Fig. 3-5), a

Figure 3-3. Gastric bypass with loop gastrojejunostomy as 
performed by Mason and Ito (10). (Courtesy of the Cleveland
Clinic Foundation.)

Figure 3-4. Gastroplasty with horizontal partial transection.
(Courtesy of the Cleveland Clinic Foundation.)
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partitioning of the stomach with reinforcement by either
a ring of prosthetic mesh or Silastic ring of the stoma
between the partition and body of the stomach.

Vertical Banded Gastroplasty

Vertical banded gastroplasty (VBG) came to be the pre-
dominant bariatric procedure in the United States in the
mid- to late 1980s. Unsatisfactory long-term weight loss
in the VBG patients led to several randomized trials 
comparing gastric bypass to VBG (14,15). These studies
uniformly showed superior weight loss following gastric
bypass compared to VBG and led to the transition to
Roux-en-Y gastric bypass as the predominant bariatric
surgical procedure in the mid-1990s.

Gastric Banding

Gastric banding was first performed during the early
1980s by Wilkinson and Peloso, Kolle and Molina, and
Oria (Fig. 3-6) (5). The original procedure used a fixed
band to create a narrow gastric outlet. This procedure
currently involves the placement of an inflatable silicone
band around the upper stomach, which, connected to a
subcutaneous port, allow for adjustments to the band
(Fig. 3-7).

Combined Malabsorptive and 
Restrictive Procedures

The next generation of malabsorptive procedures was
mainly dominated by two procedures: the biliopancreatic
diversion and the duodenal switch. Scopinaro et al. (9)
developed the biliopancreatic diversion, drawing on the
concept that the combination of gastric restriction and
malabsorptive components to a bariatric surgical proce-
dure would lead to superior weight loss compared to the
gastric bypass. They hypothesized that the unacceptable
complications of intestinal bypass could be prevented by
avoiding the stagnant lumen of the intestinal bypass and
maintaining the forward flow of bile and pancreatic juice
in the bypassed limb. Scopinaro et al. (16) began working
with dogs to develop a malabsorptive procedure that
would correct morbid obesity without the undesirable
side effects of the jejunoileal bypass. Based on these
experimental studies, the biliopancreatic diversion
(BPD) was developed to consist of a partial gastrectomy
and distal mixing of ingested nutrients with bile and pan-

Figure 3-5. Vertical banded gastroplasty. (Courtesy of the
Cleveland Clinic Foundation.)

Figure 3-6. Nonadjustable gastric banding. (Courtesy of the
Cleveland Clinic Foundation.)
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creatic juice. This delayed digestion and absorption of
nutrients added a malabsorptive component to the
restriction of the partial gastrectomy (Fig. 3-8).

The BPD was modified by Marceau et al. (17) and Hess
and Hess (18) to include a duodenal switch (DS) in which
the partial gastrectomy preserved the pylorus by creating
an anastomosis of the long Roux-en-Y limb to the post-
pyloric duodenum (Fig. 3-9) (17,18).

Further research is required to determine the mecha-
nisms of action by which any of these bariatric proce-
dures produce and maintain weight loss. Restrictive
procedures physically limit the amount that can be
ingested at one time but also stimulate learned behavior
changes by negative feedback of an unpleasant experi-
ence if the small gastric pouch is overdistended or 
vomiting occurs. Dumping symptoms and diarrhea also
stimulate learned behaviors. Malabsorption of macronu-
trients can contribute to weight loss by stimulating neu-
roendocrine signals to appetite and satiety centers of the
central nervous system (CNS).

Minimally Invasive Bariatric Surgery

Minimally invasive techniques emerged in bariatric
surgery in the early 1990s, and the first operations per-
formed laparoscopically were gastric restriction proce-
dures. Initial reports consisted of placement of a fixed,
Silastic gastric band in 1993 (19) followed by laparoscopic
placement of an adjustable gastric band (20). Results of
these procedures were comparable to those of the open
technique, but adjustments in technique were necessary
to minimize complications related to improper band
placement or slippage. Considerable experience with
laparoscopic adjustable gastric banding (LAGB) has
accrued since these early reports, and the current method
utilizes the pars flaccida technique to minimize the inci-
dence of gastric prolapse through the band (21). The
LAGB was approved for use in the United States in 2001
and is growing in popularity due to less technical diffi-
culty compared to gastric bypass and low morbidity and
mortality rates.

Figure 3-7. Laparoscopic adjustable gastric banding. (Courtesy
of the Cleveland Clinic Foundation.)

Figure 3-8. Biliopancreatic diversion. (Courtesy of the Cleve-
land Clinic Foundation.)
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Over the last four decades, there have been many dif-
ferent bypass procedures attempted, but the Roux-en-Y
gastric bypass has prevailed as the most effective and
durable of these. Given the advantages of laparoscopy
with other general surgery procedures, it was a logical
step to attempt gastric bypass using a minimally invasive
approach. The feasibility of the laparoscopic gastric
bypass was demonstrated by Wittgrove et al. (22) in 1994.
Small series in the late 1990s followed this initial study
and reported weight loss and comorbidity resolution
similar to those of the open approach (23,24). Since that
time there have been several large studies demonstrating
the safety and efficacy of laparoscopic Roux-en-Y gastric
bypass (RYGB) (25–29) and three randomized con-
trolled trials comparing laparoscopic RYGB to open
RYGB (30–32). Some authors have advocated the use of
hand-assisted laparoscopic gastric bypass to overcome
the steep learning curve with this procedure (33–35).
Although techniques for specific parts of the operation
differ among studies, the laparoscopic RYGB replicates

the open procedure from an anatomical standpoint (Fig.
3-10). The type of gastrojejunal anastomosis performed
varies, but primarily includes three common techniques.
The originally described method of transoral placement
of the anvil for a circular stapled anastomosis is still used
by Wittgrove with a low complication rate. Other tech-
niques (hand-sewn or linear stapler) have been devel-
oped, but this has been less of an evolution than a matter
of surgeon preference and experience.

The first laparoscopic BPD/DS was performed by
Gagner in 1999. There are currently seven series (with
467 patients total) demonstrating the feasibility of
laparoscopic BPD or DS (36). These procedures are tech-
nically difficult and are performed by only a few surgeons
who have extensive experience with the open procedure.
The largest series by Rabkin et al. (37) (345 patients)
used a hand-assisted technique. Laparoscopic BPD/DS

Figure 3-9. Duodenal switch. (Courtesy of the Cleveland
Clinic Foundation.)

Figure 3-10. Roux-en-Y gastric bypass. (Courtesy of the 
Cleveland Clinic Foundation.)
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has a higher complication rate compared to gastric bypass
or banding and a mortality rate as high as 5% (36). More
experience is needed with this procedure before ade-
quate comparisons can be made to other laparoscopic
bariatric procedures.

Other minimally invasive bariatric procedures have
been developed as well. Laparoscopic placement of
gastric pacing leads has been evaluated in the United
States and Europe. This procedure has resulted in
approximately 20% excess weight loss at 2 years with
better results in carefully selected patients (38). Endo-
scopic intragastric balloon placement can be used as a
primary weight loss procedure in conjunction with
dietary modifications (39) but has also been used effec-
tively to produce short-term weight loss prior to bariatric
or other procedures (40).

In the next decade, there will be many new develop-
ments in bariatric surgery. The evolution of minimally
invasive weight loss surgery is still in its early stages and
there are many opportunities to improve on existing pro-
cedures and develop new ones. As new technologies
emerge, endoluminal and transgastric procedures will be
tested to achieve weight loss with reduced morbidity.
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4
Essential Characteristics of the Successful 
Bariatric Surgeon: Skills, Knowledge, Advocacy
James C. Rosser, Jr. and Liza Eden Giammaria

disclosing that they chose a surgical option for the treat-
ment of their obesity, the stigma associated with this
treatment has eased. Subsequently, weight-loss surgery is
rapidly gaining popularity and generating skyrocketing
consumer demand. From 2000 to 2001, the number of
cases increased from 55,000 to 77,000. In 2002 a total of
116,000 procedures were done, with 15,000 of these being
laparoscopic adjustable band procedures. The number of
procedures for 2004 was 140,000, with perhaps 25,000
being bands. Current data suggest that this trend has con-
tinued with over 200,000 procedures performed in 2006.

The number of surgeons qualified to perform this pro-
cedure safely is in no way increasing as fast as demand.
In the year 2000 there were approximately 500 general
surgeons who included bariatrics as a major component
of their practice. This increased to 696 in 2001, 865 in
2002, 1143 in 2003, and over 1500 in 2004. Many have the-
orized that high-volume centers could expand capacity
and cover the demand. But this is not a likely scenario
because the average high-volume center can increase
capacity by only 33% each year. In addition, there is a
trend for these procedures to be done with the laparo-
scopic approach. As reported by Schauer et al. (2), the
learning curve associated with this procedure is probably
the steepest of any minimally invasive operation to date.
This increase in the required skill level further hinders
efforts to train more surgeons in this procedure.
Increased liability and decreased reimbursements are
additional factors that combine to produce a situation in
which there is going to be a shortage of qualified surgeons
that perform these procedures safely. This crisis has
arisen in part because many insurance companies do not
provide coverage for this treatment option.

All these factors place tremendous pressure on
medical schools and teaching hospitals to train surgeons
in this type of surgery, because traditional educational
paradigms are not designed to efficiently generate the
number of providers that are needed. Surgeons must
possess a superior surgical skill set and cognitive foun-

25

The age-adjusted prevalence of overweight and obesity
in the United States of adults of ages 20 to 74 reveals the
tremendous challenge that faces modern society. Accord-
ing to the National Health and Nutrition Examination
Study II (NHANES II) from 1976 to 1980, 47% of the
above age group were overweight [body mass index
(BMI) ≥25] and 15% were obese (BMI ≥30). The
NHANES III (1988–94) found that 56% were overweight
and 23% were obese. The NHANES IV (1999–2000)
found that 64% were overweight and 31% were obese.
More recent data do not offer any encouragement that
this trend will be reversed in the near future (1).

The prevalence is high in many ethnic minorities, espe-
cially women who are African American, Mexican Amer-
ican, Native American, Pacific Islanders, Puerto Ricans,
and Cuban Americans. Compounding this alarming trend
is the fact that these minority groups are growing in
number in the United States. Therefore, this health care
issue must be addressed as quickly as possible. In addi-
tion, this is not just a problem in the United States. The
prevalence of obesity continues to increase in many
countries around the world; it is the price that is paid for
social evolution and development. Nutrition and fitness
countermeasures must be part of a long-range plan to
achieve an ultimate solution. Unfortunately, these initia-
tives will not show results for some time to come. For
those already stricken, this disease is aggressively re-
sistant to dietary and exercise intervention, and these
patients need help now.

All of this translates into a tremendous number of
patients eligible for a lifesaving weight loss surgical pro-
cedure. Fourteen million people in the United States
have a BMI of 36 to 39, but only those who have obesity-
related comorbidities are currently candidates for surgi-
cal therapy. Even with this restriction this represents a
large number of individuals. Furthermore, eight million
people have a BMI of 40 or above (1). Clearly a large
segment of the U.S. population is eligible for weight loss
surgery now. With several high-profile celebrities publicly
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dation to provide the total care requirements for these
patients and to perform these procedures in a minimally
invasive fashion. Also, aspiring bariatric surgeons must be
motivated by more than just the prospect of expanding
their practice and benefiting financially. They must serve
as advocates for patients who are outcasts in our social
hierarchy, a group that not only is laden with the burden
of excess adipose tissue but also is discriminated against
in society and in employment (3). New approaches must
be found for helping the nutritionally challenged.

Skill

The skills necessary to competently and safely perform
laparoscopic weight reduction procedures include accu-
rate targeting, two-dimensional (2D) depth perception
compensation, bimanual dexterity, and two-hand chore-
ography. These skills must not be present in just a rudi-
mentary fashion but rather must be present at a superior
and advanced level. Furthermore, surgeons must not
depend solely on technology to achieve operative ef-
ficiency and patient safety. They must be capable of 
protecting the patient and successfully completing a pro-
cedure even in the face of equipment malfunction. This
requires the surgeon to be able to suture intracorporeally
under endoscopic guidance, which is the most difficult
task to perform in the laparoscopic environment. But it
is absolutely essential if the patient is to be afforded the
same safety net in the minimally invasive environment
that is provided with open surgery.

The acquisition and mastery of the suturing skill set
traditionally was thought to require intensive and pro-
longed training. In the demanding environment of mini-
mally invasive weight loss surgery, suturing is a necessity
and not an accessory skill set. A number of skill devel-
opment programs have been established to teach the
skills required in the minimally invasive environment.
One such program is the McGill Inanimate System 
for Training and Evaluation of Laparoscopic Skills
(MISTE) developed by Gerald Fried and colleagues at
McGill University. A derivative of this system has been
used as the basis for the Fundamentals of Laparoscopic
Surgery (FLS) program developed by the Society of
American Gastrointestinal and Endoscopic Surgeons
(SAGES) and is now embraced by the American College
of Surgeons, and the Society of Laparoscopic Surgery.
These excellent programs concentrate on basic skills but
are not focused exclusively on intracorporeal suturing.

The Rosser Top Gun Laparoscopic Skills and Suturing
Program is a competitive interactive curriculum that has
been validated as an effective and efficient method to
transfer laparoscopic skills and suturing capability to this
type of surgery. Details on this program have been
reported in the literature (4). This is a very structured

program with the student/instructor ratio recommended
to be 4 :1. Level I can be conducted in 1.5 days. It is built
around the premise that validated preparatory drills can
establish skills that can assist in the execution of a vali-
dated intracorporeal suturing algorithm. There also is an
emphasis on nondominant hand skill development. A
CD-ROM is available that covers the curriculum and pro-
vides detailed instruction in the suturing process. Another
noteworthy feature is the availability of a large database
that provides objective evidence of one’s skill capability
as compared to one’s peers. The program’s validated
remote education platform with online follow-up facili-
tates further skill development (5). The program incor-
porates progressively increasing degrees of difficulty,
from level I (basic skills and suturing course), to level II
(master’s course), to level III (anastomosis course).

In the early development of the program, the time
required to perform the tasks was the only quantifiable
parameter used. Top Gun and other inanimate trainer-
based programs were appropriately criticized for this
shortcoming because time is not the only performance-
defining variable. But these programs did not assess the
surgeon’s accuracy in any other way (6). Furthermore,
programs such as Top Gun are limited by the need for an
increased instructor/student ratio to maintain dynamic
quality control of performance without errors (4). With
no quantifiable assessment of accuracy, traditional com-
puter training programs are unable to address variables
such as the surgeon’s economy of motion. The require-
ment of multiple proctors to ensure proper technique
also increases cost, and it discourages self-study for par-
ticipants whose schedules are already full (7).

The inadequacies of the computer training programs,
including their low reliability and dependence on virtual
reality systems, have necessitated the creation of hybrid
devices that use laparoscopic instrumentation and video-
scopic display. These systems provide visual realism and
tactile feedback, thus improving the computer training
programs for surgeons (8). Hybrid devices also integrate
measures designed to address the major flaws in com-
puter training systems, namely their inability to address
the surgeon’s accuracy and economy of motion.

The Rosser Inanimate Proctor (RIP) is designed to
provide the user with experience in complex instrument
manipulation as well as in the execution of a procedural
protocol that promotes efficient acquisition of surgical
skill and suturing in the endoscopic environment. It has
been an integral part of Rosser’s Top Gun program since
2001. The device tests an individual’s skills using tasks
that have been validated for both construct and content
validity (4,9). This means that the scores have been
proven to correlate with the level of surgical experience,
and that the tests measure psychomotor skills and not just
anatomic knowledge. The device limits the performance
of tasks to a small designated area. This forces the 
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participant to execute the tasks exhibiting economy of
motion with error recognition, as the errors are auto-
matically recorded. The device also has a light and buzzer
that activate whenever errors are committed. This device
represents potential stand-alone instructional capability
that could greatly reduce the personnel infrastructure
necessary to execute the program. A database similar to
the original program has been established. The introduc-
tion of this device has clearly upgraded Top Gun, and
other platforms are moving in this direction as well.

In summary, it must be stressed that the establishment,
maintenance, and maturation of skill in the minimally
invasive environment is the foundation for developing
competence in laparoscopic weight-loss surgery and
other advanced laparoscopic procedures. Acquisition of
such skills is essential to minimize complications early in
one’s experience, especially since the learning curve for
weight-loss procedures is considered to include the first
100 procedures that one performs (2). This is the steep-
est of any minimally invasive procedures. No matter what
skill program is used, the neophyte as well as the experi-
enced weight-loss surgeon should be prepared to make
the sacrifices needed to develop these necessary skill sets.

Knowledge

The cognitive knowledge base that is needed to partici-
pate in the surgical care of nutritionally challenged
patients has been frequently underestimated. For some
casual observers it would seem that bariatric surgery is
just an extension of basic gastrointestinal surgery, and
there is no appreciable change in approach to the execu-
tion of weight-loss procedures or postprocedural care
considerations. But nothing could be further from the
truth if one aspires to be a successful bariatric surgeon.
The chronicled history of over 50 years of bariatric pro-
cedure development must become part of the surgeon’s
immediate recall, and the scientific evolution of weight-
loss procedures must be taken into consideration when
evaluating newly introduced surgery options. Skill is not
the only training issue of substance. Good surgical judg-
ment is a requirement for good operative outcome. It is
important to know not only how to do something, but
also what to do and when to do it. Constant situational
awareness with attention to detail and to every aspect of
the technique of weight-loss surgery places another
extraordinary demand on the surgeon. This is especially
true with the gastric bypass procedure performed under
laparoscopic guidance. One must become a student of the
intricate details and their sequence of occurrence.

Knowledge about the mechanism of action, the efficacy
of the procedure, and the validation of long-term results
of all types of weight-loss surgery must be mastered. The
type of procedure chosen will dictate adjustments in long-

term treatment. This is imperative in treating not only
patients presenting for first-time procedures but also
patients who have had previous procedures and experi-
enced complications or require revisional surgery. The
surgeon must be knowledgeable about the procedure’s
complications and how to treat them, such as anastomotic
leaks and postoperative plantar compression syndrome
secondary to prolonged extreme reverse Trendelenburg
positioning without adequate padding of the feet.

Knowledge of the literature must not stop with proce-
dural or perioperative care issues; the surgeon must
understand the pathophysiology of comorbidities. Also, a
competent grasp of this information is important if the
surgeon is to properly educate the patient and nonsurgi-
cal colleagues. The surgeon must correct the many mis-
perceptions that patients and nonsurgical colleagues have
regarding weight-loss surgery.

It is very difficult to achieve through traditional 
educational resources the full scope of the skill and
knowledge required for a successful bariatric surgeon.
Residency programs will not produce enough competent
surgeons in this exploding field for quite some time.
Patient demand and the sheer numbers associated with
the obesity epidemic have overwhelmed our traditional
surgical training system. Compounding this issue is that,
similar to the development of laparoscopic cholecystec-
tomy, a concentrated effort in weight-loss surgery did not
start in the medical schools, and they have been slow to
respond to the changing clinical landscape. In spite of
these issues, we cannot repeat the educational errors of
the past by attempting to meet patient demand by train-
ing surgeons in brief courses with limited lab animal sur-
gical experience.

One-year fellowships have historically provided
focused and extended clinical opportunities for special-
ized areas of study. A surgeon can take a year of special-
ized study that includes both cognitive and surgical skill
development in weight-loss procedures. It is a valid, tra-
ditional methodology, and these programs are increas-
ingly being funded. But this approach is hampered by the
fact that the number of programs is still and will always
be limited, and it does not address the immediate need
of training general surgeons in the performance of
weight-loss procedures. It also does not provide an
opportunity for experienced bariatric surgeons who
would like to convert to the minimally invasive approach.
It would be financially catastrophic for most surgeons to
take a year off from their practices.

Therefore, other options must be considered. The
effort must subscribe to traditional training values but be
flexible enough to address the constraints placed on the
practicing surgeon. In view of these requirements, the
mini-fellowship system offers the most feasible option.
Orthopedic surgery responded in a similar fashion with
the rapid expansion of technique approaches (i.e., hand,
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shoulder, athletic reconstruction mini-fellowships). The
mini-fellowship system that is currently in place for
bariatric surgery has limitations that must be addressed.
It must expand the clinical exposure it provides from
experts, and it must provide a more structured curricu-
lum with quantifiable assessment of the participant’s
skills and clinical decision making.

The proposed system consists of two components that
work in concert with each other: the core competency
phase and the clinical competency phase. Each phase
takes 3 weeks, but the core competency program may
take longer than that for surgeons with time constraints
who are attending part-time. The core competency phase
is a highly structured cognitive and skill development
program that establishes and enhances one’s execution of
procedures in the minimally invasive environment. This
program closely monitors student progress with objective
parameters. It consists of formal lectures, review of 
pertinent materials, research assignments, laboratory
exercises, and practical experience, with observation of
procedures both on site and via video conferencing.
Further clinical exposure is provided by structured video-
tapes of the techniques of leading surgeons that are
reviewed and analyzed by other surgeons in the field.

The curriculum has the flexibility to address cus-
tomized procedures. For instance, the clinical portion of
the core competency program may be modified to
address selected areas of interest, such as weight-loss
surgery, colon surgery, foregut surgery, etc. This program
is limited to a small number of surgeons so that close
supervision and individual attention can be given to
every participant. Detailed performance assessments are
made on every student to provide feedback as well as
documentation for future credentialing. The documenta-
tion system is based on that used for the aviation quali-
fication system. Qualification to fly a certain type of
aircraft is dependent on two primary factors, cognitive
and experience, based on the number of hours spent in
the flight simulator as well as in the actual aircraft. Expe-
rience is measured by the number of hours involved in
directed activity. Instructor observation is also a very
important part of aviation training. For instance, to
become fully qualified as a single-engine noncommercial
pilot, along with educational requirements, one has to
have about 40 hours of documented experience. To
progress to a more advanced aircraft, a certain number
of hours on a less sophisticated aircraft must be achieved.

This aviation training has been adapted to surgeon
training by the proposed mini-fellowship program. Table
4-1 lists the number of hours spent on each component
of the core competency mini-fellowship, totaling over 300
structured educational hours. Rosser initiated such a
program in 1997 and since that time six courses have been
taught. A total of 38 fellows have been trained. Over that
same time period, only six fellows have graduated from

the traditional 1-year program. This educational program
has the potential to generate a greater number of gradu-
ates, and to become a more attainable option for many
surgeons. One must question whether or not this type of
program produces a well-trained surgeon. But consider-
ing the lack of structure, the restricted clinical exposure,
and the lack of performance assessment in most current
1-year programs, this approach offers assets that could
offset the program’s limited time duration. Another
feature of this program is that the participants are trained
to be trainers and are exposed to the most up-to-date
knowledge and skill transfer techniques. This “train the
trainer” approach enables each mini-fellowship graduate
not only to perform procedures but also to teach others.

Once the core competence program is completed, the
surgeon can go on to a 6-week clinical competence mini-
fellowship. Schauer at the University of Pittsburgh, and
more recently at the Cleveland Clinic, instituted such a
program, which provides hands-on surgery experience.
However, the programs raise the issues of licensing and
lawsuits. Schauer has addressed these issues, and his
program was established in accordance with local and
state medical governing rules and regulations. In addi-
tion, this clinical mini-fellowship trains surgeons in
certain emerging surgical procedures while minimizing
the learning curve. More of these programs will be devel-
oped in the future, but the number of programs will be
limited by local and state rules and regulations. Probably
not all states will allow this innovative approach to be fol-
lowed. Consequently, a similar option using centers in
other countries could be a feasible alternative. They can
offer a less complicated medicolegal climate, excellent
teaching, and exotic clinical material. But one must be
cautious in embarking on this course, because if partici-
pants enter the program without the core competency
component, the benefit of the clinical exposure will be
suboptimal. The successful completion of the core com-
petency mini-fellowship establishes skill and cognitive

Table 4-1. Hourly activity of an average participant in the core
competency preceptorship

Total
Components of core competency hours

Hours completed in basic, advanced, and master’s level 94.0
skill and suturing development

9 Animal labs 61.0
23 Clinical lectures 29.5
11 Cases on-site 29.0
18 CD-ROM and video cases 24.0

Instruction in advanced technology 21.25
11 Video conferences observed in advanced minimally 19.5

invasive procedures
Course instructor 15.0
Multimedia and special practice development 5.5

5 Special procedural deconstruction format 4.5
303.25
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milestones that help to ensure the maximum benefit of
the clinical mini-fellowship.

After completing the mini-fellowship the surgeon is
ready to offer these cutting-edge clinical services to
patients. But at first the surgeon should be mentored by
an experienced surgeon if possible, who can intervene in
the procedure if necessary. In view of the concern for
patient safety, guidelines have been suggested as to when
the surgeon can perform advanced procedures. Mentor-
ing and proctoring are now strong components of the cre-
dentialing process. For example, the American Society for
Bariatric Surgery (ASBS) has published “Guidelines for
Granting Privileges in Bariatric Surgery” that includes a
strong proctoring and mentoring component, because
more needs to be done to prepare surgeons to execute
new procedures, and nontraditional methodologies 
need to be evaluated to help accomplish the desired
goals.

Unfortunately, there is only a very limited mentor pool.
How do we expand the availability of the mentor pool?
Telemedicine offers a potential solution. It involves the
use of telecommunications for the delivery of health care
with the provider being located at a remote site. Tele-
mentoring represents an advanced telemedical applica-
tion that can provide real-time guidance and instruction
to a surgeon in a remote location utilizing audio, video,
and other telecommunications technologies. Telementor-
ing addresses the safety issue by facilitating an extended
clinical education opportunity (ECEO) no matter where
the patient and the operating surgeon are located.

However, the promise of telementoring cannot be 
fulfilled unless a structured methodology is followed 
and effective outcomes are quantifiably assessed. Rosser
has suggested such a methodology. The components of
this algorithm include (1) preprocedural assessment and
enhancement of surgical skills, (2) establishment of a
standardized approach to the procedure, (3) use of prac-
tical information, (4) use of a telementoring simulation
laboratory, and (5) use of telemedical applications. This
system facilitates expanding the use of telementoring
services, and the safety net for patients can be broadened
(10).

Advocacy

Even with the adoption of all of the aforementioned pro-
grams and strategies, another element must be added to
ensure the successful surgical treatment of the nutrition-
ally challenged patient. Developing excellent surgical
skills is not enough; surgeons also must become advo-
cates for the morbidly obese. Many surgeons would
prefer to be just technicians, but surgery is only the first
step to a lasting cure. Surgeons must address the society’s
ignorance about obesity. The struggle for the nutrition-

ally challenged is lifelong and must be aggressively
addressed each day. Other members of the weight-loss
surgery team may be better qualified to address these
issues, but the surgeon can provide intellectual 
leadership.

Being a bariatric advocate begins with the realization
that the disease entity presents unique treatment chal-
lenges. The patients have special structural requirements.
For example, chairs with arms should not be placed in the
nutritionally challenged patients’ reception area. Large
and extra large paper gowns should be provided for the
physical examination. Bathrooms need to have com-
modes that are of the pedestal type and not suspended
from the wall. Suspended commodes can snap off the
wall when the patient sits down. Air conditioning should
be set low enough so that obese patients will not sweat
profusely. The staff members must be sensitive when
interacting with patients who are candidates for weight-
loss surgery. They should not refer to patients as being
obese or fat. They should show respect and consideration
for the mobility constraints of these patients, and should
allow the patients to move slowly. They also must realize
that many patients are extremely sensitive about their
weight. Thus the scales should be placed in a secluded
area, and all examinations should be conducted in private
rooms. Staff members should be discreet in their conver-
sations with patients and with other staff. Comments that
are overheard can be taken out of context, and the
patients could feel intimidated into withholding impor-
tant information that could be critical to their successful
recovery.

Advocacy also entails addressing the fact that nutri-
tionally challenged patients are also discriminated
against by others, who believe that obesity is not a disease
but rather the manifestation of the most blatant form of
self-destructive behavior. But obesity is a disease and the
most reliable cure for morbid obesity is surgery, as the
National Institutes of Health (NIH) and the medical and
surgical communities have stated (11). In spite of this,
many believe that obese individuals just lack willpower
and thus are not deserving of the attention and interven-
tion traditionally afforded other medical conditions. Sub-
stance abusers are treated more respectfully than the
morbidly obese. Size discrimination is the last bastion of
institutionalized bigotry. In our society the nutritionally
challenged are inhumanely subjected to jokes, stereotyp-
ing, and profiling. In television and the movies, obesity is
used as the foundation of comic satire. The obese expe-
rience job discrimination, the lack of public facility access,
verbal insensitivity, social rejection, and isolation. These
patients are systematically denied the appropriate
medical care for this recognized disease entity because of
health insurance restrictions. With patients facing this dif-
ficult road to proper care, it is imperative that bariatric
surgeons be their allies and advocates.
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18 to 60 years old. In our experience, however, bariatric
surgery may be equally safe and effective in older adults.
Despite some controversies,many authors agree that care-
fully selected adolescent patients with morbid obesity
should be considered for bariatric surgery.

Generally, patients who are unable to undergo general
anesthesia because of cardiac, pulmonary, or hepatic
disease, and those who are unwilling or unable to comply
with postoperative lifestyle changes, diet, micronutrient
supplementation, or follow-up, are considered unsuitable
candidates.

Close patient follow-up and a multidisciplinary
approach are necessary for the success of a bariatric
surgery program. Patients referred long distances to a
large bariatric center are difficult to follow long term and
are often unable to regularly participate in support
groups where they had their surgery performed (6).
Every effort should be made to contact these patients at
regular intervals after surgery.

Patients are most commonly referred for bariatric
surgery by their primary care physicians (PCPs). These
physicians need to understand the risks and benefits of
modern bariatric procedures. They also need to be famil-
iar with the mandatory changes in lifestyle and eating
habits that patients must adopt after surgery.This can only
be achieved with periodic “outreach” lectures and semi-
nars delivered to PCPs by bariatric surgeons and physi-
cians who are experts in the field. These educational
opportunities allow PCPs to meet specialist surgeons and
physicians, thereby fostering strong collaborative rela-
tionships and referral sources. The end result is a general-
ized awareness by the PCPs of the problems posed to
patients as a result of morbid obesity, the medical and sur-
gical solutions available for treatment, and the require-
ments for a durable and sustained positive outcome.
Clearly, better informed PCPs, in turn, help foster patient
cooperation and compliance with recommended postop-
erative guidelines (7).

31

Obesity has grown to epidemic proportions in our society
(1). This frightening trend is being highlighted by the
news media and by periodic calls for action from gov-
ernment officials (2). Family practitioners and general
surgeons are coming under increasing market pressures
to provide medical or surgical solutions for patients who
seek significant and durable weight loss. Morbidly obese
patients have multiple diagnoses, and surgeons who
embark on this specialty quickly realize that the safest
and most effective approach to managing these patients
is through a comprehensive multidiscipline program.

This chapter presents a multidisciplinary approach to
the bariatric surgery patient. We describe the compo-
nents of a successful, comprehensive bariatric program
including the essential staff, the ancillary personnel, the
material infrastructure, and educational and patient
support strategies.

Patient Selection Criteria for 
Bariatric Surgery

Some patients who consider themselves overweight may
request a bariatric operation, but specific criteria must be
met for bariatric surgery. Patients must be aware that
these operations are not primarily aesthetic, but are 
performed to prevent the pathologic consequences of
morbid obesity. A thorough preoperative evaluation will
discover previously undiagnosed comorbidities in many
patients, and these conditions must be optimally managed
prior to surgery.

Patients with a BMI of ≥40, or ≥35 with comorbidity, are
generally eligible for bariatric surgery. Attempted weight
loss in the past by supervised diet regimens, exercise, or
medications is required. Patients should be highly moti-
vated to comply with the postoperative dietary and exer-
cise regimens and follow-up schedule. The NIH consensus
recommendations discussed bariatric surgery for patients
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Components of a Bariatric Program

Professional Bariatric Surgery Team

Active collaboration with multiple patient care disci-
plines including nutrition, anesthesiology, cardiology,
pulmonary medicine, orthopedic surgery, endocrinology,
psychiatry, and rehabilitation medicine is essential. A 
dietitian can help patients adjust to postoperative dietary
guidelines and food choices. Patients participate in a
program of behavioral adjustment, exercise rehabilita-
tion therapy, and a patient support group under the direc-
tion of qualified personnel (8).

The treatment of morbid obesity should begin with
simple lifestyle changes in diet. Initially, the patient’s PCP
usually addresses the diagnosis of morbid obesity and
associated comorbidities. Exercise regimens and medica-
tions may be recommended as the initial therapeutic
strategies.

A multidisciplinary approach to the evaluation of the
potential surgical candidate is critical. Apart from dietary
consultation, patients may require evaluation by a psy-
chiatrist, psychologist, cardiologist, pulmonary specialist,
or endocrinologist, depending on their comorbidities.
Ideally, these specialists should have an interest in
bariatric patients and should consider themselves part of
the bariatric team.

Dietary Evaluation

Bariatric surgeons often consider themselves metabolic
surgeons, in recognition of the fact that weight-loss
surgery significantly alters metabolism. An extreme form
of this is severe protein-calorie malnutrition that can
follow certain malabsorptive operations. The goal of any
bariatric procedure is to achieve a negative energy
balance without compromising protein and micronutri-
ent absorption.

Different types of procedures (restrictive, malabsorp-
tive, or a combination) achieve this balance between
weight loss and malnutrition to different degrees. Regard-
less of the procedure being performed, though, thorough
preoperative nutrition education and postoperative nutri-
tion follow-up are mandatory. A well-known effect of
bariatric operations is a reduction of appetite, at least for
the first 5 to 6 months after surgery. Patients and family
members should be made aware of this side effect, and
caregivers should ensure that the postoperative patient is
achieving adequate protein intake and hydration.
Dumping syndrome in patients undergoing bypass proce-
dures can result in an aversion to sweets. Patients must be
made aware of this phenomenon, understand its causes,
and,more importantly, learn to avoid precipitating factors.

Patients’ dietary regimens must meet their daily
requirements of proteins. Nutrition counselors are
trained to deliver advice on the proper identification of

protein sources and the preparation of meals to render
them more palatable. They will also advise patients on
proper chewing and swallowing techniques and give tips
regarding solid and liquid intake. Patients are required to
know the hazards of insufficient fluid intake and are
counseled to drink fluids throughout the day, pausing
before meals. The daily administration of vitamins and
supplements is critical for postoperative bariatric surgery
patients, and it is incumbent on surgeons to reinforce
compliance with vitamin supplementation. Surgeons
have been held liable for complications of vitamin defi-
ciencies, particularly neurologic manifestations that may
result from inadequate intake. Easy access to nutrition
counselors and periodic laboratory assessment of nutri-
tion parameters may reduce the occurrence of the pre-
ventable complications.

Nutrition counselors should also assess a patient’s
ability to comply with the required dietary modifications
imposed by bariatric surgery. Patients should be moti-
vated to accept and reliably follow dietary guidelines.
They must also understand the potential repercussions of
nonadherence. In addition to providing dietary advice to
patients, the nutritionist on the bariatric team provides
invaluable information to the bariatric surgeon regarding
potential problems with patient compliance.

Psychological Evaluation

Some bariatric programs do not include psychologists as
members of the bariatric team and simply refer patients
elsewhere for psychological evaluation. This is not ideal,
as psychological support of the morbidly obese patient is
essential. These patients are often diagnosed with depres-
sion, anxiety, or other stress-related conditions. There are
often problems with body image and low self-esteem. In
addition to offering invaluable support, psychologists
assess the patient’s mental status and counsel the patient
regarding the lifelong changes required after bariatric
surgery. Several instruments for psychological assess-
ment of morbidly obese patients in the preoperative and
postoperative periods have been developed and vali-
dated, and are in wide use. The Moorehead-Ardelt ques-
tionnaire is an example of such a tool (9).

Education of patients should be emphasized in every
bariatric program. For example, knowledge of the “rules
of eating” and the “rules of vomiting” are essential for
good outcomes following gastric restrictive surgery (10).
Patient knowledge, psychosocial adaptation, and motiva-
tion may play crucial roles in achieving desirable out-
comes. Discrepancies between a patient’s ideal weight
goals and a reasonable weight loss goal after surgery need
to be addressed. Limited data currently exist to guide
patient selection for bariatric surgery (or to match a spe-
cific patient type with a specific procedure), and well-
designed studies are needed to provide more precise
guidance with respect to psychological factors (10).
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Postoperative nausea, depression, and even remorse
are relatively common for several months following
surgery. Both the patient and the surgeon must be aware
of these symptoms, and the physician should delineate
the physical issues from the psychological. Thorough pre-
operative screening and careful patient selection does not
identify or eliminate all potential problems. Psychologi-
cal intervention is sometimes useful in achieving overall
patient stability and emotional well-being. This under-
scores the important role of the psychologist throughout
the patient’s entire treatment experience (11).

Expert Consultants

Medical conditions frequently associated with morbid
obesity include cardiovascular, pulmonary, endocrine,
metabolic, hematological, and many other diseases (see
Chapter 2). The availability of consultants and experts in
these fields is critical. Consultants should be appropri-
ately trained and be familiar with the specific patho-
physiologic consequences of morbidly obese patients. In
general, their role is to determine with a certain degree
of confidence the eligibility of candidates to withstand 
the rigors of major surgery and the required physical
demands during the postoperative period. The primary
aim of preoperative consultations is to adequately pre-
pare patients for general anesthesia, particularly with
regard to cardiac and pulmonary function. Additionally,
patients with sleep apnea should have special preopera-
tive training by an experienced consultant. Patients with 
life-threatening myocardial ischemia should be revas-
cularized prior to weight-loss surgery. These experts need
to be readily available in the immediate postoperative
period and in the long-term care of these patients.

Extensive evaluation prior to weight-loss surgery is
mandatory in every case. Thorough history taking and
clinical examinations will guide clinicians to diagnose
previously unrecognized diseases. Appropriate diagnos-
tic algorithms should be used to investigate all comor-
bidities for which the patient is at risk.

Anesthesiology for Bariatric Surgery

Anesthesiologists who are charged with managing
bariatric patients undergoing major surgery should be
experienced in diagnosing and treating immediate or
imminent life-threatening conditions, such as a difficult
airway, hypoventilation syndrome, sleep apnea, conges-
tive heart failure, renal insufficiency, and venous throm-
boembolism. Anesthesiologists who manage bariatric
patients undergoing laparoscopic operations must be
cognizant of the pulmonary and hemodynamic changes
that occur upon establishing and maintaining prolonged
pneumoperitoneum. There should be more than one
experienced anesthesiology staff member available at all
times for these cases. Morbidly obese patients have little

cardiopulmonary reserve and deteriorate rapidly when
an airway or cardiac event occurs. Because establishing
an emergency airway can be extremely difficult in these
patients even for an experienced anesthesiologist, the
surgeon should be present during intubation, extubation,
and transfer to the recovery room in the event that a sur-
gical airway is needed.

Hypertension, left ventricular hypertrophy, myocardial
ischemia, and atherosclerosis are more common in 
morbidly obese patients than in the normal-weight 
population. Perioperative myocardial infarction is a major
concern in these patients. Preoperative assessment of car-
diovascular system must be thorough and should establish
the patient’s cardiac risk for a bariatric procedure.

Laboratory tests should include hemoglobin and
platelet count, glucose, blood urea, and electrolytes. An
electrocardiogram and chest x-ray should be performed,
and patients with a history of myocardial ischemia should
undergo invasive cardiac testing.

A primary concern of anesthesia in morbidly obese
patients is the difficult airway that is typical of this pop-
ulation. This is compounded by impaired pulmonary
function. Obese patients have decreased expiratory
reserve volume (ERV), inspiratory capacity, vital capac-
ity, and functional reserve capacity (FRC). Additionally,
drug pharmacokinetics differ in morbidly obese patients.
Changes in volume of distribution include smaller than
normal fraction of total body water, greater adipose
tissue content, altered protein binding, and increased
blood volume. Possible changes in renal and hepatic func-
tion also have to be taken into consideration when
administrating drugs to obese patients.

The perioperative risk is also increased due to poten-
tial postoperative respiratory and thromboembolic com-
plications. A thoracic epidural can be used as an intra-
and postoperative adjunct for pain control, particularly
for patients undergoing open procedures. A carefully
planned and executed anesthetic plan can reduce opera-
tive risk to an acceptable level in the majority of patients
(12).

Preoperative Workshops and Support Groups

Support groups are an important part of the bariatric
program. In these small group settings, patients can freely
discuss successes and problems with other patients and
bariatric staff members. This is frequently one of the most
valuable sources of information and reinforcement for
bariatric surgery patients. Family members may play an
important role in such settings, and an informal setting
should be maintained for these meetings to promote par-
ticipation. Effective group activities include the preoper-
ative workshops or seminars and a regularly scheduled
postoperative support group.

During preoperative educational workshops patients
obtain information from bariatric clinic staff and from
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other patients. This is a mutually beneficial exercise
between prospective patients and bariatric program
health providers. Additionally, patients become ac-
quainted with the program, the personnel, and the path
they will follow during their preoperative and postoper-
ative course. The risks and benefits of procedures can be
introduced and the importance of compliance with sup-
plementation and with exercise can be emphasized. This
is also an opportunity for the staff and the surgeon to
observe patients’ interactions and become acquainted
with the patients. The program for these workshops
should be organized and the material concisely presented
with audio-visual aids and printed material. Following the
presentations, a question-and-answer period with the
surgeon will prompt a variety of pertinent discussions.

Support groups are mainly offered to patients who
underwent bariatric surgery and are in the recovery phase.
However, we also invite prospective patients to join
support groups. This allows them to discuss the dramatic
changes they will undergo with patients who are actively
losing weight. These workshops primarily address the
medical, nutritional, psychological, and social issues that
postoperative patients may experience. Tips and advice
are frequently delivered by more experienced patients.
Invited speakers may offer additional experience or per-
spectives. The role of the bariatric program staff at these
meetings should be to facilitate the discussions and to
ensure that false information is not disseminated.

Postoperative workshops can provide the following: (1)
support for patient compliance and praise for success; (2)
instruction about life after surgery, including nutrition,
psychological aspects, and exercise and dieting tech-
niques; (3) recognition of new kinds of self-nurturing; (4)
a forum in which patients share their experiences; (5) a
friendly, safe atmosphere for family members and signif-
icant others so that they may also understand and recog-
nize the issues they face as their loved one loses weight;
and (6) an atmosphere of true caring and concern for the
long-term well-being of the patients (Table 5-1) (13).

Requirements for Hospitals

A bariatric surgery program can be established only with
the full support and commitment of the health care insti-
tution in which it will function. This often requires a
major paradigm shift for hospitals that have not previ-
ously committed to caring for these patients. Acceptance
of the bariatric program must occur at every level within
the institution. Often, the first goal is to convince the
administration and consultants that morbid obesity is a
life-threatening disease that can be treated with bariatric
surgery. Once this philosophy is accepted by the hospital
administration and the staff members who will care for
these patients, then planning the necessary infrastructure
can begin. Next, a task force or team led by the bariatric
surgeon should evaluate the available resources and
decide what is needed to provide hospital access, comfort,
and safety to the bariatric patient population.

Morbidly obese patients must feel welcome within the
hospital. Appropriately sized furniture in the waiting
rooms and examination rooms is required. Specific equip-
ment including weight scales, blood pressure cuffs, and
patient transport gurneys, and wheelchairs should be
appropriately sized. The inpatient rooms should be spe-
cially designed for bariatric patients to provide maximum
safety and comfort. Chapter 6 provides a detailed
description of bariatric office and hospital equipment.

Bariatric Surgery Database

An electronic database is an essential part of any
bariatric program, and it is a valuable resource for both
clinical and research purposes. Patients can be easily 
followed for many years, and specific information can 
be rapidly accessed. The success of a bariatric program
should be measured according to defined outcomes such
as weight loss, morbidity and mortality, and the percent-
age of patients receiving long-term follow-up, and this
can easily be achieved with a variety of database pro-
grams. A well-designed database allows quick analysis 
of patient outcomes and can identify areas that need
improvement. Some bariatric programs use commercially
available software and others have software developed to
specifically meet the clinical and research needs of the
program.

Bariatric Surgery Program Web Site

Creating a Web site for the bariatric surgery program pro-
vides an opportunity for patients to quickly learn about
the strengths of the program, the personnel, and the insti-
tution. It can also provide a vast amount of information
to patients through frequently asked questions, links to

Table 5-1. Goals of preoperative patient education

Encourage patient’s compliance and offer praise for success
Prepare patient for life after surgery, including nutrition, exercise, and

dieting
Identify patient’s problems
Identify and help patient develop new kinds of self-nurturing
Encourage patient’s participation in a forum or group where others

understand the challenges and difficulties associated with change
(positive or negative change)

Create a friendly, safe atmosphere where patients can bring spouses,
parents, and significant others; emphasize that spouses must also
recognize their own issues related to the dramatic changes
occurring with their loved one

Provide an opportunity for surgical candidates to learn from
postoperative patients in a supportive atmosphere
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other Web sites, and other informational presentations. It
also provides the surgeon an opportunity to state the
mission of the bariatric surgery program, the pre- and
postoperative pathways, and the procedures offered.

The Web site can also provide initial access to the
bariatric clinic. Patients can complete screening ques-
tionnaires online and, if they are appropriate candidates,
can be invited to an educational workshop through this
same site. Some bariatric programs offer Internet-based
chat rooms and forums where patients can talk to each
other, contact the surgery program personnel, or request
prescription refills. This method of communication is fre-
quently more efficient and practical than conventional
telephone messages.

Future Developments

The number of bariatric surgeries performed in the
United States will increase dramatically over the next few
years. Bariatric surgery is likely to become one of the
mainstays of general surgery training and practice, and
the shift from open to laparoscopic surgery is attracting
increasing numbers of surgeons to the field.

Despite these changes, there is an increasing need for
the implementation of weight reduction health policies
and the development of comprehensive bariatric pro-
grams that include medical and surgical care. There are
vast research opportunities in bariatric surgeries as well,
and these will focus on the mechanisms of weight loss,
glucose metabolism, the durability of the procedures, and
the optimal procedure for patients based on their BMI,
comorbidities, psychological profile, and eating habits
(14).

Public health policy needs to further address this 
epidemic before it becomes a critical public health and
financial crisis. These efforts should include awareness
and assistance programs to facilitate access to bariatric
surgery, given that only about 1% of eligible patients are
currently being referred for weight-loss surgery. These
policies also need to address the socioeconomic and
ethnic disparities in the morbidly obese population.
Individual health care systems and centers performing
bariatric surgery also need to address the access and
financial limitations faced by many patients who qualify
for bariatric surgery (15).

Conclusion

As the worldwide epidemic of obesity continues its expo-
nential growth, the demand on surgeons to safely and
effectively treat patients with this disease will also grow.

Because morbid obesity is a disease that affects nearly
every system in the body, it can only be managed by a
diverse group of skilled practitioners who are dedicated
to the treatment of this life-threatening condition.
To adequately treat these patients, a comprehensive
program must be in place that can fully evaluate prospec-
tive patients and prepare them mentally and physically
for surgery and the permanent lifestyle changes they will
need to adopt. Such a comprehensive program requires
a multidisciplinary team approach, a strong fundamental
infrastructure, and total institutional commitment.
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Essential Bariatric Equipment: Making Your 
Facility More Accommodating to Bariatric
Surgical Patients
William Gourash, Tomasz Rogula, and Philip R. Schauer

Rationale

Florence Nightingale recognized that healing took place
in a “therapeutic patient environment” and by “putting
the patient in the best condition for nature to act upon
him” (2). The increasing prevalence of obese and mor-
bidly obese persons essentially mandates that health care
facilities of all levels work toward making their facilities
safe and effective for the specific needs resulting from
large patient size and its accompanying comorbid condi-
tions (3). The combination of large size and often-limited
mobility must also be accommodated. Safety is the most
compelling reason for making health care facilities more
accommodating to the needs of the morbidly obese
patient (4,5). Better therapeutic and diagnostic outcomes
can also be achieved with advanced planning and
accommodation (3,6). Modifications that safely enhance
mobility have the additional benefit of preventing mor-
bidity (7). Safety for the health care staff is based on the
need to prevent musculoskeletal injuries significantly
associated with moving and physically caring for the mor-
bidly obese patient. Many of these accidents and injuries
are related to the use of conventional but inadequate
equipment, especially for transferring and transporting
patients (8–10).

Decreasing morbidity, especially that related to im-
mobility, will enhance patient outcomes. Complications
related to immobility include respiratory insufficiency,
atelectasis, pneumonia, deep vein thrombosis, pulmonary
embolism, decubitus ulcers, hygiene-related skin prob-
lems, and falls (4,5). Improved equipment can also
decrease lengths of stay, accidents involving obese family
members, and the nursing time spent improvising for the
needs of the obese because of the lack of bariatric equip-
ment or because of inadequate space (11).

Diagnostic testing may also be hampered by inade-
quate equipment. Failure to perform routinely ordered
tests because of patient size puts the bariatric patient 
at risk. Problems may be encountered in the simple 
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Persons with morbid and super-morbid obesity have
special ergonomic needs that are often not met by con-
ventional hospital equipment and furniture. Hospitals
with programs specifically addressing the surgical and
medical needs of this population have an obligation to
provide for their patients’ comfort and safety throughout
their entire hospital stay. Anticipating the needs of the
bariatric patient requires some experience, and meeting
those needs requires some familiarity with what is avail-
able. Further, the reader is encouraged to consider this to
be an ongoing endeavor of prioritizing both essential and
nonessential expenditures and of evaluating the results of
these decisions.

This chapter addresses these questions: What is
bariatric equipment? Why does our facility or program
need bariatric equipment? How can our facility or
program become more accommodating to bariatric
surgery patients with bariatric equipment? What are the
essential equipment items that we should consider?

Definition

What is bariatric equipment? Broadly speaking, it is all
of the technology utilized to administer health care to the
morbidly obese population. Technology is the knowledge
and application of principles involved in the production
of objects for the accomplishment of specific ends (1).

In this chapter we further restrict our discussion to 
the equipment used in caring for patients undergoing
bariatric surgical procedures, although much of the infor-
mation is broadly applicable to caring for obese patients
in any health care setting. Equipment can be categorized
with respect to its function: diagnostic or therapeutic.
Equipment may have a specific role in the bariatric sur-
gical process: preoperative, operative, and postoperative.
This chapter focuses on the preoperative and postopera-
tive needs. Operative equipment and instruments are
covered in Chapter 10.
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measurement of blood pressure or weight without
appropriate bariatric tools. Obtaining accurate results
from upper gastrointestinal tract series, computed tomog-
raphy scans, polysomnograms, and cardiac stress tests
requires meeting the specific needs presented by the
patient’s size, weight, and limited mobility.

Efficiency of care is related to the availability of
bariatric equipment. Prolonged waiting time for trans-
port may be caused by the unavailability of staff or equip-
ment, and wastes not only time but also energy and
money. Enhanced satisfaction of the patient, families, and
staff is clearly related to readily available and properly
sized equipment. A patient who is cared for safely, effi-
ciently, appropriately, and in a timely manner will see the
facility and the caregivers as being prepared and com-
petent. The caregivers will be better able to focus on the
patient’s clinical and personal needs without the distrac-
tion or even resentment caused by an increased risk of
injury (7,9–12). Rehabilitation may be possible only 
with specialized equipment, including walkers or parallel
bars, that provides the extra space and durability 
needed.

Investigation and Planning

In our experience the approach that has worked best to
coordinate the implementation in bariatric equipment
was the development of a bariatric task force (BTF).
This can be a problem-oriented group that is established
on a temporary basis, but optimally the task force 
would function as a permanent committee that reviews
the needs and concerns of bariatric patients. Equipment
and physical plant issues in particular require ongoing
attention (evaluation, updating, new construction, etc.).
Prior to establishing the BTF, a presentation to senior
staff and department administrators by a knowledge-
able individual or group can provide an introduction 
to bariatric patients, equipment, surgical procedures,
and surgical results for the hospital that can go a long 
way toward building goodwill and support for a BTF.
The BTF should have a broad representation from 
all departments, including administration, parking,
environmental services, transport, purchasing, nursing
(intensive care units, intermediate care units, medical-
surgical floors, clinics, administration, home care,
bariatric coordinators, case managers, enterostomal
therapy, outpatient surgery units, postanesthesia care
units, operating room, and emergency room), nutrition,
social work, physical therapy, radiology, cardiology,
and pulmonology, as well as surgeons and midlevel 
practitioners.

The BTF should first undertake an assessment of facil-
ity’s assets and limitations with respect to the physical
layout and available conventional and bariatric patient

care equipment (3,4). Questions to ask are the following:
How has the facility been managing thus far with mor-
bidly obese patients? Which practitioners have had an
interest in these patients (e.g., nurses, enterostomal ther-
apist, physical therapist, pulmonologist)? What are the
weight and width limitations of the currently available
equipment and furniture, including chairs in waiting
rooms and hospital beds? Who are the vendors of the
bariatric equipment already in use? What are the present
policies for the utilization of bariatric equipment? What
distances must patients travel from the clinic and the
acute care areas to the diagnostic testing areas? The
committee also should systematically review each step of
the patient’s hospital stay.

A second area of investigation should focus on what
bariatric equipment is available for purchase. There are
a number of reputable sources of information on prod-
ucts and vendors, one of the most useful being the
bariatric equipment catalog available from the American
Society for Bariatric Surgery (ASBS). Vendors typi-
cally have Web sites with listings of a wide range of
bariatric products with links (e.g., www.sizewiserentals.
net).

A third area of investigation should focus on the char-
acteristics of the patients expected to make up the service
population, in view of the hospital’s prior experience with
morbidly obese patients. The bariatric surgeons should 
be questioned with respect to their expectations for
maximum and median weight and body mass index
(BMI). In our practice, the first 500 patients had a weight
range from 190 to 473 pounds (86 to 215kg) with BMIs
from 35 to 69. Thus contingency plans for patients 
weighing greater than 500 pounds (227kg) and patients
with BMIs greater than 70 were needed, recognizing 
that there would be a relatively small number of these
patients.

One of the goals of these investigations is to prioritize
purchases and other adaptations in the environment. The
BTF should also develop criteria for the utilization of the
new equipment. For example, in our institution we did
not have a dedicated bariatric surgical floor, and there
were hospital beds in the facility of a variety of vintages
and models. The standard hospital beds had a variety of
weight limits [350 to 500 pounds (159 to 227kg)] and
widths [34 to 36 inches (86 to 91cm)]. The lowest of these
weight limits had to become the maximum permitted for
the use of a standard hospital bed. Similarly, the mat-
tresses on the beds also had weight ratings of 325 to 400
pounds (147 to 182kg). This led to the protocol that all
patients with a weight over 325 pounds (147kg) or a BMI
greater than 55 (to capture the width parameter) would
require a bariatric bed (13). Criteria-based protocols 
help to utilize the hospital resources most effectively 
and allow for preplanning as the patient population
changes (6).
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Essential Bariatric Equipment

Utilization of bariatric equipment does not ensure proper
health care but can greatly improve the quality and safety
of care (7). Both patients and caregivers should receive
specific instructions for using specialized bariatric equip-
ment properly in order to fully benefit from the advan-
tages that this equipment offers.

This review of bariatric furniture and equipment that
should be considered is based on the available literature

and the authors’ experience in caring for 4000 bariatric
surgical patients (3,5,6,8,13–18). The discussion follows
the surgical patient through the entire hospital stay, which
is divided clinically into the preoperative, operative, and
postoperative periods. Since the operative period is dis-
cussed in detail in Chapter 10, this chapter reviews the
equipment needs of the preoperative and postoperative
morbidly obese patient. Table 6-1 lists the bariatric equip-
ment along with contact information for some of the
vendors.

Table 6-1. Bariatric equipment information

Patient transfer (most commonly used size: 34-inch; use 39-inch for very large patients)
Hovermatt Web site: www.hovermatt.com 1-800-471-2776
AirPal Web site: www.airpal.com 1-800-633-4725
Reliant 600 Patient Lift, Invacare Corporation Web site: www.invacare.com 1-800-333-6900

Beds (bed and mattress weight capacity 1000 lb, 39-inch mattresses)
Wheelchairs
(size: 26-, 28-, and 30-inch widths, seat depths 22 inches, 750-lb weight capacity)
Commode chairs
(width 30 inches, weight capacity 750 lb, seat depth 23 inches)
Invacare Corporation Web site: www.invacare.com 1-800-333-6900
KCI (BariKare) Web site: www.kci1.com 1-888-275-4524

Shower chair (width 30 inches, weight capacity 750 lb, seat depth 23 inches)
Hill-Rom Web Site: www.hill-rom.com 1-800-433-6245
KCI Web site: www.kci1.com 1-888-275-4524
SIZEWise Rentals Web site: www.sizewise.net 1-800-814-9389
Invacare Corporation Web site: www.invacare.com 1-800-333-6900

Scales
(weight capacity 600–880 lb)
Scale-Tronix Web site: www.scale-tronix.com 1-800-873-2001
Tanita Corp. of America Web site: www.tanita.com 1-800-TANITA8
Health O Meter Web site: www.sunbeam.com (Division of Sunbeam)

Furniture
Nemschoff Web site: www.nemschoff.com 1-800-203-8916
Chair: 260-0815 OB15
Sauder Manufacturing Web site: www.saudermanufacturing.com 1-800-537-1530
Chair: Special Edition Series 30 and 40-inch widths
Folding Chair–Lifetime Inc. Web site: www.lifetime.com 1-800-225-3865

Examination tables
Midmark Web site: www.midmark.com 1-800-MIDMARK
United Metal Fabricators Web site: www.umf-exam.com 1-800-638-5322
Hausmann Inc. Web site: www.hausmann.com 1-888-428-7626

Stretchers
Stryker Medical Inc. Web site: www.med.stryker.com 1-800-STRYKER
Hill-Rom Services Inc. Web site: www.hill-rom.com 1-800-433-6245
Gendron Inc. Web site: www.gendronic.com 1-800-537-2521

Recent blood pressure technology
Vasotrac Web site: www.vasotrac.com
Medwave Inc. Web site: www.medwave.com 1-800-894-7601

Gowns/pants
Size 10XL, and 3XL
Superior Pad Outfitters Web site: www.superiorpad.com 1-888-855-7970
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Figure 6-1. Bariatric wheelchair. (Courtesy of Invacare Corp.,
Elyria, OH, and Bariatric and Metabolic Institute, Cleveland
Clinic Foundation, Cleveland, OH.)
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Preoperative

Some patients will not be able to come to the facility by
independent means and will require an ambulance. The
team should collect information on the ambulance serv-
ices in the surrounding area and how they are equipped
for the transportation of morbidly obese patients. A
number of modifications can be made to ambulance
equipment and to transportation protocols to ensure that
the service provided is a safe, efficient, comfortable, and
dignified experience (12).

Transportation Equipment: Wheelchairs 
and Stretchers

Transportation equipment, especially wheelchairs and
stretchers, are needed. In the past, many facilities invested
in oversized wheelchairs, as this was one of the first areas
where it was recognized that one size does not fit all. Ini-
tially, manufacturers simply took the standard wheelchair
design and made it wider to accommodate the larger
patients’ needs. However, a good bariatric wheelchair is
specifically engineered for the extra weight as well as size
of the morbidly obese patient. It should come in a number

of widths [24 to 30 inches (60 to 76cm)] and have a weight
capacity of at least 750 pounds (340kg) (Fig. 6-1).

Similarly, stretchers were not designed for the mor-
bidly obese patient, and increasing weight limit modifi-
cations have been incorporated over the years. A good
stretcher for the bariatric patients will have the appro-
priate weight rating in addition to adjustability of the
head section and overall height. A crucial factor is the
stretcher width. Space is a limiting factor in the success-
ful passage through elevators, hallways, and doorways,
but the width of the stretcher affects patient comfort and
the potential for pressure morbidity. Many facilities use
stretchers such as the Stryker M series (Kalamazoo, MI)
with a weight limit of 500 to 700 pounds (227 to 317kg),
a height range of 20.75 to 34.5 inches (53 to 87cm), a
patient surface width of 26 to 30 inches (66 to 76cm),
(with a side-rails-up width of 33.5 to 37 inches (85 to 
94cm) (Fig. 6-2A). These are adequate for the majority
of patients provided that they are not to be used for

Figure 6-2. (A) Standard gurney. (B) Bariatric gurney.
(Courtesy of Stryker, Kalazoo, MI.)
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extended periods due to pressure ulcer concerns. All
facilities should have the availability of a bariatric
stretcher for those instances where these limitations are
exceeded. A bariatric stretcher has a weight limit of 1000
pounds (454kg) and a patient surface width of 39 inches
(99cm) (Fig. 6-2B). These dimensions make it more dif-
ficult to negotiate in tight halls, elevators, and rooms, and
the patient’s route to critical areas, including diagnostic

testing and emergency treatment areas, should be tested
in advance.

Chairs

One of the common concerns of morbidly obese patients
is that they will break furniture, especially chairs, or get
stuck in a chair, causing them extreme embarrassment or
even injury. Typically the chairs in medical office waiting
rooms are not weight rated specifically or are rated up to
only 300 pounds (136kg). Their widths are usually from
20 to 24 inches (50 to 60cm) and often have width-
limiting arms. A bariatric chair should have a width of 28
to 44 inches (72 and 112cm) and a weight rating of 600
to 750 pounds (272 to 341kg) (Fig. 6-3). Another impor-
tant factor is the height of the chair. Some morbidly
obese persons are also of short stature. Adjustability of
the chair height is a feature offered on some models.
These chairs can be used in waiting rooms, patient rooms,
recovery rooms, and hallways.

For group information sessions or support groups that
patients attend, a portable and relatively inexpensive
folding chair is suitable. These chairs have weight capac-
ities up to 500 pounds (227kg), are without arms, and
offer flexibility in seating arrangements for discussions
(Fig. 6-4).

Figure 6-3. (A) Bariatric waiting room. (B) Bariatric chair in
vital signs area. (A,B: Courtesy of Bariatric and Metabolic Insti-
tute, Cleveland Clinic Foundation, Cleveland, OH; B: Courtesy
of Sauder Manufacturing, Archbold, OH.)

Figure 6-4. Folding chair with weight limit of 500 pounds.
(Courtesy of Lifetime Products, Inc., Clearfield, UT.)
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Figure 6-5. (A) Wall-mounted commode. (B) Pedestal
commode. (C) Hand rails and adequate space around the
commode. (Courtesy of Bariatric and Metabolic Institute,
Cleveland Clinic Foundation, Cleveland, OH).

Commodes

Another important item to address is the commode. The
standard wall-mounted model (Fig. 6-5A) is not safe, as
it can snap off the wall when an obese person sits on it.
Additional structural support can be added under the
standard wall-mounted commode to provide sufficient
weight-bearing capacity, but pedestal commodes, which
are floor mounted, are preferable. Beginning April 2000
the American National Standards Institute (ANSI) stan-
dard for pedestal commodes was increased to 500 pounds
(227kg) (Fig. 6-5B). In addition, the commode should
have adequate surrounding space to accommodate the
morbidly obese patient (Fig. 6-5C).

Scales and Height-Measuring Devices

Easy and accurate measurement of weight and height in
bariatric patients is essential to calculate the BMI and to
track clinical changes associated with fluid management.
A number of manufacturers have responded to this chal-
lenge with an array of products. Our team has used two
scales, the Scale-Tronix model 5002 (White Plains, NY)
(Fig. 6-6A) and model 6702W (Fig. 6-6B). The important
features of a scale are accuracy, stability, an ample stand-
ing platform, a weight limit of at least 750 pounds (340
kg), portability, attachable height gauge, and wheelchair
accessibility. These models have weight limits of 880
pounds (400kg). Many products come with a height
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measure attached. Generally one scale will not meet the
demands of both portability and wheelchair accessibility.

Blood Pressure Monitoring (Standard Cuffs and
New Technology)

It is commonly understood that a large cuff is required to
get an accurate measurement in morbidly obese patients.

A B

Figure 6-6. (A) Movable bariatric scale with weight limit 
of 880 pounds. (Courtesy of Bariatric and Metabolic Institute,
Cleveland Clinic Foundation, Cleveland, OH). (B) Wheelchair-

accessible bariatric scale. (Courtesy of Scale-Tronix, White
Plains, NY.)

Figure 6-7. Multiple sizes of blood pressure cuffs. (Top, Welch
Allyn, Skaneateles Falls, NY; middle and bottom, American
Diagnostic Corporation, Hauppauge, NY.)

This requires specialized equipment. The large adult size
or the thigh size cuffs must be readily available in clinics
(Fig. 6-7). Even with the appropriate-sized cuff, simulta-
neous comparisons with an arterial line measurement
show significant discrepancies. Overall, the technology 
of noninvasive blood pressure evaluation (sphygmo-
manometry) has changed little over the last 100 years.
More recently, however, approaches that measure the
waves and pulsations from the radial artery have become
available and may well have an increasing utilization in
the morbidly obese patient (19). An example is the Vaso-
trac (Medwave Inc., Arden Hills, MN). These devices are
relatively easy to apply, noninvasive, comfortable, and
accurate (Fig. 6-8).

Examination Tables

Morbidly obese persons may have difficulty climbing up
on the examination table, and they may destabilize the
table by using the attached step. Standard examination
tables are often at a fixed height of 33 inches (84cm) with
a 7-inch (18cm) step. In finding a table appropriate for
obese patients, both the table’s height and stability must
be taken into account. The needs of a majority of obese
patients are met by tables like the Ritter Barrier-FreeTM

(Midmark Corp., Versailles, OH) model 223, which has
powered height adjustments from 18 to 37 inches (45.7 to
94cm), a weight limit of 400 pounds (181.4kg), and a
width of 28 inches (72cm) (Fig. 6-9). However, the power
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Figure 6-8. Vasotrac noninvasive radial artery blood pressure
monitor. (Courtesy of Medwave, Inc., Arden Hills, MN.)
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Figure 6-9. (A) Standard examination table (Courtesy of
Midmark Corp, Versailees, OH.) (B) Bariatric examination
room and table. (Courtesy of Bariatric and Metabolic Institute,
Cleveland Clinic Foundation, Cleveland, OH.)

overall imaging power. Currently, we use the General
Electric Discovery ST 16, which has a weight rating of 450
pounds (204kg), a gantry diameter of 70cm, and a cir-
cumference of 220cm (86.5 inches). The newer GE Light-
speed VCT volume CT scanner has the same limits but
improved imaging power technology.

Cardiac Risk Stratification Equipment

Cardiac risk stratification in high-risk morbidly obese
patients in preparation for bariatric surgery has many
limitations. The most frequently used single photon emis-
sion computed tomography (SPECT) myocardioperfu-
sion study has weight limitations of about 300 pounds
(137kg) due to the camera. The planar scans can be per-
formed in patients up to 400 pounds but the risk of false
positives increases at the higher weights. Dobutamine
stress echocardiogram studies can be performed on 

lift function serves only up to 400 pounds (181.4kg). For
super-obese patients, a bariatric examination table such
as the Ritter Model 244 is helpful, as it has a 850-pound
(385-kg) weight limit, a powered height range of 18 to 34
inches (45.7 to 86.4cm), a width of 32 inch (81.3cm), and
a powered back rest that rises to 65 degrees.

Upper Gastrointestinal and Computed 
Tomography Scans

Preoperative and postoperative upper gastrointestinal
studies and abdominal computed tomography (CT) scans
are frequently required to assess comorbid conditions,
variant anatomy, and complications such as leak of the
anastomosis (20). Even in the best of circumstances, the
quality of these studies may be inferior in an obese patient,
but it is important that the patient’s size be accommodated
by the diagnostic facilities and equipment (21).

Fluoroscopy equipment has limitations in the image
quality and weight limits regarding articulation of the
table. Full articulation of most tables has a weight limit
of 300 pounds (137kg). The footboards on the tables have
weight limits of 300 to 350 pounds (137 to 159kg)
depending on the model. Larger patients’ studies are
often obtained in the standing position (on the floor) with
a sacrifice of optimal image control.

The limitations with abdominal CT scanning in the
bariatric patient relate to the weight limitations of 
the power table, the diameter of the entry port, and the
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morbidly obese patients, but anatomic and operator vari-
ability decreases the accuracy and reliability. Cardiac
catheterization, the gold standard in risk stratification,
is difficult to perform technically due to vascular access
problems and has weight limitations of 350 pounds 
(159kg) due to the table. A limited catheterization
without table articulation or on an alternative stretcher
can be performed as an alternative. These equipment
weight and performance limitations leave cardiac risk
stratification in obese patients in a less than optimal 
state especially at weights greater than 400 pounds 
(182kg), which can be altogether prohibitive for some
studies.

Postoperative

Beds and Mattresses

In the operating room it is helpful to transfer the patient
to the bed using a transfer device (see Chapter 10). Stan-
dard hospital beds have weight ratings of 350 to 500
pounds (159 to 227kg). It is important to check with the
manufacturer for the weight rating for each model and
vintage. Most recent models have weight ratings of up to
500 pounds (227kg), which would serve the majority of
patients. The standard mattress on the bed also will have
a weight rating, often 300 to 500 pounds (136 to 227kg).
They also are available in a number of different types of
surfaces. It is appropriate to routinely use a pressure
reduction mattress, recognizing the high risk for devel-
oping pressure ulcerations (7,22).

The width of the patient and bed must be considered.
Standard hospital beds are typically from 34 to 36 inches
(86 to 91cm), often with the critical care beds tending to
be the narrowest. Manufacturers recommend that a
patient be fitted for the need for a bariatric bed by having
the patient measured lying flat. This is not often practical
prior to surgery. We and others have adopted utilization
of the BMI to take into account the width of the 
patient (23). Our criteria-based protocol calls for a
bariatric bed and wheelchair for those patients weighing
325 pounds (150kg) or more or with a BMI of 55 or
greater.

Special bariatric beds offer a number of options requir-
ing choices at the time of purchase or rental. There are
two types of entry: side entry (as with standard beds) (Fig.
6-10A), and bottom entry (Fig. 6-10B). Some beds easily
allow both types. The side entry bed looks more like the
standard hospital bed and may have less stigma for 
the majority of bariatric surgical patients who are for the
most part easily ambulatory. The bottom entry beds can
often be converted into a chair position to facilitate
ambulation and possibly lead to fewer staff injuries
related to patient ambulation. Other features to take into
consideration are the type of side rail adjustment, the

A
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Figure 6-10. (A) Side entry bariatric bed. (Courtesy of Hill-
Rom. © 2006 Hill-Rom Services, Inc. Reprinted with permis-
sion. All rights reserved; and Bariatric and Metabolic Institute,
Cleveland Clinic Foundation, Cleveland, OH). (B) Bottom
entry bariatric bed (Courtesy of BariKare, KCI, San Antonio,
TX.)

wheels and locks, the height adjustment parameters, the
ability to attach over-bed trapezes, built-in scales, and 
the complexity and ease of use of the hand controls.
Another important consideration is that the bed should
be able to be placed in at least 45 degree of reverse 
Trendelenburg position easily, as this is the optimum posi-
tion for pulmonary function, given that many of the
patients have ventilatory comorbid conditions (obstruc-
tive sleep apnea, obesity hypoventilation syndrome, and
restrictive lung disease) and may in some cases require
tracheotomy and ventilatory support (24).
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Hospital Patient Room Layout, Equipment,
and Fixtures

The layout of the hospital room is the basic building
block of a bariatric nursing unit and most influential in
the administering of nursing care postoperatively. A ded-
icated unit with a dedicated staff is most preferable but
at present is not the norm. The driving force in the design
and layout is the large patient size and weight, requiring
many pieces of oversized and extremely durable equip-
ment (already noted) and providing safety in the staff’s
negotiating around the patient.

In an effort to establish industry standards, Hill-Rom
Services, Inc. formed the Bariatric Room Design Advi-
sory Board (BRDAB), which made a number of recom-
mendations with respect to room space, target maximum
weight tolerance for room equipment and fixtures, and
the equipment a patient room should have (11). The

board recommended 5 feet (152cm) of space around a
bed to allow for the passage of oversized equipment (Fig.
6-11A), which thus necessitates an overall room size of at
least 13 feet (4m) in width and 15 ft (4.6m) in depth from
the corridor. The opening for this space should be ideally
60 inches (152cm) with an unequally divided leaf-
swinging door, one leaf being 42 inches (107cm). The
BRDAB set a target maximum of 1000 pounds (454kg)
as a recommendation for room equipment and fixture
weight tolerance. In many cases this would not be possi-
ble at present. The board recommended that other room
equipment for consideration would be a bedside chair
(specification as noted in an earlier section) and a lift.
Lifts are essential to have available due to the high
number of staff and patient injuries associated with
patient lifting and transfer (25). The board suggested that
a mobile portable lift is most appropriate due to its flex-
ibility in accommodating the patient in any part of the
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Figure 6-11. (A) Bariatric inpatient room with adequate space around
bed. (Courtesy of Bariatric and Metabolic Institute, Cleveland Clinic
Foundation, Cleveland, OH.) (B) Bariatric recliner chair in inpatient
room and patient lift (right). (Courtesy of Bariatric and Metabolic
Institute, Cleveland Clinic Foundation, Cleveland, OH.) (C) Patient lift
with electric motor and 600-lb weight capacity. (Courtesy of Invacare
Corp., Elyria, OH.)
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room (Fig. 6-11B). One example of a mobile lift is the
Invacare Reliant 600 (Elyria, OH) that features an 
electric motor and a lift of up to 660 pounds (300kg) 
(Fig. 6-11C).

Hygiene Items: Toilets, Showers, Gowns/Pants

Personal hygiene can be difficult for the bariatric surgi-
cal patient due to space limitations, limited mobility, and
the need for a durable environment. Toileting requires a
bathroom with an opening of 60 inches (152cm) in width,
to accommodate the width of the widest wheelchair.
Commodes require hand rails to enable the patient to self
assist. For those patients with minimal mobility but able
to bear weight and to transfer, a bedside commode is an
excellent option preferable to the use of a bedpan. It
especially allows for increased safety, comfort, and dig-

nity. It should have a width of at least 30 inches (76cm)
and a weight capacity of at least 750 pounds (341kg).

The BRDAB recommends that a shower space be at
least 45 square feet (4.17 square meters), large enough to
accommodate the assistance of two caregivers and wheel-
chair access. Each patient room may not have enough
space available, so a reasonable option for showering is
a communal shower, which we have at our facility, and
the feedback from patients has been excellent. The
BRDAB also recommends waterproof walls and floor,
with a drainage sloping floor without curbs for easy entry
and exit (Fig. 6-12A). A portable shower chair/bench,
either a commode chair combination model or a stand-
alone, is a necessity (Fig. 6-12B).

The availability of appropriate fitting hospital clothing
is essential to patient safety, hygiene, and dignity. Since
the morbidly obese are also not all the same size or shape,
a few sizes of gowns (3X to 10X) and pants (X to 4X)
should be readily available. The gowns should accommo-
date peripheral intravenous lines.

Many severely obese patients have chronic osteoarthri-
tis affecting their backs, hips, and knees. Postoperatively
and upon discharge from the hospital, these patients may
temporarily require walkers to avoid falls during their
recovery from surgery. The walker model should be one
that is designed specifically for the bariatric patient.
These walkers have a wide base and an adjustable height,
and can support up to 700 pounds of weight (Fig. 6-13).
A wheel kit can be added to provide additional assistance
with ambulation.

A

B

Figure 6-12. (A) Large shower room with unobstructed access
to shower. (Courtesy of Bariatric and Metabolic Institute,
Cleveland Clinic Foundation, Cleveland, OH). (B) Shower
chair (Courtesy of Sizewise Rentals, www.sizewise.net.)

Figure 6-13. A walker designed for bariatric patients has a
deep and wide frame, adjustable height, and can support up to
700 pounds. A wheel kit can be added if needed. (Courtesy of
Invacare Corp., Elyria, OH.)
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Periodic Reevaluation

It is important to reevaluate patient anthrometric data,
the equipment utilization numbers, comorbidity related
to immobilization, accidents or falls involving patients,
staff injuries, and overall surgical outcome data. Bariatric
surgical programs including surgeons, staff, patient 
characteristics, and facilities will mature over time and
require further evaluation of equipment needs and use
criteria.

Conclusion

Bariatric equipment includes all of the technology used
to administer health care to the morbidly obese patient.
This equipment is essential in providing quality bariatric
surgical care by providing for safety, reducing morbidity,
and enhancing mobility, thereby promoting the best pos-
sible outcomes. Further, adequately sized accommoda-
tions and equipment allow for accurate diagnostic testing
and reduce stress and wasted time. These benefits
promote the dignity of the patients, improving the satis-
faction of patients, families, and staff. To achieve this, a
facility must investigate its own resources, limitations, and
patient base, based on its current management of mor-
bidly obese patients, and survey the bariatric equipment
market. A bariatric task force is a good organizational
structure to coordinate this activity. Ultimately, criteria-
based protocols will be developed to guide the appropri-
ate utilization of bariatric equipment resources. These
will need to be revised intermittently as the program
matures and technology advances. The process requires
ongoing communication among clinicians, administrators,
and equipment manufacturers in the further refinement
and development of additional technology to better care
for the morbidly obese patient (3,6).
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7
Bariatric Surgery Training
Stacy A. Brethauer and Philip R. Schauer

The Learning Curve

Surgical training entails various learning curves, princi-
pally for the acquisition of technical skills and for patient
management. Both of these areas are relevant to bariatric
surgery and must be addressed to achieve competency in
this discipline. The concept of a learning curve applied to
a specific procedure emerged in the late 1980s as sur-
geons with experience in open cholecystectomies had
higher complication rates in their early laparoscopic
experience. Each new laparoscopic procedure introduced
since then has been accompanied by a body of literature
describing its specific learning curve (5–8). This learning
curve typically represents the number of cases required
to achieve complication rates similar to those seen in the
open approach.

While laparoscopic adjustable gastric banding is less
technically demanding than bypass procedures, several
procedure-specific complications can occur early in a
surgeon’s experience. In O’Brien and Dixon’s (9) series
of 1120Lap Bands (Inamed Health, Santa Barbara, CA),
complications were more common during their early
experience. Gastric prolapse through the band occurred
in 125 (25%) of the first 500 patients but occurred in only
28 (4.7%) of the last 600 patients. Erosion of the band
into the stomach occurred in 34 patients (3%); all
occurred in the first 500 patients. The Italian collabora-
tive study group for the Lap Band demonstrated that,
among 1863 patients, gastric pouch dilation occurred in
5% of patients overall (10). Two thirds of these compli-
cations occurred during the center’s first 50 cases and the
incidence of gastric pouch dilation decreased as surgeons
gained experience with the procedure.

Laparoscopic gastric bypass is an advanced laparo-
scopic procedure that has a relatively steep learning
curve. This procedure requires advanced laparoscopic
skills including intracorporeal suturing, creating anasto-
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The number of bariatric procedures performed world-
wide has increased dramatically over the last decade (1).
Factors contributing to this increase include (1) the rising
prevalence of obesity in industrialized countries; (2)
increasing awareness of the societal costs of this epi-
demic; (3) the introduction of minimally invasive
approaches to bariatric surgery; and (4) a growing body
of literature supporting the safety, effectiveness, and
durability of bariatric surgery. The United States has the
highest prevalence of adult and childhood obesity in the
world (2), and the increasing number of bariatric surger-
ies performed over the last decade is a reflection of this
troubling epidemic (Table 7-1).

The introduction of laparoscopic bariatric procedures
in the late 1990s has been a major contributor to the
rising popularity of this specialty. This approach has
attracted surgeons interested in advanced laparoscopy
and patients who demand less invasive procedures. This
rapid increase in bariatric procedures has also high-
lighted the need for specialized training and credential-
ing procedures for bariatric surgeons. The Society of
American Gastrointestinal and Endoscopic Surgeons
(SAGES) and the American Society for Bariatric Surgery
(ASBS) have jointly put forth guidelines suggesting spe-
cific credentialing procedures to perform bariatric
surgery (3). Additionally, the ASBS has developed guide-
lines for fellowship training in bariatric surgery that
ensure an academically sound and clinically diverse expe-
rience for trainees (4). In the past, surgeons were self-
taught or underwent a brief period of proctoring prior to
practicing bariatric surgery. This approach has largely
been replaced by formal training during residency or 
fellowships. This chapter reviews the options currently
available to complete adequate training in bariatric
surgery, credentialing procedures, fellowship training
guidelines, and future directions for training in bariatric
surgery.
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moses in different quadrants of the abdomen, difficult
exposure techniques, gastrointestinal stapling, and two-
hand dissection techniques. The intraabdominal anatomy
of the morbidly obese patient (large stores of visceral fat,
hepatomegaly, adhesions from previous surgery) adds to
the challenge of performing this operation. With respect
to the learning curve for laparoscopic gastric bypass, one
report found that wound infections, anastomotic leaks,
operative times, and technical complications decreased
significantly after 100 cases (11). Oliak et al. (12) found
that operative time and complications decrease signifi-
cantly after the first 75 cases, and others have also demon-
strated decreased complication rates with increasing
experience (13).

Skill Acquisition

The number of cases required to gain proficiency in
advanced laparoscopic or bariatric procedures are rarely
acquired during surgical residency (Table 7-2) (14,15). In
2004, the average number of bariatric procedures (open
and laparoscopic) completed during the chief residency
year was 5.8, and while this is up from an average of 2.8
in 2000, it is still far fewer than the recommended number
to achieve a minimal level of competency (35 cases) (16)
or overcome the learning curves (75 to 100 cases) for

these procedures. In addition to experience in the oper-
ating room, practicing advanced laparoscopic procedures
with animal models can significantly augment the train-
ing experience for surgeons at all levels (17). Laparo-
scopic training devices can also be used to objectively
evaluate surgical skills, overcome deficiencies, and
monitor progress (18,19).

Procedure-specific training can be obtained during
short courses or weekend workshops that provide didac-
tic training and hands-on training with an animal model
(20). These courses are often attended by surgeons who
have advanced laparoscopic skills but want to learn
bariatric procedures. Additionally, open bariatric 
surgeons seeking initial exposure to the laparo-
scopic approach can benefit from these short work-
shops. However, these short courses typically do not
provide adequate training to perform the procedures
independently.

The mini-fellowship concept involves a focused, short-
term training experience in bariatric surgery and may be
the best option for a practicing surgeon who wants to start
a bariatric practice. The mini-fellowship is a 6- to 
12-week experience designed for a surgeon who has
advanced laparoscopic skills but needs to gain experience
with bariatric procedures. The goal is to acquire the expe-
rience necessary to meet bariatric surgery privileging
requirements as outlined in the ASBS (21). The trainee
must acquire a license in the state in which they will 
be training and obtain hospital privileges. The mini-
fellowship exposes the trainee to all aspects of bariatric
surgery including preoperative evaluation, open and
laparoscopic procedures, routine and complicated post-
operative management,and long-term postoperative care.
The didactic component of the mini-fellowship includes
textbook reviews, journal clubs, and participation in clini-
cal conferences. Additionally, the trainee gains exposure
to the program’s organizational structure, personnel
requirements, equipment and hospital requirements, and
administrative issues unique to bariatric surgery.

Table 7-1. Estimated number of bariatric procedures per-
formed in the United States

Year Bariatric procedures per year

1992–1996 15,000–20,000
1997–1999 20,000–30,000
2000 38,000
2001 48,000
2002 63,000
2003 104,000
2004 140,000

Data from the American Society for Bariatric Surgery.

Table 7-2. Bariatric and advanced laparoscopic cases completed during general surgery residency in the United States

Procedure 1999–2000 2000–2001 2001–2002 2002–2003 2003–2004

Bariatric*
Average number performed by all residents 5.0 6.7 9.5 11.2 12.1
Total cases reported 4,960 6,871 9,560 11,027 12,354

Laparoscopic Nissen
Average number performed by all residents 5.4 6.2 5.9 5.9 5.1
Total cases reported 5,341 6,334 5,944 5,740 5,230

Laparoscopic colectomy
Average number performed by all residents 1.9 2.3 3.1 3.9 4.6
Total cases reported 1,815 2,366 3,186 3,850 4,689

* Open and laparoscopic.
Data from Residency Review Committee for General Surgery National Report, www.acgme.org.
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Patient Management

The second learning curve associated with bariatric
surgery involves the overall management of the morbidly
obese patient. This includes understanding the patho-
physiology of obesity, the indications for bariatric
surgery, recognition and treatment of complications spe-
cific to bariatric surgery, and the long-term management
of patients postoperatively. This experience can rarely be
acquired during residency training because of the rela-
tively low volume of bariatric surgery patients. Training
in a high-volume bariatric surgery environment such as a
formal fellowship program is the optimal way to gain
exposure to these aspects of bariatric surgery and to learn
these patient management skills.

American Society for Bariatric Surgery
Suggested Guidelines for Granting
Privileges in Bariatric Surgery

The first ASBS guidelines were published in 2000 (3). It
is important to note that neither SAGES nor ASBS is a
credentialing organization. Individual hospitals or health
systems are responsible for granting clinical privileges.
Most credentialing committees, though, have adopted the
credentialing guidelines proposed by specialty boards or
specialty societies.

The current guidelines are a modification of the 
original guidelines enacted by the ASBS and are divided
into five categories (21), as discussed in the following 
subsections.

Global Credentialing Requirements

The global credentialing requirements are as follows:

1. The applicant should have credentials at an accred-
ited facility to perform gastrointestinal and biliary surgery.

2. The applicant should document that he or she is
working within an integrated program for the care of the
morbidly obese patient that provides ancillary services
such as specialized nursing care, dietary instruction, coun-
seling, and support groups.

3. The applicant should document that there is a
program in place to prevent, monitor. and manage short-
term and long-term complications.

4. The applicant should document that there is a
system in place to provide and encourage follow-up for
all patients.

Follow-up visits should be directly supervised either by
the bariatric surgeon of record or by other health care
professionals who are appropriately trained in perioper-
ative management of bariatric patients and are part of an
integrated program. While applicants cannot guarantee

patient compliance with follow-up recommendations,
they should demonstrate evidence of adequate patient
education regarding the importance of follow-up as well
as adequate access to follow-up.

Experience Required to Train Applicants

The ASBS recommends that an experienced bariatric
surgeon willing to serve as trainer for applicants should
meet the global credentialing requirements and have
experience with at least 200 bariatric procedures in the
appropriate category of procedure in which the applicant
is seeking privileges prior to training the applicant. The
new guidelines also define operative experience broadly
to include not only procedure performance but also
global care of the bariatric patient, encompassing pre-
operative and postoperative management.

Open Bariatric Surgery Privileges 
Involving Stapling or Division of 
the Gastrointestinal Tract

The surgeon should meet the global credentialing
requirements and document an operative experience of
15 open bariatric procedures (or subtotal gastric resec-
tion with reconstruction) with satisfactory outcomes
during either general surgery residency or postresidency
training supervised by an experienced bariatric surgeon.
Surgeons who primarily perform laparoscopic bariatric
surgery may obtain open bariatric surgery privileges after
documentation of 50 laparoscopic cases and at least 10
open cases supervised by an experienced bariatric
surgeon.

Laparoscopic Bariatric Surgical Privileges for
Procedures Involving Stapling or Division of
the Gastrointestinal Tract

The surgeon must meet the global credentialing require-
ments and (1) have privileges to perform open bariatric
surgery at the accredited facility, (2) have privileges to
perform advanced laparoscopic surgery at the accredited
facility, and (3) document 50 cases with satisfactory out-
comes during either general surgery residency or postres-
idency training under the supervision of an experienced
bariatric surgeon.

Bariatric Surgery Privileges for Procedures
that Do Not Involve Stapling or Division of
the Gastrointestinal Tract

The surgeon must meet the global credentialing require-
ments and (1) have privileges to perform advanced
laparoscopic surgery at the accredited facility, and (2)
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document 10 cases with satisfactory outcomes during
either general surgery residency or postresidency train-
ing under supervision of an experienced bariatric
surgeon.

American Society for Bariatric Surgery
Guidelines for Comprehensive
Fellowship Training in Bariatric Surgery

The ASBS has proposed a formal curriculum to stan-
dardize fellowship training in bariatric surgery (Table 7-
3). This curriculum provides a foundation of cognitive,
clinical, and technical experience for general surgeons
who plan to make bariatric surgery part of their practice
after fellowship. The establishment of the Minimally
Invasive Surgery Fellowship Council has formalized the
application and selection process for surgeons interested
in advanced laparoscopic and gastrointestinal surgery

(22). Bariatric surgery comprises a major part of many of
the fellowships offered by the fellowship council, and the
guidelines offered by the ASBS provide a standardized
framework for these training programs.

Ultimately, an examination based on a curriculum of
bariatric surgery fundamentals may become part of a
formal certification process for bariatric surgery. In the
meantime, efforts should be made on the part of fellows
and program directors to work toward this type of formal
education for future bariatric surgeons. This type of 
self-governance and quality control within the bariatric
community will lend credibility to the field and offer reas-
surance to patients, payers, and referring physicians.

Continued Assessment of Outcomes

The ASBS recommends that the local facility should
review the surgeon’s outcome data within 6 months of
initiation of a new program and after the surgeon’s first

Table 7-3. ASBS Guidelines for comprehensive fellowship training in bariatric surgery (4)

Cognitive
• Fellows and at least one faculty member attend periodic teaching sessions
• Format can include textbook review, journal club, peer-review conferences, or teaching rounds
• The topics to be covered include:

1. Epidemiology of obesity
2. History of bariatric surgery
3. Physiology and interactive mechanisms in morbid obesity
4. Preoperative evaluation of the bariatric patient including comorbidities
5. Psychology of the morbidly obese patient
6. Essentials of a bariatric program
7. Postoperative management of the bariatric patient
8. Laparoscopic versus open access in the bariatric patient
9. Restrictive operations

10. Gastric bypass
11. Malabsorptive procedures
12. Revisional weight loss surgery
13. Managing postoperative complications
14. Nutritional deficiencies related to bariatric surgery
15. Obesity in childhood and in the elderly
16. Outcomes of bariatric surgery

• Attendance at quarterly morbidity and mortality conference focusing on bariatric cases and perioperative care issues
• Attendance at regular multidisciplinary conferences with nonsurgical specialists who treat obesity (nutrition, psychology, endocrinology, etc.)
• Attend at least one bariatric surgery support group during fellowship
• Complete at least one research project during fellowship

Clinical and technical
• Gain exposure to more than one type of weight loss operation
• Participate in at least 100 bariatric operations including:

• Minimum of 50 procedures involving stapling/anastomosis of the gastrointestinal tract
• At least 10 purely restrictive operations
• At least 5 open procedures

• Primary surgeon in majority (>51%) of cases (perform key components of the operation)
• Participate in perioperative care including:

• 50 preoperative evaluations
• 100 postoperative inpatient encounters
• 100 postoperative outpatient encounters

• Performance evaluation with program director every 6 months during fellowship
• Maintain current log of cases and complications
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50 procedures (performed independently) as well as at
regular intervals thereafter to confirm patient safety. In
addition, the surgeon should continue to meet global cre-
dentialing requirements for bariatric surgery at the time
of reappointment.

Conclusion

Bariatric surgery is a discipline that requires not only spe-
cialized surgical skills but also specific expertise in man-
aging the morbidly obese patient. Laparoscopic bariatric
operations are generally complex and require advanced
skills such as intracorporeal suturing, stapling, and expo-
sure techniques. Furthermore, bariatric patients are often
complex, high-risk surgical candidates secondary to their
underlying, and often severe, comorbidities. Therefore, to
build a successful program and achieve desirable out-
comes, surgeons must master the technical skills required
for the operations as well as the knowledge and clinical
skills to manage these complex patients.

Comprehensive, structured, and supervised training is
the key to achieving desirable outcomes in bariatric
surgery. The era of the weekend training course as the
sole source of procedure training is over. It has been
replaced with formal, supervised training in the form of
a formal fellowship or mini-fellowship experience. As the
obesity epidemic grows and the number of bariatric pro-
cedures continues to rise, these training programs will
play a vital role in producing surgeons capable of suc-
cessfully managing this complex disease.
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becomes challenging when treating these patients. Given
the complexity of the perioperative management, any-
thing less than long-term success should not be tolerated.
Additionally, nonmedical factors must not be ignored.
Even with appropriate perioperative management, per-
forming surgery on a patient who is behaviorally or med-
ically unsuitable for surgery may lead to a poor outcome.
As a result, a thorough understanding of proper patient
selection for surgical candidacy, appropriate preoperative
evaluation, and preparation are vital to a successful prac-
tice in obesity surgery. This chapter reviews the highlights
of these issues.

Patient Selection

While bariatric surgery is currently the only modality that
offers durable weight loss, it is appropriate for only a
small subset of patients. Standards for patient selection
have been established. In 1991, the National Institutes of
Health (NIH) consensus statement defined the minimal
criteria for patient selection (1,2). This document pro-
claimed that surgery should be considered only for those
patients who have a body mass index (BMI) of ≥40
without comorbidity, or 35 to 39 if they also suffer from
obesity-related comorbidities. Candidates for surgery
should have failed attempts to achieve sustainable weight
loss with nonoperative strategies (1,2). Given the risks of
weight loss surgery, surgeons must assure themselves that
patients seek these interventions only after sufficient
attempts at all other strategies have been made.

The NIH statement also mandates that bariatric sur-
gery be performed in the context of a multidisciplinary
program. Patients need be exposed to many nonsurgical
clinicians such as bariatric internists, psychologists or
other behavioral therapists, and dietitians. This mandate
serves to ensure that patients address the environmental
and psychosocial aspects of morbid obesity, as these
factors likely play a role in long-term efficacy after surgery.

57

The overall safety of bariatric surgery has steadily
improved as technology and experience with these 
procedures have evolved. Mortality and complication
rates have fallen dramatically as a result of improve-
ments in surgical technique (including minimally invasive
strategies), better patient monitoring and anesthetic
management, and increased recognition of the unique
perioperative needs of the severely obese surgical
patient. Outcome results have also improved with a
better understanding of the importance of preoperative
screening and patient preparation.

Bariatric surgery is the marriage of a complicated
group of operative procedures with a complex patient
population. There are numerous issues in the preparation
and management of these patients. Perioperative com-
plications have the potential to be devastating, and
weight loss failure can be damaging not only to the 
health of an individual patient, but also to the practice 
of bariatric surgery. From preoperative selection to the
intraoperative and early postoperative management,
understanding the unique requirements of this patient
population is vital for minimizing the risk of complica-
tions and maximizing the potential for durable weight
loss and improved health.

Obese patients present numerous clinical challenges.
The obesity-associated comorbid conditions predictably
raise the risks of perioperative morbidity and mortality
(Table 8-1). Many of these conditions are underdiag-
nosed in this population. Unrecognized sleep apnea can
have dramatic and potentially fatal consequences in the
immediate postoperative period. Hypertension, asthma,
and diabetes commonly occur and, if untreated, may
complicate perioperative care. Altered body habitus
yields undefined modifications of immune function, ren-
dering patients unusually susceptible to perioperative
complications. Derangements in body composition com-
plicate the dosing of medications and anesthetics. Radio-
graphic studies are often unattainable or of poor quality.
In general, every aspect of even typical perioperative care
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lifestyle. With childhood obesity now recognized as a
growing epidemic, surgical intervention for children or
adolescents is now routinely offered. To date, only small
numbers of children have undergone these procedures,
and good long-term results have been reported (3).

For the elderly, questions of increased risk, inability to
modify lifestyle, and life expectancy have all been raised
and are as yet unanswered. However, better periopera-
tive patient management as well as advancements in min-
imally invasive techniques have enabled many surgeons
to offer surgery to older patients (4). Currently, many
bariatric programs accept patients who are in their sixth
decade of life, assuming that they are otherwise appro-
priate candidates. In our practice, we have safely oper-
ated on patients who were in their seventh decade of life
and have found that there were no significant differences
in morbidity, mortality, weight loss, or long-term outcome
for our older patients when compared with our younger
patients.

Patient Evaluation and 
Preoperative Preparation

Even for patients who meet the NIH standards, surgeons
are not obligated to operate on all such patients who
present to their office. Patients can be denied surgery for
behavioral, medical, surgical, or other reasons. However,
unlike the NIH guidelines, the contraindications to
surgery are not codified or standardized. It is vitally
important to be able to screen out patients unlikely to
succeed before proceeding with surgery. Those patients
considered to be good operative candidates need to be
carefully and thoroughly prepared. Unlike other surger-
ies, bariatric surgery requires patients to make long-term
dietary and behavioral changes. A comprehensive evalu-
ation and preparation process should be undertaken. In
our program, this includes the intervention of a multidis-
ciplinary group of clinicians. This team includes behav-
ioral health specialists, dietitians, internists, surgeons, and
physicians’ assistants. Each of these clinicians provides
important input into patient selection, management, and
follow-up. Success following bariatric surgery, in our
opinion, is more likely to occur when patients are sub-
jected to this multidisciplinary approach.

A thorough psychological evaluation is performed by
a psychiatrist, psychologist, or other trained behavioral
therapist. This evaluation should focus on weight history,
social situation, life stresses, and dietary history to iden-
tify problem areas that may negatively impact on results.
Patients must not display evidence of eating disorders
such as severe bulimia that may preclude compliance
with the postoperative dietary restrictions. In addition,
they must show evidence of stress and dietary control,
supportive relationships, and a stable living environment

Table 8-1. Obesity-associated medical conditions

Cardiovascular
Cardiomyopathy
Cerebrovascular disease
Coronary artery disease
Dyslipidemia
Hypertension
Sudden death

Endocrine
Amenorrhea
Diabetes mellitus
Hirsutism
Infertility

Hepatobiliary/gastrointestinal
Hepatic steatosis
Gallstones
Gastroesophageal reflux
Steatohepatitis

Miscellaneous
Chronic fatigue
Malignancies
Pseudotumor cerebri
Urinary stress incontinence

Musculoskeletal/skin
Accident proneness
Chronic back pain
Degenerative joint disease
Diaphoresis
Hernia
Immobility
Infections
Intertriginous dermatitis

Psychological
Depression
Low self-esteem
Poor quality of life
Poor relationships
Suicide

Pulmonary/respiratory
Dyspnea
Obesity hypoventilation
Obstructive sleep apnea
Asthma

Venous disease
Deep vein thrombosis
Lower limb edema
Pulmonary embolus
Venous stasis
Venous stasis ulcers

Currently there are no universally accepted guidelines
for the age limitations for surgery. The NIH guidelines
recommended surgery only for patients older than 18
years but did not suggest a maximum age. Bariatric
surgery at the extremes of age raises several important
questions. For children and adolescents, one must ques-
tion whether there is sufficient maturity to make the 
life-altering decision to undergo obesity surgery. Further,
success after any of these procedures is likely dependent
on long-term behavioral modification. It is unclear
whether such young patients can commit to altering their
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(5). Immediately after surgery and beyond, behavioral
support in the form of individual counseling sessions or
support groups is very beneficial to help patients with the
dramatic changes in lifestyle, eating, and body image. This
has been shown to improve results (6).

Behavioral screening for surgical candidacy is impor-
tant for long-term success (Table 8-2). Patients with 
significant psychiatric disorders or mental retardation
should rarely be considered for surgery. In addition, a
strong history of substance abuse or self-destructive
behavior may also preclude patients from consideration.
Other behavioral attributes that may not represent
absolute contraindications for surgery, but should, at the
very least, raise red flags, include abusive behavior to staff
members, missed appointments, short temper, impatience
with the speed of the process, or pleading to abbre-
viate the process. In addition, in our program, we view
smoking, significant alcohol consumption, or weight gain
during the evaluation and preparation process as sym-
bolic of noncompliance and will not offer surgery to
patients who demonstrate these traits. It should be under-
stood that these decisions are subject to individual prac-
tice patterns, as little, if any, data exist to guide therapy
in these situations. Finally, patients who have failed a pre-
vious bariatric procedure (particularly if the anatomy is
intact by x-ray) should be approached cautiously.

Since many morbidly obese patients suffer from a wide
range of medical conditions, they are at increased risk of
perioperative complications (5). Therefore, a thorough
history is taken and a physical examination is performed
to affirm known comorbidities and to uncover conditions
such as sleep apnea or diabetes, which are often under-
diagnosed. Screening laboratory testing in our program
include a complete blood count, liver function testing,
hemoglobin A1c, iron, total iron binding capacity, vitamin
B12, folate, vitamin D and calcium, thyroid screening, and

serum lipids. Since rapid weight loss has been associated
with the development of gallstone disease, gallbladder
ultrasonography is performed on all patients undergoing
surgery. Those identified to have cholelithiasis can
undergo concomitant cholecystectomy. Alternatively,
Ursodiol can be prescribed following surgery to reduce
the risk of gallstone formation (7). The role of routine
cholecystectomy in the context of bariatric surgery has
been debated. Most authors agree that patients with
symptomatic cholelithiasis should undergo concomitant
cholecystectomy. Despite this, there is little consensus 
on the most appropriate management of patients with
asymptomatic gallstone.

Obesity-associated medical conditions are commonly
seen in severely obese patients and are often the reason
for seeking surgical weight loss. However, some medical
conditions might preclude patients from surgery (Table
8-3). These include diseases that are considered end-
stage or life threatening and are not expected to improve
with weight loss, such as terminal cancer. Additionally,
patients in extremely poor health in whom the operative
risks would be prohibitive or those considered to have a
very poor quality of life that would not be expected to
improve with weight loss, probably should not undergo
surgery.

There are far fewer surgical reasons to exclude patients
from surgery than medical or behavioral reasons.
However, it is important to review the reports from all of
the patient’s prior abdominal surgeries. Some of this
information can be obtained from a thorough history and
physical examination, but it should be supplemented by
obtaining the operative reports and radiographic studies.
Previous gastrointestinal surgery may alter the operative
options. For instance, patients who have had major or
several lower abdominal procedures or small bowel
resections may be better served by gastric banding or ver-
tical banded gastroplasty than by gastric bypass. Patients
who have had a Nissen fundoplication or have failed after
gastric banding might be technically difficult to convert
to a gastric bypass, and therefore a duodenal switch 
procedure might be considered. Also, multiple previous
abdominal surgeries, other gastric procedures, abdominal
radiation, or liver transplantation may be considered 
relative contraindications for bariatric surgery.

Table 8-2. Behavioral exclusions for surgery

Absolute
Significant psychiatric disorder or major depression
Severe mental retardation
Self-destructive lifestyle
Active bulimia
Drug or alcohol abuse
Inability to comprehend the necessary behavioral changes for 

surgery
Inability to integrate basic lifestyle adjustments preoperatively

Relative
Patients who are abusive to staff members
Patients who miss several office appointments
Patients who are overly pushy about an operative date or want to 

forgo or abbreviate the preoperative process
Patients who actively abuse tobacco
Patients who gain weight during the preoperative process
Patients who are untruthful or withhold information
Patients who have already failed a bariatric procedure

Table 8-3. Medical exclusions for surgery

Severe comorbid diseases that would create unacceptably high
operative risk

Incurable diseases (cancer, AIDS, cirrhosis)
Unstable diseases (congestive heart failure, unstable angina, thyroid

disease)
Gastrointestinal diseases (Crohn’s, dysmotilities)
Overall poor quality of life that would not be expected to improve

with weight loss
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Dietary counseling should be initiated preoperatively
and continued following surgery in order to teach and
then reinforce the skills for making appropriate food
choices (5). Persistent, maladaptive eating behaviors and
dietary indiscretion are common problems in both the
preoperative and postoperative setting. After surgery,
dietary indiscretion can lead to persistent vomiting, pain,
and even weight loss failure. Thoughtful evaluation and
counseling provided by these allied health professionals
serves as an invaluable asset to patients and surgeons
alike.

Some surgeons routinely test for Helicobacter pylori
infection, which occurs in morbidly obese patients with
similar frequency to that seen in the general population
(8). Despite this, upper gastrointestinal (GI) tract patho-
logy following gastric bypass surgery is unusual. Since
after gastric bypass there is anatomic exclusion of the
antrum from the environment, H. pylori is unlikely to 
be of any consequence in the postoperative setting. We
employ selective evaluation of the upper GI tract in
patients with a strong history of peptic ulcer disease,
gastritis, or malignancy, and reconsider offering gastric
bypass to the occasional patient who may need long-term
upper GI tract surveillance.

Specialty consults such as cardiology, pulmonary, and
endocrinology are obtained when appropriate. All newly
diagnosed conditions should be treated and the patient
medically optimized before proceeding with surgery.
Additional testing such as sleep studies and echocardio-
graphy are employed when appropriate.

Preoperative weight loss may also be beneficial for
reducing perioperative complications. To date, there are
no randomized prospective trials that evaluate the role of
preoperative weight loss. Despite this, we routinely ask
super-obese patients to lose approximately 10% of their
total body weight before surgery. This is usually success-
fully achieved with the guidance of our clinicians. In our
experience, such weight loss accomplishes two important
goals. First, a 10% total weight loss leads to significant
reductions in the volume of visceral fat (9). The liver
becomes less fatty and easier to retract. The omentum
and small bowel mesentery gain mobility. This greatly
reduces the technical demands of the procedure and may
reduce the operative complications. In a recent retro-
spective analysis, we demonstrated that preoperative
weight loss improved perioperative safety and efficacy 
in performing laparoscopic gastric bypass in the super-
obese whose BMI was greater than 60. Second, we
believe that from a behavioral standpoint, patients who
comply with a preoperative weight-loss regimen are more
likely to have long-term success with weight-loss surgery.
Such patients demonstrate their ability to modify their
behavior and eating patterns and typically become more
motivated to achieve the long-term goals they set. On the
contrary, patients who fail to comply with preoperative

weight loss are perhaps less likely to achieve long-term,
durable success. At present, these issues are debatable
and future scientific evaluation is warranted.

During the preoperative preparatory process, patient
education is one of the most important components.
Extensive teaching, counseling, and supervised dietary
instructions are provided. A description of the surgery
including the risks and benefits is provided to ensure that
patients have a thorough understanding of the potential
operative complications as well as the anatomic changes
that they are consenting to have done. A good under-
standing of these operative changes of gastric capacity
and function, dietary restrictions, and potential long-term
nutritional concerns is critical to a good outcome.

Intraoperative Management

At the time of surgery, a number of factors must be 
considered. Attention must be given to proper patient
positioning on the operating room table, adequate intra-
venous management (peripheral vs. central), safe airway
management (standard intubation vs. awake fiberoptic),
and balanced anesthesia. Most bariatric surgeons use
some form of thromboprophylaxis and often more than
one modality (10). These include unfractionated heparin,
low-molecular-weight heparins, pneumatic compression
sleeves, etc. Patient positioning on the table may also
affect the risk of thrombosis, as some surgeons prefer the
lithotomy position to the supine, but the latter is much
more popular.

Intravenous antibiotics are routinely administered
before creation of the incision (11,12). This reduces the
likelihood of a wound infection. In open surgery, the risk
of wound infection is stated to be as high as 10%. This is
dramatically reduced in the laparoscopic experience (13).
Given the increased body weight, the customary dose of
a single gram of a first-generation cephalosporin may not
be adequate. Forse et al. (12) found that administering 2
g was more effective. However, with the great hetero-
geneity of this population for both weight and body com-
position, there is probably no single recommendation
that will be sufficient for all of these patients.

We advocate at least two large-bore (18 gauge or
greater) peripheral IVs and do not routinely use central
access or arterial line monitoring. While this scheme
works in the vast majority of patients, any patient pre-
senting with additional high-risk factors (e.g., coronary
artery disease, severe pulmonary dysfunction, and so
forth) should probably be monitored more closely with
use of these more invasive methods.

Although it may seem intuitive, it is still important to
mention that the instruments and operating room equip-
ment must be adequate for extremely obese patients. For
open surgery, this includes adequate room lighting and
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retractors large enough for the deep abdominal cavity.
For laparoscopic surgery, standard-length instruments
and trocars usually suffice, though long ultrasonic dissec-
tors, suction/irrigators, telescopes, and blunt graspers are
helpful.

Postoperative Management

Postoperative management must focus on both standard
postoperative issues as well as those that are more perti-
nent to the obese patient. At the completion of surgery,
the patient should be transferred to the appropriate 
ward for recovery and convalescence. We routinely send
patients to the recovery room for a period of at least 5
hours, after which time the vast majority are cleared to
go to a regular surgical ward. Exceptions to this rule
include patients with sleep apnea who typically require
continuous oxygen monitoring, as well as any patient
whose status is questionable. These individuals require
monitored care until they stabilize. We routinely begin
patients with sleep apnea on continuous positive airway
pressure (CPAP) on the evening of postoperative day 1.
Studies support the notion that earlier use of CPAP is
safe and appropriate (14). Additionally, there is no sci-
entific evidence to validate the concept that CPAP jeop-
ardizes the integrity of fresh gastrointestinal
anastomoses. Pulmonary toilet and gas exchange must be
carefully monitored. Abdominal surgery and the subse-
quent pain from the incision(s) lead to respiratory splint-
ing. Incentive spirometry, keeping the head of the bed
elevated, and early ambulation all reduce the likelihood
of atelectasis and pneumonia.

No consensus exists in the literature as to whether
obesity is an independent risk factor for thromboembolic
events (10). However, despite the lack of compelling
data, most bariatric surgeons would agree that extremely
obese patients are at high risk. Factors that increase risk
in this patient population include hypercoagulable states
(15), abdominal surgery, impaired ambulation, postoper-
ative bed rest, and preexisting vascular insufficiency. A
recent survey of American Society for Bariatric Surgery
(ASBS) members by Wu and Barba (10) found an inci-
dence of 2.63% for deep vein thrombosis (DVT) and
0.95% for pulmonary embolism (PE). In this survey,
95% of respondent surgeons used some form of prophy-
laxis. Similar results were seen in a study by Eriksson 
and colleagues (16). They reported a 2.3% incidence 
of clinical DVT for gastric procedures for weight loss
despite prophylaxis.

Unfortunately, thromboembolic risk is not alleviated
by laparoscopic surgery. These minimally invasive proce-
dures are touted to decrease postoperative immobiliza-
tion, increase ambulation, and attenuate the acute-phase
response of abdominal surgery. However, these benefits

may be offset by additional risk factors such as the effects
of pneumoperitoneum on venous return and prolonga-
tion of the operative time. Therefore, it would be rea-
sonable to provide thromboprophylaxis to all patients
undergoing bariatric surgery.

There is also no consensus among bariatric surgeons as
to what constitutes the best method of thrombopro-
phylaxis. Prophylaxis can include many different 
modalities used singly or in combinations. Simple devices
that enhance venous return, reduce venous stasis, and
stimulate fibrinolysis include elastic stockings and inter-
mittent pneumatic compression sleeves. Early ambula-
tion is also beneficial in reducing the risk of thrombosis.
This is greatly facilitated by the use of specialized
mechanical beds that can flex up to a sitting position and
allow easy access onto and off.

Unfractionated heparin given subcutaneously has long
been effective for decreasing the incidence of DVTs 
but carries the risks of thrombocytopenia and hemorr-
hage (17). Low-molecular-weight heparins are currently
popular because they have better bioavailability and a
longer elimination than standard heparin (18). Studies
that have compared the two have generally found similar
success at preventing DVTs with a slightly higher bleed-
ing incidence for standard heparin (18,19). Unfortu-
nately, the low-molecular-weight heparins are more
costly, and the appropriate dosing for the extremely
obese is not known. For high-risk patients and those who
have a contraindication to anticoagulation, a vena caval
filter placed preoperatively, may be necessary. In our
program, we use intermittent compression sleeves on the
lower extremities and twice daily or three times daily
subcutaneous injections of unfractionated heparin. High-
risk patients receive vena caval filters or may be pre-
scribed low-molecular-weight heparin for a period of
time after discharge from the hospital.

Once a DVT or PE has been diagnosed, it is important
to quickly institute treatment. Traditional treatment
includes full anticoagulation with intravenous heparin.
Once the international normalized ratio (INR) becomes
therapeutic, patients are converted over to oral warfarin.
Recent studies, however, have suggested that low-
molecular-weight heparin administered subcutaneously
was equally effective as intravenous standard heparin (20).

Pain control is vitally important for early ambulation
and pulmonary toilet. This can be accomplished with
patient-controlled analgesia (PCA) using narcotics or
intravenous nonsteroidal antiinflammatory drugs such as
ketorolac. Preemptive and multimodal strategies have
also been shown to be effective (21). Care must be taken
to titrate narcotics for maximal comfort without com-
promising respiration. Epidural analgesia is also effective
but may be difficult to initiate in the obese and not nec-
essary for laparoscopic procedures. Our current practice
for patients undergoing laparoscopic bariatric surgery is
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to use morphine PCA until postoperative day 2, at which
point most patients tolerate oral narcotics. Intravenous
ketorolac is used liberally in most cases. The vast major-
ity of these patients report cessation of narcotics by post-
operative day 5.

As with operative fluid management, postoperative
fluid administration must be titrated to provide sufficient
fluids yet avoid overload. If necessary, central venous
catheterization might be necessary in the setting of poor
peripheral access or when central venous pressures are
necessary to determine fluid status. It is quite common
for morbidly obese patients to be oliguric in the peri-
operative period. The oliguric state generally resolves by
the morning of postoperative day 1 and, in the absence
of other symptoms, is of little consequence. In contrast,
persistent oliguria or anuria can represent a potential
problem such as intraabdominal sepsis and should
prompt a diagnostic workup.

The resumption of oral intake occurs rather early after
most bariatric procedures. We routinely begin patients 
on one ounce of water every hour on postoperative day
1. On postoperative day 2, we progress patients to ad 
lib noncaloric clear liquids including sugar-free gelatin,
broth, and juice. A high-protein, low-fat, vitamin- and
mineral-supplemented liquid diet is started on day 3 and
serves as the mainstay of the post–bariatric surgery diet
for the subsequent 2 weeks. Soft solid foods are begun by
week 2 and patients are then slowly advanced to a more
regular, sugar-free, low-fat diet by 1 month. Most patients
are discharged from the hospital by the second or third
day after surgery after they demonstrate the ability to
successfully tolerate nutritious liquid diet. Persistent
vomiting during this time frame is a rare event, and
although usually secondary to dietary indiscretion,
should prompt diagnostic evaluation to exclude mechan-
ical obstruction.

Conclusion

Bariatric surgery represents the union of complex surgi-
cal procedures with a population of high-risk patients.
Good results occur when appropriately selected patients
are properly prepared and then well cared for after
surgery. While over 14 million American adults would
qualify for surgery if based solely on their adiposity,
many would ultimately be poor candidates for surgery.
These determinations would include those patients
whose underlying health and past surgical history would
cause unacceptably high operative risk, as well as those
patients who would have acceptable operative risk but
whose behavioral makeup would lead to poor postoper-
ative outcomes. It is therefore essential for the bariatric
surgeon to carefully assess each prospective surgical can-
didate from medical, surgical, and behavioral perspec-

tives, and then comprehensively prepare those patients.
In addition, during and after surgery, these patients
require a high degree of attention and surveillance.
Understanding the unique requirements of this patient
population and providing the appropriate attention to
details is vital for minimizing the risk of complications
and maximizing the potential for a good start on the long
road to weight loss and improved health.
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The Evolving Role of the Psychologist
F. Merritt Ayad and Louis F. Martin

after surgery. Surgeons who are not part of a compre-
hensive weight management clinic are less likely to 
have a multidisciplinary format for follow-up care that
includes a selection of behavioral modification protocols.
Even among university-based weight management
centers, there is a great deal of variability in the amount
of follow-up assessment and treatment offered, as well as
the composition of the team that provides it. Anecdotal
information suggests that up to 50% of patients who
undergo gastric bypass do not maintain their greatest
weight loss 5 to 10 years later. It is speculated that patient
nonadherence to dietary and activity recommendations
and the lack of adequate medical or psychological follow-
up are related to this phenomenon. Of the 50% who 
do well, some received behavioral modification from 
the clinic that did the surgery, some became involved 
with groups and information services on the Internet,
and others have formed their own groups and support
systems within their communities. With gastric banding
surgeries, the behavior modification component may be
even more essential because patients are able to tolerate
a wider variety of foods compared to gastric bypass
patients. It is estimated that up to 40% of gastric bands
are eventually removed due to nonadherence, complica-
tion development, lack of psychological intervention, or
any combination of these.

In our clinic we have had patients with no previous psy-
chiatric disorder develop severe depression, or become
addicted to pain medication (or alcohol) after bariatric
surgery. We have referred depressed patients for aggres-
sive pharmacotherapy and psychotherapy both pre- and
postoperatively who later committed suicide despite our
best efforts. We have had patients refuse to follow the
postsurgical dietary and exercise requirements who prior
to surgery appeared to be cooperative with and invested
in the program. To our amazement, some particularly
rebellious patients have attended our ongoing support
group in order to boast of their newfound ability to eat
foods that were in clear violation of the dietary protocol
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In the past decade the widespread expansion of the
American waistline has driven the increased demand for
bariatric surgery. Although obesity surgery has been
extant for over 30 years, recent improvements in surgical
techniques and the dramatic rise in public awareness
have accelerated the pace of both its development and
utilization. The changing role of the psychologist in the
university-based weight management center has been
part of this evolution. The major sources of the change in
the psychologist’s role are the following: problems with
patient adherence to medical and surgical treatments,
developments in the areas of health psychology and
behavioral medicine, psychology billing code expansion
by the American Medical Association’s Current Proce-
dural Terminology (CPT) Editorial Panel, recommen-
dations from published guidelines for bariatric surgery
practice and research, clinical implications of obesity
surgery outcome research, and the recent developments
in our understanding of the change process.

This chapter addresses how these changes have
affected the practice of psychology in the specialized area
of obesity surgery and discusses the need for psycho-
logical services during each phase of obesity surgery
treatment. The assessment, preparation for surgery, and
postoperative adjustment phases each requires its own
combination of psychological services. These combina-
tions are rarely the same for any two patients.

We do not have enough research on postopera-
tive follow-up after obesity surgery, especially long-
term follow-up. Patients who do not return for scheduled
follow-up, the varying amounts of follow-up provided
among surgeons, and the time and expense of longitudi-
nal research all contribute to this problem. There has
been more media coverage of successful bariatric surgery
cases compared to the not so successful ones. To help the
greatest number of people, we must learn more about 
the patients who never reach a healthy weight, as well as
those who never build enough lean muscle, or who regain
excess weight anywhere from months to years to decades



66 F. Merritt Ayad and Louis F. Martin

they had agreed to follow. Others refused to eat after
surgery, became malnourished, lost lean muscle mass and
hair, and later returned for follow-up only after friends
and relatives expressed grave concerns about them. Some
patients developed a formal eating disorder after surgery,
while others had eating problems for which there was no
agreed upon nomenclature or treatment protocol. For
years we were perplexed by some of these occurrences.
However, the recent work in the areas of treatment
adherence, motivation, stages of change, and treatment
matching have improved our understanding and have
provided us with models for better integration of theory
with practice. This chapter reviews only selected aspects
of these developments, as a comprehensive effort could
fill several texts. While obesity surgery psychology is not
a formal subspecialty at the present time, it may become
one some day.

How Should a Psychologist Be Used in
a Bariatric Practice?

In the early developmental stages of obesity surgery, the
clinical psychologist was primarily utilized to determine
whether a given patient demonstrated sufficient psy-
chological stability to safely undergo obesity surgery.
Patients were “cleared” for surgery or deemed unsuit-
able. Some psychologists provided individual or group
treatment for unstable patients to help them become
stable enough for surgery. Currently, however, there are
a growing number of psychologists who provide many
additional services for the university-based weight man-
agement center. Developments in areas of health pro-
motion, disease prevention, and behavioral medicine
have expanded the possible roles. These services may
include coordinating care with other mental health pro-
fessionals; encouraging patient participation in support
and psychoeducational groups; working with spouses and
other family members to enhance the surgery patient’s
cooperation; helping all staff members to promote 
adherence; preventing relapse of unhealthy behavior by
supporting patient efforts to develop coping skills; and
reevaluating patients over time to monitor the impact of
interventions and to modify them when necessary.
Ideally, a psychologist should be an integral member of
the multidisciplinary team. The psychologist needs to be
acquainted with each phase of the treatment process, and
have a deep appreciation for the range of clinical courses
that flow from surgical obesity interventions. It is essen-
tial for the psychologist to be familiar with the follow-up
protocols provided by the surgery clinic and with the 
frequency and nature of the postoperative psychosocial
complications that have been identified by clinic staff.

Reich et al. (1) studied the differences between psy-
chologists who delivered behavioral health services on-

site (e.g., at a primary care clinic) versus the solo practice
office. The on-site psychologists made consultation easier
for physicians and relieved them of having to spend 
additional time and effort on patients with problematic
psychological conditions. The on-site psychologist often
spared patients the time and effort involved in finding 
an outside psychologist and arranging the initial appoint-
ment. Inclusion of a psychologist in routine practice was
believed to lessen the stigma many patients associated
with assessment for psychological and behavioral aspects
of illness. On-site psychologists benefited greatly from
this relationship in that they received up to four times the
annual new referrals compared to solo practitioners
doing similar kinds of work (1).

Having a psychologist as a member of the treatment
team also improves the quality of psychological assess-
ments and treatment recommendations. In their investi-
gation of clinical versus actuarial judgment, Dawes et al.
(2) found that many clinical decisions are made repeat-
edly without the possibility of self-correction because cli-
nicians never received feedback about outcomes. Meehl
(3) concluded that the ability of a psychologist to make
clinical predictions is dependent on the degree of struc-
ture of the data set, the manner in which the clinician
combines data to reach a judgment, the number of times
the clinician has confronted the task before, the degree
to which the clinician received feedback and cross-
replicated the predictive algorithms, and whether the task
matched the clinician’s experience. In this vein, Weston
and Weinberger (4) stated that “a clinician whose goal is
valid prognostication would do well to rely on a standard
set of items, make judgments at an appropriate level of
inference that capitalizes on skills likely to have devel-
oped through clinical training and experience, make mul-
tiple such judgments that can then be aggregated, and
avoid prognosticating outside his or her area of expert-
ise” (p. 599). They also cautioned that statistical predic-
tion can be premature when judges lack information or
adequate knowledge of the relevant variables and their
relative contributions.

Psychologists who are asked to consult from inde-
pendent offices are usually cut off from feedback that
could improve their recommendation and intervention
strategies with successive cases. Also, they do not have
the chance to follow nearly as many patients longitudi-
nally as psychologists who interact daily with a bariatric
treatment team. The unfortunate reality is that many
weight management programs do not have the budget 
or patient volumes to hire a full-time psychologist. A 
reasonable compromise under these circumstances is to
have the psychologist to whom the clinic regularly refers
patients for psychological assessment also run the
support groups for pre- and postsurgery patients, as well
as provide as much of the individual and family inter-
vention as is feasible. This allows the psychologist to
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receive the ongoing feedback on assessments necessary
to improve the assessment battery, modify recommenda-
tions as new patient data emerges over time, and gain a
better understanding of the natural history of obesity
surgery.

The role of the psychologist in the arena of health care
is changing. It is no longer adequate to rely solely on a
psychotherapy model where mental illness and behavior
disturbances are diagnosed and treated. In 2001, the
American Psychological Association modified its mission
statement to read as follows: “to advance psychology as
a science and profession and as a means of promoting
health and welfare.” Today, many psychologists function
as health care providers who focus on the factors that
interfere with physical functioning and recovery, ways of
improving health and maintaining wellness, and methods
that encourage collaboration within a multidisciplinary
treatment team (5). There is also a rapidly growing
movement within psychology called “positive psychol-
ogy” (6). Positive psychology has been embraced by cli-
nicians who have broken free from the mold of viewing
clients primarily as patients with mental illnesses who
need treatment. From the lens of positive psychology,
clients are also viewed as individuals who seek perform-
ance enhancement, skill development, or support of their
inherent need to find balance and maintain a healthy
lifestyle. This approach is a good fit for the many obesity
surgery candidates who do not have a diagnosable psy-
chiatric disorder.

New Billing Codes

For years, a major problem for psychologists working 
in primary and specialty care medical clinics was 
reimbursement. Insurers would not pay for many of the
services that health psychologists had been trained to
provide, especially if the patient did not meet criteria for
a major psychiatric disorder. Psychologists had to have
their fees “bundled” with other assessment and treatment
packages of the clinic (usually at significantly reduced
rates), or provide psychological services for only those
patients who were affluent enough to pay for them out of
pocket. However, in 2001, psychologists succeeded in
gaining new CPT codes for health assessment and inter-
vention services that may be covered by third-party insur-
ers. The codes added services for improvement of patient
adherence, symptom management, promotion of healthy
behaviors, treatment of health-related risk taking behav-
iors, and assistance with overall adjustment to physical
illness. Here is a brief summary of these codes:

• 96150—initial assessment of psychological, behavioral,
and social factors affecting the patient’s health

• 96151—reassessment to determine need for further
treatment

• 96152—intervention provided to an individual to
modify psychological, behavioral, and social factors
affecting health

• 96153—intervention provided to a group (e.g., social
support group; smoking cessation group)

• 96154—intervention provided to a family with the
patient present

• 96154—intervention service provided to family without
the patient present

The Assessment Phase

With regard to the assessment phase in the bariatric
surgery clinic, the role of the psychologist should not
simply be one of assessing whether the patient is psychi-
atrically stable enough to have surgery in the near future.
There are many reasons for going beyond a one-shot 
psychological screening. Some patients deny or minimize
important symptom domains that rely on self-report,
and the truth about their behavior can only be learned
through development of a trusting relationship over time.
Others have recurrent psychiatric conditions that are
characterized by exacerbations and remissions. The
assessment phase is a recursive one. It is likely to be
woven in and out of the other phases since reassessment
is often used to serve as a feedback mechanism that deter-
mines whether treatments are working. Assessments of
conditions that significantly impair the mental aspects of
perception, reasoning, mood, memory, judgment, and
impulse control are necessary, as problems in these
domains can definitely interfere with postoperative treat-
ment adherence and ultimate health. However, it is
becoming evident that an initial evaluation of these
domains is not sufficient for optimum treatment planning
and clinical management. The psychologist must repeat-
edly assess subtler factors that interfere with the commit-
ment necessary to achieve postoperative success, and the
degrees to which patients acknowledge their contribution
to ill health. This type of evaluation may involve analysis
of ongoing interpersonal factors that interact with prob-
lematic eating patterns, motivation for change, willingness
to expend the time and energy needed for adequate plan-
ning for surgery, and the capacity to adhere to the many
postoperative protocols and essential follow-up care.
Patients with significant impediments to any of these
areas will need intervention and reassessment before they
can be cleared for surgery. Sometimes the first choice of
intervention does not work, due to either nonadherence
or a mismatch between the treatment and the client.
Various combinations of cognitive, behavioral, psychody-
namic, educational, motivational, and interpersonal inter-
ventions may be needed preoperatively. Some patients
without significant preoperative problems will need to be
reevaluated postoperatively when complications develop
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that are related to psychosocial adjustment problems,
eating disorders, or psychiatric disorders.

Wadden and Foster (7) and Wadden and Phelan (8)
have published obesity assessment models that rely on
clinical interviews, self-report scales, and self-monitoring
reports over time. Crowther and Sherwood (9) have pub-
lished guidelines for the assessment of eating disorders,
and emphasize that assessment should occur throughout
treatment to guide and evaluate it. Along these lines, we
have come to believe that it is important to move beyond
the idea that it is sufficient for a surgeon to send an
obesity surgery candidate for an interview and an MMPI
(Minnesota Multiphasic Personality Inventory) with any
licensed psychologist and thus meet the obligation for
preoperative psychological assessment. Morbid obesity 
is usually the result of a complex set of disorders, and
understanding them requires experience with many cases
and extensive knowledge in order for a psychologist to
competently make important judgments that affect sur-
gical treatment.

Familiarity with the psychological factors involved in
problems with sleep, pain, stress, injury, disability, addic-
tion, eating disorders, and other compulsive behaviors 
is critical because these disturbances may contribute 
to weight gain. Also some understanding of the various
comorbid conditions (e.g., hypothyroidism, diabetes,
hypertension, and cardiovascular disease) as well as good
general clinical skills with a broad range of psychiatric
disorders is necessary. The MMPI is a test that most sur-
geons remember from either college or medical school.
It is known to be well researched and to have proven
utility in the areas of mental health, forensics, and pain
management. However, it has not been particularly suc-
cessful in predicting bariatric surgery outcomes. Stunkard
and Wadden (10) reviewed studies that attempted to
create subtypes of psychological functioning in severely
obese subjects. They found that the MMPI had a great
deal of variability in the makeup and number of subtypes
formed using its symptom, personality, and validity sub-
scales. They concluded that the findings clearly demon-
strated the heterogeneity of severe obesity, but failed to
define useful empirically derived subgroups. In another
study, Wadden and Stunkard (11) reviewed research that
compared the MMPIs of severely obese patients with
those of patients presenting for other medical or surgical
procedures and found that the severely obese were not
more disturbed. The authors concluded,

These findings do not mean, as McReynolds reported, that
obese persons are free of psychological problems. Some over-
weight adults, adolescents, and children have severe depression
and anxiety and require professional attention. Moreover, there
is reason to believe that many overweight persons experience
adverse psychological effects that are not measured by standard
personality and psychopathology inventories. Such effects are
likely to involve weight-specific problems. (p. 1064)

The MMPI-2 requires about 2 hours for the average
patient to complete its 567 items, and the language of the
instrument can be problematic for clients with low intel-
lectual or educational levels. Although some clinicians
are satisfied with the pairing of the MMPI-2 and the
Millon Behavioral Health Inventory in the assessment of
obesity surgery patients, concerns arise when several
other scales are also routinely used in an assessment
battery. If patients are going to be given many instru-
ments to complete, inclusion of long omnibus screening
tools are likely to lead to fatigue, anger, or misleading
data in some instances.

The bulk of recently published studies on the psy-
chological assessment of obesity surgery candidates 
use batteries of shorter scales for the assessment of
health-related quality of life, subjective ratings of physi-
cal limitation(s), depression, anxiety, body image, dietary
restraint and disinhibition, binge eating, bulimia, emo-
tional eating, and social support, to name a few. The
advantage of brief scales is that after trials of interven-
tions for targeted symptoms (or syndromes), a given 
scale can be easily readministered to assess treatment
effectiveness (multiple times if necessary). There is still
no consensus on which assessment tools are best for
assessing obesity surgery candidates. Assessment
methods found to be most useful in state-of-the-art
research protocols may not always be practical in daily
clinical practice where more compromises have to be
made. There may be cultural and demographic factors
that would make a given scale useful in one community
but not in another. A structured interview might better
assess a certain disorder with one subgroup while a scale
might be preferable for the same disorder with a differ-
ent subgroup. Because of the heterogeneity of the mor-
bidly obese population, some clinicians may use a
standard battery composed of relatively short scales, and
then follow up with more comprehensive measures in sit-
uations where there are clinical signs or processes requir-
ing further investigation (e.g., intellectual impairment,
psychosis). In addition to assessment for psychiatric 
disorders that may interfere with the understanding 
and capacity to implement the pre- and postoperative
requirements for success, it makes clinical sense for the
psychologist to assess those areas known to be related to
relapse and nonadherence.

The theory and practice of relapse prevention devel-
oped for substance abusers can be profitably applied to
obesity surgery patients who have histories of compulsive
eating or unmanageable food cravings. Witkiewitz and
Marlatt (12) have reconceptualized relapse within a
“dynamic” model that facilitates integration of the mul-
tiple influences that trigger and operate within a high-risk
situation. They listed the following psychosocial areas
known to contribute to relapse: low self-efficacy, negative
outcome expectancies, craving, motivational problems,
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negative affect states, poor coping or self-regulation, and
dysfunctional interpersonal determinants. The authors
emphasized the importance of situational dynamics
related to a person’s unique self-organizing processes.
Self-organization was defined as the interaction of back-
ground factors (e.g., years of substance abuse, family
history, social support, and comorbid psychopathology),
physiologic states, cognitive processes, and coping skills.
The authors stated, “The reconceptualized dynamic
model of relapse allows for several configurations of
distal and proximal relapse risk factors. Distal risks are
defined as stable predispositions that increase an indi-
vidual’s vulnerability to lapse, whereas proximal risks are
immediate precipitants that actualize the statistical prob-
ability of a lapse” (p. 229). For example, a proximal risk
could be an argument with one’s boss, whereas a distal
one could be long-standing conflict with authority figures
related to unresolved issues with a primary caregiver
from childhood. Contextual factors such as walking by a
bakery, for example, may mediate between other risk
factors and a poor food choice.

This new model of relapse does not presume that
certain factors are more influential than others, but
attempts to identify meaningful interactions among them
that are then used to guide clinical decisions. Application
of this model requires assessment of both the “tonic”
processes that contribute to chronic vulnerability for
relapse, and the “phasic” ones related to situational cog-
nitive, affective, and physical states, as well as the coping
skills utilized. Obviously, multiple assessments over time
are needed for the identification of the processes con-
tributing to the lapses and relapses for a given individual.
Perri (13) has been a major contributor in the effort to
integrate relapse prevention models with obesity treat-
ment. He stated, “In general, the longer obese clients
remain in contact with treatment providers, the longer
they adhere to necessary behaviors.” His research has
found that in order to prevent relapse, “clients may need
the assistance of a health care professional at the time
they are experiencing the initial slip or lapse.”

Also with regard to assessment, there is a great deal to
be gained from review of the proceedings from interna-
tional and national expert panels on the treatment of
obesity. While psychologists are a long way from having
formal standards of practice, many useful guidelines have
emerged from these panels. In 1997, the World Health
Organization (WHO) held a summit in Geneva entitled,
“Obesity: Preventing and Managing the Global Epi-
demic” (14). The WHO report of these meetings was pub-
lished in 1998, and emphasized the view that an effective
weight management strategy depends on “a comprehen-
sive analysis of the individual’s degree of obesity, his or
her associated risks, co-existing illnesses, social and per-
sonal situation, and a history of those problems and pre-
cipitating factors which lead to weight gain” (p. 210). This

document addressed the inconsistencies in the literature
that compared obese and nonobese people on standard
psychological tests, and recommended the work of Fried-
man and Brownell (15) as a guide for improving our
understanding of the clinically relevant differences
among healthy, obese, morbidly obese, and super-obese
patients. These authors addressed the shortcomings of
first-generation research in this area. They proposed a
second generation of research that would identify factors
that are likely to place obese people at risk for psycho-
logical problems and suffering.

Currently, there is no standard system for classifying
levels of psychological risk for obesity surgery candidates,
and there is no widely accepted system for grouping
patients into subtypes from a psychological perspective.
Friedman and Brownell (15) proposed a third generation
of studies that will use the risk factors derived from
second-generation studies and their association with psy-
chological characteristics and look for causal links and
cause-and-effect models. It is likely that psychologists will
play an important role in the development of a set of
sturdy, empirically derived psychosocial risk factors for
poor surgical outcomes, and also the enabling factors for
good ones.

Special Considerations in the Assessment 
of Depression

The most common psychiatric disorder associated with
obesity is depression. The etiology of depression is 
heterogeneous. People may develop depression after 
a host of medical problems. The list is very long, but 
ones that typically co-occur with obesity are sleep disor-
ders, chronic pain, hypothyroidism, injury with disability,
surgery with protracted physical limitation, diabetes, car-
diovascular disease, cancer, pulmonary disease, and other
disorders producing significant discomfort, distress, or
loss of function. In these cases, psychologists may choose
to use the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition, text revision (DSM-IV-TR)
(16), and refer to the category of “depression secondary
to a general medical condition” rather than to the cate-
gory of “major depressive disorder.”

Decreased self-care is often seen in severely depressed
patients. This means that depression can make it more
difficult to treat the medical conditions that contributed
to its development. Further complicating matters is that
the decreased self-care, poor concentration, and self-
injurious behaviors attributable to the depressive syn-
drome may lead to the development of new medical
problems. It is also important to recognize that depres-
sion can be secondary to a variety of primary psychiatric
disorders such as panic disorder, posttraumatic stress dis-
order, schizophrenia, etc. Adequate treatment of the
primary disorder is often required before secondary
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depression will remit fully. Also worthy of consideration
are the genetically determined forms of depression,
which in the worst cases develop without the usual trig-
gers of loss, insult, injury, illness, trauma, or frustrated
needs. Most commonly, there is an interaction between
genetic and environmental factors. However, the more
episodes an individual has, the less they tend to be related
to the magnitude of the external stressors.

Many of our obese patients have their own unique
combination of biological, psychological, and social vari-
ables that contribute to the development of depression.
To be effective, treatment must often address both the
symptoms and the known causes of the patient’s depres-
sion. It is important to recognize that even after adequate
treatment, the mood disorder may recur, especially if
postoperative complications develop or if the patient’s
expectations with regard to what surgery will “fix” are not
met 1 year or longer after surgery. The course of recur-
rent depression is variable. According to the DSM-IV-TR
(16),

“Some evidence suggests that the periods of remission gener-
ally last longer early in the course of the disorder. The number
of prior episodes predicts the likelihood of developing subse-
quent Major Depression Disorder. At least 60% of individuals
with Major Depressive Disorder, Single Episode, can be
expected to have a second episode. Individuals who have had
two episodes have a 70% chance of having a third, and indi-
viduals who have had three episodes have a 90% chance of
having a fourth.” (p. 372)

Recent data on the natural history of depression also
suggest that the risk of repeated episodes of depression
over a 10- to 15-year period exceeds 85% (17). Also, Judd
(18) found that individuals with major depressive disor-
der will have on average four episodes of approximately
20 weeks’ duration each, as well as other symptoms 
of depression during periods of partial remission. The
implications for the assessment of depression in obesity
patients are obvious. One cannot rely on a one-time
assessment and be assured that a currently asymptomatic
patient with a history of major depression will not
develop a major depressive episode before or after
surgery. Therefore, ongoing monitoring of patients and
repeat assessments are much preferred over the single
cross-sectional evaluation that attempts to predict future
disturbance based on one sampling of data.

It is also important to remember that certain forms of
substance abuse are known to contribute to characteris-
tic forms depression (e.g., alcohol-induced mood disor-
der; cocaine-induced mood disorder) and that a subgroup
of obese patients abuse alcohol or drugs in addition to
food. Obviously, the psychologist must facilitate the treat-
ment of substance abuse and have it well under control
before any serious planning for surgery may occur.

Many investigators have addressed the fact that
depression may develop de novo in certain individuals

who become obese, due to the discrimination and preju-
dice they experience in school, in the job market, at the
workplace, in the dating scene, on airplanes or other
crowded spaces, or simply when out in public. Also, an
individual may become depressed due to the helpless-
ness caused by the physical limitations and discomfort
associated with obesity or from its comorbid conditions.
Patients who were depressed before becoming obese
probably have a phenomenology somewhat different
from those who became depressed after obesity devel-
oped. The low energy associated with both obesity and
depression can increase avoidance of exercise. The sub-
group of depressed patients who have constant somatic
complaints (pre- or postoperatively) in lieu of experi-
encing sadness can drive a weight management center to
distraction until the patient’s mood disorder is treated.
Both depression and obesity are known to contribute to
impairment in social and occupational areas of function-
ing, and together may exponentially increase the level 
of stress for the morbidly obese patient. Feelings of 
helplessness may be increased when the obese patient
becomes depressed, and may interfere with the patient’s
ability to follow the pre- or postoperative protocols.

Weight gain may also be a symptom of depression.
Significant weight loss or weight gain is one among many
criteria for major depressive disorder. With regard 
to the latter, the DSM-IV-TR states that there must be
increased appetite nearly every day for at least a 2-week
period or a change of more than 5% body weight in a
month, and the patient may crave specific foods such as
sweets or carbohydrates (16). The hypothesis that certain
depressed individuals crave and ingest foods that elevate
serotonin (or other neurotransmitter systems) in order to
self-medicate has been proposed by researchers in the
areas of nutrition, eating disorders, and holistic medicine.
Other investigators have found that gorging on food 
elevates the body’s endogenous opioids in some people,
and that these individuals may achieve a desired state of
numbness and escape from whatever is felt to be intoler-
able. These eating phenomena may not be what Hippo-
crates meant when he said, “Let food be your medicine
and medicine be your food.”

The psychological factors that contribute to depression
could fill many books, but some of the typical ones found
in the histories of obese patients are related to experi-
ences of neglect, abuse (physical, emotional, or sexual),
or other traumatic experiences that lead to some form 
of biopsychosocial dysregulation. The loss of important
others through death, divorce, or other forms of termi-
nation are common causes of depression. Likewise, the
loss of another’s love, trust, or respect may contribute to
depression. Also, the loss of anything highly valued (e.g.,
employment, possessions, skills, status, faith, or power)
can be depressogenic. Pessimism, feelings of helpless-
ness or hopelessness, excessive guilt, and other negative



9. The Evolving Role of the Psychologist 71

cognitions are common factors in the development and
maintenance of depression. Interpersonal factors such as
infidelity, spousal addiction, feeling controlled by a family
member, receiving excessive criticism, or noninvolvement
of significant others are common contributing factors 
in both depression and overeating. In other patients,
the inability to establish intimate relationships may con-
tribute to depression.

Skill or coping deficits in various life domains may con-
tribute to excessive frustration and depression in some
patients. The literature on coping and addictive behavior
suggests that there are three general categories of coping:
problem-focused coping, in which the person does some-
thing to change the situation; emotion-focused coping, in
which the person deals mainly with the emotional reac-
tion to the stressor; and avoidant coping, in which the
person turns attention away from the stressful situation
(19). Tennen et al. (19) found that emotion-focused and
avoidant coping best predicted alcohol consumption
levels. Obese patients say that they eat for comfort, or to
get rid of bad feelings, or as a distraction from circum-
stances that cause distress.

In their relapse prevention efforts with obese patients,
Perri et al. (20) found that when problem-solving inter-
ventions were added to standard behavioral treatments
for obesity, the outcomes were better. In essence, Perri
and colleagues had better obesity treatment outcomes
when they improved problem-focused coping in their
patients.

Assessment of Emotional Eating

Since the 1950s there has been consistent support for the
fact that some people overeat in response to stress, emo-
tional tension, intolerable emotional pain, conflict,or frus-
trating life circumstances (21). Hamburger (21) classified
emotional eating into four patterns:nonspecific emotional
eating, in which any negative emotion can trigger it; eating
to compensate for intolerable life situations; eating to
ward off symptoms of an underlying psychiatric disorder
(e.g., depression); and insatiable craving or addiction to
food.These categories were not mutually exclusive. Bruch
(22) referred to “active phases of obesity,” in which emo-
tional eating and weight gain are prominent, and stable
phases of obesity, in which weight is stable and there is less
emotional eating. The phasic nature of emotional eating
can pose challenges for clinicians attempting to assess it
and treat it. Also, emotional eating may be done secretly,
making it difficult for family members or significant others
to help clinicians reliably assess it. This phenomenon has
been referred to as “stress eating.”

Many of the painful life situations discussed previously
may contribute to depression, emotional eating, obesity,
or all three in a given individual. Some people emotion-
ally eat only when overwhelmed by multiple stressors

(e.g., financial, relationship, and health problems). Others
emotionally eat in response to a single stressor or a spe-
cific type of distress. Rand (23) found that 79% of the
obese subjects compared to 9% of the normal-weight
subjects gained 10 pounds or more during periods of
major life stress such as marriage, divorce, job change, or
death of a family member. The magnitude of the stressor
needed to trigger emotional eating varies from person to
person, as does the subjective degree of distress associ-
ated with that trigger. In their review of how obese
patients who seek treatment differ from those who don’t,
Fitzgibbon et al. (24) stated that the former “reported
elevated levels of distress and increased emotional eating
in response to negative emotional reactions.”

Polivy and Herman’s (25) review of the binge-eating
disorder literature found that stress and negative mood
were the most frequently cited precipitants of binge
eating. Also, negative emotional states have shown a
strong relationship with relapse in patients with various
types of substance abuse disorders. In Marlatt’s (26) orig-
inal study of relapse precipitants, “negative affect” was
the unambiguous predictor of lapses following treatment.
Leon and Chamberlain (27–29) studied subjects who 
lost weight after treatment and classified them as either
“maintainers” or “regainers.” The regainers had difficul-
ties with a wide range of emotional states, whereas 
maintainers had difficulty mainly with loneliness and
boredom. In his review of emotional eating, Ganley (30)
cited studies that described patients who ate to avoid
social encounters, ward off sexual feelings, or deal with
many forms of interpersonal and family dysfunction. He
concluded, “Although social determinants have rarely
been the focus of investigation, these studies suggest that
obesity and emotional eating may be deeply embedded
in relationship attitudes, roles, interactions, and the regu-
lation of emotion” (p. 353).

Rodin et al. (31) reviewed laboratory experiments
showing that when obese subjects restrained their eating,
this restraint was overridden by emotional arousal or
anxiety. Studies showing that some overweight individu-
als had greater reactivity to pain, stress, and other types
of emotional arousal compared to normal-weight sub-
jects were also reviewed. It is important to recognize that
patients who do not meet DSM-IV-TR criteria for a 
psychiatric disorder may have a clinically significant
degree of emotional eating nonetheless. Thus, while these
areas overlap somewhat, one cannot assume that emo-
tional eating has been ruled out simply by a low depres-
sion or anxiety index. Some patients are not consciously
aware of their emotions or cannot accurately label them,
which makes the assessment of anxiety, depression, and
emotional eating difficult. It also important to keep in
mind that some obesity surgery candidates minimize
their degree of depression or anxiety because they fear
that admission of psychiatric symptoms may slow down
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their progress toward their goal of surgery. Others simply
do not want the double stigma of being both obese and
mentally ill. Therefore, it makes sense for psychologists
to evaluate for presence of emotional eating pre- and
postoperatively, and then help emotional eaters develop
better coping mechanisms. Arnow et al. (32) have devel-
oped an emotional eating scale with established reliabil-
ity and validity. It is a one-page measure that the average
patient can complete in less than 5 minutes, making it
ideal for serial assessment.

Assessment of Eating Disorders

There are significant challenges to the accurate assess-
ment of eating disorders in obese patients. There is a
great deal of shame associated with these behaviors, and
patients often deny or minimize them. There is disagree-
ment in the field about how best to assess the eating 
disorders commonly associated with obesity. Scales,
structured interviews, semistructured interviews, and
unstructured interviews have all been used in both
research and clinical practice.

A recent development in public health and substance
abuse treatment is the “harm reduction” model (33,34).
This model accepts that human beings are going to use
food, alcohol, and drugs for pleasure, fun, stress reduction,
or coping with frustrated needs or overwhelming experi-
ences. While abstinence may be a viable goal for some
people, it is not for others. In harm reduction treatment,
clients learn about the continuum of use, abuse,
and addiction. Responsible use is that which has a low risk
of causing harm to self or others. Practitioners of harm
reduction have found that many, if not most, patients
reveal accurate information about their substance use
only when the clinician has proven to be trustworthy, non-
judgmental, and noncontrolling over time. This pattern
clearly obtains in a subgroup of obese patients with coex-
isting eating disorders. We have had patients finally reveal
the truth about their preoperative eating behavior a year
or more after undergoing bariatric surgery.

The WHO document reviewed some of the eating dis-
orders associated with obesity, such as binge eating, night
eating syndrome, and nocturnal sleep-related disorder.

Binge Eating

Up to 30% of the obese patients seeking medical help
binge eat large quantities of food with a subjective feeling
of loss of control. Binge eating is associated with more
severe mood problems, and a greater incidence of comor-
bid psychopathology. Binge eaters are more likely to
drop out of behavior modification programs for weight
loss than non–binge eating obese patients. Edelman (35)
found that in addition to the frustration attendant to
being on diets, binge eaters may also overeat in response
to fatigue, feeling sorry for oneself, loneliness, family

discord, or occupational frustration. Studies are inconsis-
tent with regard to the degree of risk that preoperative
binge eating has for development for postoperative 
disordered eating. However, it makes clinical sense to
treat binge eating preoperatively. Fairburn and Wilson
(36) have developed the most widely accepted cognitive-
behavioral treatment for binge eating. Also, some binge
eaters have shown reduction in disordered eating behav-
ior after pharmacologic intervention with medications
such as fluoxetine, sibutramine, and topiramate (37);
phentermine (38); fluvoxamine (39); d-fenfluramine (40);
and desipramine (41).

Night Eating Syndrome

This disorder was initially described by Stunkard et al.
(42) and was characterized by the triad of morning
anorexia, evening hyperphagia, and insomnia. Often 
night eating syndrome (NES) included depression with
an unusual circadian pattern (i.e., minimal morning
depression that progressed throughout the day and
night). Patients eat 25% to 50% of their daily calorie
intake after the evening meal. Many of these patients get
out of bed at night to eat after having difficulty sleeping.
It is hypothesized that this disorder may be more
common in obese patients who have sleep apnea.
Stunkard’s research found NES to occur in about 1.5%
of the general population and in 8.9% of obese adults.
Rand et al. (43) found that 27% of obese patients seeking
surgical intervention reported night eating syndrome.
Contrasted to binge eating, which tends to occur in a
shorter, more discrete amount of time and is often char-
acterized by rapid eating, night eating can go on 
for many hours and usually into the next morning.
Birketvedt et al. (44) believe that NES may be related to
a malfunctioning stress response and are investigating the
neuroendocrine pathophysiology of the hypothalamic-
pituitary-adrenal (HPA) axis. They reported that, world-
wide, 50% of night eaters are obese and 50% are not.
Recent classification efforts have recommended that a
patient must demonstrate night eating for a period of 3
months in order to receive the diagnosis.

Nocturnal Sleep-Related Disorder

This disorder has also been referred to as “sleep eating.”
It occurs when patients are somewhere between wake-
fulness and sleep. They may appear sound asleep to
others when eating. They may eat strange combinations
of foods and have little or no memory of eating. Although
first described in 1955, this disorder had not attracted
much scientific interest until recently. Some investigators
conceptualize nocturnal sleep-related disorder (NSRD)
as a sleep disorder, and view the ingestion of foods that
elevate brain serotonin levels as the effort to medicate
the sleep disturbance.
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Grazing

This disorder of eating behavior was not addressed in the
WHO document. Saunders (45) has described grazing 
as a high-risk behavior that most frequently occurs in
postoperative bariatric surgery patients with previous
histories of binge eating disorder (or a subsyndromal
variant of it). Most patients who have obesity surgery are
unable to consume what the DSM-IV-TR research 
criteria require for a diagnosis of binge eating disorder,
that is, “an amount of food that is definitely larger than
most people would eat in a similar period of time under
similar circumstances.” However, grazing retains some of
the other DSM-IV-TR criteria: a sense of lack of control,
eating until feeling uncomfortably full, and eating when
not hungry. Saunders feels that whether grazing is
referred to as subthreshold, a partial syndrome, or atyp-
ical, it has a significant negative impact on the daily func-
tioning of bariatric surgery patients. It may impede the
progress of the bariatric surgery both in terms of healthy
phase-appropriate food selection and optimum weight
loss. It may also contribute to a premature plateau or
weight regain over time. Saunders found that of the 64
patients she followed longitudinally, 60% reported binge
eating or grazing preoperatively. Of this high-risk group,
80% reported feelings of loss of control over eating. The
preoperative binge eaters reported a shift to grazing at
an average of 6 months after surgery, while the preoper-
ative grazers also experienced a return of the behavior at
6 months, but it worsened between months 12 and 18.
Some of her subjects reported a desire to “test the limits”
of what they could eat without gaining weight, while
others were actively seeking the “comfort of the too full
feeling they had experienced before surgery.” Impor-
tantly, some of these patients induced vomiting to avoid
gaining weight.

Saunders identified psychological factors associated
with grazing that are similar to those described in the
binge-eating literature: creation of good/bad food
dichotomies and labeling the self as bad when eating
foods from that category, feelings of deprivation trigger-
ing out of control eating, and patients’ belief that they
were about to fail at yet another attempt at weight loss.
Saunders noted that when patients believed that they
would no longer have food cravings after surgery, they
became distressed when craving arose. Also, those who
had dysphoria trigger binge eating preoperatively were
likely to have other feelings of disappointment post-
operatively that triggered grazing behavior three to five
times per week. Saunders found that problems with
spouses, family members, and friends often became inter-
twined with dysfunctional eating, as well as body image
and identity problems. She recommended a modified
form of cognitive-behavioral therapy for postoperative
grazers.

The Preparation for Surgery Phase

Any of the conditions discovered in the assessment phase
known to increase surgical risk, decrease the likelihood
of adherence to postoperative protocols, or cause the
patient excessive distress should be treated in the prepa-
ration for surgery phase. In some cases, clearance for
surgery is contingent on a specified amount of symptom
reduction (e.g., a Beck Depression Index score below 20).
In 1996, the American Obesity Association (AOA) and
Shape Up America published Guidelines for Treatment of
Adult Obesity. The information was compiled by a com-
mittee of obesity experts chosen by Surgeon General C.
Everett Koop. A patient-oriented version was prepared
in 1998 (46). This document stated that patients with
symptoms of bulimia nervosa or unstable mental illness
such as schizophrenia or bipolar disorder should not have
any form of weight-loss treatment until their symptoms
remit and until the patient has been stable for a sufficient
period of time. Obese patients who binge and purge are
at risk of overeating or returning to self-induced vomit-
ing after surgery. They should be referred to a therapist
specializing in eating disorders and be symptom free for
a minimum of 6 months before undergoing obesity
surgery.

Schizophrenia was an exclusion criterion during the
evolution of bariatric surgery. However, research in
recent years has shown that some individuals with schiz-
ophrenia may do well postoperatively, especially if they
have good social and family support (47). Clinicians need
to ensure that the patient with severe mental illness is
clinically stable for a significant period of time before
surgery (e.g., 6 months to a year), that a strong and
informed support system is in place to monitor and assist
with the postoperative protocols, and that planning has
been made for ensuring long-term psychotropic medica-
tion adherence. Some of the newer antipsychotic agents
are much more effective than older drugs for selected
patients. However, a major problem with some of these
medicines is that they cause significant weight gain.
Clinicians need to consider these factors when they select
drugs for maintenance therapy as opposed to acute 
stabilization treatments.

The AOA/Shape Up America document also recom-
mended treatment for depression, anxiety, and high levels
of stress before and during weight reduction treatment.
The committee acknowledged the research that found
excessive stress to be associated with increased body
weight pre- and postoperatively. It was noted that weight
loss may exacerbate depression in some individuals.
Psychological reevaluation every 3 to 6 months was 
suggested. The contributors strongly recommended an
evaluation specifically aimed at assessing readiness for
weight loss. This evaluation should include the assess-
ment of motivation, readiness to make a long-term com-
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mitment, and the timing of interventions. Patients in the
midst of a divorce, serious financial difficulty, or an
abusive marriage should postpone surgery until they
have improved their situation. Patients who are about to
relocate to a new geographical area or make a career
change, for example, may need to delay obesity surgery
until they have adjusted to such major life developments.
Psychologists may be needed to assist surgery candidates
with any life situation that could significantly interfere
with the effort, time, and resources required to follow a
graduated dietary protocol for a year, engage in regular
exercise, or to faithfully return to the program for follow-
up visits.

The WHO report stressed the importance of family
involvement, and reviewed literature that has shown 
that the body weight and attitudes of a patient’s spouse
can have a major impact on the amount of weight 
lost and successful maintenance (14). Obese patients with
normal-weight partners tend to lose more than those with
obese partners. Success is greater when a spouse also
makes an effort to lose weight with the patient. Dropout
rates are reduced when the patient’s spouse is included
in the weight control program. In light of these findings,
it makes sense to include spouses and significant life part-
ners in the preoperative support groups and in some
cases additional couples therapy. Likewise, inclusion of
both patient and partner in postoperative groups or
counseling may be helpful.

The use of certain substances or the cessation of others
may contribute to weight gain. Alcohol consumption may
disinhibit dietary restraint and lead to overeating, and
cannabis use is known to stimulate appetite. Stimulant
cessation may lead to weight gain. The WHO document
addressed weight gain associated with smoking cessation,
especially in people who smoke more than 15 cigarettes
per day. Smoking cessation, according to the WHO,
should be a higher priority than weight loss in obese
patients who smoke, as there is strong research indi-
cating that smoking has a greater negative impact on
morbidity and mortality. Alcohol consumption was also
addressed in the report. Alcohol is associated with
increased risk of excess body fat development, and a
number of obese patients drink. Oxidation of ingested
alcohol is given priority over other macronutrients. When
alcohol consumption meets the body’s energy needs, it
allows more of the energy from food to be stored. The
psychologist may be consulted for the management of
smoking, drug, and alcohol use at the weight management
center.

In 2000, the National Institutes of Health (NIH), in
conjunction with the National Heart, Lung, and Blood
Institute and the North American Association for the
Study of Obesity, published The Practical Guide: Identi-
fication, Evaluation, and Treatment of Overweight and
Obesity In Adults, which was revised in 2002 (48). It made
the following suggestions for overcoming barriers to

treatment adherence: A nonjudgmental and nonblaming
attitude on the part of clinicians is critical. Building a
partnership with the patient and working with the patient
to set achievable goals is important. When a patient does
not select an area that appears in need of change, then
inquiry and discussion about the costs and benefits of that
area tend to work better than ordering the patient to 
do it. Once patients decide that they are committed to
changing an area, it is important to assess their degree of
confidence in their ability to achieve it (i.e., self-efficacy).
Effective goals are specific, attainable, and forgiving in
that they do not require perfect achievement. Examining
the circumstances connected with unmet goals can facil-
itate developing new and more effective strategies.

The Practical Guide conceptualized weight loss as a
“journey” and not a “destination,” and suggested teach-
ing patients to view lapses as “inevitable opportunities to
learn how to be more successful.” An important goal-
setting strategy suggested by the Practical Guide is the
following:

Before beginning treatment, results of the physical examination
and laboratory tests should be shared with the patient. Empha-
sis should be placed on any new findings, particularly those asso-
ciated with obesity that would be expected to improve with
weight loss. The patient should focus on improvements in these
health parameters, rather than focus on achieving an ideal body
weight or a similarly large weight loss that may or may not be
attainable. . . . By focusing patients on medical rather than cos-
metic benefits of weight loss, you may better help them to attain
their goals. (p. 40)

Adherence

Over two decades ago, surveys emerged indicating that
one of the most common sources of treatment failure in
medicine was patient noncompliance. Within the last
decade this phenomenon has not changed much, but the
language we use and the way we understand it has
evolved. Webster defined “compliance” as conformity,
yielding to the wishes of another, or submitting to the
desire, demand, proposal, or coercion of another. “Adher-
ence” is defined as sticking to, giving support, and main-
taining loyalty or fidelity. The old “M. Deity” portrayal of
the medical doctor who tells patients what to do in the
manner of an imperious parent, and who does not discuss
treatment options or costs with patients, is no longer
tenable. Patients today are armed with rapid access to
vast amounts of information via the Internet, and 
have developed skills at obtaining second opinions and
medical comparison shopping. Many will no longer tol-
erate a paternalistic relationship with their physician.
“Doctor’s Orders” are passé.

In the past, patients labeled as noncompliant were
often viewed as having negative character traits. The
current term, adherence, is more neutral and describes
the extent to which a patient follows through with previ-
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ously agreed-upon actions. It implies cooperation rather
than submission. Adherence may refer to keeping
appointments, taking prescriptions, attending support
groups, or completing other tasks between appointments.
Current research on nonadherence shows that certain
physician, treatment team, and institutional variables
contribute to the problem of nonadherence and caution
against blaming the patient alone for poor treatment
outcome.

Dunbar-Jacob and Mortimer-Stephens (49) reviewed
the literature dealing with adherence in chronic disease,
and found that as many as 60% of persons with chronic
disorders are poorly adherent to treatment. This group
found that the costs of nonadherence are greater than
$100 billion per year, and up to 40% of hospital read-
missions are related to this phenomenon. The most
common reason for missed medication was forgetting.
The second most common was “symptom management,”
that is, when symptoms increase the patient increases the
dose, or when symptoms decrease the patient takes less
of it. The third most common reason for a missed med-
ication dose was schedule disruption (e.g., travel, dining
out, work demands, and other interruptions). Dunbar-
Jacob’s group also looked at physician variables in the
treatment of diabetes, hypertension, and heart disease.
Patients with good adherence often had doctors who
reported more job satisfaction, had busier clinics in terms
of visits per week, and more often provided patients with
definite future appointments than the doctors whose
patients showed poor adherence.

Zweben and Zuckoff (50) reviewed the adherence lit-
erature and found the following reasons for low adher-
ence: low acceptance of the problem; having reservations
about the nature, extent, and severity of the problem; and
lacking the sense of safety necessary to give up what is
familiar for an uncertain future. In reviewing the litera-
ture on failure to adhere to plans that patients had devel-
oped, Polivy and Herman (51) identified four primary
types of overestimation: (1) the amount of change possi-
ble; (2) the speed of change; (3) the ease of change; and
(4) the reward of change (e.g.,“If I lose weight, I will meet
the man of my dreams, get a great job, and live happily
ever after”). They concluded,“Expectations often exceed
what is feasible and lead people to reject more modest
achievable goals. The best is the enemy of the good” (p.
679). Engle and Arkowitz (52) have observed that some
patients view medication adherence, going to the doctor,
or even reading literature about their illness as unpleas-
ant reminders of their “weakened state of health.” To
avoid this dysphoria, patients turn a blind eye to their
treatment. Engle and Arkowitz have produced an excel-
lent new text on the reasons that patients do not change,
together with strategies for overcoming barriers to health
care adherence.

Heidenreich (53) found that poor adherence was
related to cost and complexity of the medical regimen,

patient variables, and provider variables. He also
described some of the dangers of nonadherence. Using
antihypertensive medications as an example, when
patients do not take their prescribed dosages and do not
effectively communicate this to their physician, the dose
may be erroneously increased. When this process goes
through several cycles, a medical emergency may result
should the patient begin taking the medication at the last
prescribed dose.

Wing et al. (54) concluded that adherence mediated
the relationship between depression and health out-
comes. Her group reviewed the literature that found
depression to be associated with poor outcome in a
variety of medical conditions, and that as many as 60%
of depressed patients did not adhere to a 9-month anti-
depressant regimen. In reviewing the literature on renal
disease, angina, cancer, and arthritis, Wing’s group found
that depressed patients were three times as likely to be
nonadherent when compared to nondepressed ones.
After myocardial infarction, depressed patients reported
lower adherence to exercise, low-fat diet, stress reduc-
tion, and use of prescription medication. Wing et al.
listed the following as possible explanations for the 
lower adherence rates found in depressed medical
patients when compared to nondepressed ones:
depressed patients report greater feelings of hopelessness
and may not expect treatment to be effective; some are
socially isolated, and good social support is related to
adherence; cognitive impairment in depressed patients
may affect their ability to remember to take medication
or other recommendations given by the physician; and
finally, depressed patients may not have the energy to
carry out treatment recommendations. Wing’s group has
found that by increasing a patient’s activity level, a
depressive episode may be prevented. They have found
that some patients who maintained their activity level did
not have a recurrence of depression even when weight
was regained. The authors concluded that interventions
that contribute to a feeling of empowerment improve
adherence.

Nemeroff (55) reviewed antidepressant adherence and
found that as many as 44% of patients discontinue 
antidepressant treatment within the first 3 months. The
main causes of poor adherence with antidepressants were
poor doctor–patient relationships, lack of patient educa-
tion, and unpleasant adverse side effects. Gianetti (56)
described the following basics of good physician com-
munication skills: elicit the patient’s perspective, assess
how much the patient wants to be involved in decision
making, assess the patient’s perception of the disease and
its treatment, address patient concerns, offer options 
and explanations, periodically check for understanding,
and encourage the patient to express concerns about the
regimen. He identified patient beliefs about antidepres-
sants that contribute to poor adherence: “the medication
is addictive”;“medication is a ‘crutch’”;“I will not be able
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to tolerate the side effects”; “I will never be able to stop
the medication”; “if I don’t feel better immediately, the
medication is not working”; “medicine cannot solve my
problems”; and “medication will make me tired all the
time.” In addition to these, we have observed other
beliefs: “I am not myself on the medication”; “the med-
ication makes me a zombie”; and “I lose my vitality and
‘edge’ when on the medication.” Legitimate complaints
of side effects such as sexual dysfunction, decreased
libido, sleep difficulties, weight gain, and others should 
be distinguished from faulty beliefs and addressed 
appropriately.

Vergouwen et al. (57) investigated the differing impact
on antidepressant nonadherence that educational versus
collaborative care interventions had. Patient education
programs included discussion of side effects, reviewing
the information leaflet with the patient during the initial
visit, and mailing personalized information directly to
patients. Collaborative care programs were systematic
approaches to the improvement of patient education with
the active involvement of other health care providers
such as mental health professionals, nurses, and care
extenders. The interventions were multimodal in that
they affected the patient, physician, and the system of
care. These interventions increased the following: patient
education, length and frequency of visits, surveillance of
adherence, education and training of clinicians, and the
use of feedback and recommendations made by care
extenders. The collaborative care model was found to
contribute to better adherence to the pharmacologic
treatment of depression.

Gianetti (56) developed the following counseling model
for psychologists to improve antidepressant adherence:
(1) establish a therapeutic alliance with the patient;
(2) destigmatize the illness; (3) encourage the positive
health beliefs associated with the treatment of depression;
(4) emphasize that the benefits outweigh the costs of
taking medication; (5) dispel irrational beliefs regarding
the disease state and medication treatment; (6) use behav-
ioral interventions to tailor the regimen to the lifestyle of
the patient and collaborate with the prescribing doctor to
reduce the impact of side effects (e.g., change of medica-
tion type, timing of the dose, or use of long-acting or
“extended-release” medications); and (7) use collabora-
tive agreements among treating health care professionals
(e.g., pharmacist, physician, and psychotherapist) to con-
tinually monitor and evaluate adherence.

The Postoperative Adjustment Phase

The studies investigating the relationship between psy-
chosocial factors and surgical outcome have been 
inconsistent. Because of this, research has been unable to
inform clinical practice to an optimal degree. The factors

investigated have varied from study to study. Also,
different scales have been used to assess the same 
variable across studies. Future investigative efforts will
need better coordination among research sites. Despite
these problems, useful trends have emerged in the liter-
ature and are addressed in this section.

In the medical domain, many studies have placed the
outcome premium on weight loss. This can be misleading.
For example, a patient who loses more weight than
another may not be healthier if the former did not
comply with recommended dietary and activity guide-
lines. Across studies, the mean length of time that elapsed
from the date of surgery to the last weight measurement
has varied a great deal. Since most patients lose weight
during the first 6 months after surgery (whether they
adhere to the protocols or not), subjects are much more
homogeneous (with respect to weight loss) at this point
in time. They are less so 5 years postoperatively. Brownell
and Wadden (58) pointed out that group averages of
weight loss may lead to incorrect inferences about indi-
viduals, and that intraindividual variability (e.g., cycles of
loss, regain, loss) may be missed. The percentage of sub-
jects who have maintained weight loss at 2 years may con-
stitute a different subset of the sample than those who
maintained their weight loss at 5 years. The authors cau-
tioned that attributing change to a single intervention is
often misleading because of the many concurrent treat-
ments and lifestyle change efforts that most patients are
involved in. Also, the more precise goal of surgery is to
reduce fat while preserving lean body mass (59). Some
patients have too little muscle preoperatively, and actu-
ally need to gain a significant amount of muscle in order
to become healthy. The holy trinity of adequate protein,
water, and activity levels is essential for optimal muscle
development. The psychologist may need to be consulted
when patients do not adequately adhere to the dietary,
vitamin, and exercise protocols.

In 1991, The National Institutes of Health published a
“Consensus Statement on Gastrointestinal Surgery for
Severe Obesity” (60). This document stressed the impor-
tance of lifelong medical follow-up after obesity surgery,
yet some surgeons and too many patients choose to
neglect this aspect of this risky but effective set of surgi-
cal procedures. Patients are expected to go for laboratory
measurements and examinations at 1 or 2 weeks postop-
eratively, again at 4 weeks, then between 2 and 5 months,
again between 6 and 12 months, and then once a year for
life unless there are complications that require more fre-
quent visits. Follow-up may reveal psychological factors
related to problems with pain management, wound care,
Gastrostomy-tube care (when applicable), diet, supple-
ment use, and activity level. Also during follow-up
various clinicians may discover problems with social
adjustment, work, sexual functioning, substance abuse,
marital and family functioning, etc., where involvement
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of the psychologist will be important. The consensus
statement concluded,

Quality-of-life considerations in patients undergoing surgical
treatment for obesity must be considered, as there must be
reorientation and adjustment to the side effect of a changing
body image. Euphoria can be seen in patients during the early
postoperative period. Some patients, however, may experience
significant late postoperative depression. Some patients have
depressive symptoms that are not improved by surgically
induced weight loss. (p. 9)

The consensus statement further recommended that

Evaluation of the psychosocial changes that occur during
weight reduction is needed. Standardized, reliable, and valid
questionnaires and structured interviews should be developed
to evaluate patients’ expectations about changes and the psy-
chosocial changes they actually experience during weight loss
and maintenance. (p. 12)

The AOA/Shape Up American group summarized the
behavioral research on lifestyle change strategies and
recommended the following: self-monitoring of eating
and activity through diaries; stress management through
the use of strategies to cope with stressful events (e.g.,
meditation and relaxation techniques) or to reduce them
(e.g., problem-solving skill training); stimulus control,
whereby patients identify cues in their environment that
are associated with under exercising and unhealthy
eating and counter them (e.g., substitute healthy
responses for unhealthy ones); reinforcement of helpful
lifestyle changes with use of rewards, contingency man-
agement, and social support from friends or family;
cognitive restructuring, which focuses on modification of
self-defeating thoughts and feelings, helps patients
change faulty attitudes and beliefs, and confronts unreal-
istic goals and body image distortions; social influence
procedures, such as learning to elicit support from others,
and identifying saboteurs with the aim of converting
them into supporters; and relapse prevention, which is
the identification of high-risk situations and development
and implementation of plans to avoid or minimize risk.
The group also stressed the importance of helping
patients learn to forgive themselves for lapses, and to
view them as opportunities for learning.

Marcus and Elkins (61) found that patients who
attended postoperative support groups had better obesity
surgery outcomes than those who did not. The NIH Prac-
tical Guide (48) suggested that failure to achieve weight
loss after treatment requires assessment of the following
areas: energy intake of food and alcohol (using both
recall and daily logs); energy expenditure (using a 
physical activity diary); attendance records for behavior
modification sessions; recent negative life events; family
and societal pressures; and evidence of detrimental 
psychiatric problems (e.g., depression, eating disorder).
This guide’s review of the prediction literature concluded

that most behavioral predictors have been unable to
strongly and consistently predict obesity treatment
outcome. However, “self-efficacy” (i.e., patients’ confi-
dence that they can succeed) has been a modest but 
consistent predictor of success.

Motivation for Change

In August 2004, the National Institutes of Health Obesity
Task Force released its Strategic Plan for NIH Obesity
Research” (62). The document stated, “There is no single
cause of all human obesity . . . thus, no single prevention
or treatment strategy is likely to work for everyone.”
The plan encouraged work that leads to a better under-
standing of the mechanisms for changing behavior and
maintaining that change, and specifically mentioned the
importance of studying motivational strategies that
promote weight loss and maintenance. With regard to
bariatric surgery, Bond et al. (63) emphasized that
“theory-driven change interventions designed to
promote appropriate new health behaviors and
strengthen resiliency against temptation to engage in old
behaviors should be implemented before and after
surgery” (p. 851). Bond’s group recommended the use of
the transtheoretical model of behavior change commonly
referred to as the “stages of change” (SOC) model.
Prochaska et al. (64,65) developed the SOC model by
integrating accepted empirically supported treatments
with research on the self-change process. Brownell and
Wadden (58) stated that the SOC model “is potentially
helpful in the obesity field because it may help explain
the large variation in response to treatment and may
permit interventions to be targeted to individuals” (p.
512). The SOC model has been used in the successful
lowering of smoking, alcohol consumption, substance use,
overeating, and unhealthy food choices. This model has
been effectively applied to both the initiation of healthy
behavior and the modification or cessation of unhealthy
behavior (66).

The SOC model is based on the study of people who
made important life changes (e.g., smoking cessation,
decreased alcohol consumption, or weight loss) on their
own. The investigators found that while individuals 
had a range of tools they used to successfully change,
effective changers tended to use different tools at 
different stages of the change process. Five well-defined
stages of change were enunciated. Success requires
passage through each stage, but not necessarily linearly.
Most people progress, regress, and progress and regress
again as they improve their change skills. The authors
used a spiral to visually depict their model, and explained
that most people spiral up and down through several
cycles before achieving lasting success. Analogous to the
development of musical or athletic abilities, error and
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failure experiences cannot be avoided in the process of
developing good habits and extinguishing bad ones.
Error and failure experiences are valuable forms of
learning. Repetition, refinement, and creativity are all
part of the change process. Another positive aspect of the
SOC model is that it does not view relapses of old behav-
ior as proof that all the patient’s change efforts have
failed. Rather, these events are seen as part of the natural
process of change that must be addressed and managed.
The implications for the treatment of chronic illness will
become abundantly clear as each of these stages is
described in turn.

Precontemplation

People at this stage minimize or deny having a problem.
They do not intend to change their behavior. It does not
matter if family, doctors, friends, or coworkers tell them
that they have a problem. It is not their problem until
they are ready to view it as such. Most patients who come
to an obesity surgery specialty clinic realize that they are
obese. However, there is a great deal of variability among
patients in their experience of being obese. Some are
pressured by family to get an evaluation for gastric
bypass, but when they discover the risks of surgery or that
there is no guarantee that it can be completed laparo-
scopically, they may panic and withdraw from the
program. Others appear oblivious to the seriousness of
their obesity. A common example is the patient with a
body mass index greater than 45 and significant dyspnea
who rates his health as “excellent.” Some see the surgery
as a magic bullet that will change them with little effort
on their part. Others believe that their psyche has been
immune to the state of being obese, or that their experi-
ences and psychological makeup have not contributed to
the development of their obesity. These are the patients
who resist the preoperative psychological evaluation and
declare, “My only problem is the weight!” Thus, while
most patients who come to a bariatric surgery clinic are
in the contemplation stage with regard to being too fat,
they may be in the precontemplation stage with regard
to the behaviors and conditions that led to their obesity.

Contemplation

These patients are tiring of how they feel. They may begin
to wonder what allowed them to get so big. Or they may
have recently realized the magnitude of their weight
problem. For example, a woman who has worn large
flowing outfits for years may see the huge backside of
someone in a home video and with horror realize that she
is this huge person. She may have spent years telling
herself that she is going to change, but now feels a
stronger urge to do something. People in the contempla-
tion stage are typically ambivalent. They still want what

they want when they want it, but also desire to be health-
ier, more comfortable, and more attractive to others. The
contemplative person has not made a firm commitment
to action. Patients may stay in this stage for a long time,
even years. A crisis or emergency can raise patient aware-
ness, and may create a greater sense of necessity for
change. For example, a 29-year-old morbidly obese man
who is diagnosed with congestive heart failure may hon-
estly reevaluate his lifestyle during recovery. He decides
to have obesity surgery, and then does some serious 
planning.

Preparation

In this stage, people plan to take action in the next month.
They review the ways they have tried and failed in the
past. They dedicate energy to finding new ways to change
or improving old ones, and develop backup plans should
a given method fail. While individuals in this stage may
not have completely resolved their ambivalence, their
internal seesaw had tipped in the direction of change.
They need to continue to convince themselves that
change is in their best interest. According to the SOC
model, patients who cut short the preparation stage
usually fail during the action stage. Successful ones
prepare carefully, have a firm plan with sufficient detail,
and have learned what change processes will be neces-
sary to make it to the action and maintenance stages.

Action

The SOC authors caution that action does not mean per-
manent change. However, the action stage is when the
most visible modification of behavior and one’s environ-
ment occurs. A person solidly in the action stage has
made a major commitment of time and energy. No
excuses are acceptable. Change is the priority. Because
this is the time when others notice the patient’s efforts
most, action may be equated with change. The develop-
ers of SOC feel that this is a mistake, since the more 
challenging work is usually during the maintenance
phase. Obesity surgery patients need to understand that
surgery is only the beginning. They have a lifetime of hard
work ahead of them. The once morbidly obese singer
Carnie Wilson recently addressed a packed auditorium in
New Orleans. Referring to her new body she said,
“Gastric bypass was 25%. I had to do the other 75%.
They did not do brain surgery on me. I have new mental,
emotional, and physical challenges every single day.”

Maintenance

This stage is reached when a person has gone 6 months
without a lapse. For example, if a woman eats food that
is not allowed on the postoperative diet, then it is 6
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months from that point in time before she can be con-
sidered at maintenance. If a man stops exercising for a
week due to work stress, then he must return to month 1
of the action phase. Maintenance is a time when gains are
consolidated from all the preceding stages. Maintenance
is the hardest phase. It is where most self-changers fail.
The developers of SOC have found maintenance to be
much more difficult to achieve than action. The goal is to
avoid relapse. While patients may not be able to eat their
presurgery amounts for a long time, if ever, they will be
able to relapse by eating unhealthy foods, taking in too
many calories from alcohol, grazing, losing muscle and
gaining fat, or by falling off of their regular activity 
schedule.

Matching Interventions with Stage 
of Change

A “stepped-care” (67,68) model of treatment is a good
beginning point for thinking about treatment matching.
Sobell and Sobell (69) state,“The goal of a stepped model
is to have the treatment of choice be (a) least intrusive,
(b) least restrictive, (c) least costly, (d) likely to have a
good outcome, (e) appealing to consumers.” If an inter-
vention does not work initially, then a quantitative
increase of the same intervention can be made (e.g.,
higher dose of antidepressant), or a qualitative change to
a different intervention could be tried (e.g., switch to psy-
chotherapy). The Sobells suggested that the decision
about the next step should be made on a case-by-case
basis. At our weight management center it is common 
for us to discover moderate to severe depression during
the initial evaluation. When patients express a preference
for a mode of intervention (e.g., medication or psy-
chotherapy), we suggest that they try their preferred
method when feasible, and then reassess the depression
after a few months. With patients who have histories of
untreated abuse, trauma, or neglect, we also recommend
psychotherapy because of the likelihood that the
patient’s enduring problems with self-regulation will not
respond to medication alone. When there is suicidal
ideation we may recommend medication and psycho-
therapy simultaneously, recognizing that the seriousness
of the clinical risk overrides the cost and restriction
factors. Should a patient present a high risk of suicide that
cannot be safely lowered on an outpatient basis, we will
require a brief psychiatric hospitalization.

Models from the treatment of patients with dual 
diagnoses (i.e., the combination of substance abuse and
psychiatric disorders) can be usefully applied to the 
treatment of obese patients who have two or more inter-
acting disorders. Smyth (70) reviewed the implications
for integrated, parallel, and sequential interventions.
Integrated intervention treats two or more disorders

under the same roof. Parallel intervention involves the
patient’s concurrent participation in two or more treat-
ment programs. Sequential intervention involves the
enrollment of a patient in a second program some time
after the first one has ended, a third sometime after the
second has been completed, etc. The clinical situation and
the composition of the weight management center staff
will determine which of these models should be used in
a given treatment situation.

Miller and Rollnick (71) are the developers of a set of
interventions that have been happily married with the
stages of change model. Their model of therapy is 
called motivational interviewing (MI). They believe that
motivation is an interpersonal process and define their
method as “a client-centered, directive method for
enhancing intrinsic motivation to change by exploring
and resolving ambivalence.” Generally speaking, most
patients who come to a weight management center for
obesity surgery have acknowledged, to some degree, that
their weight is a problem. However, many have not come
to terms with the factors that led to their weight problem,
and may not really want to. Another excellent resource
for learning and teaching motivational techniques is a
U.S. Department of Health and Human Services publi-
cation, Treatment Improvement Protocol: Enhancing
Motivation for Change in Substance Abuse Treatment
(72).

Precontemplation Interventions

Motivational interviewing describes four types of pre-
contemplators: reluctant, rebellious, resigned, and ration-
alizing. Reluctant ones lack knowledge, and want to
avoid information about their problem. They may fear
change. They may not want to experience the discomfort
involved in changing. According to MI, these patients
need careful listening, sensitive feedback, and empathy.

Rebellious ones may be heavily invested in the
problem behavior. They may have unresolved issues from
adolescence and may appear hostile and resistant to
change. The clinical goal, according to MI, is to provide
freedom for these patients to express feelings about
change, and then to subtly redirect their energy in a pos-
itive direction over time. When a clinician readily agrees
that no one can force the patient to change, this nonad-
versarial attitude may diffuse the strength of the patient’s
argumentative stance. After a less conflictual climate has
been developed, MI recommends providing a menu of
options, with encouragement to think about the available
choices. The clinician should then view small incremental
changes as progress.

Resigned precontemplators lack the energy and invest-
ment for dealing with certain problems. They may feel
helpless or hopeless. The goal with these patients, accord-
ing to MI, is to instill hope and explore barriers to change.
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The developers of MI stressed the importance of helping
these patients to see that relapse is common, and that it
does not have to be viewed as a failure. Helping these
patients to understand that they will need to try many
times before they finally succeed is very important. These
patients need to view behavior change as difficult but not
impossible. The authors of MI stressed that the key is to
help the patient build confidence little by little, and that
a clinician’s belief in the patient’s ability to change is a
strong predictor of outcome.

Rationalizing precontemplators may appear to be
know-it-alls, or may believe that their behavior is the
result of someone else’s problem. Motivational inter-
viewing explains that empathy and reflective listening
works best with this group. The clinician may need to
have a rationalizer describe all the good things about the
problem behavior so the patient sees that the clinician is
not solely invested in proving them wrong. With the pre-
contemplative group, less intervention often leads to
more improvement. Sobell and Sobell (69) state, “What
(i.e., content) clinicians say and how (i.e., style) they say
it can have a powerful effect in motivating clients to
change” (p. 218). The models of client-centered therapy
(73), self psychology (74,75), and other forms of psy-
chotherapy that view empathy as the primary agent of
change work well with precontemplators. Once trust is
developed, and the patient begins to move from precon-
templation to contemplation, the clinician may be able to
help patients identify the defense mechanisms that keep
them from facing certain problems.

Contemplation Interventions

As stated earlier, the contemplation stage is character-
ized by ambivalence. Even though patients may want 
to lose weight with bariatric surgery, they may not 
have come to terms with the problems underlying the
unhealthy eating behavior. Norcross and Prochaska (76)
have explained that “action without insight” usually leads
to failure. They point out that “raising awareness” and
“emotional work” are the objectives of treatment at 
the contemplation stage. Patients at this stage need to
understand the reasons they overeat, and what personal
obstacles block the road to change. Patients are especially
ambivalent about changing the way they eat. Food may
be an obese patient’s primary source of pleasure. Eating
may be a response to present or past dysfunctional inter-
personal experiences. Eating and drinking alcohol may
be a person’s most relied upon methods for stress reduc-
tion. While some problem drinkers find total abstinence
easier to achieve than moderate drinking, no one can
completely abstain from eating.

The SOC developers noted that chronic contemplators
substitute thinking for acting. These patients fear failure,
and would rather stay the way they are than fail again.

Some require absolute certainty before they are willing
to change. Others wait for the “magic moment” to
change. Conversely, premature action is also a risk factor
for this group. The SOC developers have found that some
contemplators make desperate and impulsive attempts 
at change to escape the pain of worrying. However,
without adequate planning of the action and mainte-
nance processes, failure is likely. After impulsive change
efforts, patients may become even more convinced that
they cannot change successfully. Prochaska et al. (65)
have found that when pushed by others to change pre-
maturely, contemplators may make a feeble change effort
and then say, “See? I told you I couldn’t do it.”

The SOC model has found that techniques for change
must be presented only after contemplators have learned
more about their problem, have developed awareness of
their ambivalence and defense mechanisms, and have
confronted the fears that interfere with change. The
aspects of psychodynamic, gestalt, cognitive, psychoana-
lytic, interpersonal, dialectical behavior, and other psy-
chotherapies that deal with these areas are useful with
contemplators, but only up to a point. After this first
phase of “consciousness raising” is accomplished, the
second phase involves helping patients learn more about
their own habits, their medical disorders, and the even-
tual realities of the disease processes should they fail to
address them. Next, the patient’s own personal target
behaviors should be defined. It is helpful to use specific
data from the patient’s labs and other measurements
when defining target behaviors.

Cognitive-behavioral and behavioral therapies deal
more with the direct measurement of behavior than psy-
chodynamic and experiential ones, and will be utilized
more and more as the patient progresses from the latter
parts of contemplation through the preparation, action,
and maintenance stages. The SOC stresses that patients
need to collect the “right” data, and cautions that infor-
mal monitoring can be misleading. The SOC developers
tell patients, “Don’t assume you know your intake.
Measure it.” The SOC recommends “formal monitoring”
to help the patient become more aware of exactly what
needs to be changed, and to gain an accurate baseline that
can be used later for comparison with action and main-
tenance data.

The SOC also describes the importance of a “functional
analysis” to help patients understand some of the underly-
ing mechanisms of their eating behavior. Patients are
taught the “antecedent-behavior-consequences” approach
to behavior analysis. A patient may learn that conflict with
others or disappointments may trigger the urge to eat
something unhealthy. Or, self-statements such as “I
deserve this” or “This will make me feel better” may
emerge prior to a slip. The SOC recommends having
patients make a written list of self-statements that they
have used to justify problem eating, and then encourages
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them to counter each statement. The authors also explain
that the consequences of maladaptive behavior may
strengthen it. For example, if a woman feels more relaxed
after binge eating, then she is likely to do it again even
though it concerns and disappoints her family members.
The pleasure, stress reduction, or momentary feelings of
freedom associated with unhealthy eating are powerful
reinforcers. However, with repeated analysis, the patient’s
ambivalence may become a more significant source of dis-
comfort. As the therapeutic process begins the work, SOC
has found that patients will begin to ask themselves ques-
tions such as: “Can I consider myself healthy at this
weight?” “Can I consider myself rational if I continue to
gain weight?” “Can I feel responsible if I eat too much?”
“Will my self-esteem go up if my weight goes down?”“Can
I become successful if I cannot cope with stress?” “What
will I lose by changing my eating and activity level?”“What
time,energy,pleasures,or fantasies must I sacrifice in order
to change?” (65).

A key aspect of MI involves helping patients identify
their core values (e.g., being a well-balanced person;
being the best parent they can be; having good character;
earning career success commensurate with their talent
and potential, etc.), and then helping patients examine
whether their behavior is congruent with these values.
Both MI and SOC advocate the use of the “decisional
balance” developed by Janus and Mann (77) for moving
patients from contemplation to preparation. The patient
must list all the positive and negative aspects of the 
target behavior(s). In general, patients continue a self-
destructive behavior because of some perceived benefit
from doing so. Likewise, they avoid a healthy behavior
change because the status quo is valued more than per-
ceived benefits of change. Systematic weighing of the
pros and cons must be done repeatedly until the pros of
change outweigh the cons. Change that occurs before this
is premature according to SOC theory.

Preparation Interventions

According to the SOC model, when patients reach the
preparation stage they plan to take action within the next
month. They may still need to convince themselves at
times that action is what is best for them, but are much
less ambivalent than they were in previous stages. The
therapeutic goal at this stage is the development of a firm
commitment to change. Prochaska et al. (65) believe that
the patient needs to focus more on the future and less on
the problematic past during this stage. All the necessary
information about the patient’s problem(s) has been
gathered by this time, and now the focus is on the most
suitable action plan to overcome the problem(s). The
authors have found that people who shortcut the plan-
ning stage often experience ineffectual change. At the
same time, SOC cautions that putting off action for too

long can erode commitment, just as premature action can
decrease self-efficacy.

Patients in the preparation stage need to develop a firm
and detailed plan of action. They must review methods
they used to attempt change in the past and decide which
ones will be abandoned, timed differently, or modified.
They also need to consider new methods of change 
and skill development. Helping patients deal with the
inevitable anxieties surrounding change is part of the psy-
chotherapeutic job. There are never guarantees that an
important life change will be completely successful. The
SOC addresses the importance of helping patients make
small steps that increase courage. Once a date is set for
surgery (or other obesity intervention), a patient may
have an urge to return to the ambivalence of the con-
templation phase. The clinician must help the patient
combat this. The patient must fight her rationalizations
that serve to delay action. The anticipated disruptions to
important areas of life must be accepted as the price that
must be paid for change.

The SOC research has found that telling supportive
others about one’s plan to change makes backing out
more difficult. The authors have called this “going
public.” The SOC developers caution that the prepara-
tion stage is not the time to review the positive aspects
of the maladaptive behavior, as this could weaken the
patient’s will and conviction toward change. During
preparation for surgery, for example, patients need to
focus on the benefits of surgical weight loss: better health;
increased ability to travel, dance, and perform other
activities that were previously impossible; better func-
tioning on the job; better self-esteem; and an increased
sense of personal freedom. Change must become the
person’s highest priority, and this requires the firm dedi-
cation of energy, time, and resources.

In their application of MI, Miller and Rollnick (71)
have found that the amount of realistic detail patients’
plans contain is a good indicator of how close they are to
action. A plan that has been given little thought should
be considered a red flag that the patient is not ready for
action. When a patient has a limited range of change
strategies, MI recommends giving examples that the 
clinician has seen others successfully use, or providing 
the patient with a menu of options to choose from. The
patient needs to be able to remember these strategies.
Also, the MI authors suggest having the patient create a
list of the difficulties or obstacles that are likely to come
up during the change process, and to develop a plan for
combating each one.

Action Interventions

As mentioned previously, action does not mean perma-
nent change. However, this stage requires the greatest
commitment of time and energy. Because the patient gets
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the most recognition and approval from others during
this stage, there is the likelihood that others will be 
less appreciative and supportive during the even more
difficult work involved in maintaining change. The SOC
emphasizes that some of the nonvisible changes are just
as important as the visible ones for success. Among these,
the authors list the following: changes in levels of aware-
ness, changes in emotions, changes in self-image, and
changes in thinking. A subgroup of morbidly obese
patients view surgery as the magic cure that will improve
their lives with little effort on their part. In contrast,
prepared surgery candidates are aware that they eat 
for comfort or other emotional reasons and have been
countering their urges to emotionally eat preoperatively
by house cleaning, taking showers, listening to music,
meditating, playing with a pet, praying, exercising, etc.
After surgery, these patients are more likely to utilize
those tools that have proven successful for them. At our
weight management clinic we stress the importance of
having a repertoire of self-soothing behaviors, including
portable ones that can be accessed while driving, at one’s
place of employment, or even at the airport.

The SOC emphasizes that the most beneficial substi-
tute for problem behavior is exercise. The authors explain
that because a person’s internal cues for eating, smoking,
and drinking alcohol are experienced as physical urges,
successful self-changers must learn to “transform these
urges into cues for exercise.” Prochaska et al. (65) state,

Omitting exercise from a self-change plan is like fighting a foe
with one hand tied behind your back. You may still win, but the
odds are against you. Inactive people are not only in poor con-
dition for dealing with physical problems, they are frequently
also in poor psychological condition for coping with distress
that can accompany change. If you are too busy to exercise, you
are simply too busy. (p. 177)

The SOC also advocates the use of a cognitive-behav-
ioral intervention termed “counterthinking” during the
action phase. It is advised that patients remove absolutes
or imperatives from their internal dialogues. When
patients tell themselves that they must be perfect, that
everyone must like them, or that they must be very com-
petent at everything they do, they are setting themselves
up for unnecessary internal pressure. The SOC research
has found that this pressure can lead to lapses from 
the change plan. Patients who cannot counterthink on
their own may need psychotherapy. The SOC emphasizes
the need for patients to separate their sense of what 
they “need” from what they “desire.” The SOC authors
explained that when frustrated “desires” are experienced
as frustrated “needs,” there is more distress. However,
when desires are experienced in a less essential way (i.e.,
as merely desires) they are easier to modify.

The SOC stresses the importance of “environmental
control” during the action stage. This is where patients

lower the probability of unhealthy behaviors by decreas-
ing the opportunity for them in their environment.
Patients who keep junk food in the house “for the kids”
are asking for trouble. We encourage the whole family to
eat more healthily in our support groups. Most children
will learn to love fruit if they have sufficient exposure to
it. A related area is that of cues. For example, the SOC
explains that if one’s critical parents are a significant
trigger for emotional eating, the solution is not to avoid
them forever. Rather, one must learn new ways of dealing
with them. Psychologists can use exposure techniques
combined with relaxation training, which allows patients
to decrease emotional arousal and find more adaptive
responses to hypercritical others. The SOC has also found
that it is empowering for patients to determine how much
time they will spend with difficult relatives, and under
what conditions they will leave.

Other tools recommended for the action stage by the
developers of the SOC are the behavior therapy tech-
niques of reminders, rewards, contracting, shaping, and
helping relationships. Reminders involve the use of
planned cues for a desired behavior. Some of our patients
buy a daily planner and write in the times for their
protein shakes, solid food, and water intake, as well as the
time allotted for their daily exercise. Others prefer palm
pilots, their personal computer, or a watch with an alarm
that prompts them every 2 to 3 hours reminding them it
is time to eat. Prochaska et al. (65) have found that
posting signs that read “Relax” may help, as well as
putting a stop sign on the refrigerator. Rewards help
people improve self-esteem and reinforce a desired
behavior. Punishment does not generally lead to adaptive
behavior. The SOC research has found that resisting
temptation does not feel rewarding to most people.
Certain individuals benefit from positive self-statements
such as “good job” or “way to go.” Others need a more
concrete form of reward like a new outfit, or a day at the
beach.

Contracting is a more formal reward system. Patients
write contracts with themselves. For example, “I will put
five dollars into a reward fund for every inch I lose, or
every 50 miles I walk.” The SOC has found that written
contracts are more powerful than spoken ones. Shaping,
according to SOC, is a more realistic process than com-
plete and immediate change. The authors recommend the
use of a step-by-step approach with reinforcement fol-
lowing every step. Helping relationships are important
for major life changes. The SOC believes that patients
may need to educate family and friends with regard to
what is experienced as helpful and what is not. The
authors recommend a ratio of three compliments to one
criticism. They have found that scolding, nagging, preach-
ing, shaming, and guilt trips do not help the change
process. Too few compliments for one person may be a
patronizingly excessive number for another. Patients
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need to help their significant others to calibrate the
rewards they provide. They may need to explicitly say, for
example, that when they are really down they need a
massage, but when they are doing well a hug will do.
Patients need to determine what they find most mean-
ingful in terms of support. At the same time, however, the
requested supportive behaviors need to be realistic and
practical for the supportive other(s).

If a support group is not available, then the patient
needs to find one or create one. Prochaska et al. (65)
stated,“Local support groups made up of people with the
same problem(s) can reinforce, guide through rough
spots, and remind you of the benefits of changing.”At our
clinic, we deal with the support issue prior to surgery
whenever possible. If the patient has significant marital
problems, we recommend couples therapy. If the family
is dysfunctional we recommend family therapy. If the
person is alone in life, we encourage them to stay in our
support group and develop outside relationships with
group members, or participate in Internet chat rooms for
bariatric surgery patients. However, new problems with
the support system (or lack thereof) may develop during
the action stage that will need to be addressed.

Maintenance Interventions

If a person who overeats in response to stress develops
new coping strategies prior to surgery, the risk of over-
eating after bariatric surgery may be lessened but not
necessarily eradicated. The SOC has found that a 
behavior such as overeating must be replaced by a health-
ier lifestyle, and that the attraction of unhealthy foods
will continue to be there long after the habit of eating the
food was ostensibly broken. The SOC has found that
most people in the maintenance phase need to remind
themselves that they are still vulnerable. Overconfidence
is a danger sign frequently associated with relapse,
according to the SOC developers.

High-risk situations must be identified, and the patient
needs to have a repertoire of interventions to deal with
situations that cannot be avoided. There is much that can
be learned from relapse-prevention methods developed
for alcohol and drug abuse that can be profitably adapted
to compulsive eating in obese patients. Perri et al. (20)
have made significant progress in the extension of relapse
prevention interventions to obese patient populations.
Perri et al. (13,78) also developed useful techniques for
the facilitation of weight-loss maintenance.

The SOC research has found that the most common
threats to maintenance are social pressures, internal chal-
lenges, and “special situations.” It is much harder to main-
tain a behavior change if family or friends overtly or
covertly encourage a deviation from it. Family therapy
may be indicated after surgery if patients are unable to
modify the family system on their own. Internal chal-

lenges, according to SOC, usually result from defective
thinking such as overconfidence or excessive self-blame.
The SOC has found that appropriate blame may renew
commitment to change, but too much blame demoralizes
and lowers commitment. Cognitive-behavioral therapy
may be needed if patients are unable to modify defective
thinking on their own.

“Special situations” are those that create an unusual or
intense degree of temptation. According to SOC, these
are usually not anticipated and may pose serious threats
to confidence, conviction, and ultimately commitment.
For example, an obese middle-aged man who retired
from his career and then devoted his energy to caring for
his ailing mother did well after gastric bypass until 
his mother died unexpectedly. After that, he stopped
exercising, resumed smoking, and began drinking at 
a bar every night. He regained much of his weight, and
eventually died. The SOC authors state, “Renewing com-
mitment is especially important when you are trying to
modify regularly occurring behaviors. Maintaining
weight loss is a constant issue for people with weight
problems, and requires frequent boosts of commitment.
. . . Redoubling commitment is a critical part of main-
taining change” (p. 211). The authors also suggest that
patients must continue environmental control. Obese
patients must avoid people with the same unhealthy
eating habits, review their personal reasons for changing,
and return to the decision balance exercise when neces-
sary. Learning how to manage “slips” is critical in order
to prevent “slides.” Self-help books may help a subgroup
of obesity surgery patients prevent relapse. In other
cases, a psychologist well versed in behavior modification
and relapse prevention may be needed to help those who
are unable to learn these skills on their own.

The SOC research has identified some common chal-
lenges with helping relationships during the maintenance
phase. For example, people who were supportive during
the action stage may be less so during the maintenance
stage. Having someone to talk to during a crisis may
prevent a lapse from turning into a relapse. The SOC 
suggests that some patients may need to revise their 
contract with others during the maintenance stage (e.g.,
give others permission to point out overconfidence, risk
taking, or signs that old behavior is returning). Atten-
dance at an obesity surgery support group can be invalu-
able during this stage. The SOC explains that patients
may revert to a short-term perspective when a long-term
one is necessary for success. The authors have found that
family, friends, and therapists need to help the patient to
give up the notion of a quick fix and to repeatedly help
the patient to accept the fact that short-term ecstasies
create long-term agonies. Finally, it is important for all
participants in the patient’s life to understand that the
goal of obesity surgery is to improve the patient’s quality
of life for the rest of the person’s life.
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Conclusion

The role of the psychologist in the practice of obesity
surgery has evolved considerably since the late 1960s.
This chapter has reviewed how the role has grown from
psychological screening to include treatment planning,
individual and group therapy, couples and family therapy,
health promotion, treatment adherence, motivational
interviewing, coping skills training, relapse prevention,
and treatment outcome assessment. We have also
described how CPT codes are now in place that allow
psychologists to receive reimbursement for these serv-
ices. However, bariatric surgery remains a relatively
young field, and all of us involved with it have a long way
to go in terms of learning and improving both our theo-
ries and techniques. Too little published literature deals
with the increasingly significant percentage of patients
who do not permanently maintain their postoperative
success. To better understand this problem, we need to
develop consensus on a core battery of tests to be used
in research and practice, recognizing that different sites
will need to add various interviews, scales and measures
to accommodate particular characteristics of the popula-
tion(s) they serve. Once a battery is established, we will
need large multisite collaborative studies to develop
empirically based subtypes, with the eventual hope of
developing treatment protocols that best fit each subtype.
While most psychologists have intuitions about degrees
of psychosocial risk for postoperative complications, we
must develop empirically derived risk factors so that we
can assign patients to high-, moderate-, and low-risk
groups with greater confidence and consistency among
sites. Also, while some excellent preliminary work has
been conducted on motivation enhancing interventions
and application of the stages of change model with
obesity surgery patients, we need much more research
and refinement in this area. Finally, the role that inter-
personal stress and dysfunction plays in postoperative
weight gain needs much more attention.
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regarding the engineering and technology behind the
equipment is available from many excellent sources
(5–9). It is certainly recognized that there may be alter-
native equipment or approaches that are equally or more
suitable, and that optimal choices will change with time
and the availability of newer technologies.

Patient Positioning

The main goals in the positioning of a morbidly obese
patient in preparation for bariatric surgery are safe trans-
fer to the operating room table, neutral positioning of the
major joints and extremities, avoidance of pressure
injuries to skin or nerves, accessibility of the operative
field by surgical team, and security of the patient on the
table (10,11). Due to anatomic considerations of some
morbidly obese persons, attention to detail as well as
some creativity may be needed to achieve these goals.

The patient is brought to the operating room by
stretcher. We have found lateral transfer devices that
utilize hover technology (Hovermatt, HoverTech Inter-
national, Bethlehem, PA) enable the team to move the
patient to the operating table and back to the transport
stretcher or bed in a secure and comfortable manner. It
requires at least two staff members, one on each side of
the patient with minimal lifting or pulling force. This
device has decreased patient and staff injuries (Fig. 10-1).

We place the patient in the supine position with legs
together and arms abducted. The patient is secured at the
waist with table straps. Sometimes the patient is secured
also at the legs depending on body size and the operat-
ing table model. The patient’s weight should be evenly
distributed on the table without parts of the torso or
limbs hanging over the side. Side-rail extensions can 
be use to augment the width of the table. Pneumatic 
compression devices that accommodate the super-obese
patient are placed on the patient at this time. These
devices counter potentially severe venous stasis resulting
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Since 1995, the number of laparoscopic bariatric surgical
procedures has dramatically increased both in the United
States and in other countries. These advanced laparo-
scopic operations offer the advantage of more rapid
recovery and dramatically reduced wound complication
with established efficacy. For optimal efficiency and out-
comes, laparoscopic procedures on obese patients require
specialized laparoscopic equipment and instrumentation,
including staplers and hand instruments, which are used
with individual skill and coordinated teamwork to facili-
tate patient positioning, laparoscopic access, insufflation,
visualization by camera, energy sources for transection
and coagulation, flexible endoscopy, and voice activation
and robotics, and to provide a fully integrated operating
room layout.

Laparoscopic surgery is technologically intensive, and
the surgeon must be thoroughly familiar with the equip-
ment and instrumentation of laparoscopy in addition to
understanding the treatment conditions (1,2).

Morbidly obese patients present multiple obstacles and
specific characteristics that may require modifications to
the technology normally used for laparoscopic proce-
dures. In particular, excessive abdominal adiposity 
interferes with visualization and freedom of instrument
movement, and frequently requires instruments of excep-
tional length and strength. Laparoscopic approaches in
obese surgical patients require advanced skills in intra-
corporal stapling, suturing, and hemostasis techniques,
and flexible endoscopy. Comorbid medical conditions
may reduce patient tolerance of intraabdominal CO2

and necessitate alternative means of maintaining 
visualization (1).

This chapter describes our use of technology for
bariatric patients based on an experience with over 4000
laparoscopic Roux-en-Y gastric bypass (LRYGBP) pro-
cedures. It is assumed that the surgeon is familiar with
the application of laparoscopic instruments and equip-
ment as they apply to the general patient undergoing
minimally invasive surgery (3,4). Detailed information



88 W. Gourash et al.

from the use of pneumoperitoneum and the reverse Tren-
delenburg position. We recommend using sequential
compression devices (SCDs), which are placed prior to
induction around the calves and thighs (Fig. 10-2) (12).
There may be certain anatomic considerations that
prevent the utilization of the thigh type and require other
options such as the calf or foot models.

After the induction of general anesthesia and endo-
tracheal intubation, a urinary catheter is inserted (often
requiring two staff members, one for retraction of skin
folds and one for insertion), and a Bovie grounding pad
is placed usually on the anterior thigh. A footboard is
placed on the table so the feet will have a secure base to
rest when the patient is in the extreme reverse Trende-
lenburg position. To ensure that the weight is borne on
the soles of the feet resting on the footboard, tape may
be used on the legs to maintain a neutral and classic
anatomic position.

The surgeon stands on the patient’s right side along with
the scrub nurse; the first assistant and the camera operator
are on the patient’s left side. The arms may be left out if
adequate room is available or one or both may be tucked.
Occasionally, when tucking an arm, a metal or plastic limb
holder (sled) may be required to secure the arm at the side.
This approach also serves to protect the arm.

The base of a stationary retractor-holding device 
may be attached to the table at this time. Care must be
taken that it does not come in direct contact with the
patient’s skin to avoid pressure injury or electrocautery
conduction.

Prior to prepping and draping the patient, a final check
is made of all pressure points,especially alongside the arms,
hands, head, and feet. Table attachments must be padded
appropriately to avoid pressure or nerve injuries. Security
of the patient on the table and neutrality of joint position-
ing of the extremities are also confirmed again (Fig. 10-2).
Of special note, undue pressure on the gluteal area should
be avoided. A rare complication of rhabdomyolysis has
been reported, especially in patients with a body mass
index (BMI) 60 or greater. Consequences of rhabdomyol-
ysis include renal failure and death (13,14). Heating blan-
kets are helpful in preventing hypothermia related to heat
loss from evaporation and continuous insufflation, partic-
ularly during operations of long duration.

After prepping and draping the abdomen, setting up
the equipment on the field, and assembling the operat-
ing room (OR) team, the working field will appear as
depicted in Figure 10-3. Some surgeons prefer the
“French” or “between the legs” positioning in which 
the patient’s legs are abducted and the surgeon stands

Figure 10-1. Use of lateral transfer device to move
patient on and off operating table.

Figure 10-2. Patient positioning and application
of sequential compression device. Inspect for areas
of significant pressure, circulatory compromise,
neutral positioning of extremities, and patient
security on table prior to prepping and draping the
abdomen.
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between them with assistants and OR technicians 
flanking him/her. This is described in other publications.
A limitation of this approach is that there may be little
space between the legs due to the girth of the thighs or
of the surgeon.

Laparoscopic Access

The Veress Needle Approach

A Veress needle can be used to establish pneumoperi-
toneum in the obese patient as it is technically very diffi-
cult to perform an open cut-down (Hasson) technique. A
long-length Veress needle of 150mm (Autosuture, Divi-
sion of Tyco Healthcare, Mansfield, MA) (Fig. 10-4) is
inserted using a subcostal incision in the left upper quad-
rant. The 2-mm needle has a spring-loaded blunt inner
cannula that automatically extends beyond the needle
point once the abdominal cavity has been entered. This
blunt cannula has a side hole to permit entry of CO2 gas
into the abdominal cavity. S-shaped retractors can also be
helpful for blunt dissection through the subcutaneous fat
to expose the anterior fascia to facilitate Veress needle
placement. Correct position of the Veress needle after it
has passed through the abdominal wall can be verified by
methods such as the water drop test. In obese patients,
opening intraabdominal pressures may be high (up to 10
to 12cm H2O). We have found that placing traction using
a suture at the incision site helps to stabilize the abdomi-
nal wall during the insertion of the needle and to facilitate
the gas flow into the abdomen after the needle is in place.

Insertion of Trocars

In addition to being safe and reliable, trocars and cannu-
las for laparoscopic bariatric surgery should minimize air
leaks, secure readily to the abdominal wall, allow rapid
exchange of instruments of various diameters, and be of
sufficient length to reach the peritoneal cavity without

Figure 10-3. The operating team members in their
places. The primary surgeon is to the patient’s right.
The first assistant is across from the primary surgeon.
The second assistant and scrub nurse are at the foot
of the bed.

Figure 10-4. Standard and long Veress needles. (Copyright ©
2006 United States Surgical, a division of Tyco Healthcare
Group LP, with permission. All rights reserved.)
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causing excessive disruption of the abdominal fascia. We
currently use a 5-mm optical viewing trocar (XCEL,
Ethicon Endo-Surgery, Inc., Cincinnati, OH) for initial
access to the peritoneal cavity (Fig. 10-5A). The 5-mm
scope is placed into the trocar after the camera is white
balanced. The focus is adjusted on the end of the clear
trocar tip. The trocar is placed through a 5-mm incision
and the fatty, fascial, and muscular layers of the abdomi-
nal wall are directly visualized as the trocar passes
through them. After the tip of the trocar passes through
the preperitoneal fat and the peritoneum, the camera 
and obturator are removed and the abdominal cavity is
insufflated. Once pneumoperitoneum is established, the
remaining trocars are placed under direct visualization.
Trocars with 100-mm shafts are usually sufficient, but
occasionally extra-long trocars (150mm) are required 
for the patient with an excessively thick abdominal wall
(Fig. 10-5B).

A spiral cannula sheath that screws into the fascia can
be placed onto the shaft of the trocar to reduce the risk
of dislodgment. We usually secure the first trocar placed
in the patient’s left upper quadrant to the skin with a
suture for added security. After the insertion of the first
trocar, a standard 25-gauge spinal needle can be helpful
in locating the precise intraabdominal location for the

placement of additional trocars (Fig. 10-6). Local anes-
thetic is injected into the preperitoneal space once the
trocar site and trajectory are determined with the spinal
needle.

Insufflator

In laparoscopic surgery, exposure depends on insuffla-
tion of the peritoneal cavity with CO2 to create a pneu-
moperitoneum. The insufflator monitors the current
intraabdominal pressure and regulates the flow of CO2

from a pressurized reservoir. A desired intraabdominal
pressure is selected and the flow of gas is automatically
regulated. The front liquid-crystal display (LCD) screen
on the insufflator displays the current intraabdominal
pressure, the preset desired pressure, the current rate of
CO2 insufflation, the volume of gas infused, and the resid-
ual volume in the CO2 tank. Alarms signal high intraab-
dominal pressures, excessive gas leak, and low gas level
in the CO2 tank. The rate of insufflation can be adjusted
from 1L/min up to 40L/min. Our standard preset intraab-
dominal pressure is 15mmHg, but we will intermittently
use higher pressure (16 to 18mmHg) when better expo-
sure is needed or a lower pressure when instrument
length is insufficient.

Figure 10-5. (A) A 5-mm optical viewing trocar can be used to
obtain direct access to the peritoneal cavity without pneu-
moperitoneum. The distinct layers of subcutaneous fat, fascia,
muscle, preperitoneal fat, and the peritoneum are identified as
the trocar passes through them. (B) The 5- and 12-mm trocars

(100cm and 150cm lengths). These clear-tipped bladeless
trocars can also be used for optical entry into the peritoneal
cavity. Endopath Xcel. (Courtesy of Ethicon Endo-Surgery, Inc.
All rights reserved.)
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Gas leakage can be very troublesome during laparo-
scopic bariatric procedures, especially if a circular stapling
technique is in use. A high-flow insufflator (40L/min) is
highly recommended to accommodate a gas leakage from
small air leaks at port sites, instrument exchanges, and
intraabdominal suction (Fig. 10-7). We usually use two
insufflators set at high flow during gastric bypass proce-
dures to provide added compensation for gas leakage and
to prevent delay should one CO2 canister become empty.

Visualization

Technology that provides the surgeon with a clear view
of the operating field has been critical to the development
of advanced laparoscopic procedures. Safe and efficient
performance of a laparoscopic procedure is dependent
on the quality of visualization. Since the surgeon is not
able to touch and palpate the tissues directly, a clear 
crisp bright image is mandatory at all times. There are 
no “blind” maneuvers in laparoscopy. Components that
create and maintain the image have steadily improved.

There are several conditions specific to laparoscopic
bariatric surgery that make obtaining an adequate image
challenging. In the morbidly obese patient, the volumi-
nous abdominal cavity expanded by the pneumoperi-
toneum requires more light for visualization than that
required for the nonobese patient. Viscera are often
enlarged by fatty infiltration. Copious adipose tissue cov-
ering mesentery, omentum, and viscera may crowd the
view and obscure the landmarks of interest. Instrumen-
tation that will allow viewing around or over or under
such tissue is necessary. Other instruments are needed to
enable adequate exposure. Inadvertent contact of the
laparoscope lens with adipose tissue causes soiling of the
lens, resulting in a poor-quality image. Equipment that
minimizes such contacts and allows quick and effective
cleaning of the lens is also critical. In bariatric patients,
lens fogging often results from the rapid insufflation of
relatively cool CO2 that may be increased due to small
air-leaks at the trocar sites.

Laparoscope

The laparoscope uses the Hopkins rod lens system, which
consists of a series of quartz rod lenses and a fiber bundle
surrounding the rod lens for transmission of light (5,6).
The eyepiece of the laparoscope is connected to the
camera by means of a coupler adapter.

Standard laparoscopes have a length of approximately
32cm and have diameters that range from 2 to 10mm.
Scopes are angled to various degrees, most commonly
from a 0- to 45-degree orientation. Angled scopes pro-
vide more flexibility in viewing internal structures and
provide access to areas that would be “blind” to 0-degree
scopes. However, they require some additional skill to
operate, and the angling decreases light transmission
slightly.

For our bariatric procedures, we have a variety of
laparoscopes available: 30 and 45 degrees with 5- and 
10-mm diameters (Fig. 10-8) (Stryker Endoscopy,
Kalamazoo, MI). Typically we use a 5-mm, 45-degree
scope, initially at the 5-mm entrance site to visualize the
other port placements. A 10-mm-diameter, 45-degree
angled laparoscope is used for the balance of the proce-
dure, as we have found that it provides the best field of

Figure 10-6. Spinal needle placed through abdominal wall to
help with port positioning. Local anesthetic is injected into the
preperitoneal space under laparoscopic visualization prior to
port placement.

Figure 10-7. High-flow insufflator. (Courtesy of Stryker,
Kalamazoo, MI.)
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view, especially in extremely obese patients. An extra
long laparoscope (45 to 50cm) is sometimes necessary
and very helpful in super-obese patients. Excessive
abdominal wall thickness, together with a large expanded
abdominal cavity, does not allow for a close-up view of
distant sites (e.g., the esophagogastric junction) using the
standard-size scopes; extra-long scopes are also helpful
during the use of any type of scope-holding instrument
or robot that takes up functional scope length in estab-
lishing the connection.

An important scope accessory is a stainless steel scope
warmer canister filled with hot sterile water for cleaning
the scope and preventing lens fogging (Applied Medical,
Rancho Santa Margarita, CA). We carefully attach this
canister to the drapes for fast access, insulating it from
the patient with a towel (Fig. 10-9). We have generally
found that the antifog solutions are not helpful.

Video Camera

Miniature lightweight cameras, weighing as little as 40g,
are now in use, providing excellent resolution and color
rendition, which are essential for laparoscopic bariatric
surgery. The miniature camera uses a charge-coupled
device (CCD) chip containing approximately 300,000
light-sensitive pixels on the chip surface measuring only
about 1–2-inch on the diagonal. Three-chip cameras have

A

B

A B

Figure 10-8. Standard and long length laparoscopes, 5- and 
10-mm diameters (A). Angled 45 degree laparoscope (B).
(Courtesy of Stryker, Kalamazoo, MI.)

Figure 10-9. (A) Laparoscope warmer decreases
fogging. (B) The laparoscope warmer should be
attached to the surgical drapes for easy access.
(Courtesy of Applied Medical, Rancho Santa
Margarita, CA.)
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become the industry standard; each chip provides one of
the three primary colors: red, green, and blue. There are
a number of options for this type of equipment including
the Stryker Endoscopy seventh-generation three-chip
camera (model 988) (Fig. 10-10), which has a resolution
of greater than 900 lines (compared to 470 to 560 lines
for most single-chip cameras). This camera is extremely
light sensitive (<1 Lux) and therefore effective in pro-
ducing a usable image.

A C-mount endoscopic coupler permits rapid attach-
ment of the camera to whichever lap scope is in use. The
coupler also has a focusing knob. The camera head
control buttons enable the user to adjust grain, digital
zoom, and printer modalities. The camera is connected to
the power supply and electronic control by cable. The
system is further enhanced using voice activation tech-
nology from Hermes (Stryker Endoscopy) to control
adjustments of white balance, gain, shutter, and digital
enhancement (see Voice Activation Technology, below).

Light Source and Light Cable

Laparoscopy requires a high-intensity light source for an
adequate video image of the operative field. A xenon or
metal halide bulb with a life span of about 250 hours is
typically used because it provides the desirable color tem-
perature in the range of daylight (5500K). An automatic
adjustment as well as a manual override is available (to
over- or underilluminate if needed). Interaction between
the camera and the light source allows automatic adjust-
ment of the illumination intensity with changes in light
level at the camera CCD surface. This greatly reduces
annoying glare.

The light is transmitted from the bulb to the scope
through a fiber optic light cable that should be replaced

if more than 15% broken fibers are noted. A full benefit
of the light source depends on proper connection of the
cable to the light source and the telescope. The light
cables should not be autoclaved and must be sterilized in
either ethylene-oxide or glutaraldehyde.

Video Monitor

The video monitor providing the laparoscopic image
should be of the highest quality. We utilize monitors of
both the traditional cathode ray tube (CRT) type (Sony
Corporation) as well as those of the new flat-panel digital
design (Stryker Endosurgery). As monitor and camera
technology is trending toward higher definition digital
capability, the flat-panel monitor technology will possibly
replace the CRT type. The monitors are placed opposite
the surgeon and the assistant on carts or towers or are
suspended on booms.

Operating Tables

The operating table must provide maximum tilt and rota-
tion and allow gravity to shift abdominal structures to
allow full visualization (Fig. 10-11). For bariatric proce-
dures, the operating table must have the capacity to
support super-obese patients up to the maximum weight
with which the surgeon is comfortable. Many standard
general purpose OR tables have weight limits of about
227kg (500 pounds), which are adequate for 95% or more
of the cases in most bariatric practices (Fig. 10-12). It is
advisable to check with the manufacturer regarding 
the specific weight limitations of the specific operating
table model and vintage. Bariatric practices that include
patients with weights greater than 227kg require access
to an operating room table that can accommodate them
safely. Many general-purpose tables have been modified
to accommodate the greater weight with some loss in the
angle of tilt and Trendelenburg/reverse Trendelenburg 
in the interest of ensuring stability. This trade-off has
become less necessary due to improving weight ratings
and articulation in recent operating table technology.
Important bed accessories include side extenders, foot-
boards, straps, and padding to safely secure the patient to
the bed and prevent injuries.

Hand Instrumentation

Grasping Instruments

Hand instruments are available with many different 
features and preferences. Our preference has been for

Figure 10-10. Three-chip video camera. (Courtesy of Stryker,
Kalamazoo, MI.)
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“in-line” design (as opposed to a pistol-grip design and
for instruments where ratcheted handle control can be
turned on and off along with finger-controlled rotation of
the shaft). For the super-obese patient, instrument length
is an important factor. Many instruments are available 
in standard (32cm) and extra-long lengths (45cm) (Fig.
10-13). For laparoscopic bariatric surgery, atraumatic and
traumatic grasping hand instruments are needed. An
atraumatic grasper is required to manipulate bowel
without causing injury. We use a 5-mm atraumatic grasper
(Snowden Pencer, Tucker, GA) that features fine teeth
and a broad tip design, which provide a secure grip
without traumatizing tissue. The 5-mm traumatic (“cro-
codile”) grasper (Snowden Pencer) features tissue herni-
ation channels and long contoured jaws to provide secure
grasping ability. It is excellent for holding the stomach
and omentum.

Retracting Instruments and 
Instrument Stabilizers

Anterior and cephalad retraction of the left lobe of the
liver is required to expose the gastroesophageal region.
A number of devices work effectively for this purpose;

Figure 10-11. Operating table in full reverse Tren-
delenburg position.

Figure 10-12. Standard Amsco(R) 3085 SP Surgical Table rated
to hold a 1000-lb (454-kg) patient in normal orientation or a 
500-lb (227-kg) patient in reverse orientation. (Courtesy of
Steris Corp., Mentor, OH. Steris is a registered trademark of
Steris Corporation. All rights reserved.)
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they must be strong enough to retract large, heavy livers
without trauma to the organ tissue. The 5-mm diameter
Endoflex Retractor (Snowden Pencer) is effective; it
assumes a triangular configuration when tightened (Fig.
10-14). The retractor is usually held in a stationary posi-
tion by means of an external holding device attached to
the OR table such as the Fast Clamp System (Snowden
Pencer) (Fig. 10-15). For extremely large livers, a recent
modification of the Endoflex liver retractor called the Big
D type is available to help stabilize and provide exposure.
We have had a few occasions in the past where we have
used two retractors at once.

Suction Irrigation Devices

A suction/irrigation instrument clears the surgical field 
of pooling blood and keeps the abdominal cavity free
from smoke and vapor. The StrykerFlow 2 (Stryker
Endoscopy) is a 5-mm disposable instrument with
reusable probe tips that performs the function of both
suction and irrigation through a single common channel.
The probe tips come in a standard (32-cm) working
length as well as an extra-long (45-cm) working length
that is crucial for the super-obese patient (Fig. 10-16).

Suturing Instruments

Standard laparoscopic needle drivers and sutures and
suturing devices such as the EndostitchTM (Autosuture,

Division of Tyco Healthcare) are suitable for laparo-
scopic bariatric surgery. We utilize the Endostitch to facil-
itate endoscopic suturing. The 10-mm-diameter
disposable Endostitch has a double pointed shuttle
needle with the thread mounted at the center of the
needle (Fig. 10-17). Double action jaws allow the needle
to be passed back and forth by squeezing the handle and
maneuvering the toggle switch, eliminating regrasping
and repositioning the needle. The Endostitch is compat-
ible with a variety of absorbable (e.g., PolysorbTM, Auto-
suture, Division of Tyco Healthcare) and nonabsorbable
sutures (e.g., SurgidekTM, Autosuture, Division of Tyco
Healthcare). The Endostitch is used during the Roux-
en-Y gastric bypass (RYGBP) for approximating the
bowel for the enteroenterostomy and for oversewing the
gastrojejunostomy (two-layer closures).

Figure 10-13. Hand instrumentation. Standard and long length
grasper. Traumatic graspers are shown on top and atraumatic
graspers for use on the small bowel are shown at the bottom.
(Courtesy of Snowden Pencer, Tucker, GA.)

Figure 10-14. Flexible liver retractors, 5mm. Standard and 
“big D” type. (Courtesy of Snowden Pencer, Tucker, GA.)

Figure 10-15. Table mounted instrument holding device.
(Courtesy of Snowden Pencer, Tucker, GA.)

Figure 10-16. Suction irrigator: standard and long length tips.
(Courtesy of Stryker, Kalamazoo, MI.)
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Atraumatic Bowel Clamps

The laparoscopic bowel clamp is a 10-mm-diameter
instrument that has long jaws with serrations that provide
a secure atraumatic grip. It has a ratcheted handle for
locking the jaws. It is available in a straight and curved
jaw and is used to clamp the small bowel (Roux limb)
before performing endoscopy to prevent distal insuffla-
tion of the small bowel (Fig. 10-18).

Specialized Grasping Instruments

Another grasping instrument suitable for handling bowel
is the fenestrated grasper (Karl Storz Endscopy); it has
broad, fenestrated jaws that provide a large surface for
gently grasping and holding tissue. This instrument is
used primarily for handling the small bowel and for meas-
uring the length of the Roux limb during RYGBP. There
is a mark machined into the instrument at a distance of
10cm for the tip. We utilize this instrument for measure-
ment of the Roux limb.

The fenestrated articulating grasper instrument
(Snowden Pencer) has an articulating tip that forms a
gentle curve of about 45 degrees when the handles are

closed (Fig. 10-19). The instrument can be used to help in
the dissection and identification of the angle of His and
the development of a passage for the stapler to use as a
guide. In the retrocolic retrogastric approach, this instru-
ment is very useful in passing the Roux limb through the
retrocolic and retrogastric tunnel up to the gastric pouch
before performing the anastomosis.

Suture Passer for Trocar Site Closure

To prevent trocar site hernias, we close all ports of 10mm
or greater with a strong absorbable suture such as O-
Polysorb. There are a number of devices available for
passing sutures through the abdominal wall fascia. We
use the Carter-Thomason CloseSure System (Inlet
Medical Inc., Eden Prairie, MN) (Fig. 10-20A), which
facilitates full-thickness closure. It is a disposable device
that comes with guides (pilots) of varying diameters and
in a standard and long length (CloseSure XL) to accom-
modate very thick abdominal walls (Fig. 10-20B). The
angle projected by the guide allows for an adequate pur-
chase of fascial tissue. This device used without the guide
is valuable to ligate abdominal wall bleeders and to repair
small umbilical, ventral and incisional hernias noted at
the time of the laparoscopic bariatric surgery.

Lap-Band Passing Instrument

The O’Brien Lap-Band Placer (Automated Medical
Products Corp., Edison, NJ) is a specialized instrument
used to pass the lap band behind the stomach from the
greater curve of the stomach at the angle of His to the

Figure 10-17. Endostitch and in-line laparoscopic needle
driver. (Copyright © 2006 United States Surgical, a division of
Tyco Healthcare Group LP, with permission. All rights
reserved.)

Figure 10-18. Atraumatic bowel clamps: straight and curved
tips. (Courtesy of Snowden Pencer, Tucker, GA.)

Figure 10-19. Fenestrated articulating grasper helps with dis-
section at the angle of His. (Courtesy of Snowden Pencer,
Tucker, GA.)
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A B

Figure 10-20. (A) Suture passer device facilitates closure of
trocar sites and can be used to close small ventral hernias.
(B) Standard length (right) and the Closure XL system (left)

that provides added length for fascial closure in bariatric
patients. (Courtesy of Inlet Medical, Eden Prairie, MN.)

Figure 10-21. The O’Brien Lap-Band Placer. (Courtesy of
Automated Medical Products Corp., Edison, NJ.)

lesser curve. The round tubing of the lap band is placed
in the groove at the tip and is pulled behind the stomach
(Fig. 10-21).

Other Hand Instruments

We use disposable endoscopic shears for cutting tissues
when a laparoscopic scissor is needed. These endoscopic
shears are 5mm with a rotating shaft and a 16-mm curved
blade. A reliably sharp blade is one of its major advan-
tages.

In the event of bleeding where a clip is needed, we use
the multiload disposable clip applier with titanium clips.
It is available in 5- and 10-mm-diameter sizes. Compared
to single clip units, the multiload units considerably
increase the speed and efficiency with which hemostasis
can be accomplished.

Energy Sources for Transecting 
and Coagulation

In general laparoscopy, dividing tissues and achieving
hemostasis, can be obtained with standard unipolar or
bipolar electrocautery. Ultrasonic transection and coag-
ulation may be preferable for extremely vascular tissue
such as mesentery. The Ultrasonic ShearsTM (Autosuture,
Division of Tyco Healthcare) and the Harmonic
ScalpelTM (Ethicon Endo-Surgery) are ultrasonically acti-
vated instruments that provide excellent transaction and
hemostasis while eliminating the problem of electrical arc
injury associated with unipolar electrocautery. The instru-
ments have a stationary jaw and a blade that vibrates at
a high frequency (55,000Hz). The heat generated by this
frequency denatures collagen and forms a coagulant that
instantly seals small blood vessels. Minimal heat is gen-
erated in the tissue through friction; the lateral spread of
thermal energy is 1 to 2mm.

Ultrasonic instruments are available in 5-mm diameter
and are short (15.7-cm working length) or long (38-cm
working length), with finger-controlled rotating shaft
(Fig. 10-22). They are activated by controls on the handle
or a foot switch that adjusts the blade frequency and the
speed of tissue cutting and hemostasis. These instruments
produce water vapor that can obscure vision in the
laparoscopic fields similar to the smoke created by intra-
corporeal electrocautery.

During LRYGBP, we employ ultrasonic dissection 
liberally, especially for dissection along the lesser and
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greater curves of the stomach for gastric pouch creation,
for making enterotomies in the stomach and small intes-
tine, and for dividing the omentum.

Staplers: Linear and Circular

Linear Staplers

An endoscopic linear stapler that creates at least two
(preferably three) rows of staples on each side of the
transected tissue is an extremely important instrument
required for many laparoscopic procedures especially
laparoscopic RYGBP. It can be used to transect hollow
viscera, to divide highly vascular tissue such as mesentery,

and to create an anastomosis. We use the Endopath
Echelon 60 disposable stapler (Ethicon Endo-Surgery,
Inc., Cincinnati, OH) that applies two triple rows of
staples before dividing the tissue with an advancing knife
(Fig. 10-23). The stapler can be reloaded for use with
tissues of varying thickness including a white load (2.5
mm), blue load (3.5mm), green load (4.1mm), and a gold
cartridge (3.8mm) that is used primarily for thicker tissue
compressible to 1.8mm. The stapler fits down a 12-mm
trocar. We use the blue load to create the gastric pouch
and gastrojejunostomy and the white load to divided the
small bowel and mesentery and to create the jejuno-
jejunostomy. The green load is useful for revisional
bariatric surgery or in cases where the tissue is unusually
thick or indurated.

Circular Staplers

A circular endoluminal stapler can be used to create the
gastrojejunal anastomosis during laparoscopic RYGB.
The Endopath Circular Stapler (Ethicon Endo-Surgery,
Inc.) uses two rows of circular staples with an inner cir-
cular knife to create a circular anastomosis (Fig. 10-24).
The stapler (21 or 25mm) is typically inserted through an
enlarged port site in the left upper quadrant. The anvil
can be placed into the pouch using transoral or transgas-
tric techniques. Various methods of anvil insertion into
the gastric pouch have been devised, including insertion
through a gastrostomy or insertion through the mouth
with guidance into the pouch through the esophagus
using a pull wire. When using the pull-wire technique
with the circular stapler, anvils can be modified to rotate
the head of the anvil parallel with the shaft to facilitate
transoral passage. The modification requires the removal
of the spring and metal plate on the underside of the
anvil, swinging the head of the anvil parallel to the shaft,
and stabilizing the head of the anvil with a suture (Fig.
10-25). The pull wire is looped though the pointed end
and it is ready to be pulled into place in the stomach
through the esophagus. Other surgeons do not perform
this modification and gently pull the intact anvil down the
esophagus with a guidewire or nasogastric tube while
subluxing the patient’s jaw.

A

B

Figure 10-22. (A,B) Ultrasonic dissecting shears with hand
controls. Harmonic ACE. (Courtesy of Ethicon Endo-Surgery,
Inc. All rights reserved.)

Figure 10-23. Laparoscopic linear cutting stapler. Echelon 60.
(Courtesy of Ethicon Endo-Surgery, Inc. All rights reserved.)

Figure 10-24. 25mm circular stapler used to create a circular
stapled gastrojejunostomy. ECS 25. (Courtesy of Ethicon Endo-
Surgery, Inc. All rights reserved.)
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Flexible Endoscopy

Flexible endoscopy serves several useful functions during
the course of the LRYGBP. A two-camera system, one
each for the laparoscope and endoscope, facilitates this
approach. Both camera systems are fed through a digital
mixer producing the two images on the same monitor 
as a “picture-in-picture” format allowing both the
surgeon and the endoscopist to visualize both activities
simultaneously.

At the completion of the LRYGBP a flexible endo-
scope is used to examine the gastrojejunal anastomosis.
The scope is inserted beyond the anastomosis into the
Roux limb prior to completing the final layer of the anas-
tomosis. This serves to size the anastomosis (standard
gastroscope is 30 French in diameter). Intraluminal insuf-
flation of the submerged anastomosis is used to inspect
for air leaks. After leak testing, the endoscope is used to
examine the anastomosis for bleeding and the viability of
the gastric pouch.

Endoscopy facilitates placement of the anvil into the
gastric pouch during use of the circular stapler for the
gastrojejunal anastomosis. Unless the transgastric tech-

nique is employed, an endoscopic snare and pull wire are
needed for this technique.

Voice Activation Technology

A major innovation in operating room procedure has been
the introduction of voice control technology such as
Hermes (Intuitive Surgical, Sunnyvale, CA and Stryker
Endoscopy). This technology provides a centralized and
simplified interface for a surgeon to Hermes-compatible
medical devices through voice commands. The system
requires a computer control unit associated with other
accessory units that are networked with multiple Hermes-
ready devices. The system may include a Hermes OR
control center, a Hermes port expander, a Hermes phone
unit, and a ATW-R73 UHF synthesized diversity receiver
(Audio-Techniques/Stryker Endoscopy) (Fig. 10-26). The
surgeon wears a wireless headphone/microphone trans-
mitter (ATW-T75 Transmitter (Audio Techniques/Stryker
Endoscopy), and is able to control and operate the devices
throughout the procedure. This saves time and decreases
dependence on circulating nurses or technicians. A voice
card is programmed for each individual surgeon. This is
inserted into the control unit and allows voice recognition.
Hermes allows the surgeon to voice-control the camera,
light source,insufflator,video/image recorder,printer,tele-
phone,operating table,operating room lights,and Intuitive
Surgical’s robotics systems such as the Automated Endo-
scopic System for Optimal Positioning (AESOP).

Figure 10-25. Some circular stapler anvils can be modified to
allow the anvil head to fold parallel to the shaft. A suture can
be used to maintain this configuration, which can facilitate tran-
soral passage of the anvil. (Copyright © 2006 United States Sur-
gical, a division of Tyco Healthcare Group LP, with permission.
All rights reserved.)

Figure 10-26. Voice activation unit. (Courtesy of Audio-
Techniques/Stryker Endoscopy, Kalamazoo, MI.)
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The Hermes system provides both visual (on the video
monitor) and digitized voice feedback to the surgical
team. Voice-activated control is especially appropriate to
bariatric laparoscopic procedures because of the multiple
adjustments and readjustments of multiple complicated
medical devices during the course of the operation.
Safety and quality of patient care appear to be enhanced
by returning focus from the technology to the patient
(15).

Operating Room Layout

The organization and layout of the operating room are as
crucial to efficient surgery as the equipment used. Space
for transfer of morbidly obese patients to and from the
operating table must be provided, as well as space for the
number of personnel needed for the transfer. Vital equip-
ment must be in easy reach without obstructing move-
ment of the operating staff. Many teams use mobile
towers to house equipment.

Over the last 5 years, operating rooms specialized for
minimally invasive procedures have made significant
strides. These operating rooms employ boom technology
for efficient space utilization and integrate electrical, fiber
optic, computer, communication, digital, video, voice acti-
vation, and piped gas technologies. These have been
called fully integrated or “intelligent” operating rooms
and go by the trade names of EndoSuite, i-Suite (Stryker
Endoscopy), Supersuite (Berchtold Corporation), and

OR1 (Karl Storz Endoscopy). These are clearly the wave
of the present and future (Fig. 10-27). Efficient design of
these operating rooms will likely improve overall oper-
ating efficiency and safety (16). The advantages in effi-
ciency and safety appear to justify the cost, as these
complex procedures become increasingly frequent in
many medical centers.

Robotics

Robotic Assistance

Robotics and voice activation combine with great advan-
tage. Examples include the AESOP, a Food and Drug
Administration (FDA)-approved surgical robot (Intu-
itive Surgical) and the more complex Da Vinci Surgical
System (Intuitive Surgical). The AESOP system is
capable of holding the laparoscope and altering its posi-
tion in response to the surgeon’s verbal commands. A
major advantage over human maneuvering of the laparo-
scope is that the device can store in its memory several
set arm positions, allowing the surgeon quickly to return
or advance to viewing positions previously found to be
desirable. Other advantages over human assistants are
the elimination of nonpurposeful movement, delayed
movement, and inadvertent lens soiling.

Effective use of AESOP depends on acquiring skill
through extensive experience. Because of the complexity
of maneuvering in the upper and mid-abdomen, surgeons
must allow for a learning curve. Preliminary studies have

Figure 10-27. Fully integrated minimally invasive
operating room. (Courtesy of Stryker/Berchtold.)
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shown that the benefits of the robotic arm include
improved operating room efficiency with reduction in
operating time and a cost savings to the institution
(17–19).

The Da Vinci Surgical System is an FDA-approved
laparoscopic surgical robot that might be termed “full
service.” It provides much more than just a robotic arm.
The system is capable of performing surgical cutting, dis-
secting, suturing, and tissue retraction, as well as provid-
ing visualization. It provides improved dexterity, greater
surgical precision, improved minimal access, increased
range of motion, and reproducibility. A number of clini-
cal investigators have been involved with trials of this
robot in laparoscopic bariatric surgery (20,21). These
early studies note that laparoscopic bariatric surgery
using the Da Vinci robot is safe and feasible but will
require further investigation.

Conclusion

Proper use and understanding of a wide array of laparo-
scopic equipment and instrumentation greatly aids the
team’s ability to meet the technical needs of more chal-
lenging operative situations. Not all of the technology
presented in this chapter is necessary to complete every
bariatric procedure, but surgeons who perform laparo-
scopic bariatric surgery should be familiar with the wide
range of instrumentation available. A listing of the dis-
posable and reusable instrumentation needed for a
typical LRYGBP case is provided (Tables 10-1 and 10-2).
As current techniques are improved upon and new
bariatric procedures are developed, bariatric surgeons
will need to keep abreast of the latest instrumentation 
in order to maximize operating room efficiency and 
safety.

Table 10-1. Laparoscopic Roux-en-Y gastric bypass disposable instrumentation

GIA anastomotic method
1 Echelon 60 Endopath stapler 12mm, straight (EC 60)
4–5 Disposable staple reloads 60mm, 3.5 blue (ECR60B)
4–5 Disposable staple reload 60mm, 2.5 white (ECR60W)
1–2 Disposable staple reloads (thick tissue, revision cases) 60mm, 3.8 gold (ECR60G)

1 Endo Stitch USS (#173016)
3–5 Reloads of 2-0 Surgadec for the USS Endostitch (173021)
4–6 Reloads of 2-0 Polysorb for the USS Endostitch (170070)

1 Endoshears USS 5mm (#176643) or Ethicon Endo-Surgery 5mm (5DCS)
1 Clip Applier USS 10mm large, green or Ethicon 10mm MED/LG (176625)

(ER320)
1 Harmonic Ace Ultrasonic Scalpel, 5mm, Ethicon (ACE36P)
1 150mm USS Surgineedle Veress needle (if not using optical trocars) (172016)
1 Carter-Thomason CloseSure System (XL for thick abdominal wall) (CTXL)

Trocars
Four 5-mm Ethicon Endpath Xcel, bladeless 100mm (B5LT)
Two 12-mm Ethicon ENDOPATH XCEL, bladeless 100mm (B12LT)

Suction irrigator
1 StrykeFlow 5mm suction irrigation system

(utilized reusable cannula tips 32 and 45cm)

Circular stapler anastomotic method (requires all of the above plus the instrumentation below)
1 Endoscopic curved intraluminal stapler

Ethicon Endopath ILS 21mm (ECS21)
Ethicon Endopath ILS 25mm (ECS25)

Cook translumbar aortic catheter (076828)
1 “Pull” blue PEG wire (Microinvasive) (6399)
1 Endoscopic snare (Microinvasive)

Alternatively, the anvil can be secured to the cut end of an 18-French nasogastric tube and passed transorally into the gastric pouch
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Table 10-2. Laparoscopic Roux-en-Y gastric bypass reusable instrumentation

Item name Item No. Company No. in set

Routine set
Crocodile grasper (traumatic) (32cm) 90-7064 Snowden-Pencer 2
Crocodile grasper (traumatic) (45cm) 90-7264 Snowden-Pencer 2
Diamond jaw atraumatic dissector (32cm) 90-7041 Snowden-Pencer 3
Diamond jaw atraumatic dissector (45cm) 90-7271 Snowden-Pencer 3
Endo-right angle 90-7031 Snowden-Pencer 1
Right angle electrode 89-7200 Snowden-Pencer 1
Tapered curved dissector 90-7033 Snowden-Pencer 1
Hasson “S” retractor narrow 88-9113 Snowden-Pencer 1 set
Hasson “S” retractor wide 88-9114 Snowden-Pencer 1 set
Monopolar cord 88-9199 Snowden-Pencer 1
Instrument tray 88-6275 Snowden-Pencer 1

Scopes
30 degree, 10mm 502-357-030 Stryker 1
45 degree, 10mm 502-357-045 Stryker 1
30 degree, 5mm 502-585-030 Stryker 1
45 degree, 5mm 502-585-045 Stryker 1
45 degree, 10mm extra long 502-657-045 Stryker 1

Scope warmer
Scope warmer canister C3001 Applied Medical 1
Base for scope warmer C3002 Applied Medical 1
Seals for scope warmer C3101 Applied Medical 1

Table-mounted instrument holding device
Fast Clamp System 89-8950 Snowden Pencer 1

Liver retractors
80-mm triangular liver
Retractor 5mm 89-6110 Snowden-Pencer 1
“Big D” diamond flex liver retractor 89-8216 Snowden Pencer 1

Bowel instruments
DeBakey clamp, straight, 10mm 90-7052 Snowden Pencer 1
DeBakey clamp, curved, 10mm 90-7054 Snowden Pencer 1

Specials
Diamond flex articulating
Atraumatic grasper 40 degree 89-0509 Snowden-Pencer 1
Bougie 34-French or Olympus endoscope
bowel grasper 33331C Storz 1
Diamond-jaw needle holder 90-7016 Snowden Pencer 1
O’Brien Lap-Band placer Automated Medical 1

Products Corp.

StrykeProbe and tips, 5mm (32 and 45cm) Stryker Endoscopy 1
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Access to the Peritoneal Cavity
Crystal T. Schlösser and Sayeed Ikramuddin

ration and a supine position without tilt, rotation, or Tren-
delenburg positioning is crucial. Malposition can lead to
errors in a surgeon’s three-dimensional imagery of the
patient’s anatomy, causing disorientation related to the
position of the great vessels, and translocate viscera to 
a location where injury may neither be expected nor 
recognized expeditiously. Physical examination of the
patient should note scars and their quality as well as
umbilical or other body piercings that may be associated
with intraperitoneal adhesions.

Important considerations in access planning include a
decision about abdominal cavity expansion. Options
include standard carbon dioxide pneumoperitoneum,
which causes drying and cooling of the visceral and pari-
etal peritoneum. This is associated with increased pain
(especially referred diaphragmatic pain), decreased body
temperature, and morphologic changes in peritoneal
mesothelial cells of uncertain significance (4,5). Alterna-
tive media such as helium have recently been reported,
as has hydrodistention. Gasless options like abdominal
wall lifting are also reported, but none of these options
are currently appropriate in the bariatric surgery patient.

Strategies for achieving pneumoperitoneum are no
insufflation, preinsufflation, and insufflation only after
open access has been achieved. Management of intra-
abdominal pressures must center on patient safety:
One needs sufficient pressure to allow adequate exposure
for safe operation, but yet low enough to avoid re-
striction of ventilation, hypercarbia, or impaired venous
return.

Closed Methods

The Veress needle is a 2-mm blunt-tipped needle
designed for induction of pneumothorax without injury
to the lung (1). It has a spring-loaded tension-sensing
blunt tip that retracts against resistance from fascia and
peritoneum, promptly recoiling after passage through
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Inherent in all minimally invasive surgery is acquiring
safe, efficient, and cost-effective access to the cavity of
interest. Bariatric surgery presents some challenges for
achieving peritoneal access because of the patient’s body
habitus, limitations of the current equipment, and comor-
bidities. The goals of access include excellent abdominal
exposure, ingress for instruments, egress of specimens,
and minimization of complications.

Historical Methods

Pelviscopy introduced concepts of peritoneal access, peri-
toneal physiology, and the unique constraints of three-
dimensional surgery using two-dimensional imaging.
Initial laparoscopy methods amalgamated urologic,
gynecologic, and thoracic instrumentation, and adapted
the original Veress needle design of the 1930s to provide
diagnostic pneumoperitoneum for operative procedures
(1). Complications with this access device prompted
mini-laparotomy techniques in which the abdominal
cavity was entered in the traditional manner under direct
visualization and placement of a large-bore cannula
through which laparoscopy could proceed (2). Further
refinements of both techniques have occurred, as well as
the development of novel access devices engineered to
reduce the axial force needed for entrance into the peri-
toneal cavity (rotating screw-type devices) (3).

The ideal access device is simple, fast, allows rapid
pneumoperitoneum, has minimal complications (or
preferably none), and is reusable for cost-effectiveness.
This model device has yet to be developed, and is a goal
for future research efforts.

Entry Method

Regardless of the access device chosen, certain surgical
principles can maximize surgeon effectiveness and mini-
mize complications. Careful attention to patient prepa-
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these layers. This allows the cutting needle to penetrate
tissue, but yet protect viscera. Insufflation is accom-
plished through the needle lumen after intraperitoneal
placement. It has been the access of choice for almost 40
years in many countries, especially in the field of gyne-
cology. Long Veress needles are available for patients
with thick abdominal wall such as the bariatric patient
(Fig. 11-1).

A common entry site is the umbilicus, using manual
countertraction against the abdominal wall to create neg-
ative intraabdominal pressure. The needle’s port is open
to room pressure, which has the effect of moving the
abdominal wall farther from the viscera as soon as the
peritoneum is breached. Unfortunately, other structures
fixed against the abdominal wall or retroperitoneum may
be unable to move and be injured. Alternatively, high-
speed passage into the abdomen, before the blunt needle
tip resets, can injure structures. Not recognizing intraperi-
toneal placement might encourage advancement of the
needle, also potentially damaging organs.

In obese patients, umbilical exposure can be difficult,
the ability to lift the abdominal wall may be impaired,
and overgrowth of bacteria or yeast may exist. As a
result, an alternative site of needle placement at Palmer’s
point (left costal margin, between the midclavicular and
anterior axillary lines) is preferred. The major organ
underlying this area is the omentum; access is enhanced
by the tethering effect of the lower ribs and cartilage on

the rectus, its sheath, and the underlying peritoneum.
Here the superior epigastric arterial plexus is usually
medial and less likely to be injured than at other sites;
however, care should be taken to avoid medial displace-
ment of the needle tip as force is applied. At the umbili-
cus, the needle should be directed at a 45-degree angle
toward the pelvis, in exactly the midline (avoid aortic
bifurcation and iliac vessels). A suture can be placed
through the skin to provide traction at the umbilicus. At
Palmer’s point, the Veress needle is inserted perpendi-
cular to the skin (Fig. 11-2).

One should aspirate the needle to sure that blood,
succus, or stool is not present. One drop of saline placed
at the hub should enter the peritoneal cavity by gravity
or by creation of negative intraperitoneal pressure with
an abdominal lift. The onset of carbon dioxide insuffla-
tion should show a pressure of 5 to 8mmHg; higher pres-
sures (>20mmHg) suggest preperitoneal or subcuta-
neous instillation of gas. No maneuver can definitively
confirm intraperitoneal placement, however, and vas-
cular or visceral injury can occur even when these tests
are conducted accurately with negative results. Optical
visualization via the needle has been advocated as being
a safer technique, but it would seem simply to diagnose
an injury sooner rather than actually prevent one (6).

Schwartz et al. (7) describe a method of dislodging and
keeping the omentum off the needle tip in morbidly
obese patients. They describe flow enhancement to 1 to 2

Figure 11-1. Standard and long Veress needles. (Copyright ©
2006 United States Surgical, a division of Tyco Healthcare
Group LP, with permission. All rights reserved.)

Figure 11-2. A traction suture can be used to lift the abdomi-
nal wall adjacent to the Veress needle.
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L/min by “shaking” the needle; they use short, rapid, cir-
cular motions, inscribing an ellipse with the tip. They
report no mortality or vascular trauma from this tech-
nique in 600 consecutive morbidly obese patients; one
seromuscular injury to the transverse colon was closed
laparoscopically without sequelae.

After achieving a pressure of 15mmHg, primary ports
are placed either at the Veress needle site or at an alter-
native site, taking care to maximize surgeon body mech-
anics to avoid excessive excursion of the trocar. Methods
to minimize complications include raising the table to
waist height, using the shortest ports that will achieve
peritoneal entrance, avoiding reaching across the table to
place ports, and positioning the surgeon’s nondominant
hand along the sheath to prevent excess insertion (8).

Direct trocar placement without pneumoperitoneum is
performed at the umbilicus in a manner similar to Veress
needle placement described above. Precise location and
trajectory to the inferior sagittal midline is emphasized.
The complication rate is similar to Veress needle use in
most studies (0.3%), including a large meta-analysis
(9–11). Another option is a fascial-dilating long conical
head that provides a rectus sheath “hooking” maneuver
to lift the fascia and promote negative intraabdominal
pressure during puncture (45 cadavers studied). This is
similar to another screw-type device recently described
for use in the bariatric population (3,12).

Another direct system was designed to provide real-
time visual feedback to the blind passage of an initial

A

B

Figure 11-4. A 5-mm optical viewing trocar can be used to
obtain access to the peritoneal cavity. (A) The camera is focused
on the clear tip of the obturator. (B) The layers of the abdom-
inal wall are directly viewed as the trocar passes through them.
Endopath Xcel. (Courtesy of Ethicon Endo-Surgery, Inc. All
rights reserved.)

A

B

Figure 11-3. (A,B) Optical viewing trocar with a bladeless tip.
Endopath Xcel. (Courtesy of Ethicon Endo-Surgery, Inc. All
rights reserved.)

trocar, with or without pneumoperitoneum. One system
(Visiport, United States Surgical, Norwalk, CT) uses a
bladed tip to incise layers; the other (Endopath Xcel,
Ethicon Endo-Surgery, Cincinnati, OH) (Fig. 11-3) has a
transparent conical bladeless terminal (Fig. 11-4). Both
are designed for coaxial laparoscopic examination of the
layers as they are traversed. The theory is that, with
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observation, injury can be avoided. Early published expe-
rience described a low complication rate (13); however, a
review of national databases shows a much higher rate,
with 79 serious complications, 37 major vascular injuries,
and four deaths from 1994 to 2000 (14). Meta-analysis
reveals a trend toward more complications with the
devices (and with Veress needles) compared to an open
approach in general surgery applications (15).

Open Methods

Hasson et al. (2) described complications from Veress
needle use and advocated an “open” approach with a 1-
to 1.5-cm incision at the umbilicus, exposing the fascia
and peritoneum under direct vision. A blunt obturator-
cannula system (Fig. 11-5) is then inserted directly into
the abdomen, anchored in place by fascial sutures used
to close this incision later. Advantages include an
extremely low (but not absent) risk of aortic injury (16),
faster insufflation, and the ability to gain access in a
hostile abdomen. Disadvantages include extremely diffi-
cult exposure in obese patients, perception of a higher
degree of difficulty, and a slightly higher risk of bowel
injury. In addition, maintenance of a leak-free seal
around the port in severely obese individuals is often
problematic. There is a possible selection bias in reported
series, as this is used more in reoperative surgery and
when access is expected to be unsuccessful with other

techniques. The time duration of the definitive operation
is equal to that with Veress access (2).

A modification of the Hasson technique is a “mini-
open” transumbilical incision for placement of a 5-mm
blunt cannula under direct vision. It does not use fascial
anchoring sutures, is recommended for an uncomplicated
abdomen, and has limited applicability to the morbidly
obese population (17). Senapati et al. (18) describe a
“semi-open” alteration of the Hasson technique by
opening the linea alba, but passing a blunt tapered trocar
through the peritoneum blindly. They described one
minor liver injury in 241 patients. Balloon-tipped blunt
ports are used extensively in inguinal hernia repair, and
are beginning to be used for intraperitoneal procedures
as well. Cost factors may limit the broader use of these
devices (19).

Abdominal Evaluation

Regardless of access technique, on inserting a laparo-
scope, one should inspect the abdomen for inadvertent
injury, with careful attention to mesentery, omentum,
retroperitoneum, abdominal wall, and adjacent bowel.
The abdomen should be desufflated immediately for
hypotension, bradycardia, or the inability to ventilate
properly. Expeditious re-inspection of the field laparo-
scopically (at a lower abdominal pressure) should include
an assiduous search for vascular injury. If unexplained
hypotension persists, conversion to laparotomy to more
fully explore the retroperitoneum should be considered.
A high index of suspicion is vital to avoid exsanguination
from a major vessel laceration.

Secondary Access

Additional portals of entry for working and retracting
instruments are needed in multiple sites. Commonly used
types are pyramidal cutting tips, retractable blades,
retractable “safety” shields, conical tapered tips, radial
dilating cannulae, and screw devices. All should be placed
perpendicular to the abdominal wall under constant
direct laparoscopic vision. Trocars of different lengths can
be used depending on the thickness of the abdominal wall
(Fig. 11-6). In morbidly obese patients, this may not allow
acceptable degrees of freedom of movement within the
operative field, due to the thickness of the subcutaneous
tissues. Anticipated use of the particular port and its
instrumentation should be carefully considered, and
ports should be angled to maximize freedom within the
desired range. This requires considerable experience and
is a great source of frustration in the early learning curve
in bariatric surgery.

Comparison of different cannulae show mixed results.
Radial dilating ports show smaller fascial and muscular

A

B

Figure 11-5. (A,B) Blunt trocar for use with the open tech-
nique of abdominal access. Endopath Xcel. (Courtesy of
Ethicon Endo-Surgery, Inc. All rights reserved.)
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defects with decreased nociception (20). It appears that
the threaded screw [Endoscopic threaded imaging port
(EndoTIP); Karl Storz Endoscopy America, Culver City,
CA], which uses lateral spreading forces rather than axial
forces, and conical ports have a lower incidence of
abdominal wall vessel injury (3,21). “Safety” shields on
cutting trocars have not reduced injury rates, and under-
reporting is common with 408 major injuries reported to
the Food and Drug Administration (FDA) from 1993 to
1996, despite much lower aggregate numbers observed in
the descriptive medical literature (22,23).

Complications

Mortality from access injury is estimated at 0.05%, with
anesthesia complications, vascular injury, and delayed
diagnosis of bowel injury as the three leading causes.
Morbidity is more difficult to estimate. Historically,
reports from Germany in 300,000 gynecologic patients
undergoing minor procedures from 1978 to 1982 showed
an overall access complication rate of 0.04% (24).
Despite advances in technique, instrumentation, knowl-
edge of the anatomy and physiology of pneumoperi-
toneum, and better training, rates are essentially
unchanged. Catarci et al.’s (25) retrospective survey-
based review of 12,919 procedures showed a 0.05% major
vascular, 0.06% visceral, and 0.07% minor vascular injury
incidence. Meta-analysis of prospective, randomized
studies showed major complications of 0% to 2% in open
access and 0% to 4% with closed access. The low fre-

quency of injuries and relatively small sample size com-
pared to power requirements make conclusions as to
safety unsubstantiated. However, there was a clear trend
toward fewer visceral and vascular injuries with an open
technique (15,16). Despite this, the open technique can
have catastrophic major vascular injuries (26,27), and 
vigilance is necessary. As noted, use of open laparoscopic
access in the severely obese patient is technically 
difficult.

Multiple mechanisms for injury are present, and imme-
diate recognition is vital to limit patient morbidity and
mortality. The most common injuries are from Veress
needles or direct trocar tips used in closed entry. These
injuries may not be recognized initially due to the
advancement and then retraction of the device during its
blind excursion. Cited causes of access injury include
excessive force, inadequate skin incision, excessive laxity
of the abdominal wall, inadequate pneumoperitoneum,
and incomplete use of balancing motor forces that avoid
unplanned advancement of the device. Learning appro-
priate surgeon body mechanics and knowing the patterns
of injury can help reduce risk (23). Typical lesions
described are aortic bifurcation, left iliac vein, and right
iliac artery lacerations. These have close proximity to the
umbilicus, and their retroperitoneal location can obscure
the initial recognition of injury; vasoconstriction can tem-
porarily stop bleeding, contributing to the lack of recog-
nition of the problem. Bowel injuries frequently are
small, have surrounding seromuscular spasm, and may
not be suspected. Delay in the diagnosis, especially with
partially contained retroperitoneal tears (visceral or vas-
cular), can cause exsanguination, sepsis, peritonitis,
abscess, enterocutaneous fistula, and death (28).

Underreporting of access-related complications is
common, possibly due to the retrospective nature of
many studies or variable attribution of causation of injury
(assuming bowel injury is from cautery rather than
access). Selection bias is likely, as experience levels are
high in sites of large trials, often excluding smaller insti-
tutions and individual practitioners, thus skewing data. To
address this issue, FDA device complication registries
from 1993 to 1996 were reviewed, and they showed 408
access-related injuries, 87% with disposable trocars with
“safety” shields; 26 deaths were reported in this series.
The aorta (23%) and vena cava (15%) were most com-
monly injured. Concern about device malfunction was
raised in 10%; however, only one of 41 allegations was
verified (18).

In the bariatric population, the higher incidence of left
upper quadrant primary access can shift injury attention
to visceral, omental, and epigastric vessels. Visceral vessel
injury is rarely identified when there is overlying mesen-
teric fat and peritoneum. Omental and epigastric vessel
injury is usually more obvious, but again, vasoconstriction
can sequester this injury until after the operation is over,

Figure 11-6. Trocars of different lengths and diameters should
be available, particularly when operating on morbidly obese
patients; 5- and 10-mm trocars 100mm and 150mm in length are
shown. Endopath Xcel. (Courtesy of Ethicon Endo-Surgery,
Inc. All rights reserved.)
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leading to postoperative hemorrhage. Bowel injury from
access is less common in the bariatric population, with the
exception of the transverse colon (7,29).

Laceration of the epigastric vessels is rarely reported
but is common anecdotally, as techniques for controlling
such bleeding are numerous throughout the literature.
Options include applying pressure with the inciting port
or instruments placed through other ports, horizontal
mattress suture, enlarging the port with direct visualiza-
tion and ligation, and placement of a tamponade device
(usually a Foley catheter pulled snugly against the
abdominal wall) (28). The prevalence and impact of such
complications is unmeasured.

Other abdominal wall complications involve nerve
damage (transection with motor or sensory loss, neuro-
praxia, partial laceration with resultant neuroma forma-
tion) and muscular impairment (scarring causing spasm,
chronic pain, laceration with local loss of function). These
are poorly defined and unlikely to be quantified. Acute
dehiscence is not reported in laparoscopic gastric bypass
(29). Herniation does occur; however, there is difficulty
in estimating the number of cases for two reasons.
Asymptomatic patients are rarely diagnosed, and symp-
tomatic patients may have vague intermittent symptoms
attributed to the postoperative state. Rates from 0.02%
to 1.8% have been reported, but data from 3464 cases
showed a 0.47% rate (29). Richter’s hernia may be more
common than in open bariatric surgery, and should be
considered in any patient with acute abdominal pain.
Prevention of hernia should focus on reducing myofas-
cial defect size, use of blunt trocars, closure of any port
defect of 10mm or greater, and direct visualization 
of closure.

Miscellaneous adverse events include carbon dioxide
dissection from Veress misplacement and leakage about
a port, which can be extensive and spread to the medi-
astinum, neck, or even pericardium. Untreated, this can
cause cardiovascular embarrassment directly from com-
pressive forces, or indirectly from hypercapnia (30).
Other unintended outcomes include pneumothorax,
adhesion avulsion with bowel laceration or bleeding, and
cardiac arrhythmias.

Conclusion

Access procedures are not standardized and the ideal
device and technique has not been identified. The choice
of access should be modified to match patient risk factors
and surgeon experience. To identify complications
promptly, one needs a high index of suspicion with any
unexpected or unusual operative findings, hypotension,
or other deviations from routine operations. Conversion
to laparotomy should always be considered in such situ-
ations and should not be considered a failure.

References

1. Veress VJ. Eine nadel für gefahrlose Anwendung des Pneu-
moperitoneums. Gastroenterologia 1961;96:150–152.

2. Hasson HM, et al. Open laparoscopy: 29-year experience.
Obstet Gynecol 2000;96:763–766.

3. Ternamian AM, Deitel M. Endoscopic threaded imaging
port (EndoTIP) for laparoscopy: experience with different
body weights. Obes Surg 1999;9:44–47.

4. Hazebroek EJ, et al. Impact of temperature and humidity
of carbon dioxide pneumoperitoneum on body tempera-
ture and peritoneal morphology. J Laparoendosc Adv Surg
Tech A 2002;12(5):355–364.

5. Wills VL, Hunt DR. Pain after laparoscopic cholecystec-
tomy. Br J Surg 2000;87(3):273–284.

6. Schaller G, Kuenkel M, Manegold BC. The optical “Veress-
needle”-initial puncture with a minioptic. Endosc Surg
Allied Technol 1995;3(1):55–57.

7. Schwartz ML, Drew RL, Andersen JN. Induction of pneu-
moperitoneum in morbidly obese patients. Obes Surg 2003;
13:601–604.

8. Munro MG. Laparoscopic access: Complications, technolo-
gies, and techniques. Curr Opin Obstet Gynecol 2002;14:
365–374.

9. Jacobson MT, et al. The direct trocar technique: an alterna-
tive approach to abdominal entry for laparoscopy. JSLS
2002;6(2):169–174.

10. Merlin TL, et al. Systematic review of the safety and effec-
tiveness of methods used to establish pneumoperitoneum
in laparoscopic surgery. Br J Surg 2003;90:668–679.

11. Yerdel MA, et al. Direct trocar insertion versus Veress
needle insertion in laparoscopic cholecystectomy. Am 
J Surg 1999;177:247–249.

12. Tansatit T, et al. Dilating missile trocar for primary port
establishment: a cadaver study. J Med Assoc Thai 2002;
85(suppl 1):S320–326.

13. String A, et al. Use of the optical access trocar for safe and
rapid entry in various laparoscopic procedures. Surg
Endosc 2001;15(6):570–573.

14. Sharp HT, et al. Complications associated with optical
access laparoscopic trocars. Obstet Gynecol 2002;99:553–
555.

15. Molloy D. Laparoscopic entry: a literature review and
analysis of techniques and complications of primary port
entry. Aust N Z J Obstet Gynaecol 2002;42(3):246–254.

16. Hanney RM, et al. Use of the Hasson cannula producing
major vascular injury at laparoscopy. Surg Endosc 1999;13:
1238–1240.

17. Carbonell AM, et al. Umbilical stalk technique for estab-
lishing pneumoperitoneum. J Laparoendosc Adv Surg Tech
A 2002;12(3):203–206.

18. Senapati PSP, et al. “Semi-open” blunt primary access to the
abdominal cavity during laparoscopic surgery: A new tech-
nique. J Laparoendosc Adv Surg Tech 2003;13(5):313–315.

19. Bernik TR, et al. Balloon blunt-tip trocar for laparoscopic
cholecystectomy: Improvement over the traditional Hasson
and Veress needle methods. J Laparoendosc Adv Surg Tech
2001;11(2):73–78.

20. Tarnay CM, Glass KB, Munro MG. Incision characteristics
associated with six laparoscopic trocar-cannula systems:



11. Access to the Peritoneal Cavity 111

a randomized, observer-blinded comparison. Obstet
Gynecol 1999;94:89–93.

21. Hurd WW, Wang L, Schemmel MT. A comparison of the
relative risk of vessel injury with conical versus pyramidal
laparoscopic trocars in a rabbit model. Am J Obstet
Gynecol 1995;173:1731–1733.

22. Campo R, Gordts S, Brosens I. Minimally invasive explo-
ration of the female reproductive tract in infertility. Reprod
Biomed Online 2002;4(suppl 3):40–45.

23. Chandler JG, Corson SL, Way LW. Three spectra of laparo-
scopic entry access injuries. J Am Coll Surg 2001;192(4):
478–491.

24. Riedel HH, et al. German pelviscopic statistics for the years
1978–1982. Endoscopy 1986;18:219–222.

25. Catarci M, et al. Major and minor injuries during the cre-
ation of pneumoperitoneum: A multicenter study on 12919
cases. Surg Endosc 2001;15:566–569.

26. Soderstrom RM. Injuries to major blood vessels during
endoscopy. J Assoc Gynecol Laparosc 1997;4:395–398.

27. Vilos GA. Litigation of laparoscopic major vessel injuries
in Canada. J Am Assoc Gynecol Laparosc 2000;7:503–509.

28. Philips PA, Amaral JF. Abdominal access complications in
laparoscopic surgery. J Am Coll Surg 2001;192(4):525–536.

29. Podnos YD, et al. Complications after laparoscopic gastric
bypass:A review of 3464 cases. Arch Surg 2003;138:957–961.

30. Kent III RB. Subcutaneous emphysema and hypercarbia
following laparoscopic cholecystectomy. Arch Surg 1991;
126:1154–1156.



12
Comparison of Open Versus Laparoscopic 
Obesity Surgery
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outcomes with laparoscopic bariatric surgery was derived
from the public’s perception of improved outcome after
laparoscopic cholecystectomy and other laparoscopic
operations such as laparoscopic solid organ removal,
laparoscopic Nissen fundoplication, and laparoscopic
ventral hernia repair. However, can we assume that the
clinical benefits observed for these laparoscopic opera-
tions also apply to laparoscopic bariatric surgery? To
answer this question, it is important to consider that
laparoscopic bariatric surgery is performed in a different
patient population (the morbidly obese) with more pre-
existing medical conditions, and the operation is often
longer and technically more difficult than a routine
laparoscopic cholecystectomy or Nissen fundoplication.
Therefore, the debate about laparoscopic vs. open
bariatric surgery is important, as the benefits observed
after other laparoscopic operations do not necessarily
apply to the morbidly obese. In addition, an understand-
ing of the pros and cons of laparoscopic bariatric surgery
is necessary, as many surgeons are now considering devel-
oping a laparoscopic bariatric surgery practice and many
morbidly obese patients are seeking this surgical option.

Since Roux-en-Y GBP is the most commonly performed
bariatric operation in the United States, this chapter dis-
cusses the differences between the laparoscopic and open
approaches to GBP and the differences between laparo-
scopic and open bariatric surgery, reviews the important
measures of outcome when comparing two different oper-
ative techniques, emphasizes the importance of a valid
comparison, and reviews the differences in both the phys-
iologic and clinical outcomes between the two techniques.

Is Laparoscopic Bariatric Surgery 
a Better Operation?

Is laparoscopic GBP truly a better operation than open
GBP? This is an important question. Proponents for the
laparoscopic approach have stated that the benefits of

113

Background

Bariatric surgery was developed in the mid-1950s with
the introduction of jejunoileal bypass, and was expanded
in the 1960s with the Roux-en-Y gastric bypass (GBP)
(1). Recently, there has been an increase in the demand
for bariatric surgery and in turn an increase in the
number of surgeons interested in learning bariatric
surgery. This increase in enthusiasm and growth in the
field of bariatric surgery is related, in a large part, to the
development of the laparoscopic approach to bariatric
surgery. Laparoscopic gastric banding was first reported
in 1993 (2). In 1994, the preliminary techniques of both
laparoscopic vertical banded gastroplasty and laparo-
scopic GBP were reported in the literature (3,4). By 2000,
even a complex bariatric operation such as the biliopan-
creatic diversion with duodenal switch was attempted
laparoscopically (5). At the current writing, essentially all
commonly performed bariatric operations can be done
by the laparoscopic technique.

To understand the development of laparoscopic
bariatric surgery,we must understand the history of laparo-
scopic surgery. Laparoscopic surgery was developed in the
late 1980s with the introduction of laparoscopic cholecys-
tectomy. This single operation revolutionized and paved
the way for surgeons to perform abdominal surgery using
a less invasive approach. In the decade after the introduc-
tion of laparoscopy, the laparoscopic technique was
applied to all areas of general surgery. By 1992, laparo-
scopic cholecystectomy had become the new standard for
symptomatic cholelithiasis even before randomized trials
demonstrated its clinical benefits (6).

Similar to the enthusiasm for laparoscopic cholecys-
tectomy, we are beginning to see an increase in the
demand for bariatric surgery with the introduction of the
laparoscopic approach to bariatric surgery. The consumer
views laparoscopic bariatric surgery as a minimally inva-
sive procedure with less postoperative pain, lower mor-
bidity, and a faster recovery. This notion of improved
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laparoscopic GBP should be similar to the benefits
observed for other laparoscopic operations such as chole-
cystectomy, removal of solid organs, and Nissen fundo-
plication. Intuitively, the benefits of laparoscopy should
apply to morbidly obese patients undergoing Roux-en-Y
GBP as long as the laparoscopic operation can be per-
formed safely and the fundamentals of the open surgery
are followed. The potential benefits of laparoscopic
bariatric surgery include less postoperative pain, less
blood loss, shorter hospital stay, faster recovery, fewer
wound complications, and better cosmesis. In addition,
proponents for the laparoscopic approach have stated
that laparoscopic GBP is safe when performed by sur-
geons who have experience in the laparoscopic tech-
nique. In contrast, opponents of the laparoscopic
approach have stated that laparoscopic GBP is associated
with a longer operative time and has an increased risk for
complications such as anastomotic leak and bowel
obstruction. Furthermore, in the hands of an experienced
surgeon, open GBP can be performed through a rela-
tively small upper abdominal incision, often in 1.5 hours,
and most patients can be discharged within 3 days. There-
fore, open bariatric surgery should be the gold standard
operation until evidence-based clinical trials demonstrate
that the benefits of laparoscopic bariatric surgery out-
weigh those of open bariatric surgery.

Certainly a randomized trial comparing laparoscopic
vs. open bariatric surgery is the best method of evaluat-
ing a new operative treatment. The strength of a ran-
domized trial is the random allocation of patients to
treatment groups and is currently the most accepted evi-
dence-based method for examining a new hypothesis.
With a large sample size, the randomization process will
by chance risk-adjust the two study groups with an end
point of homogeneity between the groups. However, a
randomized trial, by its design, lacks generalization, and
the results can only be interpreted in the context of the
stringent criteria set forth in the trial. In addition to the
method of evaluation, it is equally important to deter-
mine which outcomes to measure and with what method
to measure them. Some of the questions that need to be
addressed include the following: (1) Is there any evidence
to support the notion that laparoscopic GBP results in a
reduced surgical injury compared with open GBP? (2) Is
there any evidence to support the clinical advantages of
laparoscopic GBP? (3) Are the benefits of the laparo-
scopic approach outweighed by the theoretical risk of a
higher complication rate and longer operative time?

Fundamental Differences

It is important to understand the fundamental differences
between the laparoscopic and open approaches to
bariatric surgery to understand the possible differences

in clinical outcomes between the two operations. The
primary differences between the two procedures are the
length of the abdominal incision (the method of access),
the method of exposure, and the extent of operative
trauma. Open GBP is commonly performed through an
upper abdominal midline incision, whereas laparoscopic
GBP is performed through five or six small abdominal
access incisions. The methods of exposure during open
GBP are the use of abdominal wall retractors and
mechanical retraction of the abdominal viscera. In con-
trast, the methods of exposure during laparoscopic GBP
are the use of pneumoperitoneum to create a working
space and gravity for displacement of the abdominal
viscera. By reducing the length of the surgical incision
and eliminating the need for mechanical retraction of the
abdominal wall and viscera, we believe that the operative
trauma after laparoscopic GBP is reduced compared with
that of open GBP. However, the use of carbon dioxide
and the pressure effects of pneumoperitoneum during
laparoscopic surgery can result in alteration of many
intraoperative bodily functions. Carbon dioxide absorp-
tion occurs during pneumoperitoneum and can result in
systemic hypercarbia, hypercapnia, and respiratory aci-
dosis. In addition, the increased intraabdominal pressure
at 15mmHg intraoperatively may affect body organs
such as the lung, heart, and kidneys.

Important Measures of Outcome

When comparing the outcomes of a single operation per-
formed by two different techniques, it is crucial to under-
stand which outcome measures are important. The
measures of outcome can be evaluated from the stand-
point of the surgeon, the patient, or the health system.
The surgeon tends to evaluate outcome using concrete
evidence such as operative time, length of hospital stay,
and morbidity. The health system looks at outcome glob-
ally through clinical performance measures and takes
into account the length of hospitalization, quality of care,
utilization of services, and cost. Most procedures are
based on a per diem rate, and any laparoscopic procedure
that shortens hospitalization may be scrutinized. In con-
trast, looking from a patient perspective, what is truly
important is patients’ satisfaction with their operative
experience, the amount of postoperative pain/discomfort,
and the time duration of functional recovery. With so
many different clinical outcome measures, it is important
for an investigator to use good measures of outcome and
to determine how to measure these outcomes. Opinions
vary regarding the most appropriate measures of
outcome, but it is important to understand how these
measures may be used by physicians to improve practice
patterns and how it can change their decision making.
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Some of the commonly used measures of outcome
include operative time and length of hospital stay. A short
operative time is always preferable, but as the sole
outcome measure has never been shown to correlate with
a better operative outcome. Similarly, the length of hos-
pital stay can be misleading, as it represents only the
period of hospitalization that is considered to be safe
before discharging a patient. However, knowing what we
know about the results of laparoscopic cholecystectomy,
patients who underwent open vs. laparoscopic chole-
cystectomy can be discharged on the same postoperative
day but have different views about their experience.
Although discharged on the same postoperative day, one
patient can be comfortable and feel well while another
can be uncomfortable because of persistent postopera-
tive pain or discomfort and difficulty in mobilization.

Other parameters for measurement of outcome
include postoperative pain and convalescence. The extent
of postoperative pain can be multifactorial, but an impor-
tant indicator in the extent of postoperative pain is the
degree of surgical injury. A minor procedure is often
associated with lower postoperative pain compared with
a major operation. Recovery is also a good parameter for
measurement of outcome, as patients undergoing a minor
operation tend to recover faster than patients under-
going a major operation. However, the method of quan-
tifying the time and type of recovery is variable. The two
most frequently used parameters for measurement of
recovery are time to return to work and time to return to
activities of daily living. Time for return to work is clearly
a poor parameter of assessment, as this parameter is sub-
jective based on the patient’s willingness to return to
work. Some patients delay returning to work even though
they are physically capable of doing so. Time for return
to activities of daily living is a better parameter but is still
too generalized and does not specify exactly the types of
activities. A more specific definition of activities of daily
living should include patients’ recovery based on their
physical, social, and sexual functioning, and general
health. Another important measure of outcome is the
extent of operative injury, based on the premise that the
improved outcome after laparoscopic GBP is related to
the reduced surgical injury compared to open GBP.

Valid Comparison

A comparison between laparoscopic and open bariatric
surgery is valid only if the laparoscopic operation is
similar to that of the open operation and the surgeon has
passed the learning curve of the laparoscopic approach.
We must compare apples to apples. For example, initially
one of the criticisms of surgeons performing laparoscopic
GBP was the omission of the important step of closing
the mesenteric defects. Because of this omission, late

bowel obstruction was observed in the early series of
laparoscopic GBP, which prompted surgeons to begin
closing all mesenteric defects (7). Since laparoscopic
GBP is a complex advanced laparoscopic operation,
passing the learning curve of the laparoscopic approach
is an equally important task to ensure a valid comparison
of the two techniques. In a prospective randomized trial
comparing laparoscopic vs. open GBP, Westling and Gus-
tavsson (8) reported no significant differences between
the two techniques in postoperative pain, length of hos-
pital stay, and length of sick leave from work, based on
an intention-to-treat analysis. In their trial of 51 patients
(30 laparoscopic and 21 open), conversion to laparotomy
occurred in seven (23%) of 30 laparoscopic operations.
Their study demonstrated that laparoscopic GBP is a
technically difficult operation and that any comparison of
the two operations (laparoscopic vs. open) must be per-
formed once the surgeon has passed the learning curve
of the laparoscopic operation.

There is a learning curve for all new laparoscopic oper-
ations. However, the learning curve for laparoscopic
GBP is steeper than most other advanced laparoscopic
operations. On a relative scale measuring the degree of
technical difficulty, with 1 being the easiest and 10 being
the most difficult laparoscopic procedure, we consider
laparoscopic GBP to be a 9. Unlike laparoscopic chole-
cystectomy, laparoscopic GBP requires knowledge of
bowel transection and reconstruction techniques and a
large number of stapling and suturing tasks.

Physiologic Basis of Improved
Outcome in Laparoscopic 
Bariatric Surgery

The primary premise of improved outcome after laparo-
scopic bariatric surgery is the reduced surgical insult to
the host. Surgical insult or the extent of surgical injury is
related to the extent of injury to the abdominal wall (skin,
fascia) and intraabdominal viscera. However, it is a diffi-
cult task to quantify the extent of surgical injury between
laparoscopic and open GBP. We previously examined this
question by indirect measurement of third-space fluid
accumulation after laparoscopic and open GBP (9). Sur-
gical injury often results in accumulation of edema
known as third-space fluid, and the degree of third-space
fluid accumulation is often proportional to the extent of
surgical trauma. We indirectly measured the extent of
third-space fluid accumulation by measurement of the
intraabdominal pressure. The abdominal cavity is a single
cavity, and the presence of any postoperative fluid accu-
mulation such as tissue and bowel edema, bowel disten-
tion, or intraperitoneal hemorrhage can result in an
elevation of intraabdominal pressure. By measuring the
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bladder pressure (indirect measurement of intraabdomi-
nal pressure), we reported that the intraabdominal pres-
sure after laparoscopic GBP was significantly lower than
after open GBP on postoperative days 1, 2, and 3 (9). In
addition, the intraabdominal pressure returned to within
baseline values by day 2 in the laparoscopic group,
whereas the intraabdominal pressure continued to be ele-
vated even on postoperative day 3 in the open group.

Another method for evaluating the severity of surgical
injury is measurement of the systemic stress response.
The magnitude of the systemic stress response has been
shown to be proportional to the degree of operative
trauma. Interleukin-6 is a nonspecific proinflammatory
cytokine and its level has been shown to correlate with
the severity of operative injury. We previously reported
that postoperative concentrations of interleukin-6 were
significantly lower after laparoscopic GBP than after
open GBP (10). These findings suggest that the operative
injury after laparoscopic GBP is lower than the operative
injury after open GBP, substantiating the physiologic
benefits of the laparoscopic approach.

Clinical Outcomes

Postoperative Pain

Postoperative pain is an important measure of outcome,
as it can be measured objectively. The degree of postop-
erative pain after open GBP is associated with the length
of the surgical incision and the extent of operative dis-
section and operative trauma. In our prospective ran-
domized trial comparing laparoscopic vs. open GBP, we
reported that laparoscopic GBP patients used signifi-
cantly less intravenous morphine sulfate than open GBP
patients on the first postoperative day (46 ± 31mg vs. 76
± 39mg, respectively) (11). Despite the higher amount of
self-administered morphine sulfate, open GBP patients
still reported higher visual analog scale pain scores than
laparoscopic GBP patients (11). After discharge, open
GBP patients continued to report higher visual analog
scale pain scores on postoperative day 7 compared with
laparoscopic GBP patients.

Complications

Initial reports of laparoscopic GBP suggested a higher
leak rate after laparoscopic GBP than after open GBP
(12,13). The relatively higher leak rate after laparoscopic
GBP is likely related to the learning curve of the laparo-
scopic procedure. For example, Wittgrove and Clark (13)
reported nine anastomotic leaks (3.0%) in their first 300
laparoscopic GBP procedures and only two leaks (1.0%)
in their subsequent 200 laparoscopic GBP procedures.

The reduced incidence of wound infections after
laparoscopic GBP is one of the easily recognized advan-

tages of the laparoscopic approach (14). Wound infection
after open GBP is a complicated problem, since it
requires the opening of a large wound and a prolonged
course of wound care. Conversely, wound infection after
laparoscopic GBP can be managed easily with opening of
the trocar incision and a short course of local wound care.

Another clinical advantage of laparoscopic GBP is the
reduced incidence of a late incisional hernia. The inci-
dence of a postoperative incisional hernia after open GBP
can be as high as 20% (15).The majority of these incisional
hernias require operative intervention, which likely
increases the cost associated with open GBP. By reducing
the size of the surgical incision, the risk of ventral hernia
after laparoscopic GBP is essentially eliminated.

Recovery

Recovery can be measured subjectively by determining
the patient’s time to return to activities of daily living. We
previously reported that laparoscopic GBP patients had
a more rapid return to activities of daily living than did
open GBP patients (16). In addition, we analyzed reco-
very based on the patients’ ability to return to physical,
social, and sexual functioning and the perception of their
overall health. The short form SF-36 health survey was
administered preoperatively and at 1, 3, and 6 months
postoperatively. The SF-36 has questions that address
patients’ physical and social functioning and the percep-
tion of their general health. We used the Moorehead-
Ardelt Quality-of-Life (QOL) questionnaire to spe-
cifically assess the patients’ sexual interest/activity. From
the SF-36 survey, we learned that recovery based on phys-
ical and social functioning at 1 and 3 months postopera-
tively was faster after laparoscopic GBP compared with
open GBP (16). In addition, the score for the perception
of overall health was higher in laparoscopic GBP patients
than in open GBP patients when the health survey was
measured at 1 month postoperatively. From the Moore-
head-Ardelt QOL questionnaire, we learned that laparo-
scopic GBP patients had more sexual interest or resumed
sexual activity earlier than open GBP patients at 3
months postoperatively (16). Overall, the results from
our trial demonstrated that laparoscopic GBP patients
had a faster recovery in the context of physical, social,
and sexual functioning than open GBP patients. In addi-
tion, laparoscopic GBP patients perceived themselves to
be in better overall health than open GBP patients in the
first month after surgery—hence a perception of faster
recovery.

Conclusion

Laparoscopic GBP is a complex advanced laparoscopic
operation that accomplishes the same objectives as open
GBP but avoids a large upper midline abdominal 
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incision. The primary differences between laparoscopic
and open bariatric surgery are the method of access and
the method of exposure. By reducing the size of the sur-
gical incision and the operative trauma associated with
operative exposure, the surgical insult is less after laparo-
scopic compared with open bariatric surgery. We have
reported a reduction in the surgical insult after laparo-
scopic GBP and believe that this is the physiologic basis
for the observed clinical advantages of laparoscopic GBP.
The important clinical advantages of laparoscopic GBP
are not the reduced length of hospitalization but the
reduction in postoperative pain, lower rate of wound-
related complications, and faster recovery. Given the
current available data, laparoscopic bariatric surgery
should be the new standard for the treatment of morbid
obesity as long as the surgeon has passed the learning
curve of the laparoscopic approach.
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walled pharynx between the uvula and epiglottis (9–11).
Some reports have suggested an increased perioperative
risk of OSA patients for upper-airway obstruction,
oxygen desaturation, and cardiorespiratory arrest
(11,12). Obstructive sleep apnea may be undiagnosed
and hence it should be suspected in every obese patient
presenting for surgery and anesthesia.

Pulmonary Function in Obesity

The morbidly obese patient can become hypoxemic in
several ways.There is an increase in thoracic fat pads,which
cause a restriction in chest wall movement.This contributes
to reduced compliance of the chest cage. There is reduced
pulmonary compliance, probably related to increased pul-
monary blood volume secondary to the increased cardiac
output (Fig. 13-1). The obese patient typically has a restric-
tive pattern on pulmonary function testing.All these factors
contribute to hypoxemia in the morbidly obese patient,
especially in the perioperative period.

Obesity Hypoventilation Syndrome

In patients with long-standing OSA, there is an alteration
in the control of breathing and there are episodes of
apnea without respiratory effort. These episodes are
associated with a progressive desensitization of the res-
piratory centers to hypercapnia. These are initially noc-
turnal, but eventually the patient develops the obesity
hypoventilation syndrome, which is characterized by
obesity, hypersomnolence, hypoxia, hypercapnia, pul-
monary hypertension, polycythemia, and right ventricu-
lar failure. Total pulmonary compliance is reduced by
60% in these patients (13,14), and they are at very high
risk from anesthesia and surgery.

Cardiovascular System

Obesity is an independent risk factor for coronary artery
disease, especially in patients younger than 50 years of
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With the continuing success of bariatric surgery, laparo-
scopic bariatric procedures are becoming the standard of
care for treatment of morbid obesity. Morbid obesity sur-
gical procedures make up 1% to 2% of anesthetic prac-
tice. This chapter reviews the factors that are relevant to
the perioperative care of these patients.

Pathophysiology of Morbid Obesity

Pulmonary System

Airway

The airway is one of the most important concerns when
anesthetizing this group of patients.The increased fat dep-
osition in the cheeks and neck and the large breasts make
direct laryngoscopy difficult. There is excessive palatal,
pharyngeal, and supralaryngeal soft tissue,which may also
contribute to difficult mask ventilation after induction of
general anesthesia. Limited neck extension due to cervi-
cal fat pads also makes laryngoscopy difficult. The inci-
dence of difficult intubation in the obese in previous
studies has been reported as high as 13% to 15.5% (1–5).

Brodsky et al. (4), in their study of difficult intubation
factors in the morbidly obese, determined that large neck
circumference and high Mallampati score were the only
predictors of potential intubation problems. Associated
sleep apnea may be contributory to difficult intubation
(6) and difficult mask ventilation (6–8).

Obstructive Sleep Apnea (OSA)

About 5% of patients with morbid obesity have OSA.
The presence of redundant tissue narrows the pharynx at
baseline, and the negative intrapharyngeal pressures
caused by inspiration leads to further narrowing of the
airway (8). Increased fat deposition in the pharynx results
in decreased patency. This increases the likelihood that
relaxation of the upper airway muscles after induction 
of anesthesia or after extubation will collapse the soft-
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age (15). Obesity cardiomyopathy can occur in persons
with severe and long-standing obesity. The cardiac output
is increased as a consequence of the greater requirements
of increased lean body mass, and is maintained by an
increased stroke volume and high normal heart rate, and
sustained by an increase in ventricular mass. Left ven-
tricular hypertrophy and left ventricular diastolic dys-
function are also present, which are made worse by
systemic hypertension or coronary artery disease (CAD)
(Fig. 13-1). Right ventricular structure and function may
be similarly affected by pulmonary hypertension related
to chronic hypoxemia associated with OSA and obesity
hypoventilation syndrome. The term obesity cardiomy-
opathy is applied when these cardiac structural and
hemodynamic changes result in congestive heart failure
(16).

Patients with morbid obesity also have high rates of
sudden, unexpected cardiac death. The increase in left
ventricular (LV) mass also implies an increase in non-
muscular tissue that plays a role in the development of
electrical abnormalities, heart failure, and sudden death
(17). Atrial fibrillation is more common in the obese
when there is atrial dilation and left ventricular diastolic
dysfunction (18).

Gastrointestinal System and 
Endocrine Systems

Obese patients are believed to be at risk for developing
aspiration pneumonia. This has been ascribed to abnor-
mal gastric emptying, increased intragastric volumes, and

hence an increased risk of aspiration (19), but this has
been challenged (20). The risk of aspiration is also
increased due to the increased incidence of hiatal hernia
and raised intraabdominal pressure. It is possible that
medications that increase gastric pH and reduce gastric
volumes, such as proton pump inhibitors, can help reduce
this complication. However, there is no evidence to
support their routine use because of the infrequent inci-
dence of aspiration and the multiplicity of factors that are
associated with this complication. Indeed, the routine
prescription of these drugs has not been recommended
in the American Society of Anesthesiologists guidelines
(21).

About 90% of morbidly obese patients show histologic
abnormalities of the liver (22). One third of patients have
fatty change involving more than 50% of hepatocytes.
Nonalcoholic steatohepatitis (NASH) may be present
with or without liver dysfunction (22). This has implica-
tions in the metabolism of inhaled and other drugs used
in anesthetic practice. Preoperative liver function tests
should be obtained. There is an increased incidence 
of type 2 diabetes mellitus, hypercholesterolemia, and
hypothyroidism in this group of patients. Serum glucose
control poses an additional problem in the obese diabetic
patient population.

Renal System 

There is increased glomerular filtration rate (by 40%)
secondary to the increased cardiac output. Glomeru-
lomegaly is common and often asymptomatic. Fre-
quently, ensuing focal and segmental glomerulosclerosis
may well be related to alterations in intraglomerular
hemodynamics and may result in heavy proteinuria 
(23). Prolonged pneumoperitoneum during laparoscopic
gastric bypass significantly reduces intraoperative urine
output but does not adversely alter postoperative renal
function (24).

Pharmacokinetics in Obesity

Obese people have larger absolute lean body masses
(LBMs) as well as fat masses than nonobese individuals
(25). Highly lipophilic substances such as barbiturates
and benzodiazepines and propofol have increased
volumes of distribution. There is high hepatic extraction
and conjugation and hence no signs of drug accumulation
when propofol was studied in morbidly obese patients
(26).

Plasma cholinesterase activity increases in proportion
to body weight. There is also a larger extracellular fluid
compartment, and hence the absolute dosage of suc-
cinylcholine is increased. In an obese patient the dose of
succinylcholine should be based on actual body mass, and

Obstructive sleep apnoea
obesity hypoventilation

Hypoxia/hypercapnia

Pulmonary arterial
hypertension

Pulmonary venous
hypertension

RV enlargement and
hypertrophy

LV systolic
dysfunuction

LV diastolic
dysfunuction

Eccentric LV
hypertrophy

Increased LV
wall stress

LV enlargement

Increased
cardiac output

Increased
stroke volume

Increased circulation
blood volume

Ischemic heart
disease

HypertensionRT failure

Obesity

LV failure

Figure 13-1. The etiology of obesity cardiomyopathy and its
association with right-sided heart failure, systemic hyperten-
sion, and ischemic heart disease. LV, left ventricular; RV, right
ventricular.
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not lean body mass (27). Lemmens et al. (28) recommend
a dose of 1mg/kg of succinylcholine for ideal intubating
conditions (28).

There is no change in absolute clearance, volume of
distribution, and elimination half-life of atracurium
because of its lack of dependence on organ elimination.
Vecuronium has impaired hepatic clearance and
increased volume of distribution and leads to delayed
recovery time. Vecuronium needs to be given per esti-
mated lean body weight (29). Pancuronium has low lipid
solubility, and the requirements may be increased in
obese patients.

The two newer volatile anesthetics desflurane and
sevoflurane have ideal pharmacologic properties for
rapid induction and emergence from anesthesia in the
morbidly obese. In a comparative study of propofol, des-
flurane, and isoflurane in morbidly obese patients under-
going laparoscopic gastroplasty, postoperative immediate
and intermediate recoveries were more rapid after des-
flurane than after propofol or isoflurane anesthesia. This
advantage of desflurane persists for at least 2 hours after
surgery and is associated with both an improvement in
patient mobility and a reduced incidence of postopera-
tive desaturation (30).

Sevoflurane provides safe and better intraoperative
control of cardiovascular homeostasis in morbidly obese
patients undergoing laparoscopic gastric banding, with
the advantage of a faster recovery and earlier discharge
from the postanesthesia care unit (PACU) than does
isoflurane (31). Sevoflurane, however, is known to release
fluoride ions during metabolic degradation, and obese
patients are at higher risk. Peak plasma levels of 50 µmol/
L (the theoretical threshold for renal toxicity) are
reached within 2 hours of sevoflurane anesthetic in obese
patients without evidence of impaired renal function
(32). The mechanism of enhanced biotransformation of
volatile anesthetics by obese patients is not well under-
stood. The theory that the lipid solubility of volatile anes-
thetics prolongs the recovery period in morbidly obese
patients has been challenged (33). It is postulated that the
delayed waking up from inhaled anesthetic is due to
altered sensitivity of the central nervous system.

Recent studies, however, have found no clinically rele-
vant difference in recovery in the PACU in obese patients
anesthetized with desflurane or sevoflurane using the bis-
pectral index (BIS) to monitor anesthetic depth (34,35).

Opiates have a larger volume of distribution in the
obese because of their lipophilicity (25), but because of
normal clearance their pharmacokinetics may be similar
to those of nonobese patients. Dosing of fentanyl should
be based on total body water (TBW). Dexmedetomidine
is a specific a2-adrenergic receptor agonist with antinoci-
ceptive and sedative properties that recently has been
found to reduce requirements for inhaled agent, provid-
ing better control of heart rate and blood pressure and

improved postoperative analgesia. There is less ventila-
tory depression due to reduced narcotic use (36).

Total intravenous anesthesia techniques (TIVA) with
propofol, alfentanil, or fentanyl and remifentanil can be
safely used, but the incidence of postoperative nausea
and vomiting is high in the remifentanil group (37).
Remifentanil has similar pharmacokinetics in the lean
and the obese. It is hydrolyzed by the blood and tissue
esterases, resulting in rapid metabolism to inactive prod-
ucts. It also provides hemodynamic stability on induction
and emergence (38,39).

Perioperative Management

Preoperative Evaluation

Pulmonary evaluation may include assessment for sleep
apnea in the form of overnight pulse oximetry or
polysomnography, especially in patients with overt
history of snoring, daytime somnolence, or hypertension,
or in patients whose collar size is greater than 17 inches
(40). This method assesses the severity of sleep apnea 
and the need for continuous positive airway pressure
(CPAP)/bi-level positive airway pressure (BiPAP), which
needs to be instituted before surgery. This is important
because the patient needs time to adjust to the equip-
ment and optimize appropriate opening pressure with
maximum comfort (8).

Preoperative lung function tests may be indicated in
patients with chronic obstructive pulmonary disease,
asthma, and smoking history. However, the body mass
index (BMI) or preoperative lung function tests are not
accurate predictors of postoperative pulmonary events.
Preoperative medication history is important since some
patients may have cardiac side effects including valvular
disease (fenfluramine/dexfenfluramine) and pulmonary
hypertension (above and mazindol).

Arterial CO2 is a good predictor for the requirement
of postoperative ventilation. Asthma, if present, should
be optimized, and smoking ideally stopped 4 to 6 
weeks prior to surgery. Metered dose inhalers of β2-ago-
nists/steroids should be continued perioperatively.
Patients are usually advised to bring in their CPAP equip-
ment for postoperative use.

Patients presenting for bariatric surgery should have a
complete cardiopulmonary evaluation, including stress
testing as indicated. The cardiovascular system is to be
evaluated in all these patients since some of them cannot
be assessed by their functional capacity [performing 4
metabolic equivalents (Mets)]. A 12-lead electrocardio-
gram may reveal evidence of left ventricular hypertrophy
in patients with systemic hypertension and right ventric-
ular hypertrophy in patients with sleep apnea syndrome
and pulmonary hypertension. Transthoracic echocardio-
grams may be technically difficult, and transesophageal
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echocardiograms may be necessary to evaluate cardiac
function in these patients. Some obese patients with
symptoms of systemic and pulmonary congestion present
with normal systolic function; however, diastolic function
is often abnormal (41).

An echocardiogram provides valuable baseline func-
tion, and a digital subtraction echocardiogram (DSE)
evaluates the development of segmental wall motion
abnormalities when the heart is stressed.

The American College of Cardiology Guidelines (42)
should be followed in these patients, as in other presur-
gical patients, bearing in mind that there are patient 
and equipment limitations in assessing cardiopulmonary
function. For instance, cardiac catheterization can be per-
formed only in patients weighing less than 500 pounds.
Right heart catheterization may be indicated in patients
with long-standing sleep apnea syndrome and obesity
hypoventilation syndrome to assess the presence and
severity of pulmonary hypertension. Concurrent car-
diac medications, especially beta-blockers, need to be
taken preoperatively and continued perioperatively.
Angiotensin-converting enzyme (ACE) inhibitors may
contribute to intraoperative hypotension (43).

Other preoperative considerations include airway
assessment, and optimizing other medical conditions such
as hypertension and diabetes. Venous access may be dif-
ficult; central venous access may be needed occasionally.

Airway assessment must be done with the patent in the
seated and supine positions and should include the fol-
lowing (44):

1. Assessment of head and neck flexion, extension, and
lateral rotation

2. Assessment of mouth opening (at least three finger-
breadths), dentition and temporomandibular joint
mobility

3. Assessment of thyromental distance
4. Assessment of size of tongue in relation to the

oropharynx—the Mallampati classification (classes
1–4)

5. Assessment of presence of excessive pharyngeal tissue
and enlarged tonsils

A past history of intubations may be helpful, but not if
the patient has gained weight since then. Any patient
with Mallampati class 3 or higher, in the presence of
obstructive sleep apnea, is a candidate for awake intuba-
tion (awake look or fiberoptic). This is to avoid the
“cannot intubate/cannot ventilate” situation, which is a
possibility.

Antisialogogues may be necessary for awake intuba-
tions, especially fiberoptic intubations. Adequately topi-
calizing the hypopharynx is key to performing awake
intubations. Anxiolysis with benzodiazepines may be
used judiciously. Patients with gastroesophageal reflux
disease (GERD) or hiatal hernia will benefit from H2-

receptor antagonists and nonparticulate antacid like
sodium citrate. Metoclopramide may hasten gastric emp-
tying but is ineffective in the presence of narcotics.

Intraoperative Management

The American Society of Anesthesiology (ASA) stan-
dard monitors are used, but invasive blood pressure mon-
itoring may be necessary in patients with CAD, OSA, or
pulmonary hypertension. Appropriate-size blood pres-
sure cuffs should be used, otherwise the blood pressure
will be overestimated. Central venous access may be
needed in case of difficult venous access, but pulmonary
artery catheters are rarely needed in laparoscopic proce-
dures except in patients with severe cardiopulmonary
disease.

The head and the neck of the patient should be placed
in the so-called sniffing position, which consists of 30-
degree flexion of the neck on the chest and 15-degree
extension of the head at the atlanto-occipital joint nec-
essary to bring into line the pharyngeal, oral, and laryn-
geal axes for a better laryngoscopic view.

An ideal way of achieving this position is by stacking
blankets below the patient’s shoulders and head such that
the head, upper body, and shoulders are significantly ele-
vated above the chest. The positioning should be such
that an imaginary horizontal line should connect the
patient’s sternal notch with the external auditory meatus
(45) (Fig. 13-2).

Anesthetic induction is traditionally accomplished
using a rapid sequence technique. This has been ques-

Figure 13-2. A morbidly obese patient in position for direct
laryngoscopy. An imaginary horizontal line should connect the
patient’s sternal notch with the external auditory meatus. This
is achieved by stacking blankets below the upper body, head 
and shoulders. (Levitan RM. Airway Cam Video Series, vol 3:
Advanced Airway Imaging and Laryngoscopy Techniques.
Wayne, PA: Airway Cam Technologies, 2003, with permission.)
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tioned recently since the incidence of aspiration is lower
than hypoxemia, and cricoid pressure (especially incor-
rectly applied) induced difficulties in laryngoscopy in
these patients, especially in the presence of OSA (46).
Establishing the adequacy of mask ventilation with
cricoid pressure may be helpful in fasted nondiabetic
obese patients having elective surgery.

All operating rooms catering to this group of patients
should be equipped with difficult airway management
devices like laryngeal mask airways (LMA) gum elastic
bougies, different types of laryngoscope blades, short
handles, fiberoptic scopes, and transtracheal jet ventila-
tors. The intubating laryngeal mask airway (ILMA) or
fast-track LMA have been used successfully for airway
management in morbidly obese patients (47).

Anesthetic management does not differ from a stan-
dard general anesthetic for a laparoscopic procedure
except in patients with severe pulmonary hypertension
and significant cardiopulmonary disease. Hypoxia,
hypercarbia, and acidosis may worsen pulmonary hyper-
tension and should be avoided. Nitrous oxide is best
avoided under such circumstances. Narcotics should be
used judiciously in patients with OSA since they have
increased risk of narcotic-induced upper airway obstruc-
tion after extubation.

Correct positioning of the tip of the endotracheal tube
is essential to avoid an additional untoward endo-
bronchial intubation or accidental extubation.

Abdominal insufflation and changes in table position
(especially by voice activated table movement) lead to
more frequent movements of the endotracheal tube in
obese patients undergoing laparoscopic versus open 
gastroplasty.

Tiberiu Ezri et al. (48) compared the incidence of
movements of the endotracheal tube within the trachea
in morbidly obese patients undergoing laparoscopic gas-
troplasty with those undergoing open gastroplasty. Sig-
nificant movement of the endotracheal tube was detected
in laparoscopic procedures more often. This movement
was associated with changes in the operating table posi-
tion or abdominal gas insufflation specific to laparoscopic
procedures more than in open abdominal surgery. Endo-
bronchial intubation in these patients can result in severe
hypoxemia.

It is crucial to have enough slack in the breathing
circuit while harnessed onto the “tube tree” since endo-
tracheal tubes have been inadvertently pulled out while
a patient was placed in the steep reverse Trendelenburg
position by the surgeon [using a voice-activated operat-
ing room (OR) table].

Intraoperative ventilation may be difficult, but larger
tidal volumes do not improve oxygenation (49). Hyper-
capnia may be permitted during the period of pneu-
moperitoneum to prevent high airway pressures, which
can cause barotrauma, as long as the PaCO2 returns to

baseline prior to emergence. The use of positive end-
expiratory pressure (PEEP) may improve respiratory
function more in the obese than in normal patients (50).

Clinical evaluation of volume status is difficult in the
obese patient, especially when the intraabdominal pres-
sure is increased and the urine output consequentially
decreased.

Deep vein thrombosis (DVT) prophylaxis is required
for all patients because these patients are hypercoagula-
ble. Subcutaneous heparin or low-molecular-weight
heparin is used. Pneumatic compression stockings in
combination with the above medication are the current
practice, and they need to be put on the patient prior to
induction. Compression devises placed on the feet rather
than the thighs or legs are easier to place and keep in
place postoperatively.

These patients require specialized OR tables (weight
capacity up to 1200 lb) with a footrest to support them in
the steep reverse Trendelenburg position. Positioning of
the patient to avoid nerve injuries is important since
patients with extreme body habitus have a greater inci-
dence of nerve injuries (51). All extremities must be cush-
ioned and in a neutral position. It is important to remove
the nasogastric tube prior to gastric stapling since there
have been instances where the tube was stapled to the
stomach.

Effects of Pneumoperitoneum

Morbidly obese patients have reduced lung volumes,
decreased functional residual capacity (FRC), increased
closing capacity (CC) leading to small airways closure,
ventilation/perfusion mismatching, and an increase in the
physiologic intrapulmonary shunt. These phenomena are
exacerbated by supine positioning, general anesthesia,
muscle relaxation, and institution of mechanical ventila-
tion where a cephalad shift of the diaphragm and a blood
shift into the chest could cause a further 50% decrease in
FRC with worsening of hypoxemia (52).

Laparoscopic surgery is associated with more important
intraoperative respiratory and circulatory changes than
open procedures. Pneumoperitoneum induces changes in
pulmonary mechanics and gas exchange. An intraabdom-
inal insufflation pressure of 15mmHg is usually the safe
upper limit with respect to pulmonary and hemodynamic
effects. In the morbidly obese, abdominal insufflation
causes moderate alterations in pulmonary mechanics,
which are not accompanied by alterations in gas exchange.
However, the insufflation pressures are frequently higher
than 15mmHg since the weight of an obese abdominal
wall requires more pressure for elevation.

The previously mentioned factors (supine position,
general anesthesia, muscle relaxation) are more impor-
tant in contributing to hypoxemia in the obese; the
abdominal insufflation is of minor significance.
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In a study by Dumont et al. (53) of respiratory mechan-
ics in morbidly obese patients undergoing laparoscopic
gastroplasty, abdominal insufflation to 18mmHg caused
a significant decrease in respiratory system compliance
(31%), and a significant increase in peak (17%) and
plateau (32%) airway pressures at constant tidal volume
with a significant hypercapnia but no change in arterial
oxygen saturations. Respiratory system compliance and
pulmonary insufflation pressures returned to baseline
values after abdominal deflation (53).

The hemodynamic response to laparoscopic surgery in
the obese is characterized by an increase in cardiac
output (due to increased heart rate), and neither the sys-
tolic nor diastolic blood pressure in patients without
manifest cardiovascular disease is significantly affected
by the introduction of pneumoperitoneum and position-
ing of the patient for surgery (54). This of course depends
on the insufflating pressure. Intraabdominal pressures
(IAPs) greater than 20mmHg compress the inferior vena
cava, reducing venous return and decreasing cardiac
output.

Postoperative Management

The pharyngeal musculature of severely obese patients,
especially those with a history of sleep apnea, is sensitive
to all anesthetics and narcotics, and thus recovery (i.e.,
maintaining airway patency) may take longer. These
patients need to be extubated only when completely
awake and following commands. The upright position
helps improve FRC and oxygenation. A lubricated
nasopharyngeal airway may be left in place prior to extu-
bation. If in doubt, patients should be ventilated until
fully awake.

Patients who are on CPAP/BiPAP may need to be
placed on the machine earlier to prevent a pulmonary
atelectasis and hypoxemia. Bilevel CPAP has been shown
to significantly reduce pulmonary dysfunction after upper
abdominal surgery in obese patients (55). General anes-
thesia in obese patients can generate much more atelec-
tasis than in nonobese patients. Postoperative atelectasis
remained unchanged for at least 24 hours in these
patients, whereas atelectasis disappeared in the nono-
bese (56). Phillips and colleagues (57) reported no dif-
ference between obese and nonobese patients in the 
risk of pulmonary complications after laparoscopic
cholecystectomy.

Patients with sleep apnea have rebound rapid eye
movement (REM) sleep on the third postoperative day,
which has been associated with increased prolonged
apnea and myocardial events (58,59). It is thus important
to observe patients with moderate to severe sleep apnea
in a monitored care environment postoperatively.

The absorption of intramuscular narcotics may be
unpredictable. Intravenous narcotics should be adminis-

tered cautiously in patients with OSA and obesity
hypoventilation syndrome. Deaths have been reported
from parenteral narcotics administered to obese OSA
patients (52). Postoperative analgesia is best adminis-
tered by patient-controlled analgesia (PCA). Regional
techniques are not routinely performed for laparoscopic
bariatric procedures. Epidural anesthesia is useful in
selected open bariatric procedures in providing excel-
lent analgesia and reducing postoperative pulmonary
complications.

Some of these patients develop esophageal spasm-like
pains in the chest in the postoperative period, which may
mimic ischemic myocardial ischemic pain. It usually
responds to antacids and H2-receptor antagonists.

Conclusion

Morbidly obese patients present special risks for the
anesthesiologist. All comorbid conditions should be eval-
uated and optimized prior to these elective procedures.
This requires a team approach and adequate communi-
cation among the surgical team members and anesthesia
providers. Overall, laparoscopic surgery confers definite
advantages for the morbidly obese population. Aware-
ness of and preparation for the unique needs and prob-
lems of morbidly obese patients undergoing either open
or laparoscopic surgery will optimize outcomes and min-
imize anesthesia-related complications.
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Pneumoperitoneum in the Obese:
Practical Concerns
Ninh T. Nguyen and Bruce M. Wolfe

scopic surgery. Carbon dioxide (CO2) gas has been used
since the introduction of laparoscopic cholecystectomy 
in the late 1980s and has been the preferred gas medium
for laparoscopy. Adverse consequences of CO2 pneumo-
peritoneum include peritoneal absorption of CO2 and
hemodynamic alteration of various body organs from the
increased intraabdominal pressure. Absorption of CO2

can lead to hypercarbia and eventual systemic acidosis.
The increased intraabdominal pressure at 15mmHg
during laparoscopy has been shown to result in alteration
of the vascular, renal, hepatic, and cardiorespiratory
systems (3–6).

The physiologic effects of pneumoperitoneum have
been thoroughly examined in the nonobese; however, few
studies have examined these effects in the morbidly
obese. In addition, laparoscopic gastric bypass is a
complex operation and is often associated with a longer
operative time than most other commonly performed
laparoscopic procedures. A longer operative time during
laparoscopic gastric bypass translates to a longer expo-
sure for the patient to the adverse effects of pneu-
moperitoneum. Therefore, it is important for surgeons
performing laparoscopic bariatric surgery to understand
the physiologic effects of pneumoperitoneum in the mor-
bidly obese.

Carbon Dioxide Absorption During
Pneumoperitoneum

The use of CO2 during pneumoperitoneum can result in
systemic absorption and alteration of the acid–base
balance. Absorption of CO2 across the peritoneum is nor-
mally eliminated through the lungs because of its high
aqueous solubility and diffusibility. However, if intra-
operative ventilation is impaired, CO2 absorption can
result in hypercarbia, hypercapnia, and even acidosis.
Intraoperative monitoring using end-tidal CO2 (ETCO2)
is an important indicator of hypercarbia;however,ETCO2

127

Background

The laparoscopic approach to bariatric surgery was first
reported in the early 1990s (1). With refinement of the
laparoscopic approach to bariatric surgery, particularly
laparoscopic gastric bypass, there has been a tremendous
growth in the field of bariatric surgery. Patients view
laparoscopic bariatric surgery as a less invasive approach
and are more likely to seek laparoscopic surgical therapy
for the treatment of morbid obesity. With an increase in
the demand for bariatric surgery, there is also an increase
in the number of surgeons interested in learning laparo-
scopic bariatric surgery. There has also been an increase
in the number of institutions providing laparoscopic
bariatric surgery workshops and growth in membership of
the American Society for Bariatric Surgery. Therefore, it
is important for surgeons performing laparoscopic baria-
tric surgery to understand the fundamental differences
between laparoscopic and open surgery and possible
intraoperative adverse consequences of pneumoperi-
toneum in the morbidly obese.

Fundamental Differences Between
Laparoscopic Versus Open 
Bariatric Surgery

The benefits of laparoscopic bariatric surgery include
reduced tissue trauma, less postoperative pain, and a
faster postoperative recovery (2). The fundamental dif-
ferences between the laparoscopic and open approaches
to bariatric surgery are the method of access and method
of exposure. Surgical access is generally obtained through
an upper midline incision in open bariatric surgery and
through five small abdominal incisions in laparoscopic
bariatric surgery. Surgical exposure of the operative field
includes the use of surgical retractors during open
surgery and the use of carbon dioxide gas during laparo-
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levels can underestimate the level of arterial partial pres-
sure of CO2 (PaCO2). In a study of laparoscopic gastric
bypass, Nguyen et al. (7) reported that ETCO2 levels
increased by 15% and PaCO2 levels increased by 9% from
baseline after abdominal insufflation; PaCO2 levels
remained stable during open gastric bypass but increased
from 38 to 42mmHg during laparoscopic gastric bypass.
In addition, pH levels decreased during laparoscopic
gastric bypass. Therefore, appropriate changes in respira-
tory rate, tidal volume, and minute ventilation are neces-
sary to prevent hypercarbia and acidosis. Dumont et al.
(8) reported that minute ventilation increased by 21% in
morbidly obese patients who underwent laparoscopic gas-
troplasty. Nguyen et al. (7) reported that respiratory rate
was increased by 25% to minimize the rise of ETCO2 and
PaCO2, and minute ventilation was increased by 21%
during laparoscopic gastric bypass.

Absorption of CO2 also increases pulmonary CO2

excretion. By measuring the amount of pulmonary CO2

excretion, Tan and colleagues (9) estimated that the
volume of CO2 absorbed from the peritoneal cavity
ranged from 38 to 42mL/min during laparoscopy. Nguyen
et al. (7) reported that at baseline the total volume of
exhaled CO2 per min (VCO2) ranged from 201 to 222
mL/min. During open gastric bypass (GBP), VCO2 levels
remained stable, whereas VCO2 levels increased by 29%
during laparoscopic gastric bypass. Assuming that the
measured VCO2 during open GBP is the direct product
of metabolic CO2 production, the amount of absorbed
CO2 during laparoscopic gastric bypass can be estimated
by taking the difference in VCO2 levels between the
laparoscopic and open GBP groups. The estimated rate
of CO2 absorption during laparoscopic gastric bypass,
therefore, ranges from 19 to 39mL/min (7).

Increased Intraabdominal Pressure
During Pneumoperitoneum

Pneumoperitoneum results in a state of acute elevation
of intraabdominal pressure. Typically, the intraabdominal
pressure is set at 15mmHg during laparoscopic gastric
bypass to provide adequate visualization of the operative
field. The pathophysiologic changes during pneumoperi-
toneum can adversely affect various body organs as the
normal intraabdominal pressure of nonobese individual
is 5mmHg or less (10). In contrast, morbidly obese
patients have a chronic state of elevated intraabdominal
pressure at baseline (11). The intraabdominal pressure of
obese patients has been reported to be as high as 9mm
Hg (10). We believe that abdominal insufflation at 15mm
Hg is better tolerated in the morbidly obese because
these patients have an intrinsically elevated intraabdo-
minal pressure at baseline.

Hemodynamic Changes During
Pneumoperitoneum

Abdominal insufflation has been shown to alter mean
arterial pressure and heart rate. Dexter et al. (12) reported
that heart rate and mean arterial blood pressure increased
during laparoscopic cholecystectomy. Meininger et al.
(13) noted an increase in heart rate, but mean arterial
pressure remained stable during laparoscopic radical
prostatectomy. In a comparative study of obese and
nonobese individuals, Fried and colleagues (14) reported
that heart rate increased after pneumoperitoneum in both
nonobese and obese individuals; however, obese individ-
uals had a more pronounced increase in the heart rate
level. In morbidly obese patients who underwent Roux-
en-Y GBP, Nguyen et al. (15) reported that heart rate and
mean arterial pressure increased during both laparoscopic
and open GBP.

Hepatic Function During
Pneumoperitoneum

Transient elevation of liver enzymes has been reported
after laparoscopic operations even though no adverse
clinical consequences have been observed (16,17).
Halevy and colleagues (16) reported transient increases
in the level of hepatic transaminases (alanine amino-
transferase and aspartate aminotransferase) after laparo-
scopic cholecystectomy, which returned to normal range
by 72 hours postoperatively. One of the mechanisms for
this clinical finding is the effect of increased intraabdom-
inal pressure on portal venous flow. Knowledge of this
mechanism is important particularly in the morbidly
obese as these patients tend to have preexisting liver
disease. For example, Gholam and colleagues (18) noted
that 84% of subjects who underwent Roux-en-Y GBP
had steatosis, and Spaulding et al. (19) reported that there
is a high prevalence (56%) of nonalcoholic steatohepati-
tis in morbidly obese subjects.

Few studies have examined the effects of pneumoperi-
toneum on postoperative hepatic function in the obese.
Nguyen et al. (20) reported a sixfold elevation of hepatic
transaminase levels peaking at 24 hours after laparo-
scopic GBP that returned to baseline levels by the third
postoperative day. The increase in hepatic transaminase
levels suggests acute hepatic damage. The mechanisms
for alteration of postoperative hepatic function include
direct operative trauma to the liver, the use of general
anesthetics, and the effects of increased intraabdominal
pressure on portal venous flow. Direct operative trauma
to the liver occurs as a result of electrocautery or
mechanical retraction of the liver. Certain anesthetic
agents, metabolized through the liver, can be hepatotoxic
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and result in elevation of postoperative hepatic function.
Lastly, an acute increase in the intraabdominal pressure
at 15mmHg during laparoscopy has been shown to result
in reduction of portal venous flow, as the normal portal
venous pressure is often less than 10mmHg (21). A
reduction in portal venous blood flow during pneu-
moperitoneum may lead to hepatic hypoperfusion and
acute hepatocyte injury. In a clinical study of laparoscopic
cholecystectomy, Jakimowics et al. (3) reported a 53%
reduction in portal blood flow with abdominal insuffla-
tion to 14mmHg. Although acute elevation of hepatic
transaminase has been observed after laparoscopic GBP,
pneumoperitoneum in the morbidly obese is considered
safe in patients with normal baseline liver function.
Further study is needed to evaluate the safety of pneu-
moperitoneum in obese patients with preexisting liver
dysfunction (e.g., liver cirrhosis) undergoing laparoscopic
GBP.

Intraoperative Pulmonary Mechanics
During Pneumoperitoneum

The increased intraabdominal pressure at 15mmHg
during laparoscopy can adversely affect intraoperative
pulmonary mechanics. Pneumoperitoneum has been
shown to decrease respiratory compliance and increase
airway pressure. The mechanism for this physiologic
change is the increased intraabdominal pressure with
cephalad shift of the diaphragm. Respiratory compliance
consists of both lung and chest wall compliance. In a ran-
domized trial comparing pulmonary mechanics during
cholecystectomy performed by an abdominal wall lift
method or pneumoperitoneum, Lindgren and colleagues
(22) reported higher respiratory compliance during the
abdominal lift method than during pneumoperitoneum.
Similar findings occurred in the morbidly obese. Nguyen
et al. (7) reported that respiratory compliance decreased
significantly during both laparoscopic and open GBP.
However, laparoscopic GBP was associated with a
greater reduction in respiratory compliance compared
with open GBP (42% vs. 29%, respectively). The reduc-
tion in respiratory compliance during open GBP is pre-
sumed from the use of abdominal wall retractors. The
reduction in respiratory compliance during laparoscopic
GBP is presumed from the increased intraabdominal
pressure and cephalad shifts of the diaphragm.

Increased intraabdominal pressure during laparoscopy
also increases the airway pressure. Without ventilatory
changes, peak inspiratory pressure can increase by 17%
to 109% during laparoscopy (23). Galizia and colleagues
(24) reported a significant increase in the peak inspira-
tory pressure (PIP) in patients who underwent laparo-
scopic cholecystectomy but no change in the PIP in
patients who underwent cholecystectomy by the open or

abdominal wall lifting technique. In morbidly obese
patients, Nguyen et al. (7) reported no significant change
in PIP during open GBP, but PIP increased by 12%
during laparoscopic GBP; in response to the rise in PIP,
tidal volume was decreased by 7%.

Renal Function During
Pneumoperitoneum

Acute increase in the intraabdominal pressure has been
shown to impair renal function. Kron and colleagues (25)
reported that rapid elevation of intraabdominal pres-
sure to greater than 25mmHg resulted in acute renal
insufficiency and that abdominal decompression caused
immediate improvement in renal function. Even at an
abdominal pressure of 15mmHg, laparoscopy has been
shown to impair renal function. A decrease in intra-
operative urine output has been documented during
laparoscopic operations (26,27). In a trial comparing
laparoscopic adrenalectomy with gasless laparoscopic
adrenalectomy, Nishio and colleagues (26) demonstrated
that urine output decreased significantly with abdominal
insufflation and improved upon desufflation. In a swine
model, McDougall et al. (28) demonstrated that the
degree of intraoperative oliguria is dependent on the
level of increased intraabdominal pressure. Few studies
have examined the effect of pneumoperitoneum on renal
function in the obese. Nguyen et al. (29) reported that
pneumoperitoneum at 15mmHg during laparoscopic
GBP significantly reduced intraoperative urine output. In
contrast, intraoperative urine output remained stable
during open GBP. Urinary output during laparoscopic
GBP was 31% to 64% lower than that of open GBP (29).

There are several mechanisms for diminished urine
output during laparoscopic operations. First, pneumo-
peritoneum has a direct pressure effect on the renal
parenchyma. In a swine model, Chiu et al. (5) confirmed
that renal cortical perfusion decreased by 60% with
abdominal insufflation to 15mmHg and returned to
preinsufflation level after desufflation. Second, pneu-
moperitoneum has a direct pressure effect on the renal
vasculature, resulting in decreased renal blood flow. In a
swine study, Are and colleagues (30) demonstrated that
renal blood flow decreased by 36% below baseline as
measured by radioactive microspheres. A third mecha-
nism for diminished urine output during laparoscopic
operations is the release of antidiuretic hormone (ADH)
that regulates body osmolality and an increase in serum
levels of vasopressin. Antidiuretic hormone (ADH) faci-
litates water reabsorption in the distal tubules and con-
centrates the urine. Ortega et al. (31) reported higher
ADH concentrations during laparoscopic cholecystec-
tomy than during open cholecystectomy. In a study of
morbidly obese subjects, Nguyen et al. (29) reported that
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ADH levels increased by fourfold during laparoscopic
GBP.

Despite intraoperative oliguria, pneumoperitoneum is
considered clinically safe as there is no clinical evidence
of perioperative renal damage. Nishio et al. (26) reported
no change in serum creatinine after laparoscopic adrena-
lectomy when compared with gasless laparoscopic
adrenalectomy. Nguyen et al. (29) also reported no sig-
nificant changes in blood urea or serum creatinine levels
in patients who underwent laparoscopic GBP. Addition-
ally, creatinine clearance was reported to be in the normal
range on both the first (150 ± 59mL/min) and second (145
± 41mL/min) postoperative day in patients who under-
went laparoscopic GBP (11).

Venous Stasis During
Pneumoperitoneum

According to Virchow’s triad, the risks for development
of deep venous thrombosis (DVT) include the presence
of endothelial injury, a hypercoagulable state, or venous
stasis. Although the relative risks for development of
DVT after laparoscopic operations compared with open
operations are unknown, the effect of increased intra-
abdominal pressure during pneumoperitoneum on the
femoral vasculature is of concern. Many investigators
have reported that the increased intraabdominal pressure
and reverse Trendelenburg position during laparoscopy
may promote venous stasis (32,33). The increased
intraabdominal pressure at 15mmHg commonly used
during laparoscopy has a direct compressive effect on the
inferior vena cava and iliac veins and decreases lower
extremity venous flow. By the force of gravity and com-
pressive effects of abdominal viscera on the iliac veins,
the reverse Trendelenburg position has also been shown
to decrease femoral venous flow, hence promoting
venous stasis (32). In a study of laparoscopic cholecys-
tectomy, Millard et al. (33) reported that a combination
of pneumoperitoneum and 30-degree reverse Trendelen-
burg position decreased peak systolic velocity of the
common femoral vein by 42%. Ido et al. (32) also
reported that abdominal insufflation significantly
reduced femoral vein velocity, and the addition of the
reverse Trendelenburg position has an additive effect.
Similar findings have been observed in the obese. Nguyen
et al. (34) reported that the increased intraabdominal
pressure and reverse Trendelenburg position are inde-
pendent factors for reduction of femoral peak systolic
velocity in patients who underwent laparoscopic GBP.
Increased intraabdominal pressure to 15mmHg during
laparoscopic GBP significantly reduced peak systolic
velocity and increased the cross-sectional area of the
femoral vein. Combining pneumoperitoneum with the
reverse Trendelenburg position has an additive effect and

reduces femoral peak systolic velocity by 57% of the
baseline value (34).

The use of sequential compression devices during
laparoscopy has been shown to reverse the reduction in
femoral peak systolic velocity (35). Sequential compres-
sion devices provide a sequential pressure gradient start-
ing from the ankle up to the thigh. The pressure gradient
accelerates blood flow, facilitates venous emptying, and
therefore prevents venous stasis. Millard et al. (33) and
Schwenk et al. (35) reported that the use of sequential
compression devices reversed the reduction of femoral
peak systolic velocity to baseline values during laparo-
scopic cholecystectomy. In contrast, the use of sequential
compression devices in morbidly obese subjects was only
partially effective in augmenting the femoral peak sys-
tolic velocity. Nguyen et al. (34) reported that the use of
sequential compression devices reversed the reduction in
femoral peak systolic velocity by 45%; however, the
femoral peak systolic velocity was still lower than base-
line by 38%. The ineffectiveness of sequential compres-
sion devices in returning femoral peak systolic velocity to
baseline in morbidly obese patients is attributed to their
larger calves and thighs (34). Therefore, DVT prophylaxis
for morbidly obese patients undergoing laparoscopy
should include a combination of sequential compression
devices and antithrombotic measures.

Cardiac Function During
Pneumoperitoneum

The hemodynamic effects of pneumoperitoneum on
cardiac function have been extensively examined in
nonobese individuals. Clinical studies evaluating the
effects of CO2 pneumoperitoneum on cardiac function
have documented variable results. These studies used
either intraoperative Swan-Ganz catheterization or
transesophageal echocardiography for evaluation of
cardiac function. Several investigators have demon-
strated a reduction in cardiac output during pneu-
moperitoneum (36,37), whereas others have reported no
change (38,39). Westerband et al. (37) reported a 30%
decrease in cardiac index in patients who underwent
laparoscopic cholecystectomy. Joris and colleagues (36)
also demonstrated that cardiac index decreased by 20%
of preoperative values immediately after insufflation,
which recovered after desufflation. Conversely, Kraut et
al. (38) and Dorsay et al. (39) using transesophageal
echocardiography reported no change in cardiac output
in patients who underwent laparoscopic cholecystectomy.

Few studies have examined the effects of pneumoperi-
toneum on cardiac function in the obese. In a small study
of 12 patients who underwent laparoscopy, Fried et al.
(14) compared cardiac function of six morbidly obese
individuals with six normal body weight subjects.
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Morbidly obese subjects had an increase in cardiac
output after abdominal insufflation. In a larger study of
morbidly obese subjects who underwent laparoscopic
and open GBP, Nguyen et al. (15) noted a mild decrease
in cardiac output after abdominal insufflation by 6% and
a reduction in stroke volume by 8% from baseline. In
contrast to the results observed in the nonobese, studies
with obese subjects demonstrated minimal cardiac
depression during pneumoperitoneum. We hypothesized
that abdominal insufflation at 15mmHg is better toler-
ated in the morbidly obese patients due to their chroni-
cally elevated intraabdominal pressure compared with
nonobese patients.

Although the primary mechanism for alteration of
cardiac function is the increased intraabdominal pres-
sure, other factors may play a role, including the reverse
Trendelenburg position, hypercarbia, and hypovolemia.
In an animal model, Ho and colleagues (40) attributed
the cardiovascular depression to systemic acidosis. A
combination of hypercarbia and acidosis can decrease
myocardial contractility. However, Declan Fleming et al.
(41) demonstrated that even helium insufflation reduces
cardiac output, which suggested that the increased
intraabdominal pressure was the primary cause for
cardiac depression. In addition, hypercarbia is normally
avoided in the clinical setting by increasing in the minute
ventilation, and a moderate rise in the PaCO2 should
not contribute to cardiac depression. The reverse Trende-
lenburg position has been demonstrated by Joris and 
colleagues (36) to reduce cardiac index by 18% when
compared with the supine position in healthy adults.
Hypovolemia is another factor that may account for the
reduction of cardiac output during pneumoperitoneum.
Hypovolemia reduces the preload and hence reduces
cardiac output. The increased intraabdominal pressure
also decreases preload by impeding venous return.
Therefore, a euvolemic preoperative volume status of the
patient is very important to minimize any cardiac depres-
sion related to the initiation of abdominal insufflation.

The physiologic mechanism for reduction in cardiac
output associated with increased intraabdominal pres-
sure is believed to be the increase in systemic vascular
resistance. Declan Fleming and colleagues (41) reported
that systemic vascular resistance significantly increased
after abdominal insufflation to 15mmHg and decreased
with desufflation. In a trial comparing open vs. laparo-
scopic GBP, Nguyen et al. (15) noted that open GBP was
not associated with an alteration in the systemic vascular
resistance. However, laparoscopic GBP resulted in an
immediate increase in the systemic vascular resistance
upon insufflation and returned to baseline by 1.5 hours
after initiation of pneumoperitoneum. The timing of the
increase in the systemic vascular resistance correlates
with the timing of the reduction in cardiac output and
stroke volume. The results from these studies suggest that

an increase in the systemic vascular resistance is the
primary event leading to a reduction in cardiac out-
put. In addition, cardiac depression observed after 
pneumoperitoneum is often transient. In a laparoscopic
cholecystectomy study, Zuckerman and Heneghan (42)
reported that reduction in cardiac output and index
occurred immediately after abdominal insufflation but
returned to baseline levels 10 to 15 minutes after abdom-
inal insufflation. Nguyen et al. (15) reported that cardiac
output levels recovered after a transient depression and
increased above baseline by 2.5 hours after abdominal
insufflation; at desufflation, cardiac output increased by
42.8% above baseline.

Conclusion

Laparoscopic bariatric surgery is now a common
approach for the treatment of morbid obesity. It is impor-
tant for surgeons performing laparoscopic bariatric
surgery to understand the physiologic consequences 
of pneumoperitoneum in the morbidly obese and its 
clinical end points. During pneumoperitoneum, the two
factors that can result in adverse physiologic changes are
absorption of CO2 and increased intraabdominal pres-
sure. Absorption of CO2 during abdominal insufflation
can lead to hypercarbia and hypercapnia, and alter 
the acid–base balance. Making appropriate ventilatory
changes is mandatory to minimize these physiologic
changes. The increased intraabdominal pressure can
adversely affect respiratory mechanics, femoral venous
flow, and renal, cardiac, and hepatic function. The
increased intraabdominal pressure reduces pulmonary
compliance and increases the airway pressure. Increased
intraabdominal pressure also decreases femoral vein sys-
tolic velocity and enhances venous stasis. Clinically, urine
output is often low during laparoscopy, and one of the
mechanisms for this finding is the reduction in renal
blood flow from the increased intraabdominal pressure.
The increased intraabdominal pressure can also reduce
cardiac output, which is related to an increase in systemic
vascular resistance. There is also an alteration of hepatic
transaminases, which is possibly related to a reduction in
portal venous flow during pneumoperitoneum. Despite
the adverse consequence of pneumoperitoneum, laparo-
scopic bariatric surgery is considered safe. However, we
do not advocate the laparoscopic approach for morbidly
obese patients with significant preexisting renal, hepatic,
cardiac, or respiratory dysfunction.
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Postoperative Assessment, Documentation,
and Follow-Up of Bariatric Roux-en-Y
Surgical Patients
Edward C. Mun, Vivian M. Sanchez, and Daniel B. Jones

may benefit from prolonged postoperative intubation.
Most patients, however, can be safely extubated in the
operating room and managed in the recovery room
where patients’ vital signs, oxygen saturation, and urine
output are closely monitored for respiratory and hemo-
dynamic stability prior to transfer to the ward.

If any signs of acute bleeding or respiratory failure are
noted during the immediate postoperative period, no
time is wasted for reexploration or reintubation. Blood
pressure, heart rate, urine output, and skin capillary refill
are monitored closely for signs of hypovolemia. If drains
and tubes (e.g., gastrostomy) are placed, their output 
is closely monitored for amount and nature (bloody 
vs. serous). Serial hematocrit is obtained if the amount 
of blood loss is uncertain. Coagulation studies are per-
formed in patients with active bleeding, and appropriate
factors are replaced to facilitate the control of the bleed-
ing. Oxygen saturation, respiratory rate, peripheral
cyanosis, and the work of breathing are also monitored
closely to check the adequacy of spontaneous breathing.
Blood gas level should be obtained if suspicion of hypox-
emia or hypercarbia exists. Because many morbidly
obese patients have baseline hypoxia and hypercarbia,
documentation of these numbers preoperatively in high-
risk patients may help determine the degree of post-
operative respiratory insufficiency.

Patients with obstructive sleep apnea (OSA) are
placed on either a nasal continuous positive airway pres-
sure (CPAP) or bi-level PAP machine immediately post-
operatively; this has been shown to reduce the need for
tracheostomy (3). Patients with suspected severe OSA
may benefit from a preoperative sleep study, and must be
fitted with appropriate apparatus before the procedure so
the custom-fitted mask is available for the postoperative
care period. Postoperative use of CPAP does not lead to
an increased incidence of leaks despite the positive pres-
sure (4). Patients with significant asthmatic history should
be given well-timed bronchodilator treatments intra- and
postoperatively to reduce pulmonary complications.
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Bariatric procedures are major operations often per-
formed on high-risk patients with multiple comorbidities.
Meticulous postoperative assessment and management
may avoid preventable complications. Early identifica-
tion and treatment of postoperative complications may
be lifesaving. Documentation and long-term follow-up
may prevent complications and monitor the surgical 
outcomes. For these reasons, the American Society of
Bariatric Surgeons (ASBS) has provided strict guidelines
for centers performing bariatric surgery. The three main
bariatric surgery center requirements are as follows: (1)
The center should have an integrated program in which
the pre- and postoperative care of a bariatric patient 
is performed by a multidisciplinary clinical staff of sur-
geons, bariatric internists, nurses, psychologists, physical
therapists, nutritionists, and other consultants. (2) Sur-
geons and bariatric centers should document the follow-
up on a regular basis for 5 years in at least 50% of
patients who have undergone a restrictive procedure or
75% of patients who have had a malabsorptive proce-
dure. (3) New surgeons performing bariatric surgery
must have their outcomes assessed after the first 6
months. Clinical pathway management protocols for
postoperative care may further improve the quality of
care while shortening the length of stay (LOS) and
thereby reducing cost (1,2). This chapter discusses major
postoperative assessment and management issues.

Postoperative Assessment in Hospital

Management of patients following a bariatric procedure
in the intensive care unit (ICU) is rarely necessary 
but should be available. Patients with severe cardio-
pulmonary dysfunction such as valvular heart disease,
significant coronary artery disease, and heart failure 
may require postoperative use of electrocardiogram 
and Swan-Ganz hemodynamic monitoring. Patients with
severe obstructive and restrictive pulmonary diseases
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Frequent auscultation of lung fields should start in the
recovery room.

Pain control by morphine or other narcotics in the
form of patient-controlled analgesia (PCA) may be initi-
ated in the recovery room. PCA appears to be safe and
superior to intramuscular (IM) injection in achieving
analgesic and sedative effects in post–bariatric surgery
patients (5). Ketorolac, when included in the cocktail 
of anesthetics in patients undergoing bariatric proce-
dures, may help reduce the incidence of nausea and vomi-
ting, and facilitates quick awakening from anesthesia (6).
Unless specific contraindications exist, ketorolac
(Toradol) may be used as an adjunct to PCA to lower
postoperative pain.

Many surgeons are removing the nasogastric tube
(NGT) early or avoiding it altogether. In postlaparotomy
patients the NGT is associated with discomfort (7),
atelectasis, pneumonia (8,9), and increased gastroeso-
phageal reflux (10). In one study, routine postoperative
NGT decompression in Roux-en-Y gastric bypass
(RYGBP) patients specifically did not demonstrate 
benefits in preventing postoperative complications (11).
Placement of the NGT in response to postoperative ileus
is usually avoided in gastric bypass patients because it
carries a significant risk of perforation due to the altered
anatomy and may even fail to adequately decompress the
gastrointestinal tract due to the Roux-en-Y anatomy.

Once transferred out of the ICU or recovery room,
most patients are monitored on the ward for 2 to 3 days
prior to discharge. Several serious postoperative compli-
cations can occur during this period, and attention is paid
to identifying the signs of these complications as early as
possible.

Pulmonary embolus remains one of the leading causes
of mortality following gastric bypass (12), and thus all
patients are urged to ambulate as early as possible on 
the evening of surgery. Although no consensus for peri-
operative prophylaxis exists, many bariatric surgeons
employ both pneumatic compression devices (pneumo-
boots) as well as subcutaneous heparin (13). Low-
molecular-weight heparin may be more effective than
unfractionated heparin, but at higher doses more bleed-
ing complications may occur. Although venous stasis
during laparoscopic gastric bypass is greater than during
an open procedure because of greater degrees of re-
verse Trendelenburg positioning as well as increased
pneumoperitoneum (14), the incidence of pulmonary
embolus is similar in both approaches (12,15–17). No 
evidence-based literature exists to suggest an optimal
deep vein thrombosis (DVT)/pulmonary embolism (PE)
prophylaxis.

Patients with low oxygen saturation, shortness of
breath, pleuritic chest pain, labored breathing, leg
swelling, and pain should be evaluated for PE and DVT.
Computed tomographic (CT) angiography, pulmonary

angiography, or lower extremity duplex scan can be
obtained to make the diagnosis. Lung scan is less specific.
Some patients, however, may not be able to undergo
these diagnostic studies due to their size. If PE or DVT
is confirmed by a study or the level of clinical suspicion
is high, the patient is immediately anticoagulated with
heparin and then Coumadin. In rare patients in whom
anticoagulation is contraindicated, a mechanical filter
may be placed in the inferior vena cava to lower the risk
of continued clot embolization. In patients identified as
high risk for PE due to a history of previous thrombo-
embolic disease, venous stasis disease, or inability to
ambulate (e.g., wheelchair-bound), heparin may be pre-
scribed for an extended period even after discharge from
the hospital.

During workup of PE, leaks may go unrecognized and
the diagnosis delayed. Gastric bypass requires multiple
areas of visceral transection and anastomosis, and thus
gastrointestinal leak can occur from a failure at any 
of these suture or staple lines. Subsequent peritonitis
accounts for much of the mortality and morbidity of the
procedure. The incidence of leak in more recent laparo-
scopic series ranges from 0% to 5.1% and is comparable
to that of the open series (15–21). While the signs and
symptoms of a leak are quite nonspecific in sedated post-
operative patients in pain, an index of suspicion for a leak
should be maintained during the early postoperative
period. The most sensitive signs are tachycardia and res-
piratory compromise. Unexplained tachycardia espe-
cially greater than 120 beats per minute, respiratory
distress, fever, severe pain/tenderness, low urine output,
and hypotension are associated with gastrointestinal
leak, which should be suspected early if these signs are
present (22). Radiographic studies utilizing contrast
materials such as upper gastrointestinal (UGI) series or
CT may help making the diagnosis (22–25). A negative
study must not deter a surgeon from reexploring if the
level of suspicion for a leak is high.

Management of a leak if a patient is hemodynamically
unstable or septic includes prompt operative (open or
laparoscopic) washout of peritoneal contamination,
broad drainage of the affected area, identification and
repair of the visceral defect, broad-spectrum antibiotics,
and possibly creation of gastrostomy for drainage and
feeding. In patients with minimal symptoms and no
hemodynamic instability, a contained leak may be
managed with percutaneous drainage, antibiotic therapy,
and total parenteral nutrition (TPN) and/or a feeding
gastrostomy. Similarly, a closed suction drain such as a
Jackson-Pratt (JP), placed at the time of the initial oper-
ation, may control a small leak and thus may avoid
another procedure in selected cases.

Acute gastric distention is a rare but potentially dev-
astating complication. The gastric remnant is a blind
pouch and may become distended if paralytic ileus or
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distal mechanical obstruction exists postoperatively.
Iatrogenic injury to vagal fibers along the lesser curva-
ture may result in impaired emptying of the bypassed
stomach. Progressive distention may ultimately lead to
rupture of the gastric remnant, spillage of massive gastric
contents, and subsequent severe peritonitis from con-
tamination with acid, bile, pancreatic enzymes, and bac-
teria. Its toxic contents combined with the large size of
inoculums make this complication much more serious
than the leakage occurring at the gastrojejunostomy.
Upper abdominal fullness, distention, tympany, and
hiccups should be taken seriously during the early post-
operative period, and should promptly be assessed with
a kidney, ureters, and bladder (KUB) x-ray or a CT scan
looking for a large gastric bubble. Although gastrostomy
is not performed routinely by most surgeons at the initial
gastric bypass operation, drainage of the gastric remnant
can prevent the rare but sometimes fatal complication,
and should be considered in elderly, advanced diabetics,
and after revisional surgeries where the integrity of the
vagus nerve function is in doubt and gastric emptying
may be slowed.

Bleeding from surgical sites, anastomoses, or staple
lines can occur intraluminally, and may present with
hematemesis, melena, and hematochezia with or without
hemodynamic instability. Most anastomotic bleeding
stops spontaneously, but may require correction of co-
agulopathy if present or transfusion of blood products.
There have been anecdotal reports that upper endoscopy
with injection of sclerosing agents has been successful 
in controlling acute anastomotic bleeding. We routinely
use a histamine blocker for 4 weeks postoperatively;
however, it is unclear whether that may lower the inci-
dence of anastomotic ulcer (26). Intraperitoneal bleeding
may be more difficult to detect and should be suspected

if a patient becomes pale, tachycardic, hypotensive, or 
has bloody JP drainage. In general, slow postoperative
bleeding may resolve with transfusion; however, ongoing
hemorrhage or hemodynamic instability should prompt
immediate reexploration.

Wound infection is more common in open than in
laparoscopic gastric bypass in a randomized study (10.5%
vs. 1.3%) (19). As these procedures are clean but con-
taminated with gastric and intestinal flora, infection may
arise from direct inoculation of bacteria during surgery
and may manifest during the early postoperative period.
Most open-surgery patients develop a sizable subcuta-
neous seroma, which may get secondarily infected if skin
closure is not maintained adequately. Although wound
infection following laparoscopic bariatric procedures is
uncommon (19,21), removal of gastrointestinal tissues
through a port site may lead to contamination. Thus, all
incisions should be carefully inspected for the presence
of signs of wound infection such as erythema, tenderness,
fluctuance, and purulent drainage. Patients should be
instructed to look for these signs upon discharge.

Incentive spirometry and ambulation are excellent
prophylaxis and treatment for atelectasis. All patients are
encouraged to ambulate the same day of surgery with
assistance. If there is a persistent low-grade temperature
despite aggressive chest physical therapy, particularly
with productive cough, pneumonia must be ruled out
with chest x-ray and sputum culture.

Uncomplicated patients are advanced in diet stages
(Table 15-1) during the early postoperative period.
Bariatric programs differ in their approaches to advanc-
ing the diet, but, in general, patients begin with liquids
and gradually progress to solids. Frequent sips of water
are emphasized to avoid dehydration. Patients are main-
tained on high-protein, low-fat liquid diet for the first 3

Table 15-1. Postoperative gastric bypass diet

Stage Diet Examples Location Timing Amount

I Sips Water In hospital POD 1 30cc/hr

II Clear liquids Broth, diet Snapple, Crystal In hospital POD 2 90cc serving (30cc/hr)
Light, decaffeinated tea

III Full liquids, high protein Carnation Instant Breakfast In hospital/home POD 2 and at 3–5 servings/day calories: 600–800
(no sugar), low-fat milk, home for protein: 60–80g/day fluid: 3L/day
yogurt, diet custard, soup 3 weeks
with low-fat milk, popsicle

IV Pureed solids, high Continue protein shakes, Home POD 21–27 4–6 servings/day
protein, low sugar ground beef, fish, egg and then for

whites, tofu 4 weeks

V Modified fat and fiber, Same as stage IV, chicken, Home POD 60 4–6 servings/day
low sugar, high turkey, cheese, pork, yogurt
quality protein

POD, postoperative day.
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weeks. Liquid diet can provide adequate hydration, daily
protein, and caloric requirements. Solid foods are intro-
duced gradually in stages to avoid early impaction of
inadequately chewed food leading to retching and vomi-
ting. Because the micropouch is unable to provide ade-
quate mechanical grinding action of the intact stomach,
initially solids must be either pureed or chewed properly
for the passage through the narrow stoma. Medications
should be crushed or switched to liquid forms if available.
Preoperative instruction as well as postoperative coun-
seling by the nutrition service is important to avoid fre-
quent nausea and vomiting.

Most of the preoperative medications should be
restarted as early as possible. If available, liquid forms 
are preferred during the early postoperative periods.
The psychological well-being of the patient should be
monitored closely during this stressful period, and pre-
operative antidepressants are usually resumed to avoid
depression. Type 2 diabetes improves rapidly follow-
ing Roux-en-Y gastric bypass, almost independent of 
the weight loss. Patients’ serum glucose is carefully mon-
itored with frequent finger-stick checks. Oral hypo-
glycemic agents and long-acting insulin are usually
discontinued postoperatively to prevent episodes of
hypoglycemia. Most patients can be managed with sliding
scale short-acting regular insulin. Total daily insulin
requirements are recorded during the early hospitaliza-
tion to estimate the outpatient daily dose upon discharge.
Hypertension also improves quite rapidly postopera-
tively. Many patients are discharged on a fewer number
of antihypertensive agents or more frequently on redu-
ced doses of these medications. In general, diuretics
should not be abruptly discontinued as patients may
retain fluid.

Postoperative Follow-Up

Early

If no major immediate postoperative complications are
noted, the patients can be discharged when adequate 
oral hydration and control of postoperative pain can 
be achieved. Instructions are reviewed carefully with 
the patients and the arrangements are made for follow-
up visits with the surgeon, dietitian, psychologist, and
primary care physician. Patients should be evaluated in
an outpatient clinic at regular intervals during the first
year of the procedure.

Adequate self-hydration is of utmost importance
during the early follow-up period. Strategies to ensure
proper delivery of adequate amounts of fluid and nutri-
tion during this period should be reviewed with the
patient in detail. Patients should be evaluated carefully
in the clinic by paying a close attention to vital signs,
peripheral perfusion, orthostasis, and so on. They are also

questioned about urinary frequency and amount. If dehy-
dration is suspected, electrolytes and urinary ketones are
checked to confirm the diagnosis. Dehydration, if identi-
fied, should be aggressively treated with intravenous
fluids.

Although dietary management following bariatric
surgery is widely variable, most patients will advance in
a gradual fashion from liquid to solid diet. Dysphagia to
solids, especially if progressive, should raise the suspicion
of anastomotic stenosis, and should be evaluated with
UGI or an upper endoscopy (Fig. 15-1). Confirmed gas-
trojejunal stenosis should be treated promptly with endo-
scopic balloon dilation to avoid development of food
aversion and protein calorie malnutrition (27).

Incisions are checked for infection, seroma, or an early
hernia development. Incisional hernia is more common
in open surgery patients and will require a repair even-
tually. Repair of incisional hernias may fail if the patients
are still significantly obese. If possible, a formal repair is
deferred until a significant weight loss occurs (>1 year).

All medications are reviewed and adjusted if necessary.
A blood pressure measuring device can be purchased for
postoperative home-use by the patients. The insulin dose
must be frequently adjusted by the primary care phy-
sician to prevent hypoglycemia. It is important that the
patients are kept in a close communication with their
endocrinologist, cardiologist, or internist upon discharge,
as their medications need to be adjusted frequently.

Figure 15-1. Upper gastrointestinal series demonstrating a gas-
trojejunal stricture.
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Late

Patients who recover from the early postoperative period
are then followed long-term from surgical, medical,
nutritional and psychosocial aspects. Late surgical com-
plications include a potential development of gallstone-
related diseases, anastomotic ulcers (Fig. 15-2), incisional
hernias, and small bowel obstruction from adhesions,
internal hernia, and volvulus.

Rapid weight loss is associated with formation of 
gallstones and 36% of post–gastric bypass patients may
develop gallstones if not prophylaxed (28). Patients who
retain gallbladder after weight loss surgeries are routinely
prophylaxed with a 6-month course of Ursodiol, as this 
has been shown to be effective in reducing the incidence
of gallstone formation (29–31). Patients presenting with
postprandial abdominal pain, nausea, and vomiting 
should be ruled out for gallstones with ultrasound. Because
the duodenum is bypassed, an endoscopic retrograde 
cholangiopancreatography (ERCP) may not be techni-
cally feasible in patients suspected of choledocholithiasis,
cholangitis, or gallstone pancreatitis, although successful
ERCP has been reported in post–gastric bypass patients 
by experienced endoscopists. Placement of gastrostomy
tube at the time of gastric bypass with a radiopaque marker
may facilitate a future endoscopic surveillance and possi-
ble therapy of the gastric remnant and duodenum. Diag-
nostic options include hepatic 2,6-dimethyliminodiacetic
acid (HIDA) scan, percutaneous transhepatic cholangiog-
raphy (PTC), or magnetic resonance cholangiopancre-
atography (MRCP). Therapeutic maneuvers for patients
with gallstones in the common bile duct include PTC
drainage with stone retrieval, and more definitively, open

or laparoscopic cholecystectomy with common bile duct
exploration.

Patients with chronic unremitting abdominal pain,
particularly associated with eating, should be tested for
occult blood in the stool, as an anastomotic ulcer may 
be the cause of their pain. Strong suspicion of an ana-
stomotic ulcer should precipitate the performance of a
diagnostic upper endoscopy. Chronic nonsteroidal 
antiinflammatory medication use, Helicobacter pylori
infection, and nonabsorbable suture materials may be
associated with ulcer disease in gastric bypass patients.
Diagnosis is made using flexible upper endoscopy.
Patients with anastomotic ulcers are treated with proton
pump inhibitors and eradication of H. pylori infection if
indicated. A follow-up esophagogastroduodenoscopy
(EGD) should be performed to monitor the progress.
Indications for surgery include active or recurrent bleed-
ing not responding to medical treatment, perforation
leading to peritonitis, chronic pain with nonhealing ulcer
on EGD, or gastrogastric fistula as a result of the ulcer.

Symptoms of abdominal pain, nausea, vomiting, and
distention should also lead to a careful workup to rule
out mechanical obstruction. Midline incisions for
bariatric surgery can result in incisional hernias in at least
15% to 20% of patients. Laparoscopic port-site hernia
has also been reported. A repair is indicated if pain,
obstruction, or rapid enlargement is present. Because 
of the Roux-en-Y configuration, internal hernias can
occur at various sites including the jejunojejunostomy
mesenteric defect, Petersen’s space, and the transverse
mesocolon defect in retrocolic gastrojejunostomies.
Obstruction occurring at these areas may not result in
significant abdominal distention, as these sites of obstruc-
tion are relatively proximal. A contrast swallow study
with small bowel follow-through (SBFT) or a CT scan
with oral contrast should be considered in a post–gastric
bypass patient with abdominal pain, nausea, and vomit-
ing. Persistent pain not explained by radiographic
imaging may prompt an operative exploration looking
for an etiology of the pain. Studies suggest an internal
hernia can be found in up to 41% of patients explored
for abdominal pain (32). Aggressive surgical treatment of
patients post–gastric bypass who present with a clear
picture of mechanical small bowel obstruction is indi-
cated due to this high potential for internal and closed
loop obstruction and intestinal compromise.

Vitamin and nutritional deficiencies must be carefully
followed. Patients must consume between 60 and 80g of
protein per day to prevent muscle wasting and hair loss.
The dietitian plays a crucial role in the day-to-day instruc-
tion and monitoring of patients, again emphasizing the
importance of a comprehensive bariatric team approach.
Nutritional deficiencies are extremely prevalent and
require more intensive monitoring and supplementation
after malabsorption operations (see Chapter 20.3).Figure 15-2. Endoscopic view of an anastomotic ulcer.
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Documentation

Selection of bariatric patients should follow the National
Institutes of Health (NIH) guidelines (32–35). Patient
evaluation should accompany documentation of the
patient’s detailed medical history, diet and social history,
and comorbidities to identify a suitable candidate accord-
ing to the guidelines. Because bariatric procedures are
not routinely covered by health insurance, this documen-
tation is important in obtaining insurance approval.
High-risk patients should undergo appropriate preope-
rative workups and possible treatments/prophylaxis prior
to surgery.

The informed surgical consent for bariatric procedures
is signed only when the patient understands the nature
and the mechanism of the procedures, the proposed and
realistic benefits of the surgery, and the potential major
and minor complications that can occur following
surgery. Thus, it is important that surgeons have several
mechanisms to ensure the provision and discussion of
such information, including brochures, videotapes, Web
sites, support group meetings, lectures, seminars, and
individual patient sessions. Bariatric surgery is in the
midst of litigious medicine and the importance of allow-
ing ample time and effort for educating the patient
cannot be stressed enough. Of course, such efforts must
be documented meticulously.

Operative notes should include enough details so that
other surgeons and physicians involved in the patient’s
care can understand the exact anatomical changes made
at the time of surgery. Pouch size, Roux-limb length and
orientation (retro- vs. antecolic, retro- vs. antegastric),
gastrojejunostomy technique (stapled vs. hand-sewn),
and stomal size are some of the essential operative data
that may be helpful in follow-up.

Postoperative weight loss, improvements in comorbidi-
ties, medications, exercise and dietary regimens must be
carefully documented at regular intervals (Table 15-2).
Use of comprehensive database software facilitates 
accurate documentation of detailed patient data and the
treatment, and allows various outcome analyses. Unfor-
tunately, these sophisticated databases are expensive and
work-intensive to maintain, and are currently not valued
by payers with reimbursement.

At all times, patient privacy has to be maintained in
collecting and maintaining patient data. Bariatric sur-

geons should work closely with the institutional officers
of the Health Insurance Portability and Accountability
Act (HIPAA) to comply with the privacy laws. Any tech-
nical variation in the operation or research protocols
must first obtain institutional review board (IRB)
approval.

Close patient assessment, follow-up, and thorough 
documentation are prerequisites for improvement in sur-
gical technique and outcomes and long-term patient care.
Bariatric centers are encouraged to follow the ASBS
guidelines to provide appropriate parameters within the
institution to optimize care of the bariatric patient.
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comorbidities of obesity through weight loss. These
changes must be documented as a part of good patient
care, as a method for modifying treatment of the comor-
bidity as change occurs and as a method for justifying the
cost and invasiveness of the surgery. The management 
of data relating to comorbidities is often not a simple
matter. Some areas, for example blood pressure or serum
lipids, lend themselves to easy data management as they
are expressed as numerical values. Others, such as
asthma, sleep apnea, and low back pain, are more diffi-
cult to express in categorical terms. Absolute measures
such as the presence of absence of symptoms or the need
for specific therapy need to be used.

Improvement of quality of life (QOL) is the next most
important outcome of bariatric surgery. It reflects the
physical limitations caused by the size and weight; it
reflects the embarrassment and loss of self-esteem and
self-confidence due to obesity and it reflects the employ-
ability and the chances for promotion that are often
denied to the obese. Measures of QOL provide numeri-
cal values and thus sequential changes can easily be
tracked on a database.

Managing the Patient

A busy bariatric practice will have many patients, possi-
bly thousands. We have more than 2000 patients under
regular review in our clinic, with up to 150 patients
reviewed in the clinic per day. A single patient might see
several different physicians during the follow-up process.
There is an absolute need to have a concise presentation
of the patient’s data readily available, summarizing all the
key events and changes that have gone on before so that
current status can be quickly obtained. The database 
provides this. We record progress notes on the screen 
so that they are readable, linked to the weight loss and
adjustment data, and printable as a report for the 
family practitioner and as a hardcopy for the medical
record.

143

The Importance of Data Management
in Bariatric Surgery

The central aim of bariatric surgery is to improve our
patients’ health and quality of life through control of the
problem of obesity. It is a lifetime process. The weight loss
may take 1 to 3 years to achieve. The maintenance of that
weight loss needs to continue permanently. There is never
a point in time where we can say to our patient, “The
problem is solved. You are at your correct weight and you
will remain there. You do not need any further help.” We
need an ongoing medical record for each patient. Much
of the key data for a bariatric patient is numerical—
weight, blood pressure, serum triglycerides, etc.—and can
be managed with a paper file. But it can be better and
more easily managed electronically. This chapter identi-
fies the role of the electronic database in bariatric patient
care, identifies the measures best handled in this manner,
and looks at options available for implementing a data-
base management system.

Database Functions

Tracking Outcomes: Weight, Comorbidity,
Quality of Life

Weight is the most immediately important parameter of
outcome to the patient and the physician. It is really just
a means to an end, that being the improvement of health
and quality of life, but it best reflects what is being
achieved. Weight change can be expressed in several
ways including weight in kilograms or pounds, excess
weight, weight loss, body mass index (BMI) loss, percent
of excess weight loss, and percent of excess BMI loss.
Each of these has some justification. An electronic data-
base enables any one or all of these methods to be used.

By far the most significant gain from bariatric surgery
is the improvement in health, especially the control of the
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Monitoring Nutritional Status

There is a permanent responsibility after bariatric
surgery to ensure that patients do not develop nutritional
deficiencies as a consequence of the reduced intake or the
malabsorption of nutrients. This is particularly so after
primary malabsorptive procedures such as biliopancre-
atic diversion and partial malabsorptive procedures such
as gastric bypass. Protein malnutrition, as demonstrated
by reduced serum albumin, iron deficiency, and folate 
and vitamin B12 deficiency are well documented. Regular
measurement of these macro- and micronutrients and
management of the results is best handled electronically.

Avoiding Patient Loss to Follow-Up

Permanent follow-up is essential for good bariatric
patient care, and the surgeon is responsible for ensuring
all possible measures are taken to avoid loss to follow-
up. For adjustable procedures, such as the Lap-Band
placement, optimal outcome cannot be expected to be
achieved without continuing care. For procedures that
are known to lead to nutritional deficiencies, such as bil-
iopancreatic diversion (BPD) and Roux-en-Y gastric
bypass (RYGBP), serious and possibly irreversible health
consequences could occur in the absence of adequate
monitoring. We consider a patient to be lost to follow-up
if we have not reviewed the patient in 18 months and are
unable to establish contact. Our database enables us to
create a list of patients who have gone beyond 12 months
from the last visit, and they are sought out directly or
through family or friends. In a recent review of the out-
comes of 700 patients, up to 6 years post Lap-Band place-
ment, 3.6% were classified as lost to follow-up (1).

Communicating with Other Physicians

A computerized database that can generate reports facil-
itates efficient informing of family practitioners or
medical specialists of the current status of their patients.
We generate and send a summary report to the primary
care physician on a regular basis with minimal effort.

Conducting Research, Audit,
and Quality Control

There are three requirements for good clinical research:
(1) a sufficient number of patients, (2) accurate measure-
ment data, and (3) maintenance of data in an accessible
and analyzable form. The availability of a comprehensive
and accurate database is the lifeblood of clinical research.
We have been able to publish extensively on the out-
comes of Lap-Band placement because we have plenty of
patients, we have collected the data and we have main-
tained a database that permits those data to be linked as
needed to whatever research question is raised.

Not every staff member will be contributing to clinical
research, but all should be contributing to clinical audit
and quality control. All bariatric surgeons must have set
up and maintained a database of relevant measures to
examine if the outcomes for their group of patients are
within acceptable parameters. What has been the weight
loss? How many are lost to follow-up? What has been the
mortality or perioperative morbidity? What is the reop-
eration rate? How do your outcomes compare with those
of your peers? These questions can all be answered if the
data are kept in an appropriate database.

The Data and Analyses Needed

There is an almost infinite range of data that could be col-
lected. The two commonest flaws in establishing a data-
base are attempting to collect everything in case it may
be of some interest to somebody someday, and main-
taining the database as an addition to, not a part of, the
medical record. If you aim to collect too much informa-
tion, it won’t happen because the staff is too busy with
other matters. If your database is independent of routine
daily patient care, it won’t get priority attention. Every
data item stored should have a justification for being
there.

We have been working with electronic databases in our
bariatric practice for many years. The following key com-
ponents represent our current range of data collected in
our database, which is called LapBase®, and in parenthe-
ses the values calculated by the software and added to
the screen:

Demographics: name; address; telephone numbers for
home, work, and mobile; email address; sex; date of
birth; primary care physician’s name and contact
details; specialists’ names and contact details

Anthropometrics: weight; height (BMI, ideal weight,
target weights); neck, waist, and hip circumference;
blood pressure; bioimpedance (total fat mass, fat as
percent of total body weight); patient photograph

Comorbidities: blood pressure, diabetes, lipids, asthma,
gastroesophageal reflux, incontinence, sleep-disor-
dered breathing, infertility, back and joint pains, heart
disease, other diseases

Operations and other significant procedures: type of
operation, including significant variables; for example,
for RYGBP, includes length of Roux limb, type of gas-
trojejunostomy, etc.; date; surgeon; duration; length of
stay; complications; postoperative barium meal, as
small movie file

Outcomes: weight [weight change, percent excess weight
loss (EWL), percent excess BMI lost], health, QOL,
volume of fluid in band for laparoscopic adjustable
gastric banding (LAGB) procedures, annual comor-
bidity reassessments
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Progress notes are added as text statements to the page
of follow-up details (Fig. 16-1). Information on repeat
barium meals is filed with the follow-up data.

The Methods Available

With the input of data shown, the range of output of
analyses is determined by the method of data manage-
ment selected, ranging from simple text entry, mirroring
the traditional medical record, to a full relational data-
base that allows for cross-analyses among all fields.

Text (e.g., Microsoft Word)

Each patient is a file. All elements of the patient’s record
are entered as text statements, and the result is a medical
record very similar to the paper medical record with
which we are all familiar. As long as its structure is
logical, all components of the record are accessible. Dif-
ferent patient files are accessed by alphabetical or numer-
ical code. No analysis of data can occur unless the data
are extracted from each record and separately entered
into either a spreadsheet or relational database. This type
of setup generally is not an improvement over using the
traditional hardcopy medical records, as the effort of data
entry does not yield sufficient additional information.

Spreadsheet (e.g., Microsoft Excel)

This is often described as a flat-file database. It is a simple
system to set up and is ideal for storing basic lists of
information. Typically each column contains a particular
data point for all patients and each row contains all the
data points for a particular patient. With this structure,
you can summarize the data within a column, sort par-
ticular features, find values, and perform a range of math-
ematical and statistical analyses on individual cells or
columns. However, the range of analyses is limited by the
content of the columns and rows established initially.

Relational Database (e.g., Microsoft Access)

The key feature is the placement of each data point into
one and only one of many tables. Each table contains the
data on one defined subject. All tables are linked by a
unique identifier so that any data item from any table can
be linked on a form or analyzed with any other. Flexibil-
ity is the key. In Access, you create a database by first
setting up tables. These are the objects that store the data.
Each table stores a particular set of information. The
relationships between all the tables need to be defined.
Queries are then set up as the tools for extracting or 
combining or modifying the data from the tables. Forms
are set up to let you see your information in an appro-
priate format. Reports are set up to provide a printed
copy of data in an appropriate format. Macros provide 
a method for automating a series of actions on the 
data. LapBase is written in Microsoft Access. To make 
the system user friendly, the underlying program needs 
to be relatively complex. The current version contains 
37 tables, 79 queries, 30 forms, 37 reports, and eight
macros.

LapBase

LapBase (Accessmed, Melbourne; email, mark@lapbase.
com;Web site, www.lapbase.com) is a relational database,
using Microsoft Access, that has been specifically pre-
pared to support the data management of bariatric
patients (Fig. 16-2). It covers all current bariatric proce-
dures. It is the result of a collaboration between a surgeon
experienced in bariatric surgery (the first author of this
chapter) and a gastroenterologist experienced in writing
programs for medical practitioners using Microsoft
Access (the second author). Some examples of the forms
used are shown in Figures 16-3 to 16-6. The data that are
entered have been summarized above. The outputs of the
program are reviewed in the following subsections.

Figure 16-1. The Progress Notes page of the
Follow-Up Details section. This page is the
second of five pages and is used at each follow-
up visit to document status and issues of that day.
It provides a key summary of current data. For
each visit, the top line provides weeks from
surgery, weight, reservoir volume (RV), weight
loss, percent excess weight loss (EWL), and
doctor providing care on that day. The scroll bar
on the right leads to all previous follow-up visits.
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Figure 16-2. The main menu screen for the “LapBase” program is shown and leads to individual patient items on the left column
or group data through “Reports.”

Figure 16-3. This is the main patient listing screen, which is
opened via the “Patients” button on the main menu. It contains
a listing of all patients in alphabetical order, or patient identifi-

cation number or date of operation. Patients can be searched
for via the alphabet, top right, or by providing part or all of
surname or first name. Various other selection keys are present.
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Figure 16-4. The second page of the Patient Details is shown. Initial weight data, target weights, body composition, notes, and
key surgery data are provided.

Figure 16-5. The Follow-Up Details Sheet provides a summary
of many of the initial data at the top and then a sequential list
of all follow-up data. The inclusion of the clinical notes in this

summary is optional. The same data can be formatted as a letter
directed to the family practitioner.
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Patient Data

This is the most used area of LapBase. Initial patient entry
into the database includes demographic data, weight and
its related measures including target weights and body
composition data, referring doctors, type and features of
the operation performed, and perioperative and late com-
plications or other events of note. All consultations are
documented on screen and the key measures for assessing
progress are visible in detail or in summary form. Barium
studies,patient photographs,and changes in comorbidities
are stored along with the relevant consultation. Referral
to the hardcopy record is not needed for routine consul-
tations. Summary data are available as reports to the
family doctor or other specialist.

Group Data

The total pool of patients can be reviewed in various ways
and pooled outcomes derived and printed as reports. Sub-
groups of the pool of patients can be identified and out-
comes compared with the total pool or other subgroups.

Global Data

LapBase has the capacity to bring together in a secure
and anonymous manner the data of multiple bariatric
surgical groups and provide analysis of the pooled data.
Bariatric surgeons will receive back a statement of their
individual outcomes in comparison with global data.

Conclusion

It is strongly recommended that a relational database be
established and used as an intrinsic part of all bariatric
surgical practices. The use of a well-structured database
is an option that should be taken up early and all data
entered prospectively. It simplifies the process of patient
care, permits easy but secure access to patient data by
multiple practitioners and their associates, and provides
the following: an overview of each patient’s progress for
weight loss, comorbidity change, and improvement in
quality of life; reports that can be sent to the patient and
the primary physicians, showing the progress that has
been achieved; a summary or full details of the progress
of all patients treated by the practice in the form of
reports from which research or audit data can be taken
directly; a mechanism whereby all of the data of the 
practice can be compared in a secure anonymous 
way with national or global norms for audit purposes;
and an opportunity for better patient care and 
management.
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Figure 16-6. The
“Reports” key on the
Main Menu opens this
page of options for
generating analyses of
group data. Patients for
analysis can be selected
in various ways and
outcomes for weight
loss, operations,
complications, and
comorbidities can be
generated.
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700 gastroplasty procedures beginning in 1979, totaling
over 3500 primary and revision bariatric procedures at
that time. The reoperation rate in this series of primary
RYGBP procedures has been 1.4% (n = 33) due to leaks,
staple line failures, incisional hernias, wound dehiscence,
and definitive surgery for peptic ulcer disease. I have
excluded many dermatopanniculectomies, which were
done following successful weight loss, as well as a handful
of cholecystectomies. I have used the following criteria
for cholecystectomy at the time of bariatric surgery:
(1) gallstones, (2) a strong family history of gallbladder
disease, (3) a relatively strong American-Indian or
Mexican-American heritage, or (4) cholesterolosis of the
gallbladder at the time of surgery (3). Using these crite-
ria, the handful of patients who have returned for laparo-
scopic cholecystectomy at a later date is about what one
would expect from the normal population. My 10-year
data of 62% excess weight loss is in line with other pub-
lished series (Table 17-2) (4–6).

With this vast experience in bariatric surgery, why do I
continue to do the procedure open? To put it very simply,
I will demonstrate that there is usually an increased inci-
dence of leaks and other complications using the laparo-
scopic approach, as well as a higher cost, and when you
couple this with less wound morbidity of the left sub-
costal incision, I feel that there is simply no real advan-
tage, and a significant disadvantage, to doing laparoscopic
Roux-en-Y gastric bypass (LRYGBP).

Leaks and Other Complications 

If one looks at the data from Schauer et al. (7), DeMaria
et al. (8), and Wittgrove and Clark (9) in their published
series, we see that their leak rate is almost 3%. However,
Champion et al. (10), who does gastroscopy on all of their
patients during surgery, have a leak rate very similar to
mine, 0.4%, and Higa et al. (11), who does a double-layer
hand-sewn intracorporeal anastomosis without staples at
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Open bariatric surgery in the age of the laparoscope?
You’ve got to be joking. Certainly I must be a dinosaur
or an old dog who refuses to learn new tricks. Maybe I
am afraid of the “learning curve.” Or just maybe I know
something others may not. Read on.

The biggest advantage of the laparoscopic approach to
bariatric surgery compared to standard open procedures
is the “vast improvement” in wound morbidity. As a
matter of fact, the American Society for Bariatric Surgery
(ASBS) and Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES) guidelines for laparo-
scopic and conventional surgical treatment of morbid
obesity, under Surgical Techniques, state: “Wound com-
plications such as infections, hernias, and dehiscences
appear to be significantly reduced” (1). As usual, this
statement is made based on the assumption that we are
comparing laparoscopic bariatric surgery to open surgery
via an upper midline incision.

Since we are not making one large incision, the
assumption is that multiple small incisions produce less
pain, a shorter hospital stay, which will make the laparo-
scopic approach more affordable, and a more rapid
return to work and one’s usual activities. However, I will
demonstrate from my own experience with corroboration
by published data that if one simply alters the open inci-
sion, that part of the question becomes moot, and other
aspects of the “open” postoperative recovery period are
at least equal, if not superior, to bariatric surgery done
laparoscopically, for Roux-en-Y gastric bypass (RYGBP).
Note that my remarks are directed toward RYGBP, the
most common bariatric procedure done today, not the
restrictive procedures considered elsewhere in this book.

I begin my argument by presenting my data from
primary open RYGBP. In a series of over 2400 cases over
a 17-year period, the excess weight loss at the 10-year
follow-up was 62% (Table 17-1) (2). The most significant
data are a leak rate of 0.5% in primary RYGBP, and a
fatal pulmonary emboli rate of less than 0.1%, going back
through my entire bariatric experience, including over
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the gastrojejunostomy, and transected pouches, had no
leaks in his first 1040 cases (Table 17-3).

Laparoscopic Roux-en-Y gastric bypass requires
stomach transection, which in almost every series has a
significantly higher incidence of leaks compared to sta-
pling in continuity. Kirkpatrick and Zapas (6), in 212
patients in primary divided RYGBP, had 13 leaks, or 6%.
Suter et al. (12), in 107 patients in primary divided Roux-
en-Y gastric bypass, had a leak rate of 5%. Smith et al.
(13), doing open RYGBP, had a leak rate of 1.8% com-
pared to the combined experience of Linner (14), Yale
(15), and myself (16) of 0.6% (Table 17-4).

Why should leaks occur when one transects the
stomach, utilizing cutting and simultaneous stapling
instruments? In my own experience I have always tried
to adhere to the “1-cm rule,” meaning that if the anasto-
mosis is made incorporating the staple line, there will be
some element of ischemia (Fig. 17-1). If staple lines are
crossed at approximately a 90-degree angle, the risk of
ischemia will be less, and if staple lines are parallel and
less than 1cm apart (the 1-cm rule), or as the crossing
staple lines approach parallel (Figs. 17-1 and 17-2), there
will be a higher risk of leakage (9,17). In addition, if one
transects a hollow viscus, the cut ends must heal and seal.
However, when stapling in continuity with no transec-
tion, healing takes place immediately, as there is no 
compromise of blood supply to the tissue. In my entire
experience, I have had only one patient who has had a
perforation along the staple line in a primary RYGBP.

Table 17-1. The author’s 17-year experience with primary
Roux-en-Y gastric bypass (RYGBP)

Mid-1986—April 2003: number 2421 primary RYGBPs
Average BMI 47
Height 5′4″
Weight 273 lb; 85% F
SLF <1% since 1991
Leaks 13/2421 (0.5%)
Mortality 5 (3 PEs) 5/2421 (0.2%)
Symptomatic stomal ulcer <2%
Splenectomy 0
EWL @ 1 year 78%
EWL @ 10 years 62%

BMI, body mass index; EWL, excess weight loss; F, female; PE, pul-
monary embolism; SLF, staple line failure.

Table 17-2. Comparison of the author’s 10-year postoperative
data to other published series

Pories et al. (4) 57% EWL @ 10 years
58% EWL @ 14 years

Sugerman et al. (5) >50% EWL between 6 & 10 years
Kirkpatrick and Zapas (6) 15 years, mean EWL: 68%
Jones (2) 62% EWL @ 10 years

Table 17-3. Postoperative leaks comparing several laparo-
scopic RYGBP series to that of the author

Author No. of cases Leaks Percent

Schauer et al. (7) 275 12 4.4
DeMaria et al. (8) 203 14 5.1
Wittgrove and Clark (9) 500 13 2.5
Champion et al. (10) 825 3 0.4
Higa et al. (11) 1040 0 0
Jones [open] (2) 2421 13 0.5

Table 17-4. Leaks: divided vs. stapled (intact) pouches

Author Technique No. leaks and patients Percent

Smith et al. (13) Divided 71/3855 1.8
Linner (14), Yale (15), Intact 7/1186 0.6

Jones (16)

This was an individual who had a previously undiagnosed
insulinoma and a seizure on her fourth day postoperative,
which ripped a hole in the proximal and distal pouches
at the staple line, as well as causing a 180-degree disrup-
tion at the gastrojejunostomy. At reexploration there was
no evidence of ischemia, with good bleeding of the edges
that had perforated.

Increased Cost

The laparoscopists argue that patients get out of the hos-
pital sooner. In several published series, this appears to
be the case, that is, about 2 days rather than 3, saving
approximately $1000 (7,9,18). However, I have never
seen a leak that was manifested in the first 72 hours after
surgery. If the patient is released in 1 or 2 days to return
home several hundred miles away, a leak could be cata-
strophic. I compared equipment costs with laparoscopic
vs. open RYGBP in one of my two hospitals, and found
that laparoscopic equipment costs approximately $5200
vs. the open stapling equipment of about $1700, or a
$3500 difference. Hospitals will probably double that cost
to make a profit, making a difference to the patient of
about $7000. When we add the added operating room
(OR) time at $1250 per hour, the total charge to the
patient is going to be $8000 to $10,000 more for laparo-
scopic RYGBP (Table 17-5).

At our Bariatric Surgery Center of the Mid South 
at Christus Schumpert Medical Center in Shreveport,
Louisiana, an ASBS Bariatric Surgery Center of Excel-
lence, the group that does LRYGBP actually has a length
of stay virtually the same as my 3.2-day average, and an
operating time almost twice as long as mine. The pain
control staff has indicated there is no real difference in the
pain endured by either approach. From a strictly practical
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The Left Subcostal Incision

Again, when we compare laparoscopic RYGBP to open,
the traditional assumption is that open procedures are
being done through midline incisions. However, when one
compares my results as well as those of Alvarez-Cordero,
using the left subcostal incision (LSI), to several other pub-
lished series, it is easy to see that our incidence of incisional
hernias is 38 times less than those series done through a
large midline incision (18–22) (Table 17-7). Why? Simply
stated, muscle has a much better blood supply than does
midline fascia and it heals considerably better.

One may legitimately ask how I am so sure that my
incisional hernia rate is so low, as traditionally bariatric
surgical patient follow-up is so poor. I have therefore
approached this question using a sampling technique. For
instance, I used a portion of the patients we saw over a
4-month period in 1996, who came to the clinic for a
variety of reasons, primarily for 1- to 10-year follow-up
of RYGBP. We examined 173 consecutive patients and
found no hernias. My incisional hernia rate was 5/1367
(0.4%), and leaks were 5/1367 (0.4%). Other wound mor-
bidity was 2.2%. There has been very little variation from
that rate (Table 17-8) (22).

If one compares the wound morbidity of several of the
laparoscopic series to my LSI experience, it is easy to see
that the rate of hernias and other wound morbidity is
actually less than with the laparoscopic approach (7–9).
I frequently tell my patients that in addition to the higher
complication rate and cost of laparoscopic RYGBP, a
procedure done through a single 7-inch incision or seven
1-inch incisions entails, either way, 7 inches of trauma to
the abdominal wall (Table 17-9).

In addition, we should stress to our newer bariatric sur-
geons that they do many open cases before their first
laparoscopic case. The ASBS guidelines (23) recommend
10 open cases before proceeding to laparoscopic bariatric
surgery. As a preceptor for the ASBS, two of my pre-
ceptees who were quite accomplished laparoscopic
bariatric surgeons initially did open RYGBP. They agreed
with me that there is no real advantage and lots of poten-
tial disadvantages. In their combined series of 476 cases,
their leak rate is 1.3% and their incisional hernia rate
with the LSI is 1.5%, compared to mean leak and hernia
rates of 3% and 7.6%, respectively, when one looks at the
combined series mentioned above (18–22).

>1cm

>1cm

Figure 17-1. The “1-cm rule.”

90° = OK

Figure 17-2. The narrower the angle between staple lines, the
higher the risk of ischemia.

Table 17-5. Laparoscopic vs. open RYGBP stapling equipment
cost; Doctors’ Hospital, Shreveport, Louisiana

Approx.
2001 2002 2003 Difference

Laparoscopic $4664 $4914 $5160 +$3500
Open $1168 $1226 $1654

45° =    ischemia

standpoint, if I am going to be spending half as much time
per case in the OR as the laparoscopic group,and since there
is little difference in reimbursement for either approach, I
will continue to have time to have a higher volume with a
significantly positive effect on my reimbursement com-
pared to the laparoscopic group (Table 17-6).
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open (11,26,27), and I always take special care to make
an adequate colonic mesenteric opening and secure it to
the Roux limb prior to closure to prevent perijejunal her-
niation. I also do an adequate closure of Petersen’s space
as well as the potential hernia associated with the
enteroenterostomy, which may be much more difficult
laparoscopically. Following the discharge of patients from
the hospital, I insist that they stay on a semi-soft “gooey”
liquid diet for 6 weeks postoperative. In addition, I do all
I can to preserve all possible blood supply, and avoid
usage of the electrocautery near hollow viscera, as necro-
sis and leaks may follow several days later.

If one feels that it is necessary to transect the stomach
in order to get adequate freedom of the proximal gastric
pouch to reduce tension at the gastrojejunostomy, I have
eliminated this fear by using the “Jones stitch” (Fig. 17-6),
which effectively and safely pulls the pouch into the oper-
ative field. However, I readily agree that transection is
sometimes necessary to get adequate length of the proxi-
mal pouch, especially with revision procedures (17).

About 15 years ago many felt that the pouch trans-
ection was necessary because of the inordinately high
incidence of staple line disruption and secondary gastro-
gastric fistulae. Capella and Capella (28) noted that when
stapled in continuity with no transection, disruption of
the staples occurred in as many as 23% of patients.
However, Pories’s group (29) demonstrated that there
was a 6% gastrogastric fistula rate when dividing
pouches, and Capella and Capella also noted the same
thing to be 2%.

One might ask how I know that my staple line failure
rate is less than 1%. In a study done several years ago,
in 650 patients, my assumption was that my staple 
line failure rate at that time was 0.8% with the double
application of the TA-90B® four-row Autosuture stapling
instrument. I came to this conclusion by upper gastro-
intestinal (UGI) series examination of 160 voluntary

Table 17-8. Wound complications of the left subcostal incision,
January 1994–March 1997

Cases 447
Problems with wound healing 10 (2.2%)
Wound infections 4 (0.9%)
Large seromata: drainage and secondary closure in clinic 6 (1.3%)

Source: Jones (22), with permission of Obesity Surgery.

Table 17-7. Incisional hernias, vertical vs. LSI

Author No. of procedures Hernias

Mason (18), Sugerman and 1147 87 (7.6%)
McNeill (19), Amaral and
Thompson (20), Alvarez-
Cordero and Aragon-Virvette
(21) (vertical)

Jones (22) (LSI) 2220 4 (0.2%)

Technique

My procedure is based on a modification of the Oca-
Torres procedure (24), with the following modifications:
(1) an LSI; (2) the TA-90B® four-row Autosuture stapler,
US Surgical, Division of Tyco, Norwalk, CT fired two
times, reinforced proximally and distally with Ligaclips
(Ethicon Endo-surgery, Cincinnati, OH) (Figs. 17-3 and
17-4); (3) a vertical pouch with no short gastrics being
taken down and no transection of the pouch, all stapled
in continuity (Fig. 17-5); (4) a retrocolic antegastric gas-
trojejunostomy, hand-sewn in two layers, utilizing a No. 38
bougie (13 mm in diameter) for adequate sizing; and (5)
an enteroenterostomy that is done utilizing linear cutting
and stapling instruments, the gastrojejunal limb being less
than 150cm, the biliopancreatic limb being less than 100
cm, depending on the patient’s body mass index (BMI),
according to the recommendations of Brolin et al. (25).

I pay particular attention to the following: (1) the 1-cm
rule (Fig. 17-1), (2) taking care in the transection and
freeing up of the jejunum and heeding the need for ade-
quate length and freedom of the distally transected
jejunum to avoid tension at the gastrojejunostomy; and
(3) taking care in freeing up the esophagogastric (EG)
junction to avoid perforation and ischemia. (4) I also
perform a leak test; I prefer the “air bubble” test. Some
prefer Methylene blue, but I believe more air pressure
can be exerted with the former than with the latter. (5) I
frequently use gastrostomy tubes in the bypassed
stomach: in apple-shaped men; in long, hard revisions; in
patients with diabetes mellitus to avoid problems with
diabetic gastroparesis; with BMIs greater than 50 some-
times and always with those greater than 60; in all
jejunoileal (JI) bypass conversions; and in patients with
marginal pulmonary status.

Small bowel obstruction has been reported at a higher
incidence with the laparoscopic approach compared to

Table 17-6. A comparison of laparoscopic and open RYGBP at the Schumpert Bariatric Surgery Center of the Mid-South—
Shreveport, Louisiana, July 1, 2002–March 31, 2003

Procedure No. LOS (days) Operation time Pain control

Laparoscopic RYGBP 56 3.5 3 hours, 38 minutes (218 minutes) + +
Open RYGBP (LSI) 101 3.1 1 hour, 40 minutes (100 minutes) + +

LOS, length of stay; LSI, left subcostal incision.
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Table 17-9. Wound complications comparing laparoscopic vs.
open (LSI) procedures

Author Infections (%) Hernias (%)

Schauer et al. (7) 5 0.7
DeMaria et al. (8) 1.5 1.8
Wittgrove and Clark (9) 5 0
Jones (open-LSI) (22) Seromas, hematomas: <3 0.2

Figure 17-3. The distal staple line reinforced by a
large Ligaclip (Ethicon Endo-surgery, Cincinnati,
OH).

asymptomatic patients and found one staple line failure.
In 19 symptomatic patients [gastroesophageal reflux
disease (GERD) or rapid weight regain] during this
period of time, their UGIs revealed four staple line fail-
ures (30). When patients have problems, they come back.
I looked at this again from November 1999 to April 2003
in a series of 724 patients, in whom we did a UGI series
on 62 symptomatic patients and found only five staple
line failures. Again, this sampling technique indicated the
staple line failure rate was less than 0.7% (5/714).

Conclusion

I hope this discussion has added something to the argu-
ment that open RYGBP is still a good, safe approach, and
it may very well be better than laparoscopic RYGBP. I
hope that we don’t knuckle in to the pressure of our
patients and industry and their perception that laparo-
scopic bariatric surgery is easier and better, for I have
demonstrated that there is indeed a higher complication

rate and greater cost with the anticipated end point vir-
tually the same.

It is now obvious that the left subcostal incision is
indeed far superior not only to midline incisions in open
bariatric surgery but also to incisions made for
laparoscopy. Transection of the pouches with laparo-
scopic RYGBP is mandatory, but has a markedly higher
leak rate, and I have demonstrated that there is clearly
no real advantage, and probably a significant disadvan-
tage to transection of the pouches.

Why are we so rapidly adopting laparoscopic RYGBP?
We know there is a higher risk of leaks; there is a great
learning curve with a higher risk of medical malpractice
exposure; there is an earlier discharge in less than 3 days,
when leaks are rarely manifested before this time; there
is an added expense of almost $10,000; and patients’
return to work is directly proportional to their motiva-
tion, as a very small percentage of our patient population
actually does such vigorous labor that they must be off
for 6 weeks.

All agree that the biggest advantage of LRYGBP is the
avoidance of wound morbidity. However, this argument
is moot with the LSI, and the weight loss is the same with
either approach. Therefore, logic dictates that I choose
the safer, equally effective, less expensive approach of
open RYGBP-LSI. In spite of these arguments, if one
feels compelled to do LRYGBP, I would recommend the
following: (1) have a basic background and considerable
experience in advanced laparoscopic surgery; (2) do an
open preceptorship or fellowship, which includes open as
well as laparoscopic bariatric surgery; (3) participate in
at least 10 open bariatric procedures; (4) take a laparo-
scopic bariatric surgery course if you have not done a pre-



154 K.B. Jones, Jr.

Figure 17-5. The 15-cc vertical pouch. The prox-
imal (higher) end is approximately 2cm from the
esophagogastric junction.

Figure 17-4. The proximal end of the staple line
reinforced with a large Ligaclip, just adjacent to
the angle of His at the esophagogastric junction.
Note the inner two staple rows overlap.



17. The Current Role of Open Bariatric Surgery 155

ceptorship or had considerable training in same; (5) don’t
attempt revisional bariatric surgery laparoscopically until
you are very comfortable with lap RYGBP; and (6)
follow the Schwarz-Drew philosophy (31). They had a
tremendous experience of several thousand open gastric
bypass cases dating back over 20 years, starting with that
of Dr. John Linner. They then took a short course in
laparoscopic bariatric surgery, operated on several pigs,
then did open RYGBP using laparoscopic instruments
before they did their first laparoscopic bariatric surgical
case, and, as one would imagine, their results have been
remarkably good. Many others with large laparoscopic
series reported in the literature did virtually the same
thing, so it doesn’t make sense for an advanced laparo-
scopic surgeon to jump into laparoscopic bariatric
surgery without a vast experience in open bariatric
surgery and all the nuances of lifelong patient follow-up.

More recently, I participated in a group study with 15
other experienced open RYGBP surgeons from through-
out the United States. We compared our results of more
than 25,000 open cases with the leading published laparo-
scopic bariatric RYGBP series in the world. We found
their leak rate was five times higher, the OR time signif-
icantly longer, the monetary cost greater, small bowel
obstruction about ten times higher, and the weight loss
virtually the same with no difference in mortality rates,
about 0.25% (32).

What is the current role of open bariatric surgery
(RYGBP)? To act as the standard to which all other pro-
cedures are measured. Until LRYGBP becomes as safe
and as economically feasible as open RYGBP-LSI, I’ll
remain a dinosaur along with many others.
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Technical Pearls of Laparoscopic 
Bariatric Surgery
Sayeed Ikramuddin

truism is that the less the patient needs the procedure,
generally the easier it is to perform. Access in these
patients can be one of the most daunting parts of the pro-
cedure (see Chapter 10). Suffice it to say that despite the
putative advantages of decreased vascular injuries (3),
the Hasson cut down technique (4) can be quite cum-
bersome and time-consuming in the super-obese. One
reason for this is extreme thickness of the subcutaneous
adipose tissue. For this reason we have elected to estab-
lish pneumoperitoneum in the left subcostal region. We
use a 150-mm Veress needle, which is commonly avail-
able. Initially we placed considerable attention on ele-
vating the abdominal wall. This does not appear to be too
important for placing the needle. Insufflation of the
abdomen may require elevation in cases in which the
opening pressure of the abdomen may be at the setting
of maximum pressure on the insufflator. Usually an S-
type retractor or a heavy suture in the skin is sufficient
to facilitate this step. There are many devices on the
market that promote direct entry to the peritoneal cavity
either with or without the assistance of preestablished
pneumoperitoneum. There is no demonstrable benefit 
in the case of established pneumoperitoneum. Without
pneumoperitoneum there is a finite risk to the viscera or
vascular structures. These devices, too, have a learning
curve. It is important to be properly trained in the limi-
tations and risks of such devices prior to using them.

Once inside the abdomen, key issues of importance
include optimal port placement and retraction of the
liver.

Optics

Chief among the advancements of the past decade in
minimally invasive surgery is the refinement of optics, as
can be seen also in the digital camera market. Use of the
three-chip camera is common today. This configuration
translates to enhanced color reproduction. Now with
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Surgery on the morbidly obese presents many challenges.
Problematically, except for its extremes, weight or body
mass index (BMI) alone does not predict the challenges
that lie ahead in any bariatric procedure. Since the incep-
tion of laparoscopic bariatric surgery in 1993 all of the
modern bariatric procedures have been performed
laparoscopically with some modifications based on the
limitations of the existing stapling equipment. The path,
however, has not been without pitfalls for many surgeons.
The learning curve has been steep, particularly for pro-
cedures that involve gastrointestinal tract reconstruction
such as the laparoscopic Roux-en-Y gastric bypass
(LRYGBP) or the biliopancreatic diversion/duodenal
switch (BPD/DS) procedure. In the case of the LGB,
Schauer et al. (1,2) have reported the learning curve to
be as high as 100 cases. In the case of adjustable gastric
banding, the technical challenges may lie less in the pro-
cedure and more in the details of band adjustment in the
postoperative period. This chapter addresses some of the
techniques used in bariatric surgery that facilitate the
routine case as well as those that can be used to facilitate
more challenging cases.

Getting Started

Patient positioning varies. Many surgeons perform the
procedure with the patient in the “French position,” and
others perform it from the patient’s right side. The latter
is our preference. In principle, the surgeon should
become comfortable with one approach and use it regu-
larly, so that the operating room staff will learn the
routine, which facilitates moving along with the opera-
tion. Choice of positioning will dictate the type of bed
that is utilized in the operating room. The ability to
sustain up to 800 pounds and still be able to provide steep
reverse Trendelenburg positioning is helpful.

A common requirement of any laparoscopic surgical
procedure is access to the abdomen. A fairly reliable



158 S. Ikramuddin

high-definition imaging even finer detail can be recog-
nized during surgical procedures. There is no substitute
for first-rate optics. Increased definition and detail may
lead to increased precision in the operating room. The
outcome from a missed enterotomy during a procedure
can be devastating, which should be conveyed to the
operating room management team. An effective bariatric
program involves a team and significant resources that
need to be defined at the initiation of the program.

In addition to the quality of the camera, it is important
to use an angled camera in the operating room. A 45-
degree angled scope is commonly used in bariatric 
procedures. Though it is possible to perform these pro-
cedures with 0-degree scopes, it is often not practical to
do so. Use of angled scopes allows the camera assistant
to keep the camera in one position while manipulating
only the light cord to facilitate a wider perspective of 
the operative field. It is generally more disruptive 
to the eye to move the head of the scope rather than to
move the light cord. Subtle movements of the light 
cord can help greatly when suturing. In addition to the
traditional 10-mm scopes, it is helpful to have a 5-mm 
45-degree scope to ensure adequate visualization from
any port; this scope is also helpful in lysing adhesions
early during the procedure or in facilitating port 
closure. Occasionally we will use the 45-cm bariatric
laparoscope (Stryker Endoscopy, San Jose, CA). The
most common indication for use is in the super-obese
male patient.

During prolonged procedures the tip of the laparo-
scope can become fogged. In some cases this is due to
leakage of carbon dioxide with cool carbon dioxide
rushing past the tip of the scope. The key here is to iden-
tify the cause of the leakage. In some cases this cause is
leakage in the port itself. Once identified, this is easy to
remedy. If the leakage is at the level of the fascia, then
sutures can be placed at the fascial level using a suture
passer. In some cases it is best to minimize use of this port
site, as it can make the leakage considerably worse.

Port Placement

As one becomes more comfortable with the procedure,
the position of the ports can be optimized and the
number of ports can be reduced. There are a number of
concepts to be kept in mind while placing ports. It is gen-
erally not advisable to angle the ports for bariatric pro-
cedures. Angling the ports becomes a problem when 
one is working in more than one compartment of the
abdomen. An example would be in the gastric bypass in
which the gastric pouch would be formed in the hiatus
and the jejunojejunostomy is performed in the left 
quadrant of the abdomen. In the case of a very thick 

muscular portion of the abdominal wall, it may be nec-
essary to angle some of the ports. One of the disadvan-
tages of doing this is that there may be a need to place
additional trocars. If the abdominal wall is simply too
thick, then extra-long trocars are available. The use of
these devices can be minimized by keeping the ports
higher on the abdominal wall. An alternative is to enlarge
the skin incision and allow the hub of the port to rest on
the fascia rather than on the edge of the skin.

Camera port placement should be based on several
concepts, including both the principle of triangulation
and proximity. It is important to have the scope close
enough to the point of surgery so there is not too acute
an angle to be able to see adequately. If the scope is too
close or on top of the action, then the majority of move-
ments become paradoxical and thus more difficult to
perform. For the gastric bypass we place the camera port
about 20cm below the xiphoid cartilage. Initially, it is
useful to anticipate all obstacles that can hinder per-
forming the procedure. We routinely divided the falci-
form ligament for our first several cases. Though we no
longer do this routinely, it can often be of help in a patient
with central obesity. If the surgeon is working from the
patient’s right side, then this maneuver facilitates sewing
the gastrojejunostomy or oversewing the band.

Exposure

Adequate retraction of the liver is paramount in per-
forming bariatric surgery. Most often the gigantic liver
can be predicted in those patients, particularly females,
who have tremendous central obesity with type 2 dia-
betes. For the past several years we have used the trian-
gular liver retractor (Cardinal Health, Magaw, IL) to
elevate the lateral segment of the liver. In some cases an
additional liver retractor is necessary to elevate the left
lateral segment. Another option is to insert a Nathanson
liver retractor (Cook Surgical, Bloomington, IN) in the
subxiphoid position. Exposure is critical to proceed with
the case. To continue with creation of the gastric pouch,
it is imperative that the angle of His be visualized in order
to create the gastric pouch. If, using traditional maneu-
vers, the angle of His cannot be clearly identified, then
the short gastric vessels can be taken down. This
approach allows for gentle downward traction on the
fundus of the stomach and eventual identification of the
angle. If this does not provide the necessary exposure,
then conversion to an open procedure must be consid-
ered. In the case of massive hepatomegaly in which the
liver edge falls below the umbilicus, some thought should
be given to abandoning the procedure. A trial of very 
low calorie diets and diuresis may be useful for preo-
peratively optimizing this situation. Another option is
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performing a biliopancreatic diversion, though it is nec-
essary to inform patients ahead of time.

Staple Selection

Understanding the mechanism and limitations of staplers
can prevent many potential stapler-related complications,
but there is a learning curve with these devices.

Two primary types of linear staples are used today:
Autosuture (Norwalk, CT) and Ethicon Endosurgery
(Cincinnati, OH). Both have been used extensively to
perform the gastric bypass with success. The Autosuture
stapler is available in sizes up to 60 mm, with three rows
of staples on either side. The stapler allows for two modes
of articulation. Staple cartridges are available in 2.0-,
2.5-, 3.5-, and 4.8-mm staple heights. All staple loads can
go through a 12-mm port, with the exception of the 
4.8-mm green load, which requires a 15-mm port. The
Autosuture stapler closes in a way that allows for tissue
at the distal-most portion of the staple to be removed
from the staple. This is particularly useful for the jejuno-
jejunostomy portion of the procedure. Practically speak-
ing there is no limitation to the number of times the
stapler can be used.

The Ethicon Endosurgery staplers are also available at
the same staple heights. The staple cartridges are avail-
able in two rows and three rows. The newer products
include a 45-mm blue load (3.5-mm staple height), white
load, and gray load. With the Ethicon device the articu-
lation component is not part of the staple cartridge as in
the case of the Autosuture product, and the articulation
of the grip of the Ethicon staplers is quite firm. It is rec-
ommended to wait for up to 10 seconds once the stapler
is applied in order to obtain maximal compression of the
tissue to be stapled prior to firing. With this method it
makes it less likely that thicker tissues will slide out of
the jaw of the stapler. For example, this is particularly
useful in performing a stapled linear gastrojejunostomy
where tissues of variable thickness are divided. Regard-
less of which product is utilized, it is important to realize
that both have their unique advantages once the surgeon
is experienced in their use.

The Gastric Bypass

Many different approaches to the LRYGBP have been
described. Major variations of the operation include the
method of performing the anastomosis and the passage
of the Roux limb. Anastomotic techniques include a cir-
cular stapled anastomosis, a linear stapled anastomosis,
and hand-sewn anastomosis. The Roux limb can be
passed in a retrogastric and retrocolic manner, antegas-

tric and antecolic manner, or retrocolic and antegastric
manner, all of which appear to be successful (5,6). The
LRYGBP has three critical parts: creation of the gastric
pouch, the enteroenterostomy, and the gastrojejunos-
tomy. The following subsections describe the approach
we use at our center, and offer some technical pearls that
we have found helpful.

The Enteroenterostomy

Many surgeons prefer to perform this part of the proce-
dure first. The advantage is that the patient will not need
repetitive changes in position. Also this approach allows
for recognition of adhesions in the pelvis that may
prevent the procedure from being performed laparo-
scopically. The table is placed in the horizontal position.
The transverse colon is elevated rostrally. The omentum
is flipped over the transverse colon to allow extension of
the mesocolon. Appropriate triangulation of the instru-
ments and the laparoscope is critical to facilitating this
portion of the procedure. The area above the ligament of
Treitz is grasped and the ligament of Treitz is clearly iden-
tified. It is not unheard of to find malrotation or nonro-
tation in these patients, and great care must be taken to
clearly identify relevant anatomic landmarks prior to
proceeding with bowel division.

The mesentery of the jejunum is inspected. In some
cases we find that it is quite foreshortened. In patients
with extreme central obesity, it may be best to perform
the procedure in a retrocolic fashion. To perform an
antecolic anastomosis, we divide the small intestine 50cm
downstream from the ligament of Treitz. We estimate the
bowel length, or we use a bowel grasper with a 10-cm
marker to measure the length of the bowel.

It is critical to use atraumatic instruments in running
the bowel. A white staple load 60 mm in length is used
to divide the small intestine. We use a gray staple car-
tridge approximately 2.0 mm in height along the mesen-
tery. The best success with accurate division comes with
the formation of a clear C-loop with the small intestine.
This C-loop is easier to form with the transverse meso-
colon retracted well rostrally (Fig. 18-1). One load will
suffice for a retrocolic limb; however, two staple loads are
generally needed for antecolic bowel passage, especially
with a thicker mesentery. A Penrose drain is tacked to
the end of the Roux limb using the Endostitch (Autosu-
ture) device. The Roux limb is 75cm for patients with a
BMI less than 40. A 150-cm limb is used for patients with
a BMI of 40 to 50. For patients who are super-obese with
a BMI greater than 60, we make the Roux limb 200cm,
and for patients with a BMI of between 70 and 80, we
make the Roux limb 250cm. For patients with a BMI
greater than 80, we counsel them as to the necessity of a
distal Roux-en-Y gastric bypass.
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Once the length of the Roux limb is determined, we
run the bowel distally. The Penrose drain points rostrally
to the midtransverse colon and the mesentery points to
the left side of the abdomen. The interposing small bowel
is allowed to fall into the left lower quadrant as it is being
run so that it does not interfere with access to the bil-
iopancreatic limb. Following this step, we then attach the
Roux limb to the biliary-pancreatic limb at its antime-
senteric borders. The harmonic scalpel (Ethicon Endo-
surgery) is used to make enterotomies in the Roux limb
and on the biliopancreatic limb. With the biliopancreatic
limb it is simply a matter of excising the very top corner
of the staple line with the harmonic scalpel. With the
Roux limb, however, it is important to remain antime-
senteric and approximately 1cm or so proximal to the
corresponding enterotomy on the biliopancreatic limb
(Fig. 18-2). A white-load 60-mm stapler is inserted to its

full length and fired. We place one suture at the heel of
the anastomosis, and then we approximate the entero-
tomy at the staple line, rotate the enterotomy of the
jejunojejunostomy almost 90 degrees so that the distal
end of the Roux limb faces the left upper quadrant, and
close it with an additional firing of a 60-mm white load.
We carefully inspect the staple line to make sure there is
no evidence of mucosa that is visible and that there is sep-
aration of the serosa. If there is anything visible, we use
a 4–0 suture to carefully imbricate this area.

The size of the lumen is inspected externally. For a
distal bypass it may be preferential to sew this entero-
tomy closed. Fibrin glue (Baxter, Deerfield, IL) is applied
to the staple lines to minimize adhesions and to minimize
bleeding. We then perform running closure of the mesen-
teric defect of the jejunojejunostomy beginning with an
anti-obstruction stitch to prevent kinking.

Figure 18-1. C-loop.

Figure 18-2. Enterotomies for the enteroenterostomy.
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Creation of the Gastric Pouch

The patient is placed in the steep reverse Trendelenburg
position. The harmonic scalpel is used to incise the
hepatogastric ligament. Ideally, the caudate lobe is iden-
tified through the generally thinner hepatogastric liga-
ment. Generally, from this dissection point it is easy to
identify the left gastric artery. In some cases this anatomy
can be quite apparent and a large replaced or accessory
hepatic vessel can be located at this level. Care should be
taken not to injure this vessel in this location, especially
as it is generally not necessary to go this high in the 
dissection.

We begin by transecting the lesser curvature blood
supply approximately 2cm below the gastroesophageal
(GE) junction on the left side below the left gastric
artery. We use a white staple cartridge of 2.5-mm staple
height. Bleeding from this staple line is reduced using
reinforcements such as bovine pericardium. We have not
found any adverse sequelae to beginning the dissection
in this way, which may minimize trauma to the delicate
lesser curvature of the stomach. We then transition to
using a blue staple cartridge that is approximately 3.5 mm
in staple height. A small lesser curvature gastric pouch
approximately 15 to 20 cc in size is created. Initially we
sized our pouch with a 20-cc balloon; however, this has
not been necessary in our last several hundred cases. This
division is carried from the lesser curvature directly up to
the angle of His. Care is taken to avoid incorporation 
of fundus in the pouch and to ensure that there is com-
plete division of the stomach and that no gastrogastric
fistula remains. It is important to avoid tension at the
crotch of the staple line, as this may result in staple 
separation.

Troublesome bleeding on the gastric pouch side is some-
times found; however, this can easily be controlled by a
piece of Surgicel® (Johnson & Johnson, New Brunswick,
NJ). If any defects are found in the staple lines, they are
reinforced either using intracorporeal suturing techniques
or using the Endostitch. It is important to fix correspon-
ding defects on the gastric pouch to corresponding defects
on the gastric remnant. Staple line leaks from the gastric
remnant are notoriously difficult to diagnose and can be
associated with significant morbidity and mortality during
the postoperative period. There are often multiple adhe-
sions posterior to the gastric remnant, which we typically
do not need to take down; as in the majority of cases we
perform an antecolic-antegastric Roux limb passage. In
the case that retrogastric passage is anticipated, then these
adhesions must be lysed. Adhesions posterior to the
gastric pouch are taken down until a 1-cm area has been
cleared for the gastrojejunal anastomosis.

Special considerations apply to the large sliding hiatus
or paraesophageal hernia. In patients with these condi-
tions, the hernia should be reduced with preservation of

a vascular pedicle to the proximal lesser curvature of the
stomach. Once the crura have been approximated, the
pouch can be formed.

The Gastrojejunostomy

The greater omentum is split beginning at the midpoint
of the transverse colon using the harmonic scalpel. The
Penrose drain is then grasped, making sure that there is
no twist of the Roux limb, and pushed up to the gastric
pouch. This is best done with the patient out of the
reverse Trendelenburg position to maximize mobility.

If it appears that there will be undue tension on the
anastomosis, then a retrocolic-retrogastric passage is
planned. Prior to beginning this passage, it is important
that any remaining retrogastric adhesion be lysed using
the harmonic scalpel. Once this has been confirmed, the
mesentery of the colon 2 to 3cm anterior to the ligament
of Treitz is grasped and incised. The stomach is identified
and pulled to the left and the Penrose drain is passed
using an articulating grasper into the lesser sac. This
defect must be closed judiciously at the completion of 
the procedure, with attention paid to closing Petersen’s
space. Twisting the Roux limb below the gastric remnant
must be avoided.

In both approaches, the patient is slowly placed in the
steep reverse Trendelenburg position. A back row of
sutures beginning at the very top of the staple line of the
gastric pouch (toward the angle of His) and the end of
the Roux limb where the Penrose drain is attached is
begun. This is continued all the way along the posterior
aspect of the pouch obliquely and along the Roux limb
parallel and close to the mesentery. This also serves to
take tension off the anastomosis and allows for the entire
gastric pouch staple line to be oversewn. Enterotomies
are made at the right corner of the pouch and on a cor-
responding point on the Roux limb. A linear stapler is
inserted to no more than 1.5cm and fired. We use the
Olympus 30 French endoscope (Olympus, Melville, NY)
placed into the Roux limb and oversewn in two layers
over this using the Endostitch. We place a bowel clamp
and then insufflate underneath the saline to make sure
there is no leakage or bubbling. A generous Petersen’s
defect should be closed even when performing an
antecolic procedure.

Antecolic Versus Retrocolic

Though a discussion of the advantages of antecolic anas-
tomosis over retrocolic anastomosis is beyond the scope
of this chapter, there are certain technical tips that may
be kept in mind when performing an antecolic anasto-
mosis versus a retrocolic anastomosis. Both procedures
can be complicated by internal hernia formation through
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the Petersen’s space; however, in the retrocolic approach
there is a mesocolic defect that additionally must be
closed to prevent the occurrence of internal herniation.
In patients who appear to have a very short mesentery,
or for those patients with a tremendous amount or a very
bulky large transverse colon mesentery, it may be bene-
ficial to place the Roux limb retrocolically in order to
avoid or diminish tension at the gastrojejunal anastomo-
sis. In addition, there is improved access to the gastric
remnant for the purpose of gastric decompression,
improved access to the gastric remnant for endoscopy 
or endoscopic retrograde cholangiopancreatography
(ERCP) in the case of choledocholithiasis, and easier
removal in the case of persistent pain in the context of
possible ulcer disease. In performing the procedure retro-
colically, emphasis must be placed on closing the meso-
colic defect. Some surgeons have recommended several
interrupted sutures, but others feel that this is inadequate
and perform a running suture instead.

Laparoscopic Adjustable Banding

Success and minimization of complications is contingent
on accurate placement of the band in the pars flaccida
position. Equally important is the technique of securing
the band with gastrogastric sutures to prevent slippage
and at the same time minimizing the risk of erosions.Tech-
niques of access are identical to those in the gastric bypass.
The procedure can be performed with the patient in the
split-leg position with the surgeon operating between the
legs. Alternatively, the patient can be in the supine posi-
tion with the surgeon operating from the patient’s right
side. Up to six ports can be used for the procedure. Two
important aspects to keep in mind are placement of the
camera port and placement of the surgeon’s right-hand
working port. In comparison to the gastric bypass, it is pos-
sible to place the camera port much higher in the banding
procedure, which facilitates the best maneuver for visual-
izing the angle of His and for placing gastrogastric sutures.
Placement of the working port is critical. It is important
that the instrument passed from this port enters the
retroesophageal position at the junction of the crura. The
angle of dissection basically follows that of the lower
esophageal sphincter, coursing rostrally and to the left.
The instrument should exit at the angle of His. Another
important consideration is the minimal dissection that is
needed to facilitate passage of the grasper.A small venous
branch courses across the junction of the two crura, which
is a reliable landmark to initiate dissection.

There are also a few issues that need to be considered
in securing the band using gastrogastric sutures. Between
two and four sutures are typically used. It is helpful to
place the first suture proximate to the buckle of the band,
leaving a good distance between the buckle and the

oversew. Using this first suture as a traction stitch pulling
to the right side, it is then easy to place the additional two
sutures between the fundus and the cardia of the stomach
progressing to the angle of His. Generally, the smaller
9.75-cm band is suitable for smaller female patients with
peripheral obesity. Males with central obesity, particu-
larly those with a significant cardia fat pad, are best
served with the larger band.

An overlooked but important component of the lap
band procedure is placement of the port itself. The inci-
dence of port and tubing related problems can be signifi-
cant. In most cases these problems can be easily corrected,
most often under local anesthesia. Placement of the port
seems to make a difference. Early in our experience we
placed the lap band port laterally usually toward the right
flank. Though this is a suitable place to put the band it is
not optimal. We and others have found that the best loca-
tion of the port seems to be off the midline in the supraum-
bilical position. There is less likelihood that it will be
involved in a panniculus as weight loss progresses. It is also
important to make a generous incision when placing the
port. The port should be clearly visible sitting flat on the
rectus fascia at the end of the procedure prior to closing
the skin. To minimize the risk of port twisting or flipping,
four sutures should be used to tack the port into place.
Deep retractors should be made available to facilitate the
exposure to place these sutures.

The approach to band adjustments varies among sur-
geons. The primary difference is the use of fluoroscopy
versus office-based adjustments. There are no good data
to suggest the advantages of one over the other. One of
the advantages of adjusting the band under fluoroscopy is
that location and injection of the port can be facilitated.
Additionally,very tight adjustment of the band can be rec-
ognized with significant reflux of barium from the pouch
back into the esophagus or the development of tertiary
esophageal contractions. In many cases these patients are
asymptomatic. Recognition may prevent the development
of maladaptive eating. Regardless of the method of adjust-
ment, it is important not to remove the adjustment needle
until confirmation that there is no complete outflow
obstruction. The rationale behind this is obvious but must
be learned; just because one is able to insert the needle the
first time does not mean that the port can be accessed a
second time. Moreover, it is important to confirm that fluid
can be withdrawn from the band prior to injecting the port.
In a few cases we have observed that fluid can enter and
not be withdrawn, If there is any question about the
integrity of the band, injection of IV contrast material into
the band may identify the presence of a leak in the system.
In the case of IV contrast dye allergy, simple injection of
as little as 2 cc air can demonstrate free air under the right
hemidiaphragm.

A detailed discussion of revisional bariatric surgery 
is beyond the scope of this chapter. Examples of these 
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procedures include Nissen to gastric bypass, band to
bypass, vertical banded gastroplasty to bypass, and take
down of gastrogastric fistulae. In these cases, attention
should be paid to the workup prior to surgery, including
obtaining the previous operative note, and ordering an
upper endoscopy and a radiographic evaluation of the
proximal gastrointestinal tract. Reoperative laparoscopic
surgery requires meticulous technique with judicious use
of intraoperative endoscopy.There should be a low thresh-
old for conversion to an open procedure. Care must be
taken to choose the appropriate staple height in reopera-
tive surgery. In some cases even the green 4.8-mm cartridge
is insufficient to adequately divide the stomach. In these
cases the surgeon must be comfortable with intracorporeal
suturing techniques to reconstruct the gastric pouch.

Conclusion

Many techniques can facilitate performing laparoscopic
bariatric surgery. There is no substitute for experience in
this area. Something can be learned in every case. The

dedicated bariatric surgeon should keep an open mind 
to learning new approaches and techniques in this 
ever-changing specialty.
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19.1
Laparoscopic Vertical Banded Gastroplasty
J.K. Champion and Michael Williams

tion using a 10-mm, 0-degree scope without insufflation.
Insufflation to 15mm is begun and the abdomen carefully
inspected. The remaining five trocars are now inserted
under direct visualization in the positions indicated in
Figure 19.1-3. There are a total of four 5-mm ports and
two 12-mm ports, with the second 12-mm port positioned
in the left upper quadrant below the costal margin to
utilize as the stapling port.

The patient is positioned in the reverse Trendelenburg
and a 5-mm ratcheted Allis clamp is passed through 
the xiphoid trocar, under the left lobe of the liver and
attached to the diaphragm for retraction. The fundus of
the stomach is retracted laterally, and the surgeon takes
down the peritoneal attachments along the left crus with
monopolar electrocautery to delineate the angle of His
and assist in applying the stapler for transection of the
upper pouch. A measurement is then made 5cm inferi-
orly from the angle of His along the lesser curve for cre-
ation of a window into the lesser sac directly alongside
the gastric wall utilizing blunt dissection and electro-
cautery for hemostasis. This window will be used to posi-
tion the band around the pouch at the end of the
procedure and is used as a landmark while stapling the
pouch (Fig. 19.1-4).

The dissection now proceeds horizontally from the
lesser curve window to the greater curve of the stomach,
and the short gastric vessels are taken down along the
upper fundus all the way to the left crus and angle of His.
A 50-French (F) bougie is then positioned along the lesser
curve of the stomach to serve as a caliber to form the
pouch during stapling. The 12-mm linear stapler (Endo
GIA-2, US Surgical Corp [USSC], Norwalk, CT) with 
a 45-mm 3.5 load is inserted via the 12-mm port in the 
left subcostal position and applied transversely on the
stomach beginning at the greater curve directly horizon-
tal from the window on the lesser curve (Fig. 19.1-5). The
stapler is fired horizontally until the end of the stapler
touches the bougie at the lesser curve (Fig. 19.1-6). The
stapler is now repositioned vertically alongside the bougie

165

The technique for laparoscopic vertical banded gastro-
plasty (VBG) arose from the open procedure in 1993, as
minimally invasive surgical approaches were applied to
virtually all commonly performed operations (1,2). In
1992 approximately 85% of bariatric surgeons utilized an
open VBG as described by Mason at the University of
Iowa, and the initial laparoscopic approaches attempted
to mimic that technique (3,4). The Mason-like VBG
incorporated a circular stapler to create an opening near
the lesser curve, in order to insert a linear stapler verti-
cally alongside a bougie to form a vertical pouch (Fig.
19.1-1), and the laparoscopic techniques followed that
general form, but authors reported technical issues and
controversies in attempting to replicate the open proce-
dure, which will be discussed later in this chapter (3,4).
In 1995 we developed a novel approach to performing a
laparoscopic VBG by omitting the circular stapler and
employing a totally linear stapler technique to wedge out
a segment of the fundus to create a vertically oriented
pouch (Fig. 19.1-2), as an alternative to the classic proce-
dure (5).

This chapter reviews the techniques and outcomes of
both the laparoscopic Mason-like circular window VBG
and the wedge VBG utilizing only a linear stapler.

Technique for Laparoscopic Wedge
Vertical Banded Gastroplasty

The patient is positioned supine on the table with a foot-
board, to allow reverse Trendelenburg tilt. The surgeon
and camera operator stand to the patient’s right side, with
the assistant surgeon and scrub nurse positioned on 
the left.

The initial trocar site is for the camera and is a 12-mm
incision made 15cm below the xiphoid process, just to the
left of the midline within the left rectus sheath. An
Optiview trocar (Ethicon Endosurgery, Cincinnati, OH)
is utilized to enter the abdomen under direct visualiza-
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Figure 19.1-1. Mason-like laparoscopic vertical banded gastro-
plasty. (Courtesy of the Cleveland Clinic Foundation.)

Figure 19.1-2. Wedge laparoscopic vertical banded gastroplasty.
(Courtesy of the Cleveland Clinic Foundation.)
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5mm
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Figure 19.1-3. Trocar insertion sites for laparoscopic tech-
nique. (Courtesy of the Cleveland Clinic Foundation.)
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Figure 19.1-4. Measure 5cm from angle of His.

Figure 19.1-5. Stapler applied horizontally at
greater curve.

Figure 19.1-6. Stapler fired horizontally until it
reaches the 54-French bougie at lesser curve.



168 J.K. Champion and M. Williams

and fired repeatedly up through the angle of His, tran-
secting and removing a 5 × 5cm section of stomach (Fig.
19.1-7). The transected segment is withdrawn through the
12-mm port in the left upper abdomen (Fig. 19.1-8). If any
enlargement is required, the site should be closed with a
suture device at the end of the procedure. The staple line
along the pouch is oversewn with a running 2-0 silk, to
provide hemostasis and reinforcement of the staple line,
since the patients are begun on liquids immediately post-
operative and the distal band could act as a partial
obstruction and increase pressure in the lumen.

A band is constructed from polypropylene mesh and is
1.5cm by 7.0cm. The band will be overlapped 1cm on the
ends to create a 5-cm band, so the band is marked with a
stay suture 1cm from each end to aid in placement and

allow external calibration of the outlet. The band is
inserted via a 12-mm port and positioned around the
distal pouch through the window 5cm below the gas-
troesophageal (GE) junction. A 30F bougie is carefully
positioned across the outlet for closure of the band to
prevent inadvertently suturing the back wall of the outlet
during this process, not to calibrate the band tightness.
The band is overlapped 1cm and sutured with two hori-
zontal mattress sutures of 0 Ethibond (Ethicon Inc.,
Somerville, NJ) tied extracorporeally (Fig. 19.1-9). The
bougie is removed and an intraoperative esophagogas-
troscopy is performed to ensure proper pouch and stoma
size and no leaks from the staple lines. The band is then
covered anteriorly with an omental patch, which is
sutured in place with a medial suture. The abdomen is

Figure 19.1-7. Stapler applied vertically along-
side the bougie to wedge segment of fundus.

Figure 19.1-8. A 3 × 5cm pouch formed and
wedge of fundus removed.
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irrigated with saline, and all trocars removed under direct
visualization to rule out bleeding. Trocars sites are not
closed at the fascia level unless enlarged to remove the
specimen. Skin incisions are closed with 3-0 plain subcu-
ticular sutures and Steri-Strips.

Technique for Mason-Like Vertical
Banded Gastroplasty

To perform the traditional technique with a circular
stapler, the trocar placement is the same, except the 12-
mm trocar in the left upper abdomen is replaced with a
5-mm trocar, and the lower 5-mm trocar in the right
midabdomen is the site for a 12-mm trocar to apply the
linear stapler. The dissection with creation of a lesser
curve window 5cm below the angle of His and mobiliza-
tion of the short gastric vessels is performed as described
above. The window site again serves as a landmark for
pouch creation and the site for the ultimate band place-
ment. A 50F bougie is positioned along the lesser curve,
and a horizontal mattress suture is placed alongside the
bougie at the level of the window to tightly reapproxi-
mate the anterior and posterior walls of the stomach and
allow easier insertion of the circular stapler anvil. A 2-cm
incision is made in the midclavicular line of the left upper
abdomen, just below the costal margin. The anvil of a 
21-mm circular stapler, with a sharp spike attached, is
dropped into the abdomen via the incision. The anvil is
positioned posterior to the stomach in the lesser sac, and
the sharp spike and anvil shaft driven through the
stomach as close as possible to the bougie at the level of
the window. The spike is removed and the anvil con-
nected to the stapler shaft by inserting it through the
abdominal wall at the 2-cm anterior incision. The stapler

is closed, fired, and removed. The incision is approxi-
mated with towel clips for continued insufflation. An
articulating 45-mm 3.5 linear stapler (Endo GIA-2,
USSC) is inserted via the 12-mm port in the right mida-
bdomen position through the circular window alongside
the bougie vertically and fired. The firings are continued
until the pouch is completely transected except for the
distal outlet along the lesser curve. The staple line is over-
sewn with 2-0 silk suture and the distal pouch is banded
as described above. The 2-cm anterior abdominal wall
incision is closed with a transperitoneal suture.

Outcomes for Laparoscopic Vertical
Banded Gastroplasty

Comparison of outcomes between series of laparoscopic
vertical banded gastroplasties is difficult, as there are
wide variations in technique, and the overall experience
is small with limited follow-up.

Five-year outcomes for laparoscopic VBG from Olbers
et al. (6), utilizing the Mason technique (with 109 patients
pouch undivided and 30 divided), and our results with 
the “wedge” divided approach (7) are illustrated in Table
19.1-1. Wound morbidity was reduced in our experience,
as there were no wound infections and no incisional
hernias in our group; however, Olbers et al. do not
comment on the incidence of wound morbidity in their
series. The incidence of late reoperations was similar
between laparoscopic approaches, with Olbers’s group
reporting an etiology of staple-line disruptions in three
of 11 patients and poor weight loss in the other eight. Our
reoperations were due to outlet stenosis and reflux in two
of four patients, and poor weight loss in the other two. In
addition, we have three pending revisions for poor weight

Figure 19.1-9. Polypropylene band positioned
and sutured at distal end of pouch.
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loss. Evaluation of our symptomatic patients or weight
loss failures with a barium upper gastrointestinal series
and flexible endoscopy revealed no band erosions or
gastric fistulas. Olbers et al. did report one band erosion
with the polytetrafluoroethylene (PTFE) band material,
but did not reoperate since it was asymptomatic.

Olbers et al. reported finding pouch dilatations on radi-
ologic exam at 6 months postoperative, and 45% of revi-
sions for poor weight loss were due to a dilated pouch.
Staple-line disruptions were responsible for another 27%
of revisions, so overall 72% of revisions in their experi-
ence were secondary to technical pouch construction
issues that accompany the difficulty in inserting the cir-
cular anvil close to the bougie to ensure a small pouch,
or performing an undivided staple line with subsequent
staple-line disruption and gastrogastric fistula. This led to
the abandonment of the undivided staple line late in their
series in an attempt to improve outcomes, but still ignores
the difficult pouch construction issue with a laparoscopic
circular stapler technique.

We had a similar early experience with the laparo-
scopic Mason procedure, and we were concerned with
pouch volume and calibration, which Mason stressed
repeatedly. We quickly abandoned the classical approach
and returned to the lab to develop an alternative adapt-
able to the laparoscopic approach that would not com-
promise the operation. This led to the laparoscopic wedge
VBG, which allowed us to construct an accurate pouch
volume and eliminate staple line disruptions with a
divided pouch. Despite the improved technical construc-
tion, our mean percent excess weight loss is similar to that
of Olbers’s group, with a mean percent excess weight loss
of only 49%, and 43% remained morbidly obese with a
body mass index (BMI) above 35. This reinforces the
observation that gastric restrictive surgery, no matter
what the technique, is associated with poor weight loss on
average and a high incidence of revisions for poor weight
loss or persistent vomiting and reflux. The technical issues
are not what limit weight loss, but rather it is patient
compliance.

The “holy grail” of weight-loss surgery is a method to
accurately identify preoperatively the patient who is
likely to succeed with pure gastric restriction versus an
operation that incorporates malabsorption. This lesson
should be noted by the proponents of the current in
vogue modification of the VBG—adjustable gastric

banding. Revisions of failed open VBGs that repair or
revise back to a VBG resulted in no improvement in
weight loss, so we now either reverse the failed VBG and
abandon future surgical attempts at weight loss or
convert to a gastric bypass (8).

In a randomized prospective trial of a Mason open
versus laparoscopic VBG,Azagra et al. (9) reported a sig-
nificant reduction in postoperative wound infections
(10.8% vs. 3.3%, p = .04) and incisional hernias (15.8%
vs. 0%, p = .04) with the minimally invasive approach. The
authors reported no significant difference in percent
excess weight loss or reduction in mean BMI between the
two groups, but the absolute values and length of follow-
up were not disclosed.

Introduction of the laparoscopic technique by either
the classical Mason technique or our wedge approach,
while reducing wound morbidity compared to an open
approach, has failed to improve the efficacy of the 
procedure.

Postoperative Management and
Nutritional Evaluation

Patients are admitted on the morning of surgery for a 23-
hour stay, and are administered fractionated heparin and
a prophylactic antibiotic preoperatively. Postoperatively
they are given intravenous fluids and clear liquids
overnight as tolerated, and narcotics for pain control,
either intramuscular or orally. Nonsteroidal antiinflam-
matory drugs (NSAIDs), Cox-2 inhibitors, and aspirin are
avoided due to the risk of postoperative staple-line
bleeding, and the risk of ulceration or band erosion,
which can occur with the medication resting in the pouch
in contact with the gastric mucosa for a long period
before dissolving. Patients with severe arthritis or joint
pain who require NSAIDs or Cox-2 inhibitors may
resume them after 6 weeks if they remain on a proton
pump inhibitor, but they remain at increased risk for
band erosion and pouch ulceration. Sequential compres-
sion hose, which were applied preoperatively, are contin-
ued until discharge to reduce the risk of deep venous
thrombosis.

The following morning patients are discharged if they
are tolerating liquids and pain medications by mouth 
and are clinically stable. A Gastrografin swallow is not

Table 19-1. Outcomes with laparoscopic vertical banded gastroplasty (VBG)

Author Technique/band material Leaks SD Revisions %EWL/final BMI 2 years

Olbers et al., n = 139 Mason, 109 undivided, 30 divided, PTFE band 1 (0.07%) 3 (2%) 8% 50% 32 BMI
Champion n = 58 Wedge VBG polypropylene 1 (1.8%) 0 7.3% 49% 34 BMI

BMI, body mass index; EWL, excess weight loss; PTFE, polytetrafluoroethylene; SD, staple line disruption.
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performed routinely since the staple line was assessed in
the operating room by endoscopy. However, if signs of a
leak or obstruction are present, such as fever over 101°F,
persistent tachycardia over 120 beats per minute, or
nausea and liquid intolerance, then we perform a Gas-
trografin swallow.

Patients are given a prescription for an oral narcotic
and a proton pump inhibitor, which is continued for 3
weeks, and they are instructed to take a multivitamin with
iron and a calcium supplement daily. The postoperative
diet is liquids for six meals per day for 2 weeks, then six
small meals of soft food for 3 weeks, and then a regular
diet of three meals per day with well-chewed small por-
tions. Snacking and consumption of sweets or “junk”
snack foods is prohibited and regular exercise encour-
aged. Patients are instructed to notify the office for any
fever over 101°F, vomiting over 6 hours’ duration, or an
increase in abdominal pain.

Postoperative visits are scheduled at 3 weeks, 3 months,
6 months, 1 year, and then annually. Laboratory evalua-
tions are routinely performed for nutritional monitoring
at 6 and 12 months, and then yearly. Tests performed are
a complete blood count, comprehensive chemistry, serum
iron, and vitamin B12 level. Nutritional monitoring is
required even for a VBG as the diet may not contain suf-
ficient nutrients for good health. Patients are also
required to fill out a 2-day diet journal at each visit begin-
ning at 3 months to assess their diet. We have observed
many patients consume approximately 85% carbohy-
drates and need to increase protein and coarse fibrous
foods in their diets (10).

The major reasons for weight loss failure after laparo-
scopic VBG in our experience are maladaptive eating
(snacking on high calorie “junk” food all day in small
amounts to avoid vomiting, eating sweets or soft high car-
bohydrate laden foods), and failure to exercise.

Complications and Controversy 
with Laparoscopic Vertical 
Banded Gastroplasty

The laparoscopic VBG has all the traditional complica-
tions of the open gastroplasty, but also has complications
as a result of a minimally invasive approach, which limits
instrument motion, depth perception, and tactile sensa-
tion (11). We limit this discussion to the avoidance and
management of complications from the laparoscopic
approach, and the controversy associated with some tech-
nical points.

Patient selection is a factor with a laparoscopic
approach, particularly early in a surgeon’s experience, as
not every patient is a candidate for this technique. Select
patients with a BMI below 50 with a gynecoid body

habitus and no prior open abdominal surgery to begin a
series to minimize a conversion to an open procedure.
Weight limits can be liberalized as well as accepting
patients with prior open surgery once an experience of at
least 100 cases is gained to work through the learning
curve for this complex laparoscopic procedure (12). Con-
versions to an open technique usually occur due to a large
liver obscuring visualization, or the instrumentation
being too short to reach the top of the stomach for dis-
section and transection. We experienced one conversion
(1.7%) to open in our series (5), and Olbers et al. (6) had
six conversions (4%) due to an enlarged left lobe of the
liver. This risk can be minimized by placing patients on a
low-carbohydrate, high-protein diet for 10 days prior to
surgery to reduce the liver size. In addition, we strongly
discourage patients from having any gastric restrictive
surgery for weight loss if their BMI is greater than 50, if
they are “sweet eaters,” diabetics, or have hyperlipidemia
due to superior results with a gastric bypass for these
conditions.

The incidence of a conversion to open surgery due to
short instrumentation can be reduced by limiting patient
size to under 400 pounds, or a BMI of 60, and utilizing
45-cm-long instruments and the new extra-long endo-
scopic linear staplers. In addition, to gain an extra 2cm in
length for the linear stapler, the trocar can be removed
and the instrument inserted directly through the abdom-
inal wall.

Uncontrolled intraabdominal bleeding can occur in
laparoscopic bariatric cases while dividing the short
gastric vessels or during the perigastric dissection partic-
ularly in the lesser sac near the base of the left crus due
to a large vein that may arise from the splenic vein and
perforate the posterior stomach. We have access to a
second suction setup and insufflator in our operating
room to address massive blood loss. Control of the bleed-
ing is achieved with compression of the stomach with
both hands and waiting at least 5 minutes before attempt-
ing ligation. If hypotension occurs or bleeding persists of
more than 500cc, we recommend conversion to an open
procedure.

Pouch and stoma misconstruction and difficulty with
accurate calibration are major issues and controversies
with laparoscopic VBG techniques. Mason has repeat-
edly emphasized, after his extensive open experience,
that a purely restrictive operation is dependent on a
measured and calibrated pouch and outlet, and small
variation can result in inadequate weight loss or morbid-
ity from reflux and vomiting (1). Surgeons often estimate
pouch size, or alter the dimensions described by Mason,
and bandwidth, length, and calibration vary widely.
Laparoscopy has limited depth perception with the image
magnified to a varying degree depending on the distance
of the lens to the tissue, and visual estimates are unac-
ceptable. The length of the pouch should be measured
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with an endoscopic ruler, and the pouch width calibrated
with a bougie or balloon. The band should be 1.5cm 
wide and 5cm in circumference when closed, so the 
outlet is externally calibrated to be approximately 12mm.
Internal calibration of the outlet around a bougie, wider
bands, or smaller outlet size can increase the incidence 
of stoma stenosis with resulting reflux and vomiting 
(1).

Postoperative staple-line leaks have been reported to
occur more frequently in some laparoscopic series, and
can be the etiology of significant morbidity and mortal-
ity (13). To reduce this risk, we recommend a divided
staple line, which reduces the incidence of staple line dis-
ruptions (6,7). We also recommend routine intraopera-
tive endoscopy to assess the integrity of the staple and
suture lines (14). Early in the surgeon’s learning curve we
suggest placement of a Jackson-Pratt drain and routine
Gastrografin swallow on postoperative day 1 to check for
leaks until the surgeon has an established track record.
Gastrografin swallows have a high incidence of false 
negatives, and a delay in diagnosis is the usual cause of
increased morbidity; therefore, we recommend immedi-
ate exploration if a patient shows signs of a possible leak
such as fever, tachycardia over 120, tachypnea, or appears
septic.

Conclusion

Laparoscopic VBG can be performed by two established
techniques, and has been demonstrated to reduce wound
morbidity compared to open procedures (9). Introduc-
tion of the laparoscopic VBG has not improved the 
efficacy of gastric restrictive surgery for weight loss,
and the techniques are still associated with significantly
less weight loss compared to a gastric bypass, and have 
a high incidence of revision, but are generally safer 
(3–7).
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Technique

There are minor variations of the procedure, but in
general, 75% to 80% of the greater curvature is excised,
leaving a tubularized stomach. We use the same port
placement for LSG as we do for laparoscopic gastric
bypass (see Chapter 21.4). The lesser sac is entered by
opening the gastrocolic ligament. A point on the greater
curve, on the antrum, is chosen as the starting point. This
has previously been described as ranging from 2 to 10cm
from the pylorus. A laparoscopic stapler, with a blue load
(3.5-mm staple height), is introduced and fired on 
the antrum, toward the angle of His. A 32- to 60-French
bougie is then passed transorally into the pylorus, placed
against the lesser curvature. The stapler is fired consecu-
tively along the length of the bougie until the angle of His
is reached (Fig. 19.2-1). At this point, approximately 75%
to 80% of the stomach has been separated. The short
gastric vessels and the greater curvature ligaments (gas-
trosplenic and gastrocolic) are divided with ultrasonic
dissection to complete the resection (Fig. 19.2-2). The
specimen may be removed by enlarging one of the 12-
mm ports. A drain is then placed alongside the staple line.

Although the procedure does not involve any anasto-
moses, the length of the staple line still renders the
patient at risk for bleeding or a leak. Several authors have
described oversewing the long staple line, while others
have employed buttressed staples or fibrin glue as a
sealant. The potential benefits of an absorbable polygly-
conate polymer staple line buttress were demonstrated in
a randomized study of patients undergoing LSG with or
without BPD-DS (4). Ten patients were randomized to a
control group in which the LSG was performed in the
conventional fashion, and the other 10 patients under-
went a LSG, in which the absorbable polymer membrane
was integrated into the length of the gastric staple line.
Although the number of patients was small, the investi-
gators were able to demonstrate significantly less intra-
operative blood loss in the buttressed staple line group
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With the current epidemic of obesity spreading world-
wide, surgical weight loss has been shown to be the most
effective treatment. However, severely obese patients,
that is, those with a body mass index (BMI) over 60, have
an increased number of comorbid conditions and thus an
increased operative risk. Several studies have demon-
strated an increased rate of complications with weight-
loss surgery in this group of patients with approximately
two to three times greater risk of morbidity and mortal-
ity than the morbidly obese patient with a BMI less than
60 (1–3).

Patients with a high BMI (>60) or associated high-risk
medical conditions have the greatest to gain from proce-
dures such as the Roux-en-Y gastric bypass (RYGBP)
and biliopancreatic diversion with duodenal switch
(BPD-DS), but the increased risk of postoperative com-
plications often renders them poor surgical candidates.
To this end, investigators have attempted various bridg-
ing procedures designed to impart an effective weight
loss and reduce the risk of complications in the subse-
quent, definitive weight loss procedure. These include an
array of restrictive procedures such as endoscopically
placed intragastric balloons, laparoscopic adjustable
gastric banding (LAGB), and laparoscopic sleeve gas-
trectomy (LSG). The second stage would involve com-
pletion to RYGBP or BPD-DS.

The LAGB is generally performed as a primary weight
loss procedure, whereas LSG has traditionally been per-
formed as part of a BPD-DS. Indications for performing
only a LSG include super-super-morbid obesity (BMI
>60), high-risk comorbid conditions, increased age, unfa-
vorable anatomy (cirrhosis, profuse visceral fat, poor
exposure, extensive intraabdominal adhesions), and any
combination of these factors (Table 19.2-1). The LSG has
also been used in patients with inflammatory bowel
disease, in whom integrity of anastomoses is a concern,
and in patients with gastric nodules, in whom perform-
ance of a RYGBP would make surveillance of the gastric
remnant extremely difficult.
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(120 vs. 210mL, p < .05). Furthermore, two staple line
hemorrhages occurred in the control group postopera-
tively, but none in the buttressed staple line group. Of the
20 patients, no staple-line leaks occurred.

The LSG is a purely restrictive operation that reduces
the size of the gastric reservoir to 60 to 100mL, permit-
ting intake of only small amounts of food and imparting
a feeling of satiety earlier during a meal. More recently,
studies have examined whether ghrelin levels may
explain the mechanism of success of the LSG. Ghrelin,
thought to be a hunger-regulating peptide hormone,
is mainly produced in the fundus of the stomach. By
resecting the fundus in an LSG, the majority of 

ghrelin-producing cells are removed, reducing plasma
ghrelin levels and subsequently appetite.

Outcomes

In a prospective study of 20 patients, the effects of LSG on
immediate and 6 months postoperative ghrelin levels were
compared to that of LAGB (5). Ten patients each were
randomized to undergo either LSG or LAGB. Groups
were comparable at baseline, with an overall mean BMI
of 45 ± 4.7. Patients who underwent LSG achieved a
higher excess weight loss at 1 and 6 months postopera-
tively compared with the LAGB group. The LSG patients
also showed a significant decrease of plasma ghrelin levels
at day 1 compared to preoperatively, which remained low

Table 19.2-1. Indications for laparoscopic sleeve gastrectomy

First stage toward Roux-en-Y gastric bypass (RYGBP) or 
biliopancreatic diversion with duodenal switch (BPD-DS) in

Super-super-obese (BMI >60)
Severe comorbidity
Advanced age
Combination of any of above

Poor intraoperative conditions
Extreme hepatomegaly or cirrhosis
Profuse visceral fat
Poor exposure
Extensive intraabdominal adhesions
Cardiopulmonary instability

Inflammatory bowel disease
Surveillance of gastric remnant required

Figure 19.2-1. Laparoscopic sleeve gastrectomy. The stapler is
fired successively from the antrum to the angle of His adjacent
to an intragastric bougie. (Courtesy of the Cleveland Clinic
Foundation.)

Figure 19.2-2. Completed sleeve gastrectomy demonstrating 
a tubularized stomach. (Courtesy of the Cleveland Clinic 
Foundation.)
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through 6 months. In contrast, in patients who underwent
LAGB, plasma ghrelin levels did not change periopera-
tively and were found to significantly increase at 1 month.
Although both procedures are purely restrictive in nature,
the superior short-term weight loss experienced by LSG
patients may be attributed to the lower ghrelin levels,
which may prevent an increase in appetite as a compen-
satory mechanism.

These results were confirmed in a subsequent study of
super-super-obese patients (6). Four female patients, with
BMI ranging from 61 to 67, underwent a LSG. Weight loss
and ghrelin levels were compared to a group of 15
patients (BMI 39–50) who underwent LAGB. Again, the
patients who underwent LSG experienced a greater
degree of weight loss compared to their LAGB counter-
parts (mean decrease of BMI 16.3 vs. 7.6). As well, the
study confirmed that ghrelin levels were reduced after
LSG, a value of 23.3% less than preoperatively (mean
follow-up 6 months). Conversely, in the LAGB group,
ghrelin levels had increased by 14% at a mean follow-up
of 18 months. Despite the protracted decrease in ghrelin
levels in the LSG patients, weight regain was noted in one
patient after 1 year. Although ghrelin may be integral to
the mechanism of weight loss in LSG, further studies will
require larger patient groups and collection of ghrelin
levels over a prolonged postoperative time course.

The safety and efficacy of LSG has been examined in
a prospective study by Mognol et al. (7). The study
included 10 patients, all with BMI >60 (mean 64, range
61–80), and average age of 42.7 years. Patients had an
average number of 3.4 comorbidities, but 50% had hyper-
tension and 90% had sleep apnea. Mean operative time
was 120 minutes (range 90–150 minutes), and average
length of stay was 7.2 days. In this small study group,
there were no mortalities and no complications. At 6
months postoperatively, there was 41% excess weight
loss, and average BMI had been reduced to 48. At 1 year
post-LSG, excess weight loss increased to 51% and 
BMI further decreased to 41, although there was only
30% follow-up. Improvement of comorbidities was not
reported.

Similar results were demonstrated in a retrospective
study by Baltasar et al. (8) that analyzed the experience
of 31 patients who underwent LSG for varying reasons.
Seven patients were super-super-obese (mean BMI 65,
range 61–74) and they underwent the LSG as a first stage
toward completion BPD-DS. Another 23 patients had
significant comorbidities or intraoperative findings that
did not make the full BPD-DS advisable. One patient was
converted from LAGB to LSG due to severe symptoms
from the initial procedure. There were no instances of
deep vein thrombosis (DVT)/pulmonary embolism (PE),
leak, or pneumonia. However, there were two instances
of trocar-related intraabdominal bleeding, one leading to
death. Mean excess weight loss ranged from 56.1% (at 4

to 27 months) in the super-obese patients to 62.3% (3–27
month follow-up) in the lower BMI patients with signif-
icant comorbidities.

In another study, Almogy et al. (9) retrospectively
examined 21 patients who underwent LSG. Indications
for the procedure included high-risk patients, that is,
those with severe pulmonary dysfunction, history of
myocardial infarct, renal transplant, hypercoagulable
state, and nephrotic syndrome. The remaining patients
were initially planned for a BPD-DS, but due to intra-
operative considerations (unfavorable anatomy or 
hemodynamic instability), only a sleeve gastrectomy was
performed. Initial average BMI was 57.5 (range 53–71.5)
and mean age was 44. Overall, patients had a mean
number of comorbidities of 3.6, with a majority having
hypertension, diabetes mellitus, venous stasis, and signif-
icant joint disease. There were no perioperative deaths,
but there were two late deaths (at 3 and 6 months). Five
of the 21 patients had complications (23.8%), which
included postoperative hypotension, aspiration pneumo-
nia, wound infection and sepsis, hepatic insufficiency, and
a perioperative myocardial infarct. One year following
LSG, patients experienced approximately 45% excess
weight loss. Furthermore, hypertension, diabetes, and
congestive heart failure had resolved or improved in
38%. Following sleeve gastrectomy, patients were thus
able to achieve significant weight loss with an acceptable
complication rate. Three patients lost enough weight to
undergo subsequent spine or pelvic procedures, and two
patients were able to continue on to BPD-DS, demon-
strating the possibility of using LSG as an interim proce-
dure in high-risk patients.

Debate exists as to what is the most effective initial
procedure in high-risk patients. Besides LSG, options
include LAGB and placement of an endoscopic intra-
gastric balloon. Gagner’s group (10) therefore compared
LSG to the BioEnterics intragastric balloon (BIB) as a
first-stage procedure for effective initial weight loss prior
to definitive weight loss surgery. Numerous intragastric
balloons have been tested and abandoned due to various
complications such as erosion, ulcers, and intestinal
obstruction. However, the BIB has become accepted as
a viable option for weight loss outside the United States
(11). The balloon is placed endoscopically and reduces
the volume of the stomach, thereby acting as a restrictive
procedure.

Gagner’s group (10) retrospectively examined their
experience in 20 LSG patients with BMI >50 to that of
57 BIB historical controls (BMI >50) described over two
studies in the literature. At 6 months, the LSG group
experienced a greater excess weight loss than the two
BIB groups (34.9% vs. 26.1% and 21%). Baseline BMI
and weight were equal between the LSG and BIB
patients, but LSG patients experienced a 15.9 decrease 
in mean BMI versus 9.4 and 6.4 in the BIB patients.
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Each patient in the LSG and BIB group demonstrated
improvement in comorbidities such as hypertension,
osteoarthritis, and sleep apnea. Among the 20 LSG
patients, the only complication was a trocar site infection.
However, 7% (four patients) in the BIB group required
removal of the balloon, and one patient spontaneously
eliminated the balloon in stool. Other noted complica-
tions included severe vomiting and dehydration in two
patients. Both procedures, therefore, demonstrated posi-
tive results as a possible bridging procedure in the super-
super-obese, although a more significant weight loss was
effected with LSG, with less complications in this limited
study.

The feasibility of LSG in the context of a staged pro-
cedure has also been examined. In a retrospective analy-
sis of seven patients who underwent LSG followed by
RYGBP, Pomp’s group (12) demonstrated the efficacy
and safety of a two-stage approach to surgical weight loss
in high-risk super-super-obese patients. These patients
had an average age of 43 and preoperative mean BMI of
63 (range 58–71). Mean operative time for stage I was 124
minutes and 158 minutes for stage II, with a length of stay
(LOS) of 2.7 days, averaged over all 14 procedures. Fol-
lowing stage I, there were three complications in two
patients (42.9%), which included postoperative bleeding,
a urinary tract infection, and port-site hernia (discovered
at stage II). Following stage II, there were two complica-
tions (28.6%), which included a gastrojejunal stricture
and temporary arm nerve praxia. There were no mortal-
ities. The second stage was performed within a mean of
11 months (range 4–22 months) and the BMI had fallen
to 50 with average excess weight loss of 33%. Although
follow-up for the completion RYGBP was short (average
2.5 months), patients continued to lose weight, with an
average excess weight loss of 46%. Improvement or 
resolution of comorbidities was not reported.

The largest study of LSG to date involved 126 patients
who underwent LSG as a first stage, en route to comple-
tion RYGBP (13). In the majority of the procedures
(>90%), LSG had been planned preoperatively due to
high BMI or severe comorbid conditions. The rest of the
patients were chosen after intraoperative abdominal
evaluation demonstrated unfavorable anatomy. The
group of patients had a preoperative BMI of 65.4 ± 9
(range 45–91) and numerous comorbid conditions, the
average number being around 9. Around 42% were
American Society of Anesthesiology (ASA) I class II and
52% were ASA class IV.

Of the 126 patients, 36 patients proceeded to stage 
II completion RYGBP approximately 1 year post-LSG
(range 4–22 months). At the time of the second stage, the
mean number of comorbid conditions had decreased to
6.4 ± 3 and the percentage of patients with ASA III or 
IV was 44%, compared to 94% prior to stage I. The BMI
had also reduced significantly to 49.5 ± 8. At stage II 

completion RYGBP, mean operative time for the 36
patients was 229 ± 65 minutes and mean LOS was 3 days.
There were no mortalities after LSG and no mortalities
after completion RYGBP. The complication rate after
stage I was 14%, including five strictures, two leaks, two
pulmonary embolisms, four cases of transient renal insuf-
ficiency, and five patients requiring more than 24 hours
of ventilatory support.

Although the rate of complications appears elevated,
the majority of complications were self-limited. Never-
theless, the marked improvement in the medical comor-
bidities reduced the operative risk in those patients
undergoing stage II. Every patient with diabetes and
almost all patients with sleep apnea showed improve-
ment of their comorbidity prior to undergoing comple-
tion RYGBP. As well, all cases of peripheral edema
resolved, and patients with degenerative joint disease
showed significant improvement in activity levels prior to
stage II, facilitating early ambulation postoperatively. Of
the 36 patients, 6 experienced complications (17%),
which included three postoperative bleeds, one leak, one
acute cholecystitis, and one marginal ulcer. Although 6-
month follow-up for completion RYGBP was limited to
20 patients at the time of publication, patients continued
to lose weight [excess weight loss (EWL) 55%] and a
clear majority had either resolution or improvement in
major medical comorbidities.

The feasibility of LSG as a sole surgical weight loss
option has also been examined in the Korean population
(14). Due to various cultural factors, weight loss surgery
is not as prevalent and this is reflected in the demo-
graphics of the low-risk population (mean BMI 37.2,
range 30–56, and mean age 30, range 16–62). Although
130 patients underwent LSG, 1-year follow-up data were
obtained on only 60 patients. Excess weight loss was
83.3% and BMI had decreased to 28. Preoperatively,
there were an average of 2.1 comorbidities in the 60
patients and a majority of these had resolved or improved
by 6 months. There was 100% resolution of fatty liver,
sleep apnea, diabetes, and asthma at 6 months and 100%
resolution of joint pain, reflux esophagitis, and amenor-
rhea at 1 year. Hypertension was resolved in 93% at 1
year, and improved in the remaining 7%. Dyslipidemia
was the only comorbidity that was not fully improved at
1 year (65% resolution and 10% improvement). Of the
130 initial patients, there was one leak, one case of
delayed bleeding, one case of prolonged vomiting, and
two cases of atelectasis. There were no mortalities.
Despite the excellent results, weight loss plateaued in the
majority of patients at 1 year. Also, five of the 60 patients
have been identified as requiring a secondary weight loss
procedure for failure to lose adequate weight.

The LSG as a sole weight loss procedure was also
examined by Langer et al. (15). The aim of the study was
to evaluate the effectiveness of LSG in a mostly lower
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BMI group of patients. Of the 23 patients prospectively
studied, eight patients had a preoperative BMI >50
(mean BMI of the entire group was 48.5). At 6 months,
mean excess weight loss among all 23 patients was 46%,
and at 1 year it was 56%. No significant differences in
percent EWL were demonstrated between patients with
initial BMI <50 and those with BMI ≥50. Two patients
required conversion to RYGBP—one patient for failure
to lose weight and the other for severe gastroesophageal
reflux. Partial weight regain was observed in an addi-
tional three patients in a median follow-up of 20 months.
All patients underwent a contrast study on postoperative
day 1, and 14 patients underwent a follow-up contrast
study at 1 year. Only one patient was noted to have
dilatation of the stomach (width of gastric tube >4cm),
but this patient had experienced an adequate excess
weight loss of 59% and continued to experience early
satiety. Weight loss from LSG was demonstrated to be
very effective, even comparable to that of RYGBP;
however, follow-up was limited to approximately 1 year,
when long-term durability of the sleeve gastrectomy
becomes an issue. Moreover, no data are provided
regarding comorbidities and postoperative complica-
tions. A summary of the currently published case series
utilizing LSG is shown in Table 19.2-2.

Conclusion

As the prevalence of surgical weight loss procedures 
continues to increase, surgeons will be faced with an in-
creasing number of super-obese and high-risk patients.
Recognizing the potential for devastating postoperative
complications in this group of patients with low physio-
logic reserve, staging techniques such as laparoscopic
sleeve gastrectomy may reduce the overall complications.

This requires a second major laparoscopic operation,
which entails not only a second general anesthetic but
also additional costs. However, the definitive weight loss
operation can be performed when patients’ anatomic
factors are more reasonable and comorbid conditions
have improved, thereby lessening the risk of postopera-
tive complications.

The LSG has been shown to effect significant weight
loss with a low complication rate, in addition to a bene-
ficial impact on comorbidities. As a stand-alone proce-
dure, excellent success has been reported in the short
term. However, concerns about the longevity of the oper-
ation remain. At the present time, more long-term results
are necessary to determine the durability and incidence
of late complications after LSG.
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20.1
Laparoscopic Adjustable Gastric 
Banding: Technique
Paul E. O’Brien and John B. Dixon

The initial placement of the Lap-Band system was per-
formed by Dr. Mitiku Belachew at the Centre Hospital-
ier Hutois, Huy, Belgium, in September 1993 (3) and
became available by mid-1994 to surgeons who had com-
pleted the required training program. It rapidly became
widely used across Europe and across most of the devel-
oped world including South America, Mexico, Australia
and New Zealand, Israel, and Saudi Arabia. The world-
wide introduction of the Lap-Band has been largely com-
pleted with approval for its use in the United States being
granted in June 2001.

The technique of placement of the band has evolved in
a number of important ways since its inception in 1993.
The technique has become easier, but the achievement of
optimal results and the prevention of late complications
has been found to require particular attention to detail.
The technique described below is our preferred method
as of early 2004. We have provided a description of the
basic technique with particular emphasis on key elements
or challenges.

Laparoscopic Placement

The LAGB is specifically designed for laparoscopic place-
ment. It can be placed by open technique also and occa-
sionally this becomes necessary, usually due to the
presence of a very large, fragile liver or copious amounts
of intraabdominal fat. We have found conversion to open
placement to be necessary in three of our last 1400
patients. Our data and our observations indicate that the
degree of visibility and therefore the accuracy of place-
ment and fixation are much greater with laparoscopic
placement. Furthermore,there are far fewer perioperative
complications. We therefore do not regard open place-
ment as an acceptable alternative. The operation requires
good laparoscopic skills and prior experience with ad-
vanced laparoscopic surgery and should be undertaken
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Evolution of the Technique

The laparoscopic adjustable gastric band (LAGB) was
introduced in the early 1990s as a product of the rapid
development of complex laparoscopic procedures after
the introduction of laparoscopic cholecystectomy in 1989.
The original concept of an adjustable gastric band had
been developed by Szinicz and Schnapka (1) at Inns-
bruck,Austria in 1982. They placed a Silastic band around
the upper stomach of the rabbit. An inner balloon was
expanded by the injection of saline into a subcutaneous
port. This original concept was used in a clinical applica-
tion by Dr. Lubomyr Kusmak of New Jersey in 1986 as
the adjustable silicone gastric band (ASGB) and reports
of its use had been published (2). Its principal attribute
of adjustability of the degree of gastric restriction was not
generally recognized as a benefit in comparison with ver-
tical banded gastroplasty, Roux-en-Y gastric bypass, and
biliopancreatic diversion, which were the open surgical
procedures popular at that time.

The initial LAGB, the BioEnterics Lap-Band (Inamed
Health, Santa Barbara, CA) system, was developed from
the ASGB to permit easier laparoscopic placement and
better adjustability. The suture closure was converted to a
self-locking buckle. The inner balloon was extended to
cover almost the entire inner circumference,and the initial
length of the device was fixed at either 9.75 or 10cm as
measured on the inner aspect. A number of LAGBs are
now available commercially (Table 20.1-1). Only two are
associated with any published data on safety or efficacy.
The BioEnterics Lap-Band system was the first device
specifically designed for laparoscopic placement, and it is
supported by an extensive literature on safety and efficacy.
The Swedish adjustable gastric band was originally placed
by open surgery and is now placed laparoscopically
without modification of the device. A more limited body
of published literature is available on its safety and effi-
cacy. In our group we have used only the Lap-Band, and
this chapter addresses the technique for this device alone.
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only by surgeons who can reasonably expect to complete
the procedure laparoscopically.

Patient Position

The surgeon stands between the patient’s legs or on the
patient’s right side. We prefer the former as it enables a
direct line for the hand–instrument interface. The patient
is tipped into a steep reverse Trendelenburg position of
approximately 25 degrees. A bolster is bolted to the table
below the buttocks to prevent slippage. The legs are
placed in well-supported, easily adjustable stirrups.

Port Numbers and Placement

There is significant variation in port placement between
surgeons who otherwise do the operation in an almost
identical fashion and who, at completion of the operation,
have the band in exactly the same position. It would

therefore appear that the exact port placement is not by
itself critical to good outcome and should be dictated by
surgeon preference. Factors that influence that prefer-
ence include prior practice of port placement especially
for laparoscopic antireflux surgery, preferred instruments
and ports, and the position of the surgeon, either on the
patient’s right side or standing between the patient’s 
legs.

We use six ports in positions as shown in Figure 
20.1-1. The number of ports used should not be regarded
as an issue of great importance. Generally, the addition
or subtraction of a 5-mm port is not regarded as a signif-
icant event, and certainly the safety or ease of the 
operation should not be compromised for such a reason.
The operation could be done with just four ports, but
there is no logical reason to put the patient at risk and
the surgeon at difficulty just for such a dubious 
achievement.

Port 1

Port 1 is placed at the right costal margin about 6cm
lateral to the midline. This is a 5-mm port that is 150mm
long (Applied Medical, Rancho Santa, Margarita, CA).
The extra length on all our 5-mm ports allows us to pass
the ports on a sharp angle through the abdominal wall,
heading almost directly toward the region of the esoph-
agogastric junction. In this way there is no tension
between the hand and the instrument trying to force it
toward the target area. This port enters the abdomen just
below the edge of the lateral segment of the left lobe of
liver. This port is for the surgeon’s left hand and is used
for a long grasper and the left hand instrument when
suturing.

Table 20.1-1. Adjustable gastric bands: name, source

Name Manufacturer

BioEnterics Lap-Band system Inamed Health, U.S.
(LAGB)

Swedish Adjustable Gastric Band Ethicon Endosurgery, U.S.
(SAGB)

Midband Medical Innovation Development
Heliogast Band Helioscopie, France
The A.M.I. Soft Gastric Band Austrian Agency for Medical 

Innovations Ltd.
Gastrobelt II Tyco Healthcare, Europe

Figure 20.1-1. The port positions. The oval-
shaped grouping with port 3 at the left costal
margin and port 5 about one handbreadth below.
The umbilicus is not a relevant landmark in port
placement.
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Port 2

A 5-mm port is passed directly into the abdomen just
below the xiphisternum to make a track. It is then
removed and the Nathanson liver retractor (Automated
Medical Products, Edison, NJ) is passed along that track
and into position to hold the liver out of the way. This
method of liver retraction is by far the most effective and 
inexpensive method for getting this most important
exposure.

Port 3

A 15-mm port (disposable, 10- to 15-mm Versiport, U.S.
Surgical, Norwalk, CT) is used at this site primarily for
passage of the band into the abdominal cavity. Alterna-
tives are the 18-mm port produced by Ethicon Endo-
surgery (Cincinnati, OH) or placing a 10- to 12-mm port
for general use and to remove that port and pass the band
along the port track. This is a traumatic procedure for 
the patient and the band and is not recommended. The
15-mm port is used as our primary camera port for most
of the operation as it is placed optimally for a 30-degree
telescope to look almost directly down onto the opera-
tive field.

Port 4

Another 5-mm-diameter, 150-mm-long port is placed at
the left lateral rib margin. This site is used for a grasper,
for the needle holder and for the scissors.

Port 5

A 10-mm Visiport (disposable, U.S. Surgical) is our initial
port and is used to achieve insufflation. The telescope
remains at this site while the other ports are being placed,
before being moved to port 3. Port 5 is our port for
diathermy, harmonic scalpel (if used), and introducing
sutures into the abdomen. The tubing exits this port site
at the completion of the procedure, and the access port
is placed at that site.

Port 6

A further 5mm × 150mm length port is placed through
the right rectus muscle 3cm from the midline at a level
with port 5. This could be seen as an optional port but 
it serves three functions, which we find helpful. First,
a grasper is used to help control the omental fat 
when doing the dissection at the right crus. Second,
the Lap-Band placer is passed via this port. Third, the
tubing is drawn out through this port to rotate the 
band to allow easier placement of the anterior fixation
sutures.

Instruments

We use the following instruments:

Three Prestige nontoothed graspers (Aesculap, Center
Valley, PA)

Nathanson liver retractor (Automated Medical Products)
Iron Intern (Automated Medical Products) for external

fixation of Nathanson retractor
Zero-degree telescope for placing Visiport
Thirty-degree telescope for the remainder of the 

procedure
Scope warmer with hot (>55°C) saline (Applied Medical)
Lap-Band introducer (Automated Medical Products)
Lap-Band placer (Automated Medical Products)
Lap-Band closer (Automated Medical Products)
Hook diathermy
Dolphin nosed forceps
Laparoscopic scissors
Langenbeck retractors (6.5 × 2.5cm) for access port

placement

Selection of Size of Lap-Band

Three sizes are available: the 9.75-cm band; the 10-cm
band; and the Vanguard, which is an 11-cm band. A judg-
ment should be made at this stage of which band to use.
We do not use the 9.75-cm band in our practice. In
general, the 10-cm band is suggested for female patients,
those with a body mass index (BMI) less than 45, those
with gynoid type obesity, and those without copious
intraabdominal fat. The Vanguard is to be preferred 
for the male patient, the super-obese, and those with
central obesity with visible moderate to extensive intra-
abdominal fat. If in doubt, use the Vanguard.

Dissection at the Angle of His

The liver is retracted up and to the right to expose the
diaphragm above the esophageal hiatus. The camera is
moved to port 3. The three graspers are placed through
ports 1, 4, and 6. The hook diathermy is through port 5.
The omental fat is drawn down and to the right by
grasper at port 6. The fundus is drawn downward by the
grasper at port 4. The fat pad over the esophagogastric
junction is drawn to the right by the grasper at port 1.
The hook diathermy is used to divide the peritoneum at
the interface with the diaphragm over the left crus. The
appearance at this stage is shown in Figure 20.1-2.
The soft tissues are gentle teased and divided to expose
the crus.
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Figure 20.1-2. (A,B) Exposure of the angle of
His. The lateral segment of the left lobe of liver is
retracted upward. The omental fat has been
retracted downward, and the fundus is drawn
down and to the right. The diathermy hook 
is opening the peritoneum over the left crus.
(B: Courtesy of the Cleveland Clinic Foundation.)

Dissection at the Lesser Curve

The grasper at port 6 is replaced by the Lap-Band placer.
The grasper at port 4 draws the mid-lesser curve to the
left. The pars flaccida of the lesser omentum is widely
divided. The grasper at port 6 retracts the caudate lobe
of the liver, while the grasper at port 4 retracts the fat on
the posterior wall of the lesser sac to expose the anterior
margin of the right crus at its lower limit (Fig. 20.1-3).
This point on the right crus is recognized by the fat pad

containing a significant vessel that passes across the
lowest point. The inferior vena cava can be seen just to
the right of the crus and should not be confused with the
crus. A small opening is made in the peritoneum about 
5mm in front of the anterior margin of the right crus.
The grasper in port 6 is passed into this opening and
should slide without resistance along the path of the left
crus (Fig. 20.1-4). The Lap-Band placer is passed along 
this track and allowed to spiral gently upward toward 
the top of the left crus with a counterclockwise rotation.
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Figure 20.1-3. (A,B) Exposure of the inferior-
anterior margin of the right crus. The fat pad is
seen passing across toward the inferior vena cava,
behind the caudate lobe of the liver. The point 
of dissection is onto the fat a few millimeters in
front of the lowest aspect of the right crus.
(B: Courtesy of the Cleveland Clinic Foundation.)

Figure 20.1-4. The peritoneum has been opened
and a tunnel developed using the grasper through
port 1. The Lap-Band placer is poised to pass
along that path to the point of dissection on the
right crus.
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The two graspers are moved back to the greater curve
to again expose the angle of His. The tip of the Lap-Band
placer is gently moved by rotation and advancement to
enter the area of prior dissection. It is then advanced
through the soft tissues to lie free alongside the spleen
(Fig. 20.1-5). There must be no significant pressure used
in passing this instrument. It is a placer and not a dissec-
tor. If there is resistance to passage, further dissection at
the angle of His is indicated.

Lap-Band Placement and Calibration

The telescope is moved to port 5 and the Lap-Band, held
by the introducer, is introduced into the abdomen via
port 5. The telescope is returned to port 3, and 4 to 6cm
of the end of the Lap-Band tubing, which has been cut at
an acute angle, is passed into the slot on the tip of the
placer (Fig. 20.1-6). The placer is then withdrawn along
its path to the lesser curve and the tubing retrieved. The

A

B

Figure 20.1-5. (A,B) The Lap-Band placer has passed along the left crus from right to left and appears at the angle of His. It is
now ready to receive the tubing from the Lap-Band. (B: Courtesy of the Cleveland Clinic Foundation.)
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Figure 20.1-6. (A,B) The tubing is threaded into the Lap-Band placer, which is then withdrawn across to the lesser curve side.
(B: Courtesy of the Cleveland Clinic Foundation.)

placer is removed. The tubing is drawn around until the
band is in place (Fig. 20.1-7) and the buckle is then par-
tially closed.

With the calibration tube already in place in the
stomach, 25mL of air is added to the balloon and the tube
is withdrawn by the anesthetist until the balloon impacts
at the esophagogastric junction. A check is made that the
band would overlie the equator of the balloon. Remove

the air from the calibration tube and bring the band to
almost complete closure. Make an estimate if complete
closure is likely to create too tight a band. If it appears
tight, division of the fat of the lesser omentum along the
path of the band is indicated. If it is not too tight, proceed
with closure using the closure tool. Draw the tubing out
of the abdomen through port 6 so as to expose the ante-
rior surface of the band for fixation.
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C

Figure 20.1-7. (A–C) The band is in place with the esopha-
gogastric junction in front of the band. The calibration tube is
lying with the lumen of the stomach and withdrawing of the

inflated balloon against the esphagogastric junction will confirm
correct positioning. (B,C: Courtesy of the Cleveland Clinic
Foundation.)

Anterior Fixation

It is essential that the anterior fixation sutures are placed
to hold the band across the very top of the stomach and
that they securely hold those parts of the gastric wall,
which could otherwise slip above the band. We place a
suture (Ethibond 2/0 on 26mm needle) though port 5 and
then place a grasper through this port to select and then
hold the gastric wall below and above the band that we
want to include in the suture. The first suture should be

near but not at the greater curve, and each suture should
approximate visible gastric wall to visible gastric wall
(Fig. 20.1-8). Usually three but sometimes four gastro-
gastric sutures are placed. We avoid bringing the anterior
fixation too close to the buckle to avoid the risk of
erosion through friction of the firm irregular buckle
against the gastric wall (Fig. 20.1-9). The tubing is then
drawn back into the abdomen and drawn out through the
port 5. Insufflation is ceased, as much CO2 as possible is
released, and the port is removed.
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Figure 20.1-8. (A,B) Sutures must approximate
the stomach below the band to the stomach above
the band. If gastric wall is not clearly seen above,
dissection of the overlying fat and positioning with
graspers may be necessary. (B: Courtesy of the
Cleveland Clinic Foundation.)

Figure 20.1-9. Completion of anterior fix-
ation with avoidance of bringing the gastric
wall against the buckle of the band. (Cour-
tesy of the Cleveland Clinic Foundation.)
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Placement of the Access Port

The skin incision at port 5 is extended to 4cm and the
subcutaneous fat dissected to expose the anterior rectus
sheath. Four sutures of 2-0 Prolene are placed in a square
pattern about 1cm apart. The end of the tubing from the
band is trimmed and connected to the access port at the
metal connector. The Prolene sutures are threaded into
the port, the tubing is returned to the abdominal cavity,
and the port tied into position with a smooth passage of
the tubing directly into the abdomen.

Follow-Up and Adjustments

The follow-up process, including adjusting the band, is at
least as important in obtaining a good result from Lap-
Band placement as the operation itself, and therefore
good technique for follow-up and adjustment is essential.
Intrinsic to achieving a comprehensive follow-up is main-
taining a database that allows tracking of each patient’s
progress and identifying any loss to follow-up early so
that contact can be restored. A comprehensive but simple
database system is reviewed in a later chapter.

Guidelines for adjustment that our group generally
follows are shown in Table 20.1-2. For our standard
approach of placing a 10-cm band along the pars flaccida
pathway, an initial volume of 1mL of saline is added at 
5 weeks. Further additions are based on the criteria in
Table 20.1-2 and generally 0.3 to 0.5mL is added each
time. For the new 11-cm band (Vanguard) we add 2.5mL
at the first adjustment, 1.0mL at each subsequent adjust-
ment until significant restriction is felt, and then 0.5mL
each time. As with any bariatric procedure, permanent
follow-up is required. Initially we would review patients
every 2 to 4 weeks, progressively stretching this out to a
frequency of never greater than 12 months.

The decision to adjust the amount of fluid in the band
can be made on clinical or radiologic criteria. Because of
costs and logistical difficulties, we have never used the
radiologic approach. Information on its use can be found
in a report by Favretti et al. (4).

The level of adjustment should be sufficient to achieve
a prolonged sensation of satiety in the patient. Weight
loss should be steady and progressive, with the early 
rate of weight loss ideally being >0.5kg but <1kg per

week. Adjustment should induce no restrictive symp-
toms, such as heartburn, vomiting, discomfort, or exces-
sive difficulty with eating a normal range of food. Loss of
excess weight should be planned to occur gradually over
a period of 18 months to 3 years depending on the initial
weight.

We consider adding additional fluid when there is inad-
equate weight loss, when there is rapid loss of satiety after
a meal, when the patient notices increased volume of
food taken at a meal, or when there is hunger between
meals.

We consider removing fluid if there is vomiting, heart-
burn, reflux, cough spells, or wheezing and choking, espe-
cially at night, if there is difficulty in coping with a broad
range of foods, or if there is maladaptive eating behavior.

When the patient is eating a reasonable range of foods,
there is an adequate rate of weight loss, and there are 
no negative symptoms, we do not expect to adjust the
volume.

Conclusion

The placement of the Lap-Band and the patient follow-
up thereafter is normally a straightforward exercise and
provides a safe and gradual way of achieving a major 
and durable loss of weight and improvement in health
and quality of life. There are aspects in the details that
are crucially important, making good surgeon training,
continuing contact with the patient, and attendance at
refresher courses important if optimal outcomes are to
be achieved. With good technique for both the operation
and the follow-up, the care of these patients is one of the
most rewarding areas of clinical practice.
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Table 20.1-2. Guidelines for adjustments to gastric banding

Consider adding fluid Adjustment not required Consider removing fluid

Inadequate weight loss Adequate rate of weight loss Vomiting, heartburn, reflux into the mouth
Rapid loss of satiety after meals Eating reasonable range of food Coughing spells, wheezing and choking, especially at night
Increased volume of meals No negative symptoms Difficulty coping with broad range of foods
Hunger between meals Maladaptive eating behavior
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Data beyond 8 years are not yet available. The results
from large published series demonstrate a consistent
pattern of excess weight loss of 50% to 60% by 2 years
after surgery, which is maintained thereafter. There is no
evidence at this time of significant weight regain, a
problem often reported following gastric stapling proce-
dures. Figure 20.2-1 presents the mean data from all
studies available as of September 1, 2003, in which at least
50 patients are treated and which report weight loss as a
percentage of excess weight lost (%EWL) following the
LAGB. The pattern of weight loss is quite different from
that seen after Roux-en-Y gastric bypass (RYGBP)
surgery, in which a more rapid and extensive weight loss
is experienced over the first 12 to 24 months and then
some weight regain is usual. From the limited data avail-
able, the mean excess weight loss at 4 to 6 years after
LAGB and RYGBP surgery is similar.

The gradual initial weight loss and medium-term dura-
bility of weight loss has been a valuable feature of LAGB
surgery and has been attributed to the adjustability of the
band stoma. Maintenance of the anatomic change, pro-
viding a small proximal gastric pouch above the band,
seems to provide continued satiety, limiting food intake
and preventing weight gain.

A recent randomized controlled trial performed at our
institution evaluated the efficacy of the LAGB in mildly
to moderately obese patients (BMI 30 to 35) (4). In this
trial, patients were randomized to LAGB versus a
program of very-low-calorie diets, pharmacotherapy, and
lifestyle change for 24 months. At 2 years, the surgical
group had greater excess weight loss (87.3% vs. 21.8%,
p < .001). The metabolic syndrome was present in 15
patients in each group and resolved in all but one surgi-
cal patient and remained in eight (24%) of the nonsurgi-
cal patients (p < .002). Additionally, quality-of-life scores
improved significantly more in the surgical group. This
study represents the first trial comparing a modern
bariatric procedure to medical therapy in a randomized,
controlled fashion.
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The first laparoscopic adjustable gastric band (LAGB)
was placed in 1993 (1), an event that heralded the wide-
spread introduction of laparoscopic obesity surgery. The
LAGB has become rapidly and widely accepted by
bariatric surgeons and patients seeking surgical treat-
ment for obesity. With more than 10 years of experience
and more than 150,000 band placements, we are now in
a good position to assess its safety and efficacy. There is
now a wealth of largely observational data regarding 
the results of LAGB surgery. This chapter reviews the
broad outcomes of LAGB surgery, with an emphasis 
on important outcome data that have changed tech-
niques or expanded our knowledge regarding the 
treatment of severe obesity [body mass index (BMI)
>35). The assessment of outcomes addresses weight loss,
changes to obesity-related comorbidities, effects on
quality of life and psychosocial changes, and deaths and 
complications.

A number of LAGB devices are now available 
commercially; however, as almost all the published
reports relate to the BioEnterics Lap-Band System
(Inamed Health, Santa Barbara, CA), and as it is the only
form of LAGB approved for use in the United States, this
chapter focuses on the published outcomes after Lap-
Band placement. Caution must be used in simply extrap-
olating outcomes of the Lap-Band to that of other 
bands (2).

The data reviewed in this chapter have been obtained
from the published literature, systematic reviews, and our
prospective long-term observational studies of subjects
following LAGB surgery.

Weight Loss

There is now good evidence that LAGB surgery provides
significant sustained weight loss over the medium to long
term with published reports extending up to 8 years (3).
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Changes in the Comorbidities 
of Obesity

Obesity drives a wide range of illnesses, to the point
where it could now reasonably be regarded as the worst
pathogen in Western communities. One of the over-
whelming features of weight loss following obesity
surgery, including LAGB surgery, is the improvement or
resolution of obesity-related comorbidity. A summary of
some of the major health benefits follows.

The Metabolic Syndrome

Many of the health risks and problems of overweight and
obesity are closely related to the metabolic syndrome.
The components of this syndrome have been better
defined recently and it is estimated that almost 25% of
both men and women living in the United States are
affected (5). The syndrome is characterized by central
obesity, dyslipidemia, impaired glucose tolerance or type
2 diabetes, and hypertension. A key feature of this syn-
drome is impaired insulin–mediated glucose uptake or
insulin resistance, but this is only one of a cascade of
metabolic and inflammatory events that characterize the
syndrome and contribute to increased cardiovascular
risk. Other clinically significant conditions, such as non-
alcoholic steatohepatitis, obstructive sleep apnea, and
polycystic ovary syndrome, are also closely related to the
metabolic syndrome. Sustained weight loss has a major
beneficial effect on all of the components of the syn-
drome and significantly reduces a range of key vascular
risk factors. In our randomized, controlled trial, 14 of 15
surgical patients had resolution of metabolic syndrome 2
years after Lap-Band placement compared to only six of
15 medically managed patients.

Type 2 Diabetes

Type 2 diabetes is the paradigm of an obesity-related
illness, with its prevalence increasing dramatically with
increasing BMI. Fifty patients were followed for 1 year
after Lap-Band placement (6). There was a significant
improvement in all measures of glucose metabolism, with
complete remission of diabetes in 32 patients (64%),
improvement of control in 13 (26%), and five (10%) were
relatively unchanged. Importantly, the extent of weight
loss and the time duration of diabetes were predictors of
remission, indicating that early significant weight loss is
indicated in the recently diagnosed diabetic. Similar
impressive results have been reported following RYGBP
and biliopancreatic diversion (BPD).

There are two fundamental requirements for the 
development of type 2 diabetes; first, insulin resistance 
with increased pancreatic β-cell demand, and second,
inadequate β-cell response to this demand resulting in
hyperglycemia. We have demonstrated that weight loss
following LAGB surgery improves both insulin sensitiv-
ity and β-cell function, as measured by HOMA%S and
HOMA%B, respectively, in 254 patients during the 
first year after placement (7). The critical factor affecting
the improvement in β-cell function is the time the patient
has had diabetes. This is understandable, as there is pro-
gressive irreversible β-cell damage driven by the meta-
bolic effects of diabetes. Thus weight loss reverses basic
mechanisms for the appearance and progression of type 2
diabetes.

The beneficial effects of weight loss are durable. Table
20.2-1 shows the fall in serum insulin, fasting blood
glucose, glycosylated hemoglobin A1c, and an index of
insulin resistance over a 5-year period after LAGB place-
ment. All measures improve by 1 year, and the improve-
ment is sustained. Others have confirmed these beneficial
effects of LAGB surgery (8,9).
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Figure 20.2-1. The percentage of excess
weight loss after Lap-Band surgery and a
comparison with Roux-en-y gastric bypass
(RYGBP). Data include all published
series with initial recruitment of at least 
50 patients reporting data at 3 years or
more following surgery. There were eight
RYGBP studies and seven laparoscopic
adjustable gastric banding (LAGB)
studies.
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Dyslipidemia of Obesity

The dyslipidemia of obesity and the metabolic syndrome
is characterized by high triglyceride and low high-density
lipoprotein (HDL) cholesterol concentrations, with total
cholesterol and low-density lipoprotein (LDL) cholesterol
concentrations closer to normal ranges (10). However, in
the context of central obesity, insulin resistance, high
triglyceride, and low HDL cholesterol, the LDL choles-
terol particles are small, dense, sticky, and easily oxidized
(11,12). This highly atherogenic lipid profile is the most
common pattern associated with coronary artery disease.

Weight loss following LAGB surgery is accompanied
by a significant sustained fall in fasting triglyceride levels,
an increase in HDL cholesterol to normal levels, and a
favorable improvement in the total cholesterol to HDL
cholesterol ratio (13).

Hypertension

Weight loss following LAGB surgery provides substantial
falls in both systolic and diastolic blood pressure (8,14,15).
Many patients present for surgery with inadequately 
controlled blood pressure despite medical therapy. In a
consecutive series of 148 hypertensive patients, we 
found that 55% at 1 year had resolution of the problem
(normotensive on no antihypertensive medication), 33%
were improved, and 15% unchanged. We have followed
blood pressure measurements at all annual postoperative
follow-up visits over 5 years or longer and find that there
are sustained falls in both systolic and diastolic blood
pressure (Fig. 20.2-2). There appears to be a small but sig-
nificant rise in both systolic and diastolic blood pressures
at 4 years or longer following surgery when compared
with 1 to 2 years after surgery. The Swedish Obese Sub-
jects study found a similar rise in blood pressure, which
emphasizes the need to monitor and manage this comor-
bidity over an extended period (16).

Other Comorbidities

Sleep Disturbance and Obstructive 
Sleep Apnea

There are a number of sleep disorders associated with
severe obesity. Obesity increases the prevalence of the
most serious of these, obstructive sleep apnea (OSA), by
a factor of 10. It is also clear that weight distribution and
insulin resistance are predictors of significant OSA in an
obese population (17,18). Using demographic, simple
anthropometric and biochemical measures, we have
devised a scoring system to assess risk and therefore to
help select patients for screening in overnight sleep
studies (18). Excessive daytime sleepiness, which is a
common, disabling, and potentially dangerous problem,
is also strongly linked to obesity but not necessarily
caused by OSA (17,18).

Table 20.2-1. Changes in markers of insulin resistance with
time after Lap-Band surgery

Insulin
resistance

Glucose HbA1c Insulin index
Time n (mmol/L) (%) (uU/mL) (IRI)*

Preoperative 1000 5.78 5.87 22.1 4.61
1 year 755 5.09 5.37 10.8 3.81

postoperative
2 year 480 5.05 5.36 10.8 3.74
3 year 295 4.93 5.23 10.5 3.74
4 year 225 5.04 5.34 10.4 3.76
5+ year 254 4.96 5.38 11.2 3.86

* IRI is an indirect measure of insulin resistance. IRI = loge (fasting
plasma glucose) + loge (fasting plasma glucose).
Note: p values calculated using analysis of variance (ANOVA) with the
Tukey method of post-hoc analysis. All values are significantly lower at
1 year (p < .001 for all) and there is no significant difference between
results at between 1 year and 5 years or longer.
Source: Katz A, Nambi SS, Mather K, et al. Quantitative insulin sensi-
tivity check index: a simple, accurate method for assessing insulin sen-
sitivity in humans. J Clin Endocrinol Metab 2000;85:2402–2410.
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Figure 20.2-2. Mean ± 95% confidence
intervals for blood pressure recordings
at yearly follow-up visits after LAGB
placement (n = 1000 at baseline). p < .001
for both; analysis of variance (ANOVA)
using the Tukey method of post-hoc
analysis. Measures at all yearly intervals
are lower than preoperative recordings.
Mean levels at 4 years or longer are sig-
nificantly greater than at 1 and 2 years.
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Problems associated with sleep improve dramatically
with weight loss (8,19). We studied 123 consecutive
patients prior to and 1 year after LAGB surgery (19).
There was a high preoperative prevalence of significantly
disturbed sleep in both men (59%) and women (45%).
After 1 year, reported observed sleep apnea had
decreased from 33% to 2%, habitual snoring from 82%
to 14%, abnormal daytime sleepiness from 39% to 4%,
and poor sleep quality from 39% to 2%.

Ovarian Dysfunction, Infertility,
and Pregnancy

Obesity, especially central obesity, is associated with ovu-
latory dysfunction and infertility. Weight loss in pre-
menopausal women lowers the active testosterone levels,
largely by increasing the levels of testosterone bound to
sex hormone–binding globulin, and this usually restores
ovarian function and improves fertility. Women are
advised to use a reliable method of contraception for 1
year following LAGB placement to reduce any fetal risk
during the rapid weight loss period. Several studies have
reported unplanned pregnancies in previously infertile
women not long after band placement (20–22). The
adjustability of the band is of particular value in the preg-
nant woman, enabling reduction in gastric restriction, if
necessary, to allow for hyperemesis should it occur in
early pregnancy, adequate fetal nutrition, healthy mater-
nal weight gain, and reduced impact at the time of deliv-
ery and while establishing breast-feeding. Weight gain is
advised in all pregnancies, and recommended weight gain
can be based on the prepregnancy BMI (23). Active man-
agement of the band during pregnancy has been success-
ful in achieving excellent maternal and infant outcomes
(22). The band is then readjusted following pregnancy to
help in attaining the prepregnancy weight and achieve
further weight loss if necessary. Weight loss is generally
safe while breast-feeding, and the postnatal period is a
high-risk time for weight retention or gain in many
women (24).

Asthma

There is increasing evidence of a relationship between
symptoms of asthma and obesity, especially in adolescent
and adult women. There is some evidence of increased
bronchial reactivity and good evidence that the lung func-
tion abnormalities of severe obesity will aggravate or
exacerbate asthma symptoms (25,26). There are limited
data regarding the effect of weight loss on asthma in
obese subjects, but all are favorable (27–29). We have
demonstrated major improvements or resolution in all
aspects of asthma with weight loss following LAGB
surgery. Improvements include reduced symptoms,
increased exercise tolerance, fewer medications including

oral and inhaled corticosteroids, and fewer hospital
admissions. It is possible that part of the improvement is
related to the beneficial effect of an appropriately placed
band on gastroesophageal reflux (30,31).

Gastroesophageal Reflux

Gastroesophageal reflux disease is more than twice as
prevalent in the morbidly obese (31). A key feature of
almost all currently used obesity surgery involves the cre-
ation of a small or virtual pouch of stomach just below
the gastroesophageal (GE) junction. Placement of the
LAGB effectively controls acid reflux (30–33). Several
groups have clearly demonstrated that a correctly placed
band reduces gastroesophageal reflux symptoms and
lowers esophageal acid exposure (32,34). It is relevant
that if the band slips and there is excessive stomach above
the band, symptoms of severe gastroesophageal reflux are
prominent and require investigation.

Quality of Life and 
Psychosocial Changes

Quality of Life

Obesity has a major negative impact on many aspects of
quality of life affecting both physical and mental health
(35). Studies have consistently shown major improve-
ments in quality of life with weight loss following LAGB
placement (36–40). In a large prospective study using the
Medical Outcomes Trust Short Form–36, we demon-
strated that patients presenting for LAGB surgery had
significantly lower measures of all eight tested domains
when compared with normal values. At follow-up, all
eight scores improved and at 1 year following surgery
were at or above those of age- and sex-matched commu-
nity levels. Scores remained within the normal range over
the 4-year study period (36). Similar improvements have
been reported in patients having LAGB surgery for
failed gastric stapling procedures (40).

Body Image

Severely obese patients generally have normal appear-
ance orientation, that is, a normal pride or investment 
in their appearance or presentation (41,42), but they 
evaluate their appearance as being very poor. There is
therefore a large discrepancy between evaluation and
orientation, producing considerable psychological stress.
Society’s stigmatization and discrimination against
severely obese subjects further compound these prob-
lems. Weight loss following LAGB surgery improves self-
evaluation of appearance but does not return it to normal
levels. The improvement in appearance evaluation is
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related to the extent of weight loss. The discrepancy
between appearance orientation, which is not usually
altered by weight loss, and appearance evaluation is
lower with weight loss, reducing psychological stress.

Depression

The nature of the relationship between obesity and
depression is becoming clearer, with most studies sup-
porting a linear relationship rather than the “fat and
jolly” hypothesis (43,44). Symptoms of depression are
very common in those presenting for obesity surgery,
especially younger women with very poor body image
(45). Sustained weight loss following LAGB surgery is
associated with a sustained reduction in the symptoms of
depression, with Beck Depression Scale scores returning
to normal in the majority of subjects within 12 months of
surgery and remaining in the normal range over a 4-year
follow-up period (45). The Swedish obesity study, utiliz-
ing largely nonadjustable gastric restrictive surgery, has
provided similar results (46), but not all studies have
reported sustained improvements. The Greenville group
has reported only transient improvements in mental
health following gastric bypass surgery (47).

Complications

Perioperative

Mortality

Safety is a major feature of LAGB surgery. A systematic
review of all the published literature on safety and effi-
cacy of LAGB compared with the gastric stapling proce-
dures showed the perioperative mortality rate was 10
times greater for RYGBP and seven times greater for
vertical banded gastroplasty (VBG) (48). In the pub-
lished literature the perioperative mortality rate for
LAGB is 0.05%. The minimalist nature of the surgical
intervention with LAGB almost certainly explains these
significant differences. In our own series of over 1600
patients there has been no perioperative mortality.
While this procedure is comparatively safe, the risks 
associated with any bariatric surgery should not be
underestimated, and before surgery is performed a well-
informed risk-benefit analysis should be provided to all
patients.

Morbidity

Given the relatively gentle nature of the intervention, it
is not surprising that early morbidity is very low. In our
series, the early complication rate is 1.8% with the com-
monest complication being wound infection at the sub-
cutaneous access port site. The need to convert the

laparoscopic approach to open surgery is <1% in experi-
enced hands and is usually required if access to the oper-
ative area is restricted due to hepatomegaly or copious
visceral fat. We have also treated a number of patients
who have had previous gastric stapling in whom we have
placed the Lap-Band by open laparotomy. Their early
complication rate is higher at 17% (49). Thus, a very
much reduced complication rate is seen in association
with the laparoscopic approach and the lack of need to
divide or open the stomach.

Late Morbidity

While early morbidity has been minimal, later complica-
tions have been of greater concern. Important late com-
plications include band slippage or prolapse, erosion of
the band into the stomach, and problems with the access
port. Developments in the surgical technique and access
port design have significantly reduced these late compli-
cations. Posterior band slippage has been reduced by the
use of the pars-flaccida pathway for band placement, and
anterior slippage has been reduced by providing careful
anterior fixation. These developments have allowed the
slippage rate to be dramatically reduced. In our series,
the early prolapse/slippage rate was 25%, but this in now
under 5% (50). Others have also reported this reduction
in the incidence of prolapse with improved operative
technique (3,51).

Erosion of the band into the stomach also appears to
be largely preventable by avoiding tight anterior fixation
especially over the buckle area (52). Anterior fixation
that involved attaching the anterior gastric wall to the
crus of the diaphragm also produced a high incidence of
erosion. Recent design changes to the subcutaneous
access port have reduced the risk of tubing breaks. Learn-
ing from the problems associated with the early use of
the LAGB should provide a reliably low late complica-
tion rate, and no doubt there will be further beneficial
developments. Expected prolapse, erosion, and system
leakage rates should be less than 5%, 1%, and 5%,
respectively.

When compared with other commonly used bariatric
surgical techniques, a systematic review found an overall
morbidity rate for LAGB is around 10.6% [95% confi-
dence interval (CI) 9.5–11.6%), for VBG it is around
29.9% (CI 28.5–31.4%), and for RYGBP it is around
23.4% (22.3–24.5%). It is important to recognize that the
type of morbidity is often specific to the particular surgi-
cal procedure (48).

A learning curve is important with many surgical pro-
cedures, and LAGB is no exception. A systematic review
of published literature demonstrates that the incidence of
complications is inversely related to the published series
size (Fig. 20.2-3).
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Patient Selection: Outcomes

Laparoscopic adjustable gastric banding surgery is a safe,
effective, and minimally invasive procedure that enables
major and durable weight loss in association with
improvement or resolution of a broad range of serious
health problems. Its unique characteristics of adjustabil-
ity and reversibility provide great flexibility for the
patient both now and in the future. We have looked care-
fully for predictors of band effectiveness (49,53,54) and
have not identified any subgroups that do not achieve a
worthwhile effect from the procedure, which, based on
our data, appears to be equally effective in the super-
obese, in sweet eaters and non–sweet eaters, and in those
with psychiatric disease or failed gastric stapling
(40,53,54). However, we have not used the procedure in
the mentally defective and those with malignant hyper-
phagia, such as Prader-Willi syndrome. To date, we have
not identified any specific subgroup in which we would
recommend a more invasive and higher risk procedure as
a primary procedure.
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20.3
Laparoscopic Adjustable Gastric Banding:
Postoperative Management and 
Nutritional Evaluation
Christine J. Ren

pain control, and presence or absence of nausea. A 
postoperative esophagram documents normal, rapid
esophageal emptying, no extravasation of contrast, and
adequate band placement, lying in a 8 o’clock to 2 o’clock
position (Fig. 20.3-1). Gastrografin is used in case a per-
foration is found. A gastric pouch should not be seen
since the band is not filled.

If the esophagram shows delayed emptying, the normal
clinical progression is for increased swelling to occur over
48 hours. These patients can usually swallow their saliva.
It is advised to keep the patient NPO with intravenous
hydration and antiinflammatory medication (i.e.,
Toradol). In contrast, complete obstruction on the film is
always associated with inability to swallow saliva, and
these patients do not recover with conservative measures.
They must return to the operating room for laparoscopic
revision. Most commonly, cutting the gastrogastric
sutures, manipulating (jiggling) the band, and removing
more perigastric fat give a good result. Placement of a
larger band (Vanguard) may also be helpful in these cir-
cumstances. In addition, an unrecognized hiatal hernia
may result in a greater amount of gastric tissue incorpo-
rated into the band, leading to obstruction. In this case,
the hernia must be mobilized and reduced, the crura
repaired, and the band placed in the proper position; oth-
erwise the patient will be unable to tolerate adjustments
in the future.

Patients should be kept in the hospital if there is any evi-
dence of delayed esophageal emptying, as stomal swelling
usually maximizes 24 to 48 hours after band placement.
This is of particular relevance when the pars flaccida tech-
nique is used. Incorporation of perigastric fat within the
band can cause external compression of the stomach and
a greater likelihood of stomal narrowing. Communication
with the radiologist is an important component to ensure
that abnormal findings are reported. In the 959 operations
performed at the New York University (NYU) Medical
Center, there have been no cases of perforation, five cases
of stomal obstruction, and seven cases of delayed
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Experience with the nonadjustable silicone gastric band
and the vertical banded gastroplasty have shown that a
rigid, narrow stomal outlet leads to chronic vomiting,
reflux, and subsequent weight gain due to maladaptive
eating. One of the distinct advantages of laparoscopic
adjustable gastric banding (LAGB) is its adjustability.
This chapter discusses postoperative strategies that can
maximize the efficacy of LAGB and potentially decrease
the complications.

Immediate Postoperative Management

Postoperative care after LAGB is usually straightfor-
ward. Most patients are observed in a regular ward room.
Patients with documented or suspected obstructive sleep
apnea may require additional monitoring or a continuous
positive airway pressure (CPAP) device. Prophylaxis for
thromboembolism may include sequential compression
devices, compression stockings, or anticoagulation
therapy. Early ambulation is always encouraged.

Early postoperative retching and vomiting by the
patient should be avoided. Just as in Nissen fundoplica-
tion, acute vomiting after surgery can result in an acute
gastric prolapse with band slip. Anterior gastrogastric
suture disruption may be a potential sequela. Aggressive
antiemetic therapy should be instituted in the operating
room. An intraoperative intravenous cocktail of
ondansetron (Zofran)/metoclopramide (Reglan)/ketoro-
lac (Toradol) is administered before extubation. An addi-
tional intravenous antiemetic is given liberally during the
first 24 hours. Both the patient and the nursing staff are
instructed on the importance of emesis prevention after
surgery. Pain management involves subcutaneous injec-
tion of skin incisions with 0.25% Marcaine. Intravenous
Toradol is administered as a standing order every 6 hours,
with subcutaneous morphine for breakthrough pain.

Patients may be kept in the hospital overnight or dis-
charged the same day, depending on their medical status,
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esophageal emptying. All obstructions were symptomatic
at the time of esophagraphy. Those with delayed empty-
ing were not symptomatic until 48 hours after surgery. In
addition, it provides the surgeon with a baseline esopha-
gram to document band positioning.

Patients are seen in the office 10 to 14 days after
surgery for their first follow-up, to check their wounds
and reiterate dietary guidelines.

Postoperative Dietary Guidelines

Due to the possible correlation between early vomiting
and gastric prolapse (1,2), patients are placed on a diet
that progresses from liquids to solids over the first 6
weeks after surgery. For weeks 1 and 2 the diet is clear
liquids—any fluid that is thin enough to go through a
straw. For weeks 3 and 4 the diet is pureed foods—foods
that do not need to be chewed, as if the patient did not
have teeth. For weeks 5 and 6 the diet is soft and flaky
solid foods and crunchy foods, specifically excluding
chicken, steak, and bread, which tend to form a large
bolus that cannot traverse through the narrow band
stoma. These tough, doughy, and dry foods are poorly tol-
erated for 6 to 12 months by the majority of patients after
gastric banding. Patients are advised not to eat and drink
simultaneously, to maximize the amount of time the
gastric pouch is filled with food.

Nutritional deficiencies have not been reported after
LAGB, perhaps because the operation is purely restric-
tive. However, patients are encouraged to take a daily
multivitamin. More importantly, patients should already
have the nutritional knowledge and skills to make
healthy food choices before any bariatric surgery, includ-
ing LAGB. Patients are told that high-calorie liquids and
soft foods, such as chocolate and ice cream, are physically
easy to eat but will lead to weight regain or weight loss
failure. At NYU, patients interested in LAGB must stop
drinking all sugary caloric beverages and minimize their
intake of chocolate and premium-grade ice cream at least
2 months before surgery.

The most important dietary counseling that LAGB
patients need is how to eat—slowly and chewing thor-
oughly. They must learn how to put the fork down
between bites. Most importantly, they must recognize
when they are full, and then stop eating. This is a new skill
for morbidly obese patients. Even an extra bite will make
them regurgitate. Counseling on social eating and food
choices is greatly appreciated by patients, since this is
usually their greatest source of anxiety, particularly in
young adults and teenagers as they start dating. Diurnal
variation in esophageal motility may play an important
role in dysphagia and appears to vary according to time
of day and amount of emotional stress. Dysphagia is
common when patients are eating in a stressful situation,
mostly because they are typically distracted and have
eaten quickly without chewing. They are counseled to
have a yogurt, soup, or a protein drink during stressful
times. Breakfast is sometimes difficult, and soft and
pureed foods are encouraged.

Band Adjustments

The mechanisms by which LAGB works include decreas-
ing appetite, creating satiety with a smaller amount of
food, and behavior modification (3). This is a direct func-
tion of a small gastric pouch (10–15mL) and a narrow
stomal opening that slows gastric emptying (12mm). The
LAGB acts in this capacity through external constriction
of the stomach, which is gradually tightened in accor-
dance with each individual’s needs. If no constriction is
created, no restriction is experienced, and no weight is
lost. Therefore, weight loss after LAGB is contingent on
band adjustment. The band is useless if adjustments are
not performed. Both patient and surgeon must under-
stand this, otherwise weight loss will be suboptimal, the
operation ineffective, and the surgery a wasted effort.

The band is left empty when initially placed. The first
adjustment is performed 6 weeks postoperatively. This
allows time for a capsule to form around the band and
makes its position around the stomach more secure.
Adjustments should be made while patients are eating
solid food. The band is meant to work with solid food,

Figure 20.3-1. Normal postoperative esophagram.



20.3. Laparoscopic Adjustable Gastric Banding: Postoperative Management 199

specifically to maintain stretching of the gastric pouch to
create an early sense of satiety. An appropriately adjusted
band also acts as an appetite suppressant. A sense of
hunger, increased appetite, and increased snacking are
signs that the band is not appropriately tightened. Indi-
viduals who do not eat as a response to hunger (i.e., emo-
tional eaters) may continue to eat and fail to lose weight.
They may go on to graze throughout the day or choose
soft high-calorie foods and beverages. Soft and liquid
foods empty faster than solids, and thus more can be
ingested before the feeling of satiety is reached. Thus, a
band that is too tight will make solid food ingestion dif-
ficult, but easy for creamy sugary liquids. This is an
example of maladaptive behavior and may necessitate
band loosening.

There are two general strategies to band adjustment:
in-office adjustment using a clinical algorithm, and radi-
ographic adjustment under fluoroscopic guidance. Each
has its advantages and disadvantages. In-office adjust-
ments are quick and inexpensive, but require frequent
visits due to inaccuracy of the adjustment. Radiographic
adjustments are more cumbersome and expensive, but
require fewer visits due to the more accurate adjustment
visualized under fluoroscopy.

The maximum recommended amount of saline that a
gastric band accommodates depends on the band type.
The Lap-Band System (Inamed Health, Santa Barbara,
CA) recommends the maximum amount of saline to 
be 4cc in their 9.75- and 10-cm bands. The average
maximum amount of saline in a typical patient who has
reached a stable weight loss is 3.0cc. The larger volume
Vanguard Lap-Band holds a maximum amount of 11cm
of saline.

Office-Based Adjustment

There are two aspects to band adjustments: locating the
access port and determining the volume of saline to be
used. When the procedure is performed in the office, the
port is located by palpation. The band is adjusted by per-
cutaneously accessing the port with a non-coring needle,
and subsequently injecting sterile saline, which tightens
the band. Withdrawal of saline results in band loosening
with subsequent decreased restriction. The skin is
cleansed with alcohol, and a non-coring needle on a 3-mL
syringe filled with the desired amount of saline is intro-
duced through the skin into the access port (Fig. 20.3-2).
Successful port access is confirmed by feeling the needle
hit the metal base of the access port and having free
reflux of saline back into the syringe. Local anesthetic is
unnecessary, as it is more painful than the needle itself.
Having the patient lie on the examination table and lift
his or her head up off the examination table while tensing
the abdominal muscles can assist in feeling the port.
Sometimes having the patient stand up will use gravity to
drop the pannus and make the port more apparent.

Locating the port can be challenging in patients who
have a large amount of subcutaneous fat, particularly
women and individuals with a body mass index (BMI)
greater than 60. An extra-long needle may be necessary
to reach the port. An x-ray can be obtained to localize
and mark the port. A port locator is available that is
placed on the abdominal wall and can facilitate localiza-
tion using a circular series of lights (Fig. 20.3-3). The
learning curve for port localization using palpation is sur-
prisingly long and may take up to 100 cases. Our experi-
ence has shown that on review of our first 200 consecutive
Lap-Band patients (69% female, mean BMI 48.7), 660
adjustments were performed in the office (74% by a
nurse practitioner, and 26% by a physician) (4). Twenty-
eight (4.2%) adjustments were unsuccessfully performed
by a nurse practitioner and required physician assistance.
Twelve of those attempts (1.8%) on nine patients
required radiographic guidance to localize the access
port. All nine patients were women who were in the first
75 patients adjusted.

Figure 20.3-2. In-office percutaneous access of port (saline-
filled syringe attached to non-coring needle).

Figure 20.3-3. Port locator used to find access port.
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If saline is already present, it can be aspirated into the
syringe to document any loss of volume that may have
occurred. The amount of saline to inject for each adjust-
ment is based on three variables: hunger, weight loss, and
restriction. A properly adjusted band induces the lack of
hunger and appetite suppression. It should also induce a
prolonged sense of satiety that lasts longer than 2 hours
after a meal. Weight loss should be constant and gradual
over the course of 18 to 36 months. The goal rate of
weight loss is 1 to 2 lb/week or 6 to 10 lb/month. Lack of

weight loss reflects too large a portion intake and subop-
timal restriction, indicating the band needs tightening.
Lack of restriction to tough or doughy solid foods such
as steak, chicken, or bread also signals the need for band
adjustment.

These signs and symptoms have been applied to a clin-
ical algorithm that was designed at the NYU Program for
Surgical Weight Loss and is used as a general guide (Fig.
20.3-4). After each adjustment, patients drink a cup of
water to ensure that they do not have outlet obstruction.
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Figure 20.3-4. In-office adjustment algorithm. RTC, return to clinic.
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Any gurgling noises will likely lead to obstruction in the
next 1 to 3 days. Interestingly, we have found that the
band gets slightly tighter 1 to 3 days after an adjustment.
Therefore, we have our patients stay on clear liquids for
2 days, pureed foods for 2 days, and then soft solid foods
by the fifth day after adjustment.

At NYU, we perform our adjustments in the office and
see our patients every 4 to 6 weeks for weight and appetite
evaluation. The program is structured for patients to
return for regular weigh-ins, progress evaluation, adjust-
ments, nutritional reinforcement, and behavioral counsel-
ing. We have found that frequent patient follow-up has a
significant impact on percent excess weight loss (%EWL)
achieved in just 1 year. Patients who return more than six
times in the first year after LAGB lose an average of 50%
EWL, as compared with those who return six times or less,
who lose 42% EWL (5). The average number of adjust-
ments in the first year was 4.5 and in the second year was
2. The average amount of fluid present in the band after
the first year was 1.9cc. This relatively low volume may
be reflective of a smaller stomal diameter achieved with
the pars flaccida technique. High patient volume result-
ing from this postoperative follow-up regimen is accom-
modated with the use of a dedicated nurse practitioner.
This may reflect not only utilization of the restrictive
properties of the band to its full potential but also the
added behavioral counseling and emotional support that
patients receive with each visit.

Radiographically Guided Adjustment

Real-time fluoroscopy allows for rapid localization of the
port to assist in percutaneous access. The needle can be
observed simultaneously as the skin is punctured and the
port accessed. Again, free reflux of saline into the syringe
confirms successful access. Fluoroscopy also allows for
visualization of the esophagus, gastric pouch, band, diam-
eter of outlet, and integrity of tubing/port system. There
is no standardized rate of esophageal emptying or outlet
diameter that correlates with the perfect adjustment.
There is also no evidence to suggest that a given outlet
diameter correlates with dysphagia or clinical symptoms.
Table 20.3-1 shows suggested radiographic criteria for
adjustments as published by Favretti et al. (6).

However, what fluoroscopy does show is outlet
obstruction, esophageal dilatation, gastric pouch dilata-
tion or prolapse, reflux, and malfunctioning band or mal-
positioned band. These are situations that would require
immediate intervention such as loosening the band. This
may be helpful since not all of these abnormalities are
necessarily reflected in clinical symptoms. Busetto et al.
(7) found that in their 379 LAGB patients the average
number of adjustments performed in the first year after
surgery was 2.3 ± 1.7, and the mean maximum band filling
after surgery was 2.8 ± 1.2mL.

Although the number of follow-up visits and adjust-
ments are much fewer, the cost and effort required are
greater. The surgeon must coordinate with a radiology
facility for use of the fluoroscopy; this can be time-con-
suming and costly. Unless the surgeon’s office has a C-
arm, the average time to perform an adjustment is 15 to
20 minutes. High-volume centers can decrease this time
to 10 minutes. In addition, the patient does not receive
the repetitive emotional support from the caregiver.

Complaints and Symptoms

Dysphagia to solid food is the most common postopera-
tive complaint. It usually relates to the patient’s (1) eating
too quickly; (2) inadvertently forgetting that he or she has
a band; (3) eating food that does not break down with
chewing, especially steak; (4) eating food that congeals
together, such as white bread; and (5) eating while
anxious or angry. Some patients simply fail to learn from
these experiences and persist with these maladaptive
behaviors. Chest pain from acute esophageal obstruction
will occur every time. This becomes very unpleasant for
the patient and can be difficult for the surgeon to manage.
Figure 20.3-5 reviews recommended management of
some common complaints.

Stomal obstruction from food causes pain. Initially, this
severe central chest pain and salivation can be frighten-
ing. Once patients recognize it, though, they are much less
concerned. The simplest course of action is to induce
vomiting, which will liberate the obstructing plug. It is
actually regurgitation that occurs, rather than vomiting.
Immediate resolution of pain is experienced. Patients
should then stay on liquids for the rest of the meal, as
mucosal swelling within the band can occur. Use of 
carbonated drinks to free the obstructing plug is to be
avoided, as the pain becomes severe when the gas
expands within the obstructed esophagus.

Recurrent regurgitation or vomiting can result in local
mucosal edema within the outlet; patients are advised to
stay on clear liquids for the following 24 hours after any
such event. If the food remains stuck, and they are unable
to tolerate any liquids, even their own saliva, they must

Table 20.3-1. Radiographic criteria for adjustment

Consider fluid removal Consider fluid addition

Stenosis of the outlet Wide outlet (>8mm)
Esophageal dilatation (>2×) Immediate passage of the 
Esophageal atony barium swallow (one 
Esophageal emptying of the barium peristaltic wave)

swallow in >4–5 peristaltic waves
Reflux
Pouch dilatation with insufficient 

emptying

Source: Favretti et al. (6), with permission.
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call their surgeon. The band requires immediate defla-
tion, and all the saline must be removed to allow passage
of the obstructing bolus. The band can be readjusted after
2 days.

Dysphagia and regurgitation is often worst early in the
morning, improves during the day, and is rarely present
in the evening. This relates to the diurnal function of
esophageal motility. Many patients are best served by
having a liquid breakfast, such as a cup of coffee followed
by a protein shake, that they can sip slowly on the way to
work. This eliminates much of the early morning stress.
Explanations of these mechanisms greatly assist band
patients to understand some of the difficulties they may
experience and reduces the ever-present fear of failure.

Dysphagia is certainly affected by emotional issues.
One very important subgroup is young people who are
dating; their newfound confidence after weight loss will
evaporate if they are seen to be having difficulty eating
or actually vomiting. These young people need special
advice: Start with an alcoholic beverage to help relax;
choose foods they know they can eat, such as soup,
risotto, or flaky fish; and resist pressure to eat more. Eat
slowly and have a sip of wine as they eat, just as they
would do normally. This allows them to fit in with their
friends and to be more comfortable dating.

Reflux occurs when (1) the band is too tight, (2) there
is gastric prolapse with band slip, or (3) there is an undi-

agnosed hiatal hernia. These are indistinguishable clini-
cally, but can be diagnosed by esophagraphy. Appropri-
ate treatment entails removing fluid from the band,
surgically repositioning the band, or reducing and repair-
ing the hiatus hernia. The severe end of the spectrum is
nocturnal regurgitation and reflux, often presenting as
sleeplessness combined with recent-onset asthma, or
even aspiration pneumonia. This is more commonly seen
with gastric prolapse/band slip.

Nutritional Evaluation

Nutritional deficiencies have not been identified to be a
problem after LAGB due to the purely restrictive nature
of the operation. However, we check a full battery of lab-
oratory tests including iron, folate, thiamine, vitamin B12,
parathyroid hormone, and calcium on an annual basis. We
have found two young women to be iron deficient after
1 year, and one young woman to be low in vitamin B12.
The significance is unknown since preoperative iron and
vitamin levels are not measured, especially in young men-
struating women.

Patients who cannot tolerate the restriction of the band
and adopt a maladaptive eating behavior may benefit from
band removal and possible revision to a bypass procedure.

Regurgitation Cause?

Occasional

With Solid
foods

Loosen 0.25 cc

NP Counseling Persists?

Yes

No

Resume filling
Follow steps 1 & 2

Wt. Loss goal:
1~2 lbs/wk or 10 lbs./mo

Esophagram
Possible slippage

Possible obstruction

Eating too fast
Poor chewing habits
Eating/drinking
at meals
Stress factor?

No Weight Loss Cause?

Acute Obstruction
(Food Stuck)

Salivation
Pain

Softer foods

Remove all fluid Resume filling 1/2 amount
3–5 days

NP Counseling
Dietary Counseling

Persists?

Yes

No

Resume filling
Follow steps 1 & 2

Wt. Loss goal:
1~2 lbs/wk or 10 lbs./mo

Esophagram
Possible slippage

Possible GE junction
EGD

Possible erosion

Sweets/
liquid calories

Not restricted
(despite max fill)

Reflux Severity?

Post-
Pandrial

Nocturnal

Loosen 0.25 cc

NP Counseling Persists?

Yes

No

Resume filling
Follow steps 1 & 2

Wt. Loss goal:
1~2 lbs/wk or 10 lbs./mo

Esophagram
Possible slippage

Possible obstruction
Pouch dilation

Complaints:

Figure 20.3-5. Common complaints algorithm. GE, gastroesophageal; EGD, esophagogastroduodenoscopy.



20.3. Laparoscopic Adjustable Gastric Banding: Postoperative Management 203

Counseling

Patients should understand that achieving weight loss
requires commitment to follow-up and guidelines. They
need to make changes to their nutrition and levels of
activity. While LAGB is not as foolproof as Roux-en-Y
gastric bypass (RYGBP), it can be just as effective in the
long term. Patients must understand that they cannot
have it both ways: They will not be able to eat the same
way or the same things after surgery and still lose weight.
The weight loss is gradual, due to the gradual nature of
the restriction. A program approach is the most success-
ful way of achieving significant maintained weight 
loss.

Support groups and ongoing psychotherapy can be
helpful after any bariatric surgery for the patient to adjust
to the loss of food, new self-image, and change in eating
behavior. However, the greatest help can come from the
surgeon listening to the patient and applying some of
these basic principles (Table 20.3-2).

Conclusion

The LAGB is the safest surgical tool available to assist
morbidly obese patients in losing weight. The keys to its
success are appropriate surgical technique, prolonged
follow-up, regular adjustments, and, perhaps most impor-
tantly, an understanding of the changes that go with
having a band. Its adjustability is its greatest strength.
When the patient attends regularly for follow-up, and the
surgeon uses adjustments wisely based on satiety, weight
loss, and any other symptoms, the LAGB will deliver very
satisfactory weight-loss results.
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Table 20.3-2. Postoperative eating tips

1. Eat when hungry
2. If not hungry, do not eat
3. Eat slowly
4. Chew thoroughly
5. Learn to put your fork down between bites
6. Size of the meal should be the same as the palm of your hand
7. Do not try to finish everything on the plate
8. Do not eat and drink at the same time
9. All beverages should have 0 calories

10. Order an appetizer instead of an entree at a restaurant



20.4
Laparoscopic Adjustable Gastric Banding:
Complications
Jeffrey W. Allen and Ariel Ortiz Lagardere

be more common when the band was placed initially with
the pars flaccida technique. An anterior gastric prolapse
generally involves the fundus of the stomach coming to
rest in a plane anterior to the esophagus and the remain-
der of the stomach (Fig. 20.4-3). Possible technical
reasons for the anterior slip include faulty gastric plica-
tion over the band due to suture failure, bites of inade-
quate tissue, or “hidden fundus.”

The posterior slip occurs along the lesser curvature of
the stomach and is more common in bands placed using
the perigastric technique (Fig. 20.4-4). This is due likely
to the required extra dissection that renders the stomach
below the band more mobile. In some cases with the peri-
gastric way of placing the band, the bursa is entered,
which further mobilizes the posterior stomach. A poste-
rior slip occurs when the lesser curve herniates through
the band and comes to rest posterior to the remaining
stomach.

A concentric slip is a somewhat controversial entity. It
is characterized by excess stomach from the greater and
lesser curve above the band (Fig. 20.4-5). It is unclear if
this represents a true prolapse (migration of stomach
from below to above the band) or a dilation of the exist-
ing stomach above the band. This condition may be due
to patient noncompliance and overeating, a band that is
chronically adjusted too tightly, initial placement of the
band erroneously low, or an actual mechanical prolapse.

The presentation of a patient with a slipped band,
regardless of the variety, is similar. Symptoms include
gastroesophageal reflux, nausea, solid (and ultimately
liquid) food intolerance, and back or abdominal pain. The
symptoms are generally subacute in nature, and it is rare
that patients present with an “acute abdomen.” In this
case, a perforation or other abdominal catastrophe must
be considered.

The diagnosis of gastric prolapse is usually made by a
contrast esophagram, although a plain abdominal radi-
ograph occasionally will suffice. On either film the band
often appears rotated to point at the patient’s left hip
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In the summer of 2001 the United States Food and Drug
Administration approved a silicon adjustable gastric
banding device for the treatment of morbid obesity
(LapBand System, Inamed Health, Santa Barbara, CA)
(1). This band, specifically designed for laparoscopic
placement, was met with considerable enthusiasm by
patients and surgeons alike, who realized the obvious
potential benefits of the procedure (2). These include a
short hospital stay, superior cosmesis, adjustability, and a
decreased risk of malnutrition, to name a few. However,
as with any surgical procedure, especially one dealing
with a high-risk patient population, unexpected problems
can occur. Many of the complications of gastric banding
are not new; erosions, for instance, were not uncommon
with vertical banded gastroplasty. Others are unique,
such as gastric prolapse and tubing problems. This
chapter describes the complications of laparoscopic
gastric banding, their treatment, and strategies for pre-
vention (Table 20.4-1).

Gastric Prolapse

Gastric prolapse, also known as a “slipped band,” occurs
when a part of the stomach below the band herniates
cephalad through the band (Fig. 20.4-1). The herniated
stomach is frequently the fundus, although any portion of
the stomach below the band may be involved. As the her-
niated stomach fills with saliva and ingested materials, it
becomes engorged and is pulled downward by gravity.
Eventually the slipped portion of the stomach dilates 
and causes the band to rotate downward (Fig. 20.4-2).
The result is a partial, and ultimately complete, gastric
obstruction below the gastroesophageal junction and
above the band.

There are three varieties of gastric prolapse: anterior,
posterior, and concentric. Instances where it is the greater
curve that has herniated through the band (Figs. 20.4-1
and 20.4-2) are known as an anterior slip. This appears to



206 J.W. Allen and A. Ortiz Lagardere

Table 20.4-1. Complications of laparoscopic adjustable gastric banding from various studies

Gastric prolapse/pouch Esophageal dilatation Access port
dilation (%)* (or dysmotility) (%) Erosion (%) problems (%)

FDA trial (n = 299) (1) 24 10** 1 6
Belachew et al. 2002 (4) (n = 763) 8 NR 0.9 2.6
Cadiere et al. 2002 (5) (n = 652) 3.8 NR 0.3 2.7
Dargent et al. 1999 (6) (n = 500) 5 NR 0.6 1
Favretti et al. 2002 (7) (n = 830) 10 NR 0.5 11
Fielding et al. 1999 (8) (n = 335) 3.6*** NR 0 1.5
O’Brien et al. 1999 (9) (n = 302) 9 NR NR 3.6
Vertruyen 2002 (10) (n = 543) 4.6 NR 1 3.0
Weiner et al. 1999 (11) (n = 184) 2.2*** NR 1.1 3.2

FDA, U.S. Food and Drug Administration; NR, not reported.
* Many investigators did not distinguish between true prolapse and gastric pouch dilatation; therefore, these categories are combined.
** Includes eight patients with dysmotility.
*** Prolapse only is reported. (Note: Not all complications shown required surgical correction.)
Source: Spivak H, Favretti F. Avoiding postoperative complications with the LAP-BAND system. Am J Surg 2002;184:31S–37S, with permission.

Figure 20.4-1 Gastric prolapse, also known as a “slipped band”.

Figure 20.4-2 Gastric prolapse with rotation of band to trans-
verse position

Figure 20.4-3 Anterior prolapse.

Figure 20.4-4 Posterior prolapse.
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instead of the normal configuration (Figs. 20.4-6 and 
20.4-7). Additional radiographic features of a slip include
the presence of fundus or dilated stomach above the
band, an air-fluid level, the “wave sign” of fundus over-
hanging the band, and varying degrees of obstruction to
the flow of contrast (Fig. 20.4-8). In instances where the
radiograph is equivocal, an endoscopic examination may
be helpful. Endoscopic evidence of gastric prolapse
includes a normal band without evidence of erosion, a
larger than expected amount of stomach above the band
that increases with insufflation, and a fundus that hangs
over the band (Fig. 20.4-9).

The treatment of gastric prolapse includes admission
to the hospital, intravenous fluid resuscitation, correction
of electrolytes, and operative repositioning of the band
(3). Nasogastric decompression is not routinely used
except in patients with complete gastric obstruction man-

Figure 20.4-5 Concentric dilation.

Figure 20.4-6 Normal position of band, pointing to patient’s
left shoulder.

Figure 20.4-7 Gastric prolapse with rotation of the band to
point to the patient’s left hip.

Figure 20.4-8 Gastric prolapse with wave sign (red arrow) as
the only radiologic feature.

ifest by intolerance of saliva. Although not generally a
surgical emergency, it is preferable to perform the surgery
in as timely a fashion as possible because of the possibil-
ity of aspiration or ischemic necrosis of the entrapped
stomach. The development or worsening of abdominal
pain may be a symptom of ischemia and should hasten
the operation. In selected cases, especially when the
patient has mild symptoms and equivocal radiographic
findings, removal of fluid from the band and a period of
outpatient nonoperative observation may be attempted.
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Once in the operating room, deflation of the band and
decompression of the stomach is the first step. The
laparoscopic trocars should be placed in a similar config-
uration as in primary placement. After establishing pneu-
moperitoneum, the adhesions are incised and the
herniated stomach identified (Fig. 20.4-10). The band is
mobilized by incising the overlying capsule and taking
down the previous plication. The herniated stomach is
then reduced and plication is repeated (Fig. 20.4-11). If
reduction of the herniated band is not possible, then the
band is opened, which can be a technical challenge. A

device that can be neither reduced nor opened requires
removal and replacement with a new one. The old band
is removed by cutting it with laparoscopic scissors. After
the band is either opened or removed after cutting, the
retrogastric tunnel is re-created, and the band placed as
in an initial procedure. Diligent gastric plication is espe-
cially important at this time to prevent future prolapse.
The postoperative course generally mimics that of the
original operation, and the same nutritional plan should
be used.

Figure 20.4-9 Endoscopic view of gastric prolapse. Green
arrow points to normal band; red arrow points to herniated
fundus hanging over band.

Figure 20.4-10 Adhesions and herniated
stomach.

Figure 20.4-11 Reduction of herniated stomach.
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Erosion

Erosion of the band, gastric erosion, and intraluminal
migration all refer to an implant that has penetrated into
the lumen of the stomach. It can occur as early as a few
months postoperative and is usually diagnosed during the
first 2 years. A direct correlation between tension from
the stomach wrap over the band and erosion has been
found. In the second author’s early experience, suturing
over the buckle or pulling the stomach fundus over the
band to the right crux was related to a higher incidence
of erosion. However, the penetration of the tubing and
not the band itself has also been documented and has no
apparent precipitating factor (Fig. 20.4-12).

The incidence of gastric erosion varies from 1% to 4%.
The true incidence can only be known if all patients 
were to undergo surveillance endoscopy. Routine upper

endoscopy at 18 to 36 months was performed on the
second author’s first 600 patients, and 3.6% erosions were
diagnosed. Of these, 68% had either a chronic sinus or
recurrent infection at the adjustment port. Surprisingly,
32% of these erosions were asymptomatic. A total of 
22 erosions were detected during routine endoscopy,
with the vast majority (87%) detected during the first 
24 months (Fig. 20.4-13).

A patient who has an eroded band may be sympto-
matic. When present, symptoms vary from mild upper
gastrointestinal discomfort to recurrent or chronic port
site infection or fistula. A frequent presentation is a pre-
viously asymptomatic patient who develops either reflux
symptoms or a sudden change in their restriction level.
This is attributable to the penetration of the implant into
the lumen of the stomach with the thickening of the
mucosa at the level of the stoma or the leaking of the

Figure 20.4-12 Erosion of tubing into the gastrointesti-
nal tract.

Figure 20.4-13 Intragastric migration of band.
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inflatable part of the implant secondary to the gastric acid
exposure. Another scenario is the development of symp-
toms months after the initial surgery, at the adjustment
port site, related to either an abscess formation or a
recurrent or chronic infection. There does not seem to be
a common precipitating factor. Infections in this situation
are often resistant to antibiotics and local treatment.

When these symptoms develop, an upper endoscopy is
indicated. The visualization of the implant penetrating
the lumen generally requires retroversion of the endo-
scope to observe the fundus and gastric plication. The
band frequently penetrates into the stomach-to-stomach
wrap with its outer edge penetrating first into the fundus.

The treatment of erosion is removal of the band. The
surgical procedure is elective and the patient is prepared
with perioperative systemic antibiotics. Operative find-
ings can include a peritoneal reaction with medium to
severe adhesions, friable tissue, and abscess formation.
The technique involves following the tubing down to the
implant and opening of the band is achieved by cutting
the buckle open with scissors or a harmonic scalpel.
Often it is not necessary to take down the previous ante-
rior gastric wrap, which most of the time is a challenging
procedure, and it increases the risk of further gastric per-
foration. Hydrostatic testing for a leak is performed and
closure of any identified defect is accomplished. Simulta-
neous replacement of a gastric band has been reported,
but is not widely recommended. The quality of the gastric
tissue often does not permit a safe revision procedure at
the time of band removal, but can be evaluated individ-
ually in each patient. Endoscopic removal of the implant
has also been reported and is feasible only when the
better part of the implant has penetrated the gastric
lumen. It requires special endoscopic attachment to cut
the device and remove it orally.

The erosion rate in the second author’s patients
prompted further scrutiny of the data. Video recordings
of the original surgical procedures were analyzed. The
common issue in all these patients was the suturing under
tension over the band or over the buckle. Our technique
has substantially changed since then so that all contact
with the buckle of the device is eliminated during sutur-
ing and there is no tension when performing the gastric
wrap. With these modifications there have been no ero-
sions in the second author’s last 400 patients.

Port Problems

The presence of the adjustment port in the subcutaneous
tissue is a regular source of morbidity. Hematoma or
seroma may present in the immediate postoperative
period and are generally treated conservatively. The most
frequently reported complications of the access compo-
nent are infection and tube-port leak or break. Port-

related complications, when reported, vary from 4.5% to
11%. In our experience with our first 600 patients, we
reported a tube break or leak in 1%. These leaks were
caused either by fatigue at the tapered end of the adjust-
ment port (earlier model) or by needle perforation
during failed adjustment sessions. All required revisions
under local anesthetic for repair or replacement of the
implant. It is important to mention that only a Huber-
type needle should be used to access this adjustment port.
The high-pressure silicone septum can tolerate up to 1000
punctures. The manufacturer of the implant (Inamed
Health) has a repair kit available that includes additional
tubing and a metallic connector. There is also a low-
profile adjustment port that is especially useful if the
patient has lost a substantial amount of weight and has
less pannus to protect it.

A port can dislodge early from its sutures but will be
detected upon access for adjustment. Some will be
manipulated and coaxed into position for penetration,
but others require fluoroscopic visualization and may
require a minor surgical revision to be re-anchored. Our
suggestion to avoid this problem is to observe the fol-
lowing guidelines.

The adjustment port should be placed distal to the
entrance of the tubing into the abdomen, producing a
smooth transition without any kinks or sharp angles. The
adjustment port should be anchored by nonabsorbable
sutures to the fascia, preferably to the anterior rectus
sheath. Some surgeons have opted for a sternum or low
xiphoid placement. Once placed, all the residual tubing
should be directed back into the abdominal cavity.
This prevents both the dislodgment of the tube through
the wound early on and needle penetration during 
adjustments.

Kinking of the tubes can cause a valve effect; this is a
rare occurrence but can be a surgical emergency when it
happens. This is usually detected during adjustment ses-
sions where saline is injected into the port but cannot be
retrieved. As the injected solution accumulates in the
band, the patient describes varying levels of pain from
dull to intense. Immediate relief of pressure is indicated
by local infiltration of anesthetic and tube manipulation
through the wound near the port to relieve the valve
effect and allow partial removal of the fluid.

Port-Site Infection

Infection at the port site is divided into early postopera-
tive or late. Early infections at the port site are infrequent
and generally respond to a course of oral antibiotics. Late
infection, usually months after the band placement pre-
sented in 3.5% of the second author’s cases as either a
chronic sinus or recurrent infection. Eighty percent had
an underlying gastric erosion of the band, and removal of
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the entire implant was necessary in all cases. It is impor-
tant to rule out a gastric erosion of the implant when
chronic or recurrent port-site infection is present. If no
erosion is detected, 2 to 3 weeks of aggressive systemic
antibiotic treatment is indicated. If the infection does not
subside, port removal may be required, with subsequent
replacement after the infection has completely cleared.

Intraoperative Complications

Gastric perforation is a potential technical problem
during the operative placement of a gastric band. It may
be due to a traction injury by a grasper or more com-
monly during a misadventure while creating a retrogas-
tric tunnel for the device. The latter is potentially more
dangerous because it is less likely to be recognized intra-
operatively. Clues that an iatrogenic perforation may
have occurred include unexplained bleeding, bile stain-
ing, particular difficulty with passage of the band through
the retrogastric tunnel, and repeated false passages of the
instrument used in the retrogastric position. Each situa-
tion warrants an intraoperative check consisting of
passing an oral gastric tube into the stomach above the
band, occlusion of the stomach distal to the band, and
injection of a methylene blue solution or air. With the
latter check, the abdomen should first be filled with
sterile, bubble-free irrigant. Alternatively, a flexible
upper endoscopy can be performed, looking for air
bubbles leaking out or the transgastric passage of the
band.

The discovery of a gastric perforation in the operating
room is a troubling development. The safest management
is to close the gastrotomy and abandon placement of the
band. If the gastrotomy is not easily exposed, conversion
to a laparotomy is indicated. In the case of esophageal or
posterior gastric injury, consideration of a covering fun-
doplication is warranted. In some instances, such as partial
thickness injury to the stomach or a full-thickness injury
away from the banded stomach with minimal contamina-
tion, the surgeon may decide to carefully proceed with
placement of the device. This is an uncommon occurrence
and there are no strong data to support either decision.

An unrecognized gastric perforation is more precari-
ous. Signs and symptoms are similar to those of a leaking
gastrojejunostomy after gastric bypass and include
abdominal pain, tachycardia, fever, oliguria, and hypoten-
sion. Diagnosis is by an esophagram with water-soluble
contrast, although operative intervention should not be
delayed for the sake of radiographic documentation,
especially in a patient with a worsening clinical picture.

The treatment of a patient with a gastric perforation is
removal of the band, identification and repair of the gas-
trotomy, and wide local drainage. In some cases, a fun-
doplication may be necessary to cover the perforation.

While this makes a future bariatric operation difficult or
impossible, it may be the best means of damage control
in a potentially life-threatening scenario.

Postoperative Obstruction

The phenomenon of postoperative obstruction is a
common complication of gastric banding. This occurs
when there is blockage of the outflow at the level of the
band. The most frequent etiology of postoperative
obstruction is a technical problem—inadequate excision
of perigastric fat. Other possibilities include edema of the
plicated stomach, hematoma at one of the sutures, or
some form of neuropraxia. Usually this is diagnosed in
an asymptomatic patient by routine contrast esopha-
gram, which shows the band in good position and align-
ment, but with limited or no flow of contrast material
through the band. The patient usually will vomit after the
study. A common symptom of obstruction is a tightening
in the chest typical of esophageal spasm.

Management of the obstruction includes continued
admission to the hospital, intravenous fluids, and keeping
the patient on NPO status. A nasogastric tube is seldom
necessary as patients are usually able to handle their own
secretions. The addition of ketorolac (Toradol) may
decrease postoperative edema, but is associated with
renal insufficiency so creatinine levels should be moni-
tored with this drug.

In general, postoperative obstruction resolves with
conservative management. Patients are slowly allowed to
have ice chips and then clear, noncarbonated liquids as
their condition improves. As soon as they are able to tol-
erate enough clear liquids to stay hydrated, they are dis-
charged. A follow-up radiograph is not thought to be
necessary. An upper endoscopy has not been particularly
helpful in our experience in the patient with an immedi-
ate postoperative obstruction. The endoscope usually
passes through the band, due to either the positive insuf-
flation pressure or the etiology being more of a neuro-
praxia. However, the forward passage of the endoscope
is not generally therapeutic. Failure of the obstruction to
resolve is uncommon but not unheard of.

The period of waiting is not pleasing for the patient or
surgeon and in the case of slow resolution (5 to 7 days)
action may need to be taken. In this instance a reopera-
tion and incision of the fat pad may relieve a mechanical
obstruction. This usually may require opening the band
to gain access to the adipose tissue on the lesser curve
and near the angle of His. During the observation period
for a postoperative obstruction, the development of
severe abdominal pain, tachycardia, fever, or hypotension
is indicative of a perforation above the band. This patient
should undergo exploration, removal of the band, and a
search for the perforation.
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With experience, most surgeons are able to prevent
postoperative obstruction in the majority of cases. Tech-
niques include decreasing the bulk inside the band by
excising the fat pad at the angle of His and creating a
rivulet in the fat on the lesser curve. Additionally, the
band should be placed as high up on the stomach as pos-
sible without abutting the esophagus. The lower the band
is placed, the more bulk of stomach itself is present within
the band. Finally, judicious choice of the size of the band
is important. In the United States there currently are 
two sizes of bands available, 9.75 and 10.0cm, and the
larger band is important to have on hand in patients 
with particularly large stomachs and excessive 
intraabdominal fat.
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Revisional Surgery

The Lap-Band operation is not without its complications,
but they occur on a smaller scale and have a much lower
risk profile compared with other methods currently used
in obesity surgery. It is important to note that complica-
tions can usually be corrected and that the Lap-Band
appears to be the lowest risk operation currently avail-
able for the treatment of morbid obesity. Another impor-
tant aspect of this kind of surgery, even though it requires
advanced laparoscopic experience, is that most of the
complications can be corrected by laparoscopy. In case of
complications our current approach is as follows:

Gastric Perforation

If the perforation is detected at surgery and if it occurs
at a location distant from the band, some surgeons have
repaired the stomach laparoscopically and placed the
band successfully (1). But if the exposure is not satisfac-
tory, it is advisable to postpone the placement of the
band, suture the stomach wall, drain the area, and have a
nasogastric tube in place. If the perforation is detected
postoperatively, and gross contamination has already
occurred causing peritonitis and subsequent emergency
surgery, the band has to be removed and traditional sur-
gical approaches have to be implemented.

Stomach Slippage

Different options are available for stomach slippage.

Deflation

The band system is deflated via the access port and an
upper gastrointestinal (GI) radiographic series is per-
formed. This is the only way to positively establish the

213

Laparoscopic adjustable gastric banding (LAGB) using
the Lap-Band (BioEnterics Lap-Band, Inamed Health,
Santa Barbara, CA) has been performed in our institu-
tion since 1993. Adjustable gastric banding for the surgi-
cal treatment of morbid obesity originated with Kuzmak
in 1986, and in 1993 was developed for laparoscopic
placement. In the past 10 years the procedure has gained
widespread acceptance and is now the most frequently
performed bariatric procedure in many countries of the
world.

Laparoscopic adjustable gastric banding brings many
advantages to patient and surgeon. The procedure is com-
pletely reversible as it does not require the opening of
the gastrointestinal tract or rerouting of the anatomy, and
it does not rely on cutting or stapling of the stomach, so
the patient does not suffer from the resultant, sometimes
serious, complications. Also, LAGB has the distinction of
being the only bariatric operation designed to be per-
formed laparoscopically (operation is laparoscopically
accomplished in >95% of all cases). The use of the Lap-
Band, therefore, allows patients to leave the hospital
much earlier than more drastic open bariatric procedures,
and they can return to work and normal activity much
sooner.

Even though some complications with gastric banding
are unavoidable, they can be treated by laparoscopy in
most cases and are rarely life threatening if managed
appropriately. It is worth noting that as techniques for
placement have evolved, complication rates with the Lap-
Band have declined. Surgeons and patients should adopt
strategies that will help avoid complications and be sen-
sitive to any indications of their emergence.

This chapter reports the long-term outcome of a large
group of morbidly obese patients treated with the Lap-
Band. We focus on the complications that required revi-
sional surgery and present our methods of diagnosis,
prevention, and treatment.
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cause of the symptoms and to establish whether any
passage for the fluids exists through the band. In most of
the cases the pouch returns to normal size and motility.
After 1 month the band is gradually inflated with no more
than 1.0cc at a time. After deflation, if an upper GI series
still shows slippage or the contrast passes with difficulty
through the band, band removal or repositioning must be
performed. True stomach slippage (as opposed to gastric
pouch dilatation) does not respond to the previously
mentioned conservative measures and indicates the need
for urgent laparoscopic or open exploration of the
abdomen, especially in cases of epigastric pain.

Removal

The Lap-Band system can be removed by laparoscopy. To
reach the site of the band, which is usually covered by
adhesions, it is advisable to follow the connecting tube and
pull it. The buckle of the band is easily identified and cut
along the side of the buckle, allowing the withdrawal and
removal of the device (Fig. 20.5-1). In this case another
surgical procedure could be offered to the patient.

Pull-Through Technique

In the case of anterior gastric wall slippage, first the band
must be deflated and exposed. At this point it is feasible
to reduce the slippage, by carefully pulling the gastric wall
through the band (Fig. 20.5-2). Retention sutures are
applied. If the stomach above the band has become ede-
matous or hypertrophied to the extent that reduction is
not possible, the band needs to be divided and a new band

placed above the enlarged gastric pouch. Of course the
position of the band on the lesser curvature and the loca-
tion of the retrogastric tunnel have to be checked. If they
are not correct, repositioning has to be done.

Repositioning

Posterior stomach slippage is treated by removal of the
band and placement of a new band higher up. The
removal of the band requires just enough dissection to
give access to the part of the band directly to the left of
the buckle. The reference points for dissection have to be
identified again to be sure that the retrogastric tunnel will
be above the peritoneal reflection of the bursa omentalis.
If the usual perigastric technique for dissection and cre-
ation of the retrogastric tunnel is not possible due to local
adhesions, the pars flaccida technique can be easily used.
The pars flaccida pathway has not been previously dis-
sected and is therefore easy to access. In this case dis-
section begins directly lateral to the equator of the 
calibration balloon in the avascular space of the pars flac-
cida. After seeing the caudate lobe of the liver, blunt dis-
section is continued under direct visualization until the
right crus is seen, followed immediately by the left crus
over to the angle of His.

Stoma Obstruction

In many cases deflation of the band, a few days of liquid
diet, and medical treatment with pump inhibitors can
prove salutary. For patients with near-complete or partial
obstruction, initial treatment can be conservative, con-

Figure 20.5-1. For removal, the band is cut along the side of
the buckle.

Figure 20.5-2. Reduction of an anterior gastric slip; pull-
through technique.



Figure 20.5-3. Bandinaro technique.
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sisting of rehydration and reassurance in an inpatient
setting. If patients do not improve clinically and radio-
logically within a few days, they can be managed with
exploratory laparoscopy as described earlier. If the stoma
obstructions are caused by stomach slippage, pouch
dilatation, or erosion, they are treated accordingly.

Esophageal and Gastric Pouch Dilatation

Its management involves complete deflation of the band
and, after 2 to 3 months, slow re-inflation with the
surgeon being careful not to reach the previous point of
overinflation. If, after deflation, an upper gastrointestinal
radiographic series shows a persisting esophageal/gastric
pouch enlargement with difficult passage of the contrast
medium through the deflated band, the surgeon is 
probably dealing with either stomach slippage or mal-
positioning of the band. In both cases the device is
encompassing too much gastric tissue. Removal or repo-
sitioning of the band is usually required in these cases
(see Stomach Slippage, below).

Erosion

The occurrence of this complication requires removal of
the band. The band is removed by laparoscopy. To reach
the site of the band, which is usually covered by adhe-
sions, it is advisable to follow the connecting tube and to
pull it. The buckle of the band is easily identified and a
cut on its weak part permits removal of the band. A few
stitches are applied to the damaged gastric wall. We
usually perform a perioperative gastroscopy and a meth-
ylene blue test to confirm that there is no leak. We then

insert a nasogastric tube for decompression and a peri-
gastric drain. The surgical approach is the same even if
erosion is high enough to be considered esophageal.
Some authors have described techniques for band
removal (usually bands other than Lap-Band) with an
oral endoscope (2,3), regardless of whether or not the
band is contained completely within the gastric lumen.

Gastric Necrosis

Repair of gastric necrosis requires exploratory laparo-
tomy and implementation of traditional surgical
approaches.

Tubing/Access Port Problems

If the port has to be replaced and repositioned, it can be
scheduled as a day-surgery procedure. If the proximal
end of the tubing is into the abdominal cavity, laparo-
scopy and recovery of the tubing are needed as part of
the repair. Sometimes a lengthening of the tubing has to
be made at the same time. With the recently improved
access port design, we expect to have minimal tubing
problems in the future.

Lack of Compliance/Unsatisfactory Results

If there are no technical problems with the band (slip-
page, pouch enlargement, erosion, and so forth) and if the
patient is not satisfied with the results so far achieved,
we offer to the patient, as a second choice/remedial 
procedure, a laparoscopic biliopancreatic diversion
(BPD) with gastric preservation and proximal restriction
(Fig. 20.5-3). The operation is performed by laparoscopy
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(4–6), and it consists of adding a duodenal switch to the
already present Lap-Band with the same lengths of
Scopinaro’s BPD. This procedure, being a fusion of the
lap-band plus Scopinaro’s BPD, is even known as 
Bandinaro.

Results

At 10 years follow-up, 95% of the 1292 patients at our
institution were available for examination. Major com-
plications requiring reoperation developed in 5.0% (65
patients). Early complications were two gastric perfora-
tions (requiring band removal) and one stomach slippage
(treated by band repositioning). Late complications are
shown (along with early complications) in Table 20.5-1.
Thirty patients developed stomach slippage (21 reposi-
tioned, nine removed), 17 had a malpositioned band 
(16 repositioned, one removed), seven had erosions 

(all removed), eight had psychological intolerance (all
removed), one had AIDS (removed), and one had gastric
necrosis (gastrectomy).

In analyzing the distribution of the major complica-
tions requiring reoperation, we observed that complica-
tions were reduced with experience: from patient number
1 to 100 there were 23 (23%), from patients 101 to 200
there were eight (8%), from patients 201 to 341 there
were nine (6.4%), and from patients 342 to 1177 there
were 27 (3.2%) (Table 20.5-2).

Reservoir/connecting tube problems (leakages, twist-
ing, infection) were regarded as minor complications
requiring reoperation and occurred in 134 patients
(11.4%). Seventy patients (6%) had stomach slippage or
pouch dilatation (with or without esophageal enlarge-
ment), which responded to conservative treatment and
did not require reoperation.

Weight loss expressed as body weight (BW) reduction
(kg) is shown in Table 20.5-3. Weight loss expressed 
as body mass index (BMI) reduction is shown in Table
20.5-4. Weight loss expressed as percent excess weight
loss (%EWL) is shown in Table 20.5-5. Tables 20.5-3,
20.5-4, and 20.5-5 include 1292 patients with 1- to 10-year
follow-up.

Table 20.5-1. Major complications requiring reoperation (of
1292 patients)

No. of
Complication pts. Remedies

Early
Gastric perforation 2 Band removed
Stomach slippage 1 Band repositioned

Late
Stomach slippage 30 21 repositioned, 9 removed
Malpositioned band 17 16 repositioned, 1 removed
Erosion 7 7 removed
Psychological intolerance 8 8 removed
AIDS 1 Removed
Gastric necrosis 1 Gastrectomy

Table 20.5-2. Distribution of complications

Patient No. of complications Complications (%)

1–100 23 23
101–200 8 8
201–341 9 6.4
342–1177 27 3.2

Table 20.5-3. Weight loss expressed as body weight (BW) reduction (kg)

All patients Super-obese Morbidly obese

Postoperative year No. of pts. Weight No. of pts. Weight No. of pts. Weight

0 1292 128.4 ± 25.2 378 153.2 ± 23.2 914 118.2 ± 17.9
1 1129 102.9 ± 21.6 342 120.1 ± 23.4 787 96.0 ± 16.3
2 957 100.9 ± 21.8 308 116.7 ± 22.8 649 96.9 ± 18.5
3 796 101.7 ± 21.4 256 115.3 ± 22.9 540 96.1 ± 17.9
4 609 103.6 ± 22.6 179 119.4 ± 26.6 430 97.0 ± 16.9
5 451 105.6 ± 23.6 136 120.6 ± 27.9 315 99.0 ± 18.2
6 312 101.8 ± 23.1 111 115.0 ± 29.8 201 96.7 ± 17.6
7 192 98.8 ± 23.1 71 113.2 ± 30.9 121 93.6 ± 17.0
8 73 96.5 ± 25.5 18 120.8 ± 52.9 55 91.8 ± 13.8
9 19 95.9 ± 21.3 1 97.0 18 95.8 ± 23.0

10 3 84.3 ± 28.2 1 97.0 2 78.08 ± 36.8



Discussion

Lap-Band surgery has become the most commonly per-
formed bariatric operation outside the United States, par-
ticularly in Europe, Australia, and Latin America.
Approximately 125,000 patients underwent this proce-
dure worldwide, and it has been our operation of choice
since September 1993.

Suitability for this surgery must be determined by a
multidisciplinary team (internist, dietitian, psychologist,
and surgeon). Results can be optimized by adequate mul-
tidisciplinary follow-up as well. The surgical technique
has been gradually modified and standardized such that
we have been able to reduce our operating time signifi-
cantly and to report a morbidity (major complications
requiring reoperation) of 5.0% with zero mortality for
the entire study. There is a striking difference between
our results and the results reported by Oria (7), who has
not performed this procedure, in his literature review.

Key steps of the perigastric technique, standardized by
our team and that of the Free University of Bruxelles,
were (1) reference points for dissection (inflated balloon
equator and left crus), (2) retrogastric tunnel above the

bursa omentalis, (3) embedment or imbrication of the
band, and (4) virtual pouch (8,9).

The Lap-Band procedure produces less weight loss
than gastric bypass and other malabsorptive procedures.
However, in the long run (up to 10 years) our weight-loss
curves are stable in time, with morbidly obese patients
losing as an average 30kg, 8 points on the BMI, and 45%
EWL while the super-obese lost 40kg, 12 points of BMI,
and 44% EWL. The Lap-Band operation is not without
its complications, but these occur on a smaller scale and
have a much lower risk profile compared with other
methods currently used in obesity surgery. It is important
to note that complications can usually be corrected and
that the Lap-Band appears to be the lowest risk opera-
tion currently available for the treatment of morbid
obesity. Another important aspect of this kind of surgery,
even though it requires advanced laparoscopic experi-
ence, is that most of the complications can be corrected
by laparoscopy. The emergence of many problems can be
minimized with proper operative technique and close
postoperative management and follow-up. Some points
for their prevention are detailed in the following 
section.
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Table 20.5-4. Weight loss expressed as body mass index (BMI) reduction

All patients Super-obese Morbidly obese

Postoperative year No. of pts. BMI No. of pts. BMI No. of pts. BMI

0 1292 46.4 ± 8.2 378 56.2 ± 5.5 914 42.4 ± 5.1
1 1129 37.4 ± 6.9 342 44.3 ± 7.1 787 34.6 ± 4.6
2 957 36.7 ± 7.0 308 42.8 ± 7.2 649 34.3 ± 5.0
3 796 37.1 ± 7.0 256 42.8 ± 7.4 540 34.7 ± 5.2
4 609 37.7 ± 7.4 179 43.7 ± 8.3 430 35.2 ± 5.3
5 451 38.2 ± 7.4 136 43.7 ± 8.4 315 35.9 ± 5.6
6 312 37.2 ± 7.6 111 41.9 ± 9.4 201 35.3 ± 5.5
7 192 36.9 ± 8.1 71 42.5 ± 10.8 121 34.8 ± 5.7
8 73 36.2 ± 9.6 18 45.8 ± 19.6 55 34.4 ± 4.7
9 19 35.0 ± 6.3 1 41.4 18 34.1 ± 6.2

10 3 33.8 ± 10.8 1 41.4 2 30.1 ± 11.5

Table 20.5-5. Weight loss expressed as percent excess weight loss (%EWL)

All patients Super-obese Morbidly obese

Postoperative year No. of pts. %EWL No. of pts. %EWL No. of pts. %EWL

0 1292 — 378 — 914 —
1 1129 41.3 ± 19.4 342 36.4 ± 16.5 787 43.3 ± 20.1
2 957 44.0 ± 22.3 308 41.4 ± 18.4 649 45.0 ± 23.0
3 796 41.8 ± 24.0 256 40.2 ± 20.0 540 42.5 ± 25.4
4 609 39.4 ± 29.5 179 38.0 ± 21.5 430 40.0 ± 25.6
5 451 36.8 ± 26.5 136 38.2 ± 21.8 315 36.2 ± 28.2
6 312 39.4 ± 26.3 111 42.8 ± 25.7 201 38.1 ± 26.5
7 192 40.9 ± 26.3 71 41.1 ± 27.1 121 40.9 ± 26.2
8 73 42.9 ± 27.4 18 43.7 ± 34.8 55 42.7 ± 26.6
9 19 43.5 ± 30.2 1 42.9 18 43.6 ± 32.7

10 3 53.0 ± 49.6 1 42.9 2 58.1 ± 69.0
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Prevention of Problems

Gastric Perforation

The stomach may be perforated during surgery mainly at
the creation of the retrogastric tunnel. This step can be
difficult in patients with very high BMI, visceral obesity,
and especially in male subjects.

Causes and Incidence

The relationship of this gastric perforation to the surgi-
cal procedure is evident, and emergency surgery is indi-
cated. Most surgeons have reported one or two stomach
perforations, primarily during the learning curve period
(10–15),with a gastric perforation rate ranging from 0.2%
(16) to 3.5% (17).

Symptoms

Gastric perforation is characterized by free leakage of
gastric contents into the peritoneum similar to when per-
foration of the gastric lining leads to peritonitis.

Diagnosis

This complication can be detected easily during surgery
by inflating the stomach with a methylene blue solution
once the band tubing has been pulled into the retrogas-
tric tunnel. Using the methylene blue after the band has
been positioned and locked could be useless. In fact, the
band might completely fill the perforation and not show
any leakage. An upper GI x-ray series with Gastrografin,
done routinely on the first postoperative day, can show
the perforation (Fig. 20.5-4).

How to Avoid It

During the creation of the retrogastric tunnel, there is a
blind area. If we want to avoid this complication, the area
can be reduced by a wider downward exposition of the left
crus and by a wider dissection along the lesser curvature.
This is a consideration if the perigastric dissection path is
used. To avoid gastric wall injuries, the calibration tube
must be withdrawn during dissection, which should be
undertaken perpendicularly so as not to enter the inferior
mediastinum along the esophagus.We have found that the
articulating dissector (Fig. 20.5-5) (Automated Medical,
Edison, NJ) is atraumatic enough to avoid damaging 
the gastric wall. Good surgical technique with adequate 

Figure 20.5-4. Gastric perforation:
Gastrografin swallow on postoperative
day 1 may show a leak.

Figure 20.5-5. Articulating dissector (Courtesy of Automated
Medical Products, Corp., Edison, NJ.)
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exposure and use of appropriate instruments can reduce
the incidence of this serious complication (14).

If the retrogastric dissection turns out to be risky, a
valuable option is the video hand-assisted technique. The
right hand of the surgeon is introduced into the abdomen
through a mini-laparotomy (Fig. 20.5-6). The perigastric
dissection is undertaken digitally using the in-place cali-
bration tube as a reference. The articulating instrument
is put in place, the mini-laparotomy is closed, and the rest
of the operation is completed, usually by laparoscopy.

Stomach Slippage

Stomach slippage is the postoperative development of an
overly large upper gastric pouch. Often referred to as
gastric prolapse and often confused with pouch dilata-
tion, this complication can occur anteriorly or posteriorly.

Figure 20.5-6. Video hand-assisted technique may be used in
case of difficult dissections.

Figure 20.5-7. Posterior stomach slippage radiograph.

Causes

Posterior gastric slippage is the most common type.
The posterior gastric wall moves through the band,
resulting in the creation of a large posterior pouch 
(Fig. 20.5-7). The band rotates to a vertical position,
or even rotates beyond the vertical, with the inferior 
aspect of the band lying more to the left. This problem 
is principally a consequence of placing the band 
across the apex of the lesser sac (Fig. 20.5-8) rather 

Figure 20.5-8. Retrogastric tunnel incorrectly
created across the lesser sac.
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than through the tissue above the lesser sac 
(Fig. 20.5-9).

Anterior gastric slippage results from failure of the
anterior fixation (retention sutures). The band moves to
a horizontal position, and the enlarged proximal stomach
overlies the left side of the band. The sutures may be
placed in a way that fails to fix the lateral (greater cur-
vature) aspect. They may be insufficient in number to
give full fixation or they may be inserted above the band
into the fat pad overlying the esophagogastric junc-
tion rather than into the upper gastric wall so they sub-

sequently tear out. Both posterior and anterior pouch
dilatation lead to excessive stomach tissue inside the
band and to obstruction between the upper pouch and
the lower stomach.

Incidence

This is the most frequent complication associated with
the Lap-Band procedure. Its incidence has been dramat-
ically reduced over the years (from as high as 22% down
to less than 5%) (18) by a better understanding of the
anatomy of the gastroesophageal junction (GEJ) and by
the evolution of the surgical technique.

Three techniques for the positioning of the Lap-Band
have been described:(1) the perigastric method (8,19) (Fig.
20.5-10); (2) the pars flaccida method (20) (Fig. 20.5-11);
and (3) the pars flaccida to perigastric technique (21) 
(Fig. 20.5-12).

Figure 20.5-9. Retrogastric tunnel created above
peritoneal reflection of the bursa omentalis.

Figure 20.5-10. The perigastric dissection technique. Figure 20.5-11. The pars flaccida dissection technique.
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Of these, the perigastric technique may have the highest
rate of slippages (20), probably because it is more difficult
to master. But in fact, the perigastric technique, properly
performed, has a very low incidence of slippage, 10% in
our series, of whom 1.9% required reoperation (22).

Symptoms

Stomach slippage should be suspected when patients who
have had a normal postoperative period begin to experi-
ence changes in their eating habits. The symptoms of slip-
page are the symptoms of partial or complete obstruction
and of fluid stasis in the lower esophagus and upper dis-
tended gastric pouch. These symptoms include heart-
burn, vomiting, free reflux of fluid into the mouth,
dysphagia, coughing and choking spells (particularly at
night), wheezing, and ability to tolerate only fluids.

The problem is usually chronic. Nevertheless, the
patient can develop significant dehydration with elec-
trolyte imbalance and ischemia of the upper stomach.
Ischemic lesions are particularly dreadful since they can
lead to gastric necrosis.

Diagnosis

Investigation and management depend on the severity
and acuteness of symptoms. No patient should have the
aforementioned symptoms as a normal part of the post
Lap-Band process. Therefore, the onset of these symp-
toms indicates that either the band has been set too
tightly or there is some slippage present. An upper gas-
trointestinal x-ray series is diagnostic.

How to Avoid It

To avoid this complication, it is important to correctly
select the sites for dissection along the lesser curvature

and into the phrenogastric ligament. A reliable reference
point for dissection is the equator of the balloon (cali-
bration tube inflated with 25cc of air and withdrawn to
the gastroesophageal junction), which, on the phrenogas-
tric ligament, corresponds to the left crus.

The retrogastric tunnel is created by joining the refer-
ence points. The dissection has to be perpendicular and
has to aim at the left crus. The bursa omentalis should not
be entered and the dissection has to be performed into
the phrenogastric ligament above the peritoneal reflec-
tion of the bursa omentalis. Once the Lap-Band has been
positioned, an anterior embedment is carried out with a
few retention sutures applied from the greater toward the
lesser curvature. Following these steps, it is unlikely that
either the band or the stomach walls can slip.

It is unquestionable that the lower reported incidence
of stomach slippage (18,23) is due to the following
factors: (1) the creation of a “virtual” pouch, as the
smaller pouch has less ability to stretch and pull the
gastric fundus from below the band; (2) the sound place-
ment of retention gastrogastric sutures; and (3) the pos-
terior positioning of the band very high and in close
proximity to the gastroesophageal junction. This
anatomic tendency for high posterior position is clearly
evident in the pars flaccida and combined pars flaccida to
perigastric techniques. However, surgeons experienced
with the perigastric technique have always recommended
a high posterior position as well (22).

Stoma Obstruction

Stoma obstruction is defined as an obstruction to the
passage of food from the gastric pouch to the rest of the
stomach. Stomas obstruction can happen any time, early
or late in the postoperative period.

Symptoms

Symptoms include sialorrhea, vomiting, dysphagia, epi-
gastric/retrosternal and chest pain, inability to swallow,
new onset of reflux, and repeated aspiration and pul-
monary complications in severe cases.

Causes

Stoma obstruction in the early postoperative period has
a number of possible causes, all of which serve to narrow
the stoma and simulate the effect of an overtight band.
After band placement using the pars flaccida approach,
stoma obstruction is most often associated with smaller
bands applied over a thick GEJ area or too distal from
the GEJ.

After band placement using the perigastric or the pars
flaccida to perigastric approach, stoma obstruction is
usually caused by the incorporation of too much tissue
inside the band. In most of the cases, in fact, the band is

Figure 20.5-12. The pars flaccida to the perigastric dissection
technique; the second step.
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positioned too distally from the GEJ, causing a large
amount of fundus and stomach wall to be encompassed
by the band. Because the circumference of the band is
fixed, obstruction results (Fig. 20.5-13).

In other cases, especially in heavy male patients with
thick GEJ areas, the 9.75- or 10-cm bands may be placed
around too much tissue. The surgeon can perform a del-
icate dissection, thinning out the area where the band is
to be placed.

If a band still appears too tight just prior to locking,
then consider using the two-step dissection option (21).
When the pars flaccida technique has been used and
when a band appears to be too tight just prior to locking

the buckle, then stop, unthread the band tubing, and back
the band out of the retrogastric space. Leave the tubing
in position behind the stomach and inflate the calibration
tube to 25cc. Pull the tube back so the balloon is firmly
stopped against the bottom of the GEJ. Select a point at
the equator (midline) of the inflated balloon on the edge
of the lesser curve (as would be done to start the peri-
gastric dissection). Deflate the balloon and pull the cali-
bration tube back into the esophagus. Bluntly dissect
straight down (anteroposterior) alongside the lesser
curve. Do not follow the stomach wall behind the
stomach, just dissect straight downward until the band
tubing is found in the pars flaccida pathway. Pull the band
tubing up through the new perigastric window and
rethread the buckle. Just before locking all the way,
confirm that the band now fits loosely. If not, excise fat
tissue on the anterior gastric wall as needed to avoid the
band’s being overtight.

Postoperative edema of the area incorporated by the
band due to hematoma or postoperative reaction may
also lead to stomal obstruction. Late stoma obstructions
are usually related to gastric pouch dilation, stomach 
slippage, erosion, pouchitis, or esophagitis caused by bad
eating habits (Fig. 20.5-14). Figure 20.5-15, which shows
the same patient is seen as in Figure 20.5-14, demon-
strates with resolution of dilatation with a 2-cc deflation
of the band.

Diagnosis

In most of the previously mentioned cases, a postoperative
contrast study with Gastrografin (always to be done on the
first postoperative day) often reveals complete obstruction
or near-complete obstruction with minimal flow from the
esophagus and gastric pouch to the portion of the stomach
below the band. Tertiary esophageal contractions (unco-
ordinated contractions) are usually evident.

Figure 20.5-13. Early complete stoma obstruction due to a
malpositioned band.

Figure 20.5-14. Nine months
postoperative stoma obstruction;
pouchitis/esophagitis due to bad
eating habits.
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Esophageal and Gastric Pouch Dilatation

Esophageal and gastric pouch dilatation without stomach
slippage has been reported (24).

Incidence

Esophageal dilatation is a debatable complication, having
been observed and reported at essentially only one site
in the U.S. Food and Drug Administration (FDA) clini-
cal trial (25). In our series of 830 patients, 92 cases (11%)
of esophageal and gastric pouch dilatation were reported.
Of these 92 cases, 83 (90%) were caused by gastric slip-
page and 9 (0.9%) were caused by malposition of the
band (22). It is our observation that esophageal dilata-
tion is a transient clinical finding indicative of an over-
tightened band or a chronic outlet obstruction due to
band malposition or slippage.

Causes

Even though the two entities, stomach slippage and
gastric pouch dilatation, are different from an etiopatho-
genic point of view, they sometimes overlap; in a few
cases the actual cause could be debatable. When this type
of pouch enlargement occurs it is most likely caused by
overinflation of the band, resulting in a mechanically
severe outlet obstruction, creation of an oversized pouch
during surgery (band placed too low or malpositioned),
or patient’s lack of compliance regarding oral intake

(inappropriate food intake, insufficient chewing of food,
and overeating causing vomiting).

All these factors can stress and stretch the new small
gastric pouch. Eventually the pouch and even the esoph-
agus may dilate, as occurs in other restrictive procedures.
Failure to address the issue will result in an atonic pouch
and large atonic esophagus.

Symptoms

Symptoms are indistinguishable from those previously
described for stomach slippage.

Diagnosis

Periodic esophageal imaging may help detect dilatation
and therefore should be conducted at least once in the
first postoperative year or at the time of adjustment.

How to Avoid It

Creating a small upper pouch (15mL or, even better,
virtual pouch) has been demonstrated to be vital to the
success of surgery. There is a dramatic decrease in pouch
enlargement problems when the initial pouch size is no
more than 15mL or virtual. The size of the pouch and the
dissection points for the retrogastric passage of the band
have to be accurately determined with the use of the 
calibration tube/balloon supplied with each Lap-Band
system.

Apart from the cases caused by an overinflated band
(Fig. 20.5-16), we believe most of the reported cases are

Figure 20.5-15. Resolution of dilatation with 2cc deflation of
band; same patient as in Figure 20.5-14.

Figure 20.5-16. Esophageal dilatation due to overinflated
band, resolved with deflation.
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due either to stomach slippage (see previous discussion)
or to malpositioning of the band (Fig. 20.5-17). We avoid
this complication by respecting the reference points for
dissection and carrying out the retrogastric dissection as
previously described. While creating the pouch, avoid 
any cul-de-sac that could cause further enlargement of
the pouch, leading to food intolerance. The cul-de-sac is
avoided by removing the calibration tube and by apply-
ing the retention sutures from below upward. To reduce
the incidence of early food intolerance we recommend
that the Lap-Band stoma initially be kept large (band
uninflated) after surgery. A more open stoma may help
accommodate any postoperative edema or patient diffi-
culty in compliance while learning new eating habits.

Erosion

Band erosion, defined as the partial or complete move-
ment of a synthetic band into the gastric lumen of the
stomach, is also known as migration, gastric incorpora-
tion, and gastric inclusion. It exists as a possible compli-
cation following bariatric surgical procedures in which
synthetic materials (silicone, Marlex, Dacron, and so
forth) are used to create the gastric stoma. Band erosion
may occur following vertical banded gastroplasty and
gastric bypass as well as Lap-Band system surgery. The
occurrence of this complication renders any weight loss
procedure ineffective and requires removal of the band,
generally via surgery.

Incidence

This complication occurred in 1% of the patients of the
Lap-Band FDA clinical trial (25). Omitting series in the
international literature that include a large number of
revision procedures and those performed during the
learning curve, the Lap-Band system erosion rate is well
below 1% (9,16,22,26–28).

Causes

The level of laparoscopic expertise and the extent of Lap-
Band system experience affect the surgeon’s ability to
avoid complications. The incidence of erosion is attrib-
uted to one or to a combination of the following: small,
undetected injuries to the gastric wall that occur during
band placement; necrosis due to pressure of the band; and
access port infection.

There is some disagreement among surgeons regarding
the actual evolution of this process. While some believe
that first the access port becomes infected, and then the
infection travels down the tubing to the band causing
erosion (29), most believe that the infection of the port
is a symptom of an already-present erosion (30).

Symptoms

Most symptoms of erosion are of benign nature, nonur-
gent, and not life threatening. There is rarely ileus or
sepsis found associated with the onset of erosions. Ero-
sions may go unnoticed for a considerable period of time
because the capsule seals off the band from the peri-
toneal cavity, and the band gradually transitions into the
lumen without leakage or sepsis developing. Surgeons
have observed a variety of (usually clinically benign)
symptoms that may serve as indicators of band erosion
(31–34). Many of these symptoms may be seen in com-
bination, and patients may present with weight gain
without apparent cause, feeling of lack of
restriction/satiety, ineffectiveness of band adjustments,
passage of contrast medium through and around the
band shown on x-ray, and chronic and persistent port
infection (port site infection may be the first symptom of
erosion, usually due to migration of bacteria from the
stomach to the port site area along the tubing).

Diagnosis

An erosion can be diagnosed by an upper GI x-ray series,
by esophagogastroduodenoscopy (EGD) (Fig. 20.5-18),
and by fistulography.

How to Avoid It

A meticulous, gentle, and careful operative dissection
may avoid at least some of these erosion problems. If the

Figure 20.5-17. Esophageal dilatation due to malpositioned
band, ultimately required removal.
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surgeon suspects that an injury to or perforation of the
lumen has occurred during surgery, the injury should be
addressed and serious consideration should be given to
whether placement should proceed at that time. During
surgery, placement of gastrogastric sutures over the
locking mechanism (buckle) should be avoided. This area
protrudes and can cause pressure necrosis to the gastric
wall that covers it. Instead, all retention sutures should
be placed to the left side of the locking mechanism.

Gastric Necrosis

By gastric necrosis we mean the necrosis of the upper
gastric pouch.

Incidence

Necrosis is very rare. In one series of 400 patients only
one case (0.25%) was reported (35). In our own series of
1292 patients we recently experienced our first case as
well. This patient, complaining of symptoms suggesting
either gastric slippage or a gastric pouch dilatation, was
hospitalized at her local hospital. Despite our suggestions
about the need for referral and for prompt appropriate
treatment, she was kept there for a number of days under
conservative treatment. Finally, due to the onset of exac-
erbating abdominal tenderness and peritonitis, she
underwent exploratory laparotomy and gastric resection.

Causes

Gastric necrosis may occur early in the postoperative
period or later when it is likely the result of a long-term
undetected stomach slippage. Stomach slippage or gastric
pouch dilatation can cause the band to exert continuous
pressure against the gastric wall, which, in turn, may
decrease the blood supply to the fundus. This pressure
may also result from overinflation of the band. The com-
bination of decreased blood supply and continuous pres-
sure may lead to necrosis of the gastric wall. Even in the
absence of stomach slippage, an overdistended gastric
pouch by itself can impair blood supply and progressively
lead to gastric wall necrosis. The theoretical link between
stomach slippage and necrosis is the reason stomach slip-
page should be considered a surgical emergency.

Symptoms

We have to consider that stomach slippage and pouch
dilatation, if not diagnosed and treated accordingly, can
lead to gastric necrosis. The typical symptoms are abdom-
inal tenderness and peritonitis. Abdominal pain is a
herald, a sign that must be responded to immediately.

Diagnosis

If the symptoms are not considered diagnostic, an upper
GI x-ray series with Gastrografin and an EGD can be
done.

Tubing/Access Port Problems

The access port is an essential component of the 
Lap-Band system, and its placement requires careful
attention.

Incidence and Causes

In our own series we had tubing and port problems in
11% of the cases. The complication is fairly common in
most series (36,37). In part, these problems can be linked
to design features at the interface between the access port
and the tubing, and in part they can be linked to the
method of placement of the port.

Symptoms

The patient is fully asymptomatic or complains of some
discomfort at the port site. There might be difficulties in
accessing the port for adjustment. Often the patient com-
plains of a sudden loss in sensation of satiety and of an
increase in body weight.

Diagnosis

Absence of fluid in the system indicates that something
is wrong. There should be no normal loss of fluid. A plain

Figure 20.5-18. Gastric erosion; endoscopic view of band inside
gastric lumen.
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x-ray of the abdomen is appropriate to see if there has
been complete detachment of the tubing with movement
of the proximal end back into the abdomen. When in
doubt, injection of contrast medium (Conray) into the
system shows the leakage in most cases. Very small leaks
in the tubing, especially those due to needle sticks, may
not be obvious. Contrast media can flow along the tubing
and pool around the band.

How to Avoid It

The access port should be placed lateral to the trocar
opening. A pocket must be created for the port so it is
placed far enough from the trocar path to avoid abrupt
kinking of the tubing (Fig. 20.5-19). Alternatively, a
smooth arching path without sharp turns or bends may be
created either with a 5-mm trocar or a hemostat to
provide a gradual entry path into the abdominal cavity
(Fig. 20.5-20) or creating a subcutaneous tunnel so that
the tubing enters the abdomen through a second trocar
path. The port is usually positioned in the left hypochon-
drium, and sutured to the rectus fascia with four Prolene
sutures; its optimal orientation is shown in Figure 20.5-21.

With the recently improved access port design, we expect
to have minimal tubing problems in the future.

Lack of Compliance/Unsatisfactory Results

In case of unsatisfactory results or lack of compliance, we
offer to the patient, as a second choice/remedial surgery,
the bandinaro procedure (6) (see Fig. 20.5-3). It consists
of adding a duodenal switch to the already present Lap-
Band with the same lengths of Scopinaro’s BPD.

Incidence and Causes

It is estimated that 25% of patients fail to maintain long-
term weight loss after adjustable gastric banding (22).
Once the presence of slippage, pouch enlargement,
erosion, or tubing/port problems have been excluded, the
main reason for unsatisfactory results is the patient’s lack
of compliance with the Lap-Band system.

Symptoms

Patients are asymptomatic, except for the unsatisfactory
weight loss, a couple of years after the original Lap-Band

Create a sub-Q tunnel so that the tubing enters the abdomen through a 2nd trocal path. Figure 20.5-19. Access port placement option
using a second trocar path.

A smooth, arching path, without sharp turns or bends in the tubing, is optimal. A tubing path
can be created with a 5mm trocar or a hemostat (i.e., Kelly) to provide a gradual entry path into
the abdominal cavity.

Figure 20.5-20. Correct access port placement
option to prevent kinking of the tubing.
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procedure. They have been unable to change their eating
habits in accordance with the new gastric restrictive 
situation.

Diagnosis

An upper GI x-ray series and an EGDS have to be done
in order to exclude problems at the level of the band.

Rationale

Vassallo et al. (4) proposed in 1997 a duodenal switch
done by laparotomy, in addition to a transitory gastro-
plasty or an absorbable band of polydioxanone, preserv-
ing the stomach entirely. In this series the patients
experienced no diarrhea or protein deficiency. Sleeve gas-
trectomy was added to the duodenal switch (5) to reduce
the marginal ulcer incidence and to add some sort of
restriction. The work of De Meester has demonstrated
that the preservation of 3 to 4cm of viable duodenum is
enough to greatly reduce the incidence of marginal
ulcers. Moreover, a restriction can be achieved by apply-
ing a Lap-Band, therefore avoiding a sleeve gastric resec-
tion with its irreversibility, risk of bleeding, leakage, and
stenosis.

Results

From 1994 to June 2003, 40 patients underwent a bandi-
naro at our institutions as a second choice/remedial
surgery after failed gastric restrictive procedures [four
had a previous open vertical banded gastroplasty (VBG),
22 an open adjustable silicone gastric banding, and 14 a
laparoscopic Lap-Band]. In 12 cases the bandinaro pro-

cedure was done by laparoscopy. The morbidity in the
open group has been one case of pancreatitis and one
case of internal hernia, both requiring reoperation. In the
laparoscopic group we had two duodeno-ileal fistulas,
which underwent successful conservative treatment. The
weight loss was very satisfactory, and it is shown in
Figures 20.5-22 and 20.5-23. In fact, these patients lose an
average of more than 60kg, and reach in excess of 75%
EWL.

Conversion to Another Bariatric Procedure

Failure of restrictive procedures can also be treated with
conversion to a gastric bypass or a purely malabsorptive
procedure. Failed VBG and adjustable gastric banding
can effectively be treated with conversion to gastric
bypass (38,39). Though these procedures are technically

Figure 20.5-21. Horizontal orientation of the access port.
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demanding, several series have reported the safety and
efficacy of this approach to treat failed weight loss or
complications related to the Lap-Band (38–44). In a
series of 70 patients who underwent conversion of LAGB
to laparoscopic Roux-en-Y gastric bypass (LRYGBP),
the early complication rate was 14%, the late major com-
plication rate was 9%, and there was no perioperative
mortality. Three patients were converted to an open pro-
cedure due to extensive adhesions. The indications for
conversion to gastric bypass were inadequate weight loss
(25%) or weight regain (49%), symptomatic pouch dila-
tion (20%), erosion (5%), and psychological intolerance
of the band in one patient. The mean operative time was
240 minutes. At 18 months of follow-up, mean EWL was
70%, and 60% of the patients achieved a BMI <33 during
that time (41). Weber et al. (44) retrospectively reviewed
62 patients who failed LAGB and underwent either re-
banding (n = 30) or LRYGBP (n = 32) over a 7-year
period. Both procedures were performed with low com-
plication rates and mortality was absent. One year after
revision, the mean BMI in the LRYGBP group had
decreased from 42 to 32 while the BMI in the re-banding
group had remained unchanged at 38. These authors con-
cluded that gastric bypass is the rescue therapy of choice
after failed LAGB.

Conversion to BPD after failed Lap-Band is another
option in this group of patients. In a series by Dolan and
Fielding including 1439 LAGB patients, band removal
was performed in 85 patients, and the most common
reasons for removal were persistent dysphagia (29%),
recurrent slippage (28%), failure to lose weight (16%),
and intolerance (14%). Erosion occurred in six patients
(7% of removals). A total of 79 patients underwent band
removal with simultaneous conversion to BPD or BPD
and duodenal switch (BPD-DS) (open or laparoscopic).
The average BMI at the time of revision was 46. Thirty-
eight patients had synchronous band removal and laparo-
scopic BPD. There were no major complications in this
group. Excess weight loss at 1 year was 37%, less than is
seen with primary BPD, and eight patients (21% of lap
BPD patients) failed to lose weight after laparoscopic
BPD and required shortening of their common channel.
Laparoscopic BPD-DS was performed with band
removal in 21 patients. There was one gastric staple line
leak, and %EWL at 12 months was 28%. Six of these
patients (18%) required shortening of the common
channel to 40cm. Despite shortening the common
channel after laparoscopic BPD or BPD-DS in 14
patients who failed to lose weight initially, five continued
to have minimal or no weight loss.

Removal of the band with simultaneous conversion to
a malabsorptive procedure can be performed safely in
experienced hands. As evidenced by Dolan’s study,
though, a small subset of patients will be refractory to any
bariatric procedure. Laparoscopic conversion from Lap-

Band to gastric bypass is also an effective option for
patients who have failed the gastric banding. As more
experience is gained with these conversion procedures,
the optimal approach for a failed Lap-Band will become
more clearly defined.

Conclusion

The Lap-Band has proven to be remarkably safe. Given
the anesthetic and operative risk status of these patients,
it is difficult to think of any surgical procedure that could
have a better safety record than Lap-Band placement.
The minimally invasive nature of the procedure—no
cutting, stapling, or alteration of the anatomy—tends 
to keep the complication rate down, especially serious
complications.

There are some clear requirements for the successful
use of the Lap-Band. Though these requirements are not
difficult or unusual, they are essential. The surgeon needs
to have good laparoscopic skill and bariatric experience.
Reasonable competence and experience can be achieved
with good, specifically oriented training and proctoring.
There must be a commitment to the patients, to their edu-
cation and support, to their ongoing routine care and
problems. This commitment is best realized by a multi-
disciplinary support team (dietitian, psychologist,
internist, and surgeon).

Because of the ability to adjust the degree of restric-
tion, the weight loss is achieved in a gradual way. Ideally,
it occurs slowly over 2 years or longer and should not 
be associated with symptoms of severe restriction or
vomiting, but rather with a sense of satiety before 
eating and an early sense of fullness after eating small
amounts.

The Lap-Band is the only bariatric surgical procedure
that is entirely reversible. Patients are not trapped per-
manently into a state of distorted anatomy that can only
be undone with difficulty. It is comforting for both the
patient and the surgeon that, should the need arise, the
band can easily be removed and the stomach allowed to
return to normal.

Most Lap-Band complications are not life threat-
ening and, when they do occur, many can be remedied
laparoscopically.

The evolution of the procedure, with modifications to
the device and the technique, has served to greatly reduce
the incidence of complications. And, of course, avoiding
complications in the first place is always the best compli-
cation management strategy. When complications and
failed weight loss do occur after Lap-Band, revisional
surgery may be required. Addition of a malabsorptive
procedure (our approach) or conversion to laparoscopic
gastric bypass, BPD, or BPD-DS can be accomplished
safely with excellent results for most patients.
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a BMI >35), failed weight loss with esophageal dilatation,
failed weight loss with leaking band, and esophageal
dilatation with frequent emesis. Fourteen of 18 were con-
verted to a gastric bypass involving either laparoscopic 
(n = 8) or open (n = 5) techniques. Overall mean per-
centage excess weight loss (%EWL) was 62% (range
29–106%); 43% of the weight loss was after conversion
to a gastric bypass, whereas only 19% was after Lap-Band
placement. Similar resolution of comorbid conditions
was only seen after conversion to RYGBP (Table 20.6-1).
African-American patients demonstrated very poor
weight loss as compared to Caucasians following LAGB.
The two groups demonstrated no significant differences
in preoperative body weight, percent of ideal body weight
(%IBW), or BMI. However, the postoperative percent-
age decreases in excess body weight and weight lost in
kilograms was lower in African Americans at 12-, 24-, and
36-month follow-up. Of the 18 patients with the Lap-
Band in place, the mean percentage of excess weight loss
was only 32%.

In another study, Angrissani et al. (4) reported the
results of the Italian Collaborative Study Group for the
Lap-Band system. The LAGB was performed on 1863
patients recruited in the study with a mean BMI of 43.7.
Weight loss was evaluated at 6, 12, 24, 36, 48, 60, and 72
months, at which times the BMI was 37.9, 33.7, 34.8, 34.1,
32.7, 34.8, and 32, respectively. The overall mortality was
0.53%, whereas the open conversion rate was 3.1%, being
higher in super-obese (BMI ≥50) than in morbidly obese
patients (BMI <50). Most common complications re-
ported were tube-port failure, gastric pouch dilatation,
and gastric erosion. No data on resolution of obesity-
related comorbidities were provided in this study. The
data from several studies show only a modest decline in
BMI after placement of the Lap Band (Table 20.6-2).

More recent data suggests that weight loss after LAGB
in the U.S. studies averages 41% at 1-year follow-up
which is inferior to the 53% to 64% EWL reported in
most European studies. Resolution of comorbidities after
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Background

Laparoscopic adjustable gastric banding (LAGB) has
been proposed as a treatment of choice for morbid
obesity by many bariatric surgeons around the world. It
has been the most commonly performed bariatric proce-
dure in Australia and Europe since the early 1990s (1).
After its approval in 2001 in the United States by the
Food and Drug Administration (FDA), the use of the
Lap-Band has increased and has provided patients with
an alternative treatment to the Roux-en-Y gastric bypass
(RYGBP). The LAGB is a purely restrictive procedure
like the vertical banded gastroplasty (VBG), thereby
excluding any bowel anastomosis, staple line complica-
tions, or risk of leaks. As evident from the long-term
follow-up of purely restrictive procedures like VBG,
excess weight loss and consequent cure of comorbidities
may be modest when compared to other procedures such
as the RYGBP or combined restrictive and malabsorp-
tive procedures. Furthermore, minimal long-term weight
loss benefits of VBG have suggested that this procedure
is not durable.

Initial trials with the LAGB in the United States were
disappointing. Thirty-six patients underwent placement
of the Lap-Band at the Medical College of Virginia 
Hospitals between March 1996 and May 1998 as part 
of the A trial of the device in the United States under an
Investigational Device Exemption from the FDA (2).
All patients accepted for Lap-Band placement included
those specifically requesting the procedure, patients with
a preoperative body mass index (BMI) less than 50,
patients with no or limited previous abdominal opera-
tions, and patients in whom dietary screening did not
reveal a significant calorie intake in the form of sweets.
The Lap-Band was placed using a standard laparoscopic
technique (3).

To date 18 of 36 (50%) Lap-Bands have been removed.
Indications for removal and conversions included failed
weight loss (defined as loss of <50% of excess weight or
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LAGB is also modest, with a reported resolution of type
2 diabetes mellitus in 64% of patients, with a slight
improvement in insulin sensitivity and β-cell function (5).

It has been claimed lately that LAGB is less “aggres-
sive” than the other laparoscopic procedures. That may
be true if the surgical technique and anatomic/physio-
logic changes are taken into consideration. However, it is
important to stress that obesity is currently the second
largest cause of preventable death in the United States
and a devastating disease, with its incidence and associ-
ated complication rate rising exponentially every year.
Surgery is currently the most effective proven treatment
to control this epidemic, and the RYGBP is the gold-
standard operation. Hence, the evaluation of any other
surgical treatment should be based on comparison with
the RYGBP, in terms of EWL, resolution of comorbid
conditions, long-term benefits, and low morbidity and
mortality. An operation like the gastric bypass, performed
by experts, cannot be classified as overtly aggressive if its
results are good or even excellent regarding weight loss
and cure of comorbidities, if it carries a low risk of mor-
bidity and mortality, and if it can be done using minimally
invasive techniques. Can the operative mortality from
gastric bypass be compared to deaths secondary to
undertreated morbid obesity? The answer is yes—morbid
obesity and its associated conditions are more aggressive
and lethal than morbidity from proven effective surgical
treatments such as the laparoscopic RYGBP (LRYGBP).

As shown by several studies, LAGB is characterized by
a lack of cure of comorbid conditions secondary to non-
efficient weight loss, with deaths occurring due to per-
sistent obesity and associated illnesses, and complications
occurring related to the device itself, to the injection port,
and to other reasons (3,6–8). One should not forget that
LAGB may result in a higher incidence of vomiting and
possible corruption of eating behavior, resulting in a poor
quality of life.

There are many controversial topics in the field of
bariatric surgery today. One of the points of current
debate is the choice of the best bariatric procedure. The
proponents of LAGB claim that it is currently the best
approach to treat morbidly and super-obese patients, but
this claim is controversial. The main goal of a successful
bariatric surgeon is to provide the best weight loss surgi-
cal option for the patient. The LAGB may be technically
easier, but there are a considerable number of topics that
need to be addressed, an important one being proper
patient selection.

Patient Selection

Several studies have shown that patients with sweet-
eating behavior are not suitable candidates for pure
restrictive procedures. But how easy is it to identify
them? Do obese patients regularly tell surgeons or dieti-

Table 20.6-1. Resolution of comorbid conditions

Comorbidity n Resolution with Lap-Band Resolution after conversion to gastric bypass

Diabetes 4 0 3
Stress urinary incontinence 5 2 2
Degenerative joint disease 10 1 3
Gastroesophageal reflux 5* 1 4

* Three additional patients developed reflux only after placement of Lap-Band. These three patients had resolution after conversion to gastric
bypass.

Table 20.6-2. Summary of recent Lap-Band results in the literature

Author Year n BMI pre/post (1-year follow-up) Complication rate (%) Reoperation rate

Angrissani 2003 1863 44/34 10.2 N/I
O’Brien 2002 709 45/35 19 19
Angrissani 1999 40 45/33 20 10
Furbetta 1999 201 43/35 4.4 4.4
Angrissani 1999 31 45/29 26 23
Foresteiri 1998 62 50/38 N/I 3.3
Favretti 2002 830 46/37 15 3.9
Abu-Abeid 1999 391 43/31 4.1 6.6
Miller 1999 158 44/34 8.2 7
DeMaria 2001 36 45/36 N/I 41
Ponce 2005 1014 48/37 5.5 4.8

BMI, body mass index; N/I, not identified on review.
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tians that they are sweet or binge eaters? What is the suc-
cessful screening rate of those patients? Surely, the inci-
dence of sweet-eaters is greater than we think, and
consequently, improper screening of such candidates will
lead to poor outcomes. Furthermore, it is always possible
for patients to change their food choices, especially after
a bariatric procedure (e.g., by increasing carbohydrate
intake), rendering the procedure unsuccessful. Many
screening tests have been proposed, but all have severe
limitations. If this factor is taken into account, the
number of appropriate candidates for an LAGB will
decrease dramatically. Other consequences of bad judg-
ment in selecting patients for LAGB, in addition to poor
weight loss, are discussed later in this chapter.

Surgical Technique

The LAGB is a technically easier laparoscopic procedure
than the laparoscopic RYGBP (LRYGBP) or the laparo-
scopic biliopancreatic diversion (LBPD). Pars flaccida or
perigastric dissection and band positioning have been
widely discussed in the literature, and there is general
agreement that the first approach is the best as it has
fewer complications, such as posterior gastric perforation
and band prolapse. Several studies support the pars flac-
cida approach and more authors seem to favor and rec-
ommend this technique (9–11).

The question of whether the LAGB is easy enough to
be performed by novice bariatric/laparoscopic surgeons
in a patient possessing multiple comorbidities remains
unanswered. Should the guidelines for performing this
procedure be stricter and more specific for morbidly
obese patients? Is it necessary to verify that the surgeon
can identify a complication or failure of the method and
be ready to perform a revision? All we know is that the
learning curve for performing the LAGB is probably less
steep than for the LRYGBP. The answers to these ques-
tions are perhaps as varied as the number of bariatric sur-
geons themselves.

Operative time, which was a major point that used to
favor gastric banding, is no longer an issue today. Skilled
and well-trained bariatric surgeons are performing 
the LRYGBP safely in the same time it takes to place a
Lap-Band.

Adjustments

The strategies for band adjustment are as varied as the
number of surgeons performing the procedure. Some
advocate that this adjustability is the major factor that
could differentiate LAGB results from the past bad out-
comes of VBG. The following questions arise in the minds
of surgeons performing LAGB adjustments: Is sterile

technique required? Is fluoroscopic guidance necessary?
Is the swallow test after the adjustment enough to deter-
mine if the band’s inflation was sufficient? What is the
best period for adjustment? What time interval should be
allowed between adjustments?

It is recommended that the first adjustment should be
performed no less than 1 month after surgery to avoid a
higher incidence of vomiting and band prolapse. Most
authors recommend placing patients on a liquid diet for at
least 6 weeks, after which graduated inflation of the
balloon should be undertaken. This should be guided by
clinical evaluation of symptoms and weight loss at follow-
up. The Swedish manufacturer of the gastric band (SAGB,
AB Obtech, Sweden) recommended that patients leave
the operating room with the band adjusted with 1mL of
saline, claiming that no higher rates of complications
occurred and weight loss was more effective. This claim
was not made by the other major band manufacturer.

In our experience with the Lap-Band (the FDA A
trial), saline was added to the band reservoir under fluo-
roscopic guidance based on the patient’s weight loss and
satiety. Serial upper gastrointestinal studies, as mandated
by the trial, were obtained during the follow-up period.
More recent data suggest that serial upper gastrointesti-
nal series and gastroscopy should be limited to patients
with suspected complications or inadequate weight loss.
These adjustments generally can be made in an outpa-
tient clinic setting using sterile technique. Recent reports
of dynamic radioisotope scintigraphy (DRS) using tech-
netium (Tc)-99-phytate–labeled plain yogurt for band
adjustment have emerged in the bariatric surgical litera-
ture. Long-term data to support the widespread use of
this technique are lacking.

Postoperative Follow-Up

Follow-up is an interesting point of controversy. The
LRYGBP patients need much less follow-up than do
LAGB patients. The latter patients’ bands need to be
adjusted, and they have a higher incidence of vomiting,
discomfort, and initial lack of weight loss than do the
LRYGB or the LBPD patients. A few years ago we had
more than five times the number of LRYGBP patients
than LAGB patients, but we took five times more calls
from the latter patients.

The almost complete absence of nutritional complica-
tions is balanced by the adaptation of eating habits 
that may be deleterious in some patients. It has been 
frequently reported that many patients develop sweet-
eating behaviors when faced with postoperative limita-
tions of oral intake quantity. Dietary counseling may help
to prevent such oral indiscretions. More commonly,
patients who act on their craving for sweets either fail to
lose weight or regain their lost weight.
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Complications

Chevallier et al. (12) reported his experience with over
1000 patients who underwent LAGB. In their series,
intraoperative complications included gastric and
esophageal perforations (n = 3), liver injuries (n = 4),
failure to insert the band (n = 7), and conversion to an
open procedure (n = 12). Their more notable postopera-
tive complications included slippage of the band (n =
104), band migration (n = 3), and esophageal dilatation
(n = 5). Complications specific to the port occurred in 57
patients and included infection, disruption, leakage of the
tube, and rotation.

In another series reported by Favretti et al. (13), the
records of 830 consecutive patients undergoing laparo-
scopic placement of the adjustable band were reviewed.
Major complications requiring reoperation occurred in
4% (36 patients) including one gastric perforation, early
(one case) and late (17 cases) gastric prolapse, nine mal-
positionings, four gastric erosions, three cases of psycho-
logical intolerance, and one HIV conversion (band
removed). Overall, their data revealed that 142 of 479
patients (30%) experienced poor weight loss (<30%
reduction in excess weight) over 3 years of follow-up,
although the report incorrectly suggests this figure to be
20%. Clearly, reoperation for complications and failure
of laparoscopic banding procedures will become increas-
ingly common as more of these procedures are done in
the United States. Some of the more notable complica-
tions are discussed in the following subsections.

Esophageal Dilatation

Few surgeons described any routine contrast studies of
the gastrointestinal tract in the follow-up of LAGB
unless patients present with a complaint indicating a 
complication. In the United States, the FDA-sponsored
A trial contrast studies were mandatory and showed sur-
prising results, with about 50% of patients having radio-
logically confirmed esophageal dilatation, with the
consequent symptoms of reflux and vomiting. Once the
diagnosis of esophageal dilatation was made, band defla-
tion was undertaken. But esophageal dilatation and dys-
motility symptoms persisted, requiring conversion to a
gastric bypass procedure in five patients. In 2002, a new
technique was described that placed the band around the
distal esophagus. The research group is convinced that a
forced achalasia with dysphagia is very important as a
weight loss mechanism, and that the absence of these
symptoms will frequently lead to poor results.

Why are these findings not being reported by surgeons
with large LAGB numbers? Are symptoms not recorded
or not considered important? Is dysphagia an important

tool used by surgeons in the process of re-education of
eating habits? Are contrast studies almost never being
performed, so esophageal dysmotility/dilatation is not
diagnosed? The topic of esophageal dysmotility is one of
the major controversies regarding gastric banding, only
second to differences in weight loss. How important is it?
Is deflating the band the only measure to control it? Is it
really reversible? Or similar to Chagas’ disease, is it a
progressive myoelectrical pathology secondary to the
presence of a foreign body around the gastroesophageal
junction that at a given point will be irreversible? Only
long-term follow-up will answer these questions and
provide the crucial information about the problems of
esophageal dilatation and dysphagia.

Reflux

This is another point of controversy with many view-
points. Some authors, including Overbo et al. (14) and
Doherty et al. (15), described an increased incidence of
acid regurgitation, vomiting, and reflux after placing the
LAGB. It is described with a high incidence of food intol-
erance unresponsive to band deflation. What could be the
possible mechanism? Stomal stenosis and pouch dilata-
tion were the probable causes. However, there is no cor-
relation, at least documented, that esophageal dysmotility
could play an important role in the etiology of severe
reflux.

On the other hand, O’Brien et al. (9), and Favretti 
et al. (13) do not even list reflux as an important factor
in the poor quality of life in the follow-up of band pa-
tients. Gastroesophageal reflux disease (GERD) with 
or without a hiatal hernia (regardless of the severity)
diagnosed in the preoperative screening is not considered
a contraindication for LAGB by these authors. In fact,
Favretti and Cadiere et al. (11) reported a 55% improve-
ment in GERD after LAGB. In 2002, Schauer’s group
(16) reported that the best surgical approach to morbidly
obese patients with GERD is the laparoscopic gastric
bypass. These different approaches to morbidly obese
patients by different authors are confusing, and their
treatment remains unclear. Theoretically, the logic
behind the improvement of GERD after LAGB is diffi-
cult to explain. How is a prosthesis, placed close to the
gastroesophageal (GE) junction and tightened gradually
to provide slow, graded emptying with anatomic and
physiologic continuity (like normal acid production), dif-
ferent from the small gastric reservoir performed during
the LRYGBP? This question remains unanswered.

The fact is, if one follows band and bypass patients
closely and compares their gastrointestinal complaints,
the first group will have more symptoms such as dyspha-
gia to solids, vomiting, and heartburn. It is probable that
long-term follow-up can shed light on such differences
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between surgical results regarding issues of esophageal
dysmotility, GERD, and vomiting after LAGB.

Gastric Pouch Dilatation and Band Slippage

One of the common indications for reoperation after
LAGB is gastric pouch dilatation (GPD) (6,7), with an
incidence ranging from 3% to 20% in different series.
This may occur with or without band slippage. The diag-
nosis of GPD is based on clinical symptoms of food intol-
erance and esophagitis and confirmed by radiologic
studies showing obstruction of the proximal pouch
without transit through the band. Suter (8) attributed the
pouch dilatation to initial malpositioning of the gastric
band. The GPD is of limited significance in most cases,
but large or asymmetrical dilatations are ultimately asso-
ciated with slippage of the band and a subsequent change
in its axis. This may lead initially to a progressive increase
in food intake, dysphagia, and ultimately weight gain. In
Suter’s series of 272 patients who underwent LAGB, 20
(7.4%) developed pouch dilatation or slippage. Nineteen
of them required reoperation because of severe reflux,
failure to lose weight, weight regain, or a combination of
these factors. Nine patients underwent laparoscopic band
repositioning, whereas the rest underwent band change
(n = 4) or conversion to a vertical band gastroplasty (n =
2) or RYGBP (n = 4). The initial mean weight was 129kg
with a mean BMI of 44.5. The mean maximal weight loss
since gastric banding was 38.7kg, the mean BMI was 32.6,
and the mean body weight was 95kg. The average time
between initial gastric banding and reoperation was 20
months. The results following laparoscopic repositioning
were described as good in two patients, satisfactory in
one, and poor in six patients. Further reoperations in this
group consisted of band removal in three patients and
LRYGBP in two patients.

Risk factors for GPD may include early consumption
of solid food, early inflation of the band, consumption of
carbonated beverages, and vomiting, but band location is
likely the most important. In the early experience with
LAGB, the band was placed within the lesser sac on the
posterior stomach wall, creating a larger pouch (up to 25
mL), with a high incidence of pouch dilatation and slip-
page (17–22). The incidence of this complication has been
lower with the Swedish adjustable gastric band (SAGB)
device, which has been placed above the lesser sac, result-
ing in a smaller pouch (15mL). Many series show that
pouch dilatation and band slippage can be dramatically
reduced by creating a “virtual” tiny pouch above the
lesser sac, with band fixation using anterior gastrogastric
sutures near the cardioesophageal junction.

If band deflation fails as a first-line conservative
measure to treat GPD and slippage, surgery is indicated,
usually in the form of band removal/replacement or con-

version to a procedure like RYGBP or biliopancreatic
diversion with duodenal switch.

Weight Loss and Resolution 
of Comorbidities

It is clear that LAGB produces less weight loss when
compared to the LRYGBP or other malabsorptive pro-
cedures. Though restrictive procedures may not lead to
significant nutritional consequences, they are generally
not as effective in weight reduction or maintenance. The
LAGB patients might develop maladaptive eating behav-
iors, such as eating concentrated sweets, and a strict pre-
operative screening process to weed out sweet-eaters
cannot prevent this from happening. This may be the
major cause of weight-loss failure in purely restrictive
procedures like the LAGB.

The other issue is whether surgeons are satisfied or not
with their results. O’Brien from Australia considers
success to be an excess weight loss (EWL) of at least 25%
in a 2-year follow-up. This percentage of EWL is usually
achieved by the fourth or fifth month in LRYGBP
patients. Most authors consider surgery a failure if less
than 50% of EWL is obtained. The average EWL in large
LAGB series in a 5-year follow-up is about 55%, whereas
the mean EWL in LRYGBP series varies from 68% to
75% in the same period of follow-up.

It was already reported that even a small weight loss
could bring major improvements in comorbidities. A cure
of the high rates of type 2 diabetes mellitus (85–95%),
hypertension (65–75%), and sleep apnea (95–100%),
easily reproduced in most RYGBP series, is not achieved
with LAGB in any published series. An alternative view-
point would suggest that 30% to 50% improvement in
comorbidities would be better than none! Another
important and interesting aspect reported in the A trial
was the poor weight loss seen in African-American
patients and minimal improvement in associated ill-
nesses. Similar results were found in Brazil, where Cau-
casians had a better weight loss.

Reversibility and Reoperations

The LAGB procedure results in a lack of adhesions and
it is easily reversible. If slippage is found, the prosthesis
can be repositioned, as advocated by some, or simply
taken out if necessary. But if any other problem appears,
such as erosion, posterior slippage or intraabdominal
sepsis without gastric/esophageal perforation, treatment
is difficult. Adhesions are often found, as is scar tissue
over the gastric wall and surrounding tissues that makes
further surgical intervention or revision to another pro-
cedure difficult.
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The view that placement of the Lap–Band is a minor
and nontraumatic step to treat morbid obesity is not well
based on scientific evidence. The LAGB fails more often
than any other bariatric procedure due to only modest
weight loss and a small improvement in associated ill-
nesses. This results in the need for patients to undergo
high-risk revisional surgery that in itself is fraught with
complications and high leak rates. Considering that there
are many sources of complications, such as port problems,
tube leakages or failures, and other device-related issues,
the incidence of reoperations, even if described as minor,
is much higher than in bypass/malabsorptive procedures
(15–27% compared with 1.5–4%). Reoperations to revise
the injection port/tube may be done as outpatient proce-
dures, but they entail direct and indirect costs.

Conclusion

Because there are other successful bariatric operations,
such as the LRYGBP and LBPD, which have well-proven
results, the LAGB must demonstrate satisfactory long-
term outcomes in terms of excess weight loss with accept-
able morbidity and mortality. In addition, it should also
show comparable resolution of comorbid conditions just
as the other procedures provide in severely obese
patients. The LRYGBP has similar results in different
surgical practices in different countries, and the mean
EWL, cure of comorbidities, and quality of life assess-
ment are comparable and reproducible. That is not true
in LAGB studies worldwide, with some groups reporting
formidable results, while others report disappointing out-
comes. The issues of esophageal dysmotility, reflux, inap-
propriate eating behavior, and inadequate weight loss
must be clarified as LAGB gains wider utilization.
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21.1
Circular Stapler Technique for 
Gastroenterostomy
Alan Wittgrove and Tomasz Rogula

Evolution of Laparoscopic Gastric
Bypass Technique

The gastric bypass operation has evolved with many vari-
ations since the loop gastric bypass was described by
Mason and Ito (4) in 1969. Due to many complications
such as alkaline gastritis and esophagitis, this operation
was abandoned, and the Roux-en-Y technique was devel-
oped and refined. Laparoscopic Roux-en-Y gastric bypass
was first described in 1994 by Wittgrove et al. (1). The
technique involves creation of 15- to 30-mL isolated
gastric pouch; a 21-mm stapled circular anastomosis; a 
75-cm retrocolic, retrogastric Roux limb, and stapled side-
to-side jejunojejunostomy. Wittgrove et al. employ a tran-
soral pull-wire technique to advance the anvil into the
small gastric pouch. Many surgeons currently follow this
technique; however, some prefer to extend the Roux-limb
length to 150cm or more for super-obese patients. Gagner
and colleagues use an antecolic, antegastric Roux limb. It
avoids the creation of the retrocolic tunnel, though there
are suggestions that it may create tension and increase 
the risk of stricture at the gastroenterostomy. Champion
and Williams (6) describe the gastrojejunal anastomosis
using end-side connection with the linear stapling device.
Higa et al. (7) successfully perform a hand-sewn gastro-
jejunostomy. Most surgeons agree that mesenteric
defects, including Petersen’s defect, should be routinely
closed in some fashion. Internal hernias and bowel
obstructions have been reported, which have prompted
surgeons to begin closing all mesenteric defects or at least
trying to better ensure adhesion formation in these loca-
tions in some manner.

As outlined above there continues to be debate con-
cerning the formation of the gastrojejunostomy in the
Roux-en-Y gastric bypass (RYGBP). Before the laparo-
scopic era, the gastric anastomosis was commonly per-
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In 1993, the first author of this chapter developed the
laparoscopic gastric bypass, and in 1994 the technique
was first reported with results (1). In this operation, the
gastroenterostomy was created with a 21-mm circular sta-
pling device. The technique of stapler anvil placement
involves pulling the anvil down from the mouth to the
stomach pouch with a wire being placed percutaneously.
This technique was derived from the method used in the
percutaneous endoscopic gastrostomy tube placement.
The key step was the development of the Endopath
Stealth endoscopic/conventional circular stapler, 21mm,
by Ethicon Endosurgery (Cincinnati, OH) (2). We used
the 21-mm stapler because it creates a uniform and repro-
ducible 12-mm anastomosis and that was the size of the
gastroenterostomy we used for over 6 years as we per-
formed the operation via an open laparotomy. This also
preserved the minimal gastric pouch, which is essential 
to long-term weight control (3). We had tried several
methods of anvil placement as we were developing the
concept of the laparoscopic gastric bypass in nonhuman
models. We settled on the transoral placement because
we had extensive experience in placing percutaneous
endoscopic gastrostomy (PEG) catheters and it was a rel-
atively easy adaptation. No esophageal injury was noted
in the first 1400 patients on whom this technique was
done as confirmed by endoscopy in every case (1).

Some concerns were reported on possible esophageal
injuries and the size of an anvil. To avoid complications,
surgeons should adhere to the basic guidelines and use
the correct device, as available circular staplers are not
generically equivalent. Any forcing maneuvers and
pushing of the anvil from above may lead to problems.
Also, elevation of the angle of the jaw during traction of
the wire from below, and deflation of the endotracheal
tube (at times), are important technical details. A stuck
anvil is very rare but can be retrieved using endoscopic
techniques (3).
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formed in a hand-sewn fashion. In general, there are
three approaches to the laparoscopic techniques: the cir-
cular stapler, the linear stapler, and hand sewn. Some feel
the third technique is more technically demanding as
described by Higa. Despite the controversies, most agree
that the selection of a particular technique mainly
depends on surgeons’ preferences, their familiarity with
the technique, and their expertise. None of these
approaches is considered a “gold standard” in laparo-
scopic bariatric surgery, but it is recommended that sur-
geons select one technique as their primary procedure.
This facilitates developing comfort and expertise in the
procedure and presenting the results in the patients as a
single series.

Each technique has possible complications, among
which gastrointestinal anastomosis leak remains one of
the most important. It is considered prudent to check the
gastrojejunostomy for leaks before closing the incision.
Several methods are described. Many authors place
methylene blue solution in the gastric pouch and look for

any coloring around the anastomosis. Our technique is to
use the endoscope to insufflate air into the gastric pouch,
with the small bowel cross-clamped several centimeters
distal to the anastomosis. We then observe the anasto-
mosis while it is under irrigation fluid to see if air bubbles
escape. This technique allows immediate evaluation of
the anastomosis, especially in regard to possible techni-
cal errors or bleeding.

Technique for Circular Stapler
Gastroenterostomy

The patient is placed in the standard supine position on 
the operating table (Fig. 21.1-1). Pneumoperitoneum is
induced by inserting a Veress needle in the left upper
abdominal quadrant, just below the rib margin. The initial
operating port is inserted at the umbilicus with the assis-
tance of the laparoscope, and subsequent cannulas are
introduced under direct laparoscopic vision.The trocars at

Anesthesia

Monitor

Assistant
Assistant/
camera

Nurse

Instrument

Surgeon

Monitor

Figure 21.1-1. Patient positioning and
operating team positions. (Courtesy of
the Cleveland Clinic Foundation.)



21.1. Circular Stapler Technique for Gastroenterostomy 239

the umbilicus, right upper quadrants and left upper quad-
rants are 10 to 12mm in size. We use smooth cannulas but
there are ridged cannulas available if the ports come out
with repeated instrument movement. A 5-mm port is
placed at the subxiphoid area for the liver retractor.

A 5-mm toothed grasper is placed through the subx-
iphoid port and attached to the diaphragm near the esoph-
agus, to retract the liver. The esophagus is verified and the
cardioesophageal junction (angle of His) is identified as
the adhesions are taken down under direct visualization.
A balloon catheter, such as a Baker jejunostomy tube, is
inflated in the body of the stomach and snuggled into the
esophagogastric junction. The dissection is begun along
the lower edge of the balloon, along the lesser curvature,
directly on the gastric wall. The anterior wall of the
stomach is elevated for countertraction, and a tunnel is
created adjacent to the gastric wall, around the lesser cur-
vature and extending along the posterior gastric wall. An
initial application of the linear (45 or 60mm) stapling
device is then made in a horizontal orientation. The dis-
section is then continued, and the direction of the tran-
section line is turned vertically, aiming for the angle of His
(Fig. 21.1-2) and the upper pole of the spleen. Care should
be taken to remove the balloon catheter before the sta-
pling device is fired so as to limit the risk of transfixing
these catheters in the staple lines.

The pouch should be vertically oriented and of suffi-
cient in size to admit the anvil of the 21-mm circular
stapler (about 15cc). Two to four applications of the 45-
mm linear stapler are sufficient to create the proper-sized
gastric pouch.

The endoscopist then performs flexible endoscopy of
the gastric pouch, and a percutaneous venous cannula is

used to introduce a loop suture into the gastric lumen,
where it is grasped by the endoscopist and retrieved
through the mouth (Fig. 21.1-3). The loop is easily passed
through the stem of the Stealth anvil and is then used to
draw the anvil, stem-first, through the oropharynx and

Figure 21.1-2. Creating the gastric
pouch with a linear stapler.
(Courtesy of the Cleveland Clinic
Foundation.)

Figure 21.1-3. An endoscope is passed into the gastric pouch.
A snare is passed through a small posterior gastrotomy 
and used to pull the guidewire out of the patient’s mouth 
in a retrograde fashion. (Courtesy of the Cleveland Clinic
Foundation.)
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esophagus into the stomach pouch (Fig. 21.1-4). The nar-
rowest area of the anvil’s transit is at the level of the
balloon on the endotracheal tube. If there is difficulty
pulling the anvil down the esophagus, momentary defla-
tion of the balloon of the endotracheal tube may be 
necessary, to allow the anvil into the distal esophagus.
The anesthesiologist should maintain control of the 
endotracheal tube during this maneuver. The anvil is
placed under tension, and gentle manipulation is applied
to create an opening just large enough to bring the 
stem through the wall of the stomach pouch. Cautery
may be used if the loop is a pull “wire”; however, we 
use a loop “suture,” and cautery should be avoided.
The anvil is generally placed through the gastric wall 
posterior to the staple line. The suture on the anvil 
serves to elevate the gastric pouch and retract it anteri-
orly, which tends to facilitate the completion of the 
gastroenterostomy.

The hepatogastric omentum is opened into the lesser
sac and a Penrose drain is placed behind the stomach.
This is used to bring the small bowel into the upper
abdomen after the enteroenterostomy is completed.

The omentum is retracted into the upper abdomen.
The colon is retracted anteriorly and cephalad, and a
peritoneal incision is made anterior and to the left of the
ligament of Treitz (Fig. 21.1-5). Dissection at this location
leads to ready penetration of the mesocolon into the

lesser peritoneal sac. A blunt grasping forceps, or reticu-
lating forceps, is then passed behind the colon and
stomach into the lesser sac, and a portion of the Penrose
drain is grasped and drawn back into the lower abdomi-
nal field.

The small bowel is examined, and the proximal
jejunum is identified at the ligament of Treitz. The peri-
toneal reflection must be clearly demonstrated, to avoid
misidentification. The small bowel is followed distally for
approximately 10 to 12cm, to reach a comfortable length
of small bowel and mesentery. The small bowel is then
transected using the linear 45-mm stapling device with
minimal transection of the small bowel mesentery, and
the proximal end is immediately grasped by the assistant
surgeon for identification. The distal end of the tran-
sected small bowel is then used to construct the 75-cm
Roux limb. A side-to-side enteroenterostomy is then con-
structed. This is accomplished with two applications of
the 35-mm linear stapling device, and the opening for the
introduction of the 35-mm stapler is closed with the linear
45-mm (or 60-mm) stapler.

The Penrose drain is then sutured to the distal portion
of the previously transected small bowel, and a sufficient
length of small bowel, approximately 10cm, is drawn into
the upper abdomen (Fig. 21.1-6). A longitudinal incision
is made on the antimesenteric aspect on the small bowel,
5 to 6cm from the stapled end. The 21-mm circular

Figure 21.1-4. The anvil of the circular
stapler is attached to the anvil and is
then pulled antegrade into the gastric
pouch. (Courtesy of the Cleveland
Clinic Foundation.)
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stapler is then inserted directly through the skin at the
lower port site on the left. The stapler is introduced into
the lumen of the small bowel through the enterotomy and
advanced to the stapled end. The stem of the anvil is
grasped, using the anvil grasping forceps, through the
upper right lateral port. The penetrator of the stapler 
is then extended, and united with the anvil stem 
(Fig. 21.1-7). The orientation of the bowel is observed 
and maintained as the stapler is closed and discharged.
The stapler is withdrawn, and the enterotomy is 
closed with an application of the linear stapling device.
Three sutures are placed from the small bowel to the
pouch to involute the gastroenterostomy. This closes 
any potential crossed staple lines and buttresses any
potential ischemic gastric tissue between the two staple
lines. The small bowel is then cross-clamped, and it is at
this point that we perform our final endoscopy with air 
insufflation.

The small bowel is then returned below the mesocolon,
without excess tension, so that the staple line of the
closed enterotomy rests at the transverse colon mesen-
tery. This helps to fixate the small bowel and obliterate
the potential internal hernia space. We additionally place
a suture from the small bowel to the mesentery on the
patient’s left side to further fixate and close this space.
The small bowel mesentery is then closed to minimize
internal hernias at the enteroenterostomy site as well.

A drain is placed in the sulcus of the liver and
diaphragm, cephalad to the gastroenterostomy and into
the subdiaphragmatic space on the left (Fig. 21.1-8). We
close the fascia of the left lower port site, where the cir-
cular stapler was placed. The fascia at the remaining port
sites is not closed. We then place a percutaneous “pain
pump” catheter under direct laparoscopic visualization
just lateral to the left lower port site, just anterior to the
peritoneum.

Figure 21.1-5. An opening is created in the transverse
mesocolon for passage of the Roux limb in the retrocolic,
retrogastric space. (Courtesy of the Cleveland Clinic
Foundation.)
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Figure 21.1-6. The Roux limb is delivered
to the gastric pouch through the retrocolic,
retrogastric space using a Penrose drain.
(Courtesy of the Cleveland Clinic 
Foundation.)

Figure 21.1-7. The stapler is placed into the
lumen of the Roux limb and joined with the anvil.
The Roux limb can be placed in the retrocolic, ret-
rogastric position or the antecolic, antegastric
position (shown here) using this technique.
(Courtesy of the Cleveland Clinic Foundation.)
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Postoperative Care

No nasogastric suction is employed postoperatively.
Minimal narcotic use is required postoperatively and the
“pain pump” catheter administers local anesthetic to the
most uncomfortable port site for the first 48 hours. Water,
broth, and sugar-free Jell-O are generally allowed on the
first postoperative day. An upper gastrointestinal (GI)
radiologic examination with a water-soluble contrast is
performed on the second postoperative morning. Most
patients are discharged on water, broth, and sugar-free
Jell-O on the second postoperative day.

Learning Curve

Initially, the procedures are usually lengthy; however,
as experience accumulates, operating time is usually
reduced to 1 to 2 hours. The literature now defines the
learning curve as roughly the first 100 cases. An increased
rate of early complications is anticipated during this
period. Protocols are being developed to shorten the
curve and minimize the complications during that time to
decrease the patient’s risk. Adequate experience and skill
in advanced laparoscopy are essential. The operative
technique can be challenging at best and more challeng-
ing in males or as the body mass index (BMI) increases.
It is important for surgeons early in their experience to
operate on patients with lower weights who are less seri-
ously medically compromised. Early in the laparoscopic
bariatric experience there were significant limitations in
the instrumentation, both in functionality and length.
This made it especially difficult operating on the super-

obese patients, with a BMI exceeding 50 (5). The instru-
ment manufacturers have responded to this need by pro-
ducing excellent products that now facilitate our work,
laparoscopically and endoscopically.

Modifications of the Stapling Technique

Since the initial laparoscopic gastric bypass we did in
1993, there have been several minor modifications.

The size of the gastric pouch continues to be 15cc, sized
each time with a sizing balloon. Endoscopy, for introduc-
tion of the 21-mm circular stapler anvil, can be performed
immediately after gastric division, or just prior to the gas-
troenterostomy. The pull wire is grasped by the endo-
scopic snare either intragastrically or by allowing the
snare to penetrate the gastric wall and grasp the loop as
the snare is in the intraperitoneal space.

As noted above, currently we place more sutures in the
mesentery to close the defects instead of the technique
we used for the first 1000 cases.

The proximal Roux limb is passed retrocolic and ret-
rogastric, at the base of the transverse mesocolon. This
approach shortens the path of the Roux limb to the prox-
imal gastric pouch and reduces bowel tension. This pull-
through technique is facilitated by using a length of
Penrose drain. The Penrose drain is retrieved through the
clear area of the lesser omentum, near the caudate lobe
of the liver, and the small bowel limb is drawn into the
upper abdominal space in close proximity to the proxi-
mal gastric pouch. We have used several different tech-
niques for this maneuver but we find this easy and
efficient.

Figure 21.1-8. The completed circular stapled
anastomosis. (Courtesy of the Cleveland Clinic
Foundation.)
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Intraoperative endoscopy, upon completion of the gas-
troenterostomy, with the proximal small bowel cross-
clamped, helps with the early detection of air leakage
while the bowel wall is distended with air from the endo-
scope (5). Here again, we have tried several different
techniques, but we find this quite effective and we believe
there is benefit in performing an endoscopic evaluation
intraoperatively.

The most significant change in technique was placing
the circular stapler directly through the skin incision
rather than placing it through a 33-mm trocar, as was
originally described. As we first discarded the port, we
found our wound infection rate increased. We tried
several methods of protecting the wound from the poten-
tially contaminated anvil of the circular stapler. The
method that proved to be most effective was simply using
the plastic sheath already on the instrument. We loosen
the plastic as we are ready to remove the instrument and
slide the plastic down over the end of the stapler, into the
subcutaneous tissue. With this maneuver our wound
infection rate dropped to less than 1%.

Our most recent modification is the use of the ON Q
pain catheter (I-Flow Corp., Lake Forest, CA) to infil-
trate local anesthetic into the area of most discomfort to
minimize the need for narcotics. Our group has discon-
tinued the use of routine patient-controlled analgesia
(PCA) narcotics with the insertion of this catheter.
Patients are generally more awake and alert and certainly
have less risk of aggravating their sleep apnea.

Results

Weight loss is often emphasized as the primary result by
many physicians and lay people, but in reality the main
result is an improvement in the comorbid conditions such
as diabetes, obstructive sleep apnea, and hypertension.
The laparoscopic gastric bypass is not a cosmetic opera-
tion; however, most patients do lose weight as they gain
their health. Significant, graded, comorbidities were
reduced or completely resolved in over 95% of patients.
Gastroesophageal reflux disease resolved in 98% of
patients. Diabetes mellitus resolved completely in 98%,
and was reduced in the remaining 2% of patients. Sleep
apnea was eliminated in 97% of the afflicted patients. Of
118 hypertensive patients, 91% experienced clinical
remission; 10 patients remained mildly hypertensive on
medication. There was a greater than 50% excess weight
loss (EWL) within 6 months of surgery, and this rises
steadily to an average 80% EWL at 18 months (5).

In the first 1000 of the first author’s cases, the compli-
cations were as follows: Leak that required reoperation
occurred in 0.8% of patients. Hemorrhage requiring
transfusion occurred in 0.6%. Wound infection occurred
in 6.9% and prompted us to change the way we sheathed

the circular stapler, as noted above. Stricture requiring
dilation occurred in 3.8% and small bowel obstruction
occurred in 0.8%.

Various techniques of the construction of the gastroje-
junostomy were described by many authors with the
intention of decreasing complications, but they appear
more operator dependent than technique dependent.
Among both early and late complications, anastomotic
leaks remain the most significant, if not in number then
in prolonged hospital stay, overall cost, morbidity, and
possible death. Current literature on gastric bypass
reports a range of up to 2% to 5% incidence of leaks.
Carrasquilla et al. (8) reports a very low incidence of
leaks: 0.1% (one in 1000 cases). Their technique involves
the antecolic and antegastric approach and the use of a
circular stapler for the gastroenterostomy.

Stenosis of the gastroenterostomy after laparoscopic
Roux-en-Y gastric bypass (LRYGBP) is another situa-
tion that occurs after either stapled or hand-sewn anas-
tomoses. Prospective analysis of 1000 patients who
underwent LRYGBP with the gastroenterostomy con-
structed with a linear stapler revealed a 3.2% stricture
rate (9). The majority of strictures occur within the first
4 to 6 weeks after surgery. Some strictures occur later and
are generally related to smoking or medication usage. In
our series, endoscopic dilation was quite effective in
treating the strictures at the gastroenterostomy. An expe-
rienced endoscopist is needed to dilate the stricture, as
there is the potential for perforation and overdilation. In
our personal series, all early strictures responded to dila-
tion and there were no reoperations. Some series show
dilation to be less effective and emphasize the need for
surgical revision (9).

Nguyen et al. (10) analyzed the frequency of anasto-
motic stricture following laparoscopic gastric bypass
(GBP) using a 21-mm vs. a 25-mm circular stapler for
construction of the gastrojejunostomy, and the safety and
efficacy of endoscopic balloon dilation in the manage-
ment of anastomotic stricture. Anastomotic stricture
occurred more frequently with the use of the 21-mm com-
pared to the 25-mm circular stapler. Symptoms of stric-
ture are usually presented within 6 weeks after the
primary operation. Recurrent stricture developed in 17%
of patients. The EWL at 1 year for patients in whom the
21-mm circular stapler was used for creation of the gas-
trojejunostomy was similar to that for patients in whom
the 25-mm circular stapler was used (10). Long-term
results are needed to assess if there are significant differ-
ences with the use of the various sizes of stapling devices.

Early gastrointestinal hemorrhage after gastric bypass
is an infrequent complication. Nguyen et al. reported that
3.2% of patients who underwent LRYGBP with creation
of the gastrojejunostomy using a circular stapler, devel-
oped postoperative hemorrhage in 24 hours after surgery.
Clinical presentations may include hematemesis, bright
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red blood per rectum, melena, and hypotension. Nuclear
scintigraphy is rarely required for identification of the
hemorrhage site. Conservative management is usually
sufficient; however, patients with hemodynamic instabil-
ity and patients with early onset of hemorrhage may
require operative intervention for control of hemor-
rhage. The sites of hemorrhage include not only the 
gastrojejunostomy but also the gastric remnant staple
lines (11).

Alternative Surgical Techniques

Most of the technical modifications of circular stapler
gastroenterostomy concern anvil placement. Although
there are very few reports describing pharyngeal or
esophageal injuries, the risk of such injuries and of diffi-
culties in maneuvering the anvil from the pharynx to the
proximal part of the stomach is still a potential concern.
A case of hypopharyngeal perforation after an attempted
transoral insertion of an anvil was reported by Nguyen
and Wolfe (12). In an effort to overcome this potential
risk and to obviate the need for intraoperative
endoscopy, alternative techniques of anvil placement
have been described. Placement is achieved by attaching
the anvil to a suture and directing it toward a chosen site,
in the soon to be gastric pouch, through a distal gastro-
tomy. These techniques require pushing the anvil pene-
trating needle across gastric mucosa to position the anvil
in the desired site (13). Similarly, good results were
reported by Murr and Gallagher (14), who described a
technique for introducing the anvil of the circular stapler
using a totally transabdominal approach. Some optional
techniques avoid upper endoscopy for the transoral
introduction of the circular stapler anvil down to the
gastric pouch (15). Gagner (personal communication,
2004) popularized an approach using a nasogastric tube
connected to the anvil and introducing the anvil transo-
rally (Fig. 21.1-9). No endoscopic control is necessary
with these techniques. The integrity of the gastroenteros-
tomy is verified with the injection of methylene blue into
the gastric pouch.

A modification described by Gould et al. (16) involves
the creation of a gastrostomy for transgastric placement
of the anvil. All of these techniques are technically chal-
lenging and require experienced laparoscopic surgeons to
obtain excellent results and low complication rates. Their
surgical technique involves the antecolic, antegastric
placement of the Roux limb while using a 21-mm circu-
lar stapler to create the gastrojejunostomy. Among the
reported complications were two gastrogastric fistulas
and late stenosis of the gastrojejunostomy of almost 14%.
These strictures were often associated with other com-
plications such as leak or marginal ulcer, and required
endoscopic dilation.

There continues to be some discussion regarding the
optimal approach to the gastroenterostomy. The three
options are hand sewn, circular stapled, and linear
stapled. The hand-sewn technique as compared to stapled
approaches is technically more demanding and possibly
more time-consuming; however, there is generally a
savings in instrument costs. Gonzales et al. (17) reported
that in their experience, anastomotic stricture and wound
infection rates were higher after circular stapling. These
findings may reflect the learning curve and indicate the
role of intensive laparoscopic training with new instru-
ments and techniques.

Shope et al. (18) compared the results of two laparo-
scopic techniques for gastroenterostomies: circular end-
to-end and linear cutting staplers. Operative time was
shorter for the linear stapler; few anastomotic leaks fol-
lowing the linear technique required early reoperations,

Figure 21.1-9. The anvil can be sewn into the cut end of a naso-
gastric tube to facilitate passage into the gastric pouch. This
avoids the need for an endoscopic guidewire. Using this tech-
nique, the nasogastric tube is passed transorally and delivered
through a gastrotomy in the pouch. The entire tube is pulled
through the pouch to place the anvil in the proper position. The
suture is then cut and the tube removed through an abdominal
trocar. (Courtesy of the Cleveland Clinic Foundation.)
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and the incidence of wound infection was increased fol-
lowing the circular technique. No important differences
in EWL, length of hospital stay, total hospital costs, and
operating-room costs were noted. The authors suggest
that selection of anastomotic technique should mainly be
based on the surgeon’s preference.

Hand-assisted RYGBP, at times, is treated as an initial
step in the introduction of a fully laparoscopic access.
With increasing experience, the surgical approach can 
be changed from hand-assisted to the laparoscopic 
Roux-en-Y (19).
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or dislodgment during manipulation of the anvil through
the esophagus.

A number of transgastric techniques have evolved.
Among the alternatives, transgastric anvil placement may
be performed either by using a balloon cholangiogram
catheter to position the anvil as described by de la Torre
(6) and Scott et al. (5), or by first creating the gastric
pouch and opening the end (6,8). The anvil with an
attached suture may then be inserted directly into the
pouch. The needle of the attached suture is passed from
within the stomach to a selected site on the gastric pouch.
The suture is then used to pull the anvil through the
pouch wall and the pouch-gastrotomy is closed.

In a simplified technique, the intended gastric pouch is
first sized by inflating a 15-mL gastric balloon at the level
of the gastroesophageal junction (Fig. 21.2-1). A gastro-
tomy is performed on the anterior wall of the stomach.
A 21-mm EEA anvil with an attached looped suture is
placed within the abdominal cavity through one of the
port sites. The suture is then held with a 45-cm, modified
Maryland grasper (Jones Perforator, Stryker Endoscopy,
San Jose, CA) and advanced through the gastrotomy (Fig.
21.2-2) (9). Using the tip of the grasper to penetrate the
gastric wall, the suture is advanced at the selected anas-
tomotic site within the area of the proposed gastric
pouch. The suture is pulled anteriorly to allow the anvil
spike to advance through the gastric wall. Next, the pouch
is fashioned using several firings of a laparoscopic 
gastrointestinal anastomosis (GIA) stapler (Endo-GIA
60mm, 3.5mm staples, US Surgical, Division of Tyco,
Princeton, NJ) (Fig. 21.2-3). Care must be taken to ensure
that no tubes remain within the stomach before creating
the pouch, as they are at risk for division by the GIA
stapler. Such an oversight may result in staple line dis-
ruption, leak, and retained tube fragment.

The gastrotomy is approximated with three tacking
sutures and closed with an application of the GIA stapler.
Finally, the EEA is placed through a port site and 
once within the Roux limb it is mated with the anvil 
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Since the first description of laparoscopic Roux-en-Y
gastric bypass in 1994, surgeons have performed the gas-
trojejunal anastomosis using a circular end-to-end anas-
tomosis (EEA) stapled technique. The circular stapled
method may be favored as it allows for construction of a
very small gastric pouch and represents a safe, consistent,
and relatively simple method of anastomosis.

Initially, the gastrojejunostomy was created by a tran-
soral technique in which the circular stapler anvil was
introduced orally using endoscopic guidance (1,2). This
technique required an experienced endoscopist to
advance the endoscope into the gastric pouch. Next, a
venous catheter was used to pass a guidewire into the
gastric pouch for endoscopic retrieval. The pull wire was
then attached to the EEA anvil and advanced in an ante-
grade fashion from the mouth through the esophagus 
and into the gastric pouch in a technique similar to that
used to perform a percutaneous endoscopic gastrostomy
(PEG) tube. This required temporary deflation of the
balloon of the endotracheal tube and lifting the patient’s
head and jaw anteriorly to allow the anvil to pass into the
distal esophagus. Although large series have reported no
anvil-related complications, other surgeons have noted
significant injuries associated with the transoral tech-
nique (3,4). Proprietary differences among EEA manu-
facturers may prevent universal application of the
transoral approach.

It has been suggested that various anvil stem lengths
and the use of a spiked anvil may contribute to difficulty
passing the EEA anvil and to esophageal injury (3).
Trouble navigating the anvil at the level of the cricopha-
ryngeus muscle as well as complications including
esophageal perforation and gastric wall injuries have led
surgeons to develop a transgastric technique for anvil
placement (5–8). In addition to safety, other potential
advantages of the transgastric technique include obviat-
ing the need for the surgeon to perform endoscopy,
avoidance of wound contamination with oral flora, and
reduced risk of inadvertent endotracheal tube migration
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Figure 21.2-1. Sizing the pouch, and the intragastric balloon.

Figure 21.2-2. Transgastric end-to-end anastomosis (EEA)
anvil placement.

Figure 21.2-3. Gastric division.

Figure 21.2-4. EEA placement.

(Fig. 21.2-4). Before deploying the EEA, the mesentery
of the Roux limb should be inspected to ensure that it is
oriented properly. The EEA is fired and removed. The
open end of the Roux limb is then excised using a 2.5-
mm GIA linear stapler (Fig. 21.2-5). The anastomosis is
reinforced with several absorbable horizontal mattress
sutures in order to decrease tension. The gastrojejunos-
tomy is then tested for leak by insufflating saline with or
without methylene blue via a nasogastric tube. Alterna-
tively, endoscopic insufflation may be performed, evalu-
ating the anastomosis by air leak test. On postoperative

day 1, an upper gastrointestinal (UGI) contrast study
may be obtained to help ensure that no leak is present 
(10,11).

Success with either the transgastric or transoral tech-
nique should be expected to be comparable as they result
in a technically similar gastroenteric anastomosis. Series
data suggest outcomes following circular stapled gas-
troenteric anastomosis are similar to those after hand
sewn or linear stapled anastomosis. Using the EEA, anas-
tomotic leak rates following gastric bypass have ranged
from 1.3% to 2.2% (2,12). The leak rate among studies



21.2. Circular Stapled Transabdominal Technique 249

employing hand-sewn and linear stapled gastroenteric
anastomosis have been similar (2–5.1%) (13–15). Anas-
tomotic stricture may result from local ischemia, undue
tension, or a technically narrow anastomosis. Although
some reports suggest a higher incidence of gastrojejunal
stricture following circular stapled anastomosis, larger
series have demonstrated acceptable rates of stenosis
(1.6–6.9%) (2,16). Such strictures may be managed safely
with either pneumatic balloon or bougie dilation, thus
averting the need for further surgical intervention (17).
Although these reports are anecdotal, wound infec-
tion rates following circular stapled anastomosis may 
be lower with a transgastric route by avoiding wound
contamination with oropharyngeal flora from either
extracted tissues or the EEA tip.

Despite reported success, transoral anvil placement
may not be universally applied by all surgeons using the
various available EEA devices. The transgastric approach
allows for direct placement of the anvil at the intended
anastomotic site without endangering the esophagus or
requiring endoscopy (18).
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paralleled the open Roux-en-Y procedures that we were
performing. Based on this experience and extrapolation
of theories of gastric pouch formation (9), we adopted the
basic configuration described by MacLean et al. (10).
Knowing that small changes in anatomy or technique
might have pronounced effects in short- and long-term
results and complications, it was important for us to
emulate the open configuration as closely as possible,
given the limitations of available laparoscopic instru-
mentation at that time.

The basis for this technique is the formation of a linear,
vertically oriented pouch excluding the distensible
fundus of the stomach. This provides a serviceable plat-
form for which a hand-sewn anastomosis to the Roux
limb can be performed. This technique has been repro-
duced and adopted by many centers, but is not as popu-
lar as the stapled techniques. The long learning curve and
inexperience with advanced laparoscopic suturing are the
major drawbacks. However, once mastered, these tech-
niques enable the surgeon to resolve almost all compli-
cations related to bariatric surgery, or other complex
foregut surgery for that matter, laparoscopically, and with
a greater degree of precision. This technique also allows
the surgeon to achieve an operative efficiency that sur-
passes the open equivalent (Table 21.3-1).

Indications and Selection Criteria 
for Surgery

We follow the National Institutes of Health (NIH) 
Consensus Development Conference Statement (11)
guidelines regarding gastrointestinal surgery for severe
obesity (Table 21.3-2), in association with the American
Society for Bariatric Surgery (ASBS) and the Society 
of American Gastrointestinal Endoscopic Surgeons
(SAGES) recommendations for surgical intervention
(Table 21.3-3).
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The current popularity of bariatric surgery is attributa-
ble, in part, to the minimally invasive solutions developed
in the 1990s. In previous decades, although surgeons had
demonstrated excellent results and low complication
rates, medical professionals, third-party payers, and the
public showed little acceptance of these procedures. Cur-
rently, the limitations of medical management and the
exponential rise in obesity rates have contributed to a
demand that far outweighs the supply of bariatric sur-
geons. It was estimated in 2001 that there may be as many
as 20,000 prospective patients per bariatric surgeon (1).
Therefore, it is important that surgeons maintain or
improve operative efficiency when adopting new tech-
niques while more surgeons are trained in this specialty.

The minimally invasive revolution began in 1993 when
Wittgrove, Clark, and Tremblay first performed a proxi-
mal gastric bypass laparoscopically (2). Later, they were
able to show that this technique was viable and produced
weight loss and reduction in comorbidities equal to or
better than many open series (3). Discussed elsewhere in
this text, the laparoscopic/endoscopic anvil placement
technique for creation of the gastrojejunal anastomosis
was the foundation for most other procedures that 
followed. Initial anastomotic leakage rates of up to 5%
were observed (4), however the rates decreased with
experience (5).

In 1999, de la Torre and Scott (6) published a series of
laparoscopic Roux-en-Y gastric bypass procedures using
a totally intraabdominal approach for the formation of
the gastrojejunal anastomosis with a circular stapler (6).
Champion, and later Schauer et al. (7) developed the
linear cutter technique that obviates the need for transo-
ral passage of instrumentation, thus avoiding the poten-
tial for esophageal injury, while creating a stable,
calibrated anastomosis.

In 1996 my group began development of the hand-
sutured technique because of our concerns regarding
failure rates of stapled anastomoses; we performed our
first procedure in 1998 (8). The design of the procedure
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Contraindications for the laparoscopic approach are
relatively few in our center (Table 21.3-4). Larger
patients may be more challenging, but the added benefits
of avoiding the morbidity of a large incision make this
approach worthwhile. Likewise, patients who had previ-
ous open surgery benefit from mobilizing adhesions
laparoscopically rather than lengthening an already
extensive incision. The role of bariatric surgery in ado-
lescents (age <18 years) and the elderly (age >60 years)
has not been well defined, but evolving experience indi-
cates similar results to other age groups (12). Similarly,

ethnic and cultural differences as related to outcomes are
currently being evaluated.

Preparation for Surgery

The treatment of morbid obesity requires a dedicated
multidisciplinary team consisting of a surgeon, psycholo-
gist, nutritionist, physical therapist, anesthesiologist, and
others. More importantly, the patient must be an active
participant in the bariatric surgical program if optimal
outcomes are to be achieved. Optimization of preopera-
tive nutrition and cardiopulmonary performance is
advisable and can help to limit one of the major causes
of laparoscopic conversions—hepatic enlargement limit-
ing visualization of the proximal stomach. Medical weight
reduction, although limited in long-term management
alone, may be quite helpful in decreasing the size of the
liver and the amount of intraperitoneal fat preopera-
tively, thus enabling the surgeon to safely perform the
procedure laparoscopically while establishing sound
nutritional and exercise habits beneficial after surgery.

Bowel preparation is unnecessary. A liquid diet 24
hours before surgery will prevent the possibility of
retained food in the stomach from obstructing the jejuno-
jejunal anastomosis immediately after surgery, a poten-
tial cause of acute gastric distention (13).

Table 21.3-1. Advantages and disadvantages of hand-sewn
technique

Disadvantages
• Long learning curve

Advantages
• Low leak rate in “open” series when surgeons are familiar/comfortable

with the technique
• Complications, including stenosis, decreased
• Less expensive than stapled anastomosis
• Does not require endoscopy equipment
• Does not require enlargement of port or incur increased infections

due to contamination of port site by endomechanical device
• Allows for a small, linear gastric pouch
• Can be performed by a single surgeon without a skilled surgeon as

assistant
• Avoids esophageal instrumentation
• Enables secondary or revision surgery
• Allows surgeon to develop important skills necessary to resolve

complications

Table 21.3-2. Summary of National Institutes of Health (NIH)
Consensus Development Conference Statement for Gastro-
intestinal Surgery for Severe Obesity, 1991

• Patients whose body mass index (BMI) exceeds 40 are potential
candidates for surgery if they strongly desire substantial weight
loss.

• In certain instances, less severely obese patients (BMI 35–40) may
be considered for surgery in the presence of high-risk comorbid
conditions such as diabetes mellitus or sleep apnea. Also included
are obesity-related physical problems interfering with lifestyle such
as employment, family function, and ambulation.

• Patients seeking therapy for severe obesity for the first time should
be considered for treatment in a nonsurgical program with
integrated components of a dietary regimen, appropriate exercise,
and behavioral modification and support.

• Gastric restrictive or bypass procedures could be considered for
well-informed and motivated patients with acceptable operative
risks.

• Patients who are candidates for surgical procedures should be
selected carefully after evaluation by a multidisciplinary team with
medical, surgical, psychiatric, and nutritional expertise.

• The operation should be performed by a surgeon substantially
experienced with the appropriate procedures and working in a
clinical setting with adequate support for all aspects of
management and assessment.

• Lifelong medical surveillance after surgical therapy is a necessity.

Table 21.3-3. Guidelines for laparoscopic and open surgical
treatment of morbid obesity adopted by the American Society
for Bariatric Surgery (ASBS) and Society of American Gastro-
intestinal and Endoscopic Surgeons (SAGES), June 2000

Surgical therapy should be considered for individuals who:
• Have a body mass index (BMI) of 35 to 40 and have obesity-

related comorbidities.

Or
• Have a BMI of greater than 40 without comorbidities if the weight

adversely affects their life

And
• Can show that dietary attempts at weight control have been

ineffective.

Table 21.3-4. Contraindications for laparoscopic bariatric
surgery

• Unsuitable candidate for bariatric surgery in general, e.g.,
inadequate cardiopulmonary reserve to tolerate the procedure,
uncontrolled drug or alcohol dependency, impaired intellectual
capacity, and so forth

• Presence of large incisional hernias that would require repair at the
time of bariatric procedure

• Presence of intraabdominal adhesions preventing laparoscopic
visualization and dissection in general

• Abdominal compartment syndrome or potential for inadequate
pneumoperitoneum
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Bariatric patients are at moderate risk for periopera-
tive venous thromboembolism (14). Prophylaxis in the
form of mechanical (sequential compression boots and
early ambulation) and pharmacologic (subcutaneous
fractionated or unfractionated heparin) is advised. Tradi-
tional parenteral antibiotic prophylaxis is standard.

Positioning of the patient in the operating room must
include attention to the prevention of pressure sores and
neuropathy. Dedicated operative tables must be weight-
rated appropriately with lateral extensions to accommo-
date the larger patients. Protocols for patient transfer 
and other safety issues should be included as part of a
hospital-wide awareness program.

Surgical Procedure

Optimal port placement allows for dissection of the small
bowel without compromising the exposure of the proxi-
mal stomach. Extremes of size can be challenging: ade-
quate space to allow the formation of the Roux limb in
smaller patients can be as problematic as the inadequate
length of instrumentation and difficulties associated with
visualization of the proximal stomach in larger patients.
Interestingly, authors describe various approaches and
port locations to solve these issues while maintaining the
critical nature of their particular port placement. We use

five ports (Fig. 21.3-1). This arrangement also allows for
concomitant cholecystectomy if indicated.

Initial entry is performed without insufflation using a
nonbladed optical trocar system. The camera is placed
midline, 8 to 12cm from the xiphoid, while other ports are
placed to allow creation of the Roux limb, formation of
the gastric pouch, and performance of the gastrojejunal
anastomosis. Attention to the angle of entry of the port
can reduce the resistance of the abdominal wall to the
instrumentation, allowing for a more precise and less
fatiguing operation. The ports can be redirected by cre-
ation of a new fascial pathway, preserving the original
skin entry site. These specific ports do require fascial
closure, which greatly improves operative efficiency and
also reduces a potential source of postoperative pain.

The omentum is displaced cephalad to expose the lig-
ament of Treitz. In patients whose omentum is adherent
to pelvic structures or involved in an incarcerated ventral
hernia, we prefer to incise the gastrocolic omentum and
open the transverse mesocolon from above, thus expos-
ing the ligament of Treitz directly. Ventral hernias are
repaired at a later date when optimal weight loss and
nutrition ensure a greater degree of primary success and
the use of prosthetic mesh is not compromised by con-
tamination of enteric contents.

The proximal jejunum is transected with a 2.5-mm
linear stapler, and the mesentery is divided with another

Monitor

Patient

AssistantSurgeon

Scrub Nurse

5- or 10- mm
liver retractor

12- mm ports

10- mm
camera port

Umbilicus

Figure 21.3-1. Position and port placement.
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firing of the instrument or with the harmonic scalpel. The
Roux limb is measured and a side-to-side linear anasto-
mosis is performed (Fig. 21.3-2). Typically, the length of
the Roux limb can be up to 150cm without an associated
increased incidence of malabsorptive complications (15).
The enterotomy is closed with a single layer of
absorbable suture. The mesenteric defect must be closed
with a continuous, nonabsorbable suture to limit the pos-
sibility of internal herniation.

The Roux limb is passed through a retrocolic tunnel
and fixed to the transverse mesocolon with nonab-
sorbable sutures, which also includes closing the
Petersen’s space, again, to help prevent possible internal
herniation. Alternatively, some surgeons prefer an
antecolic route for the Roux limb, claiming a lower inci-
dence of postoperative bowel obstructions (16).

There are times when the mesocolon is uncomfortably
short and will not allow for the safe passage of a retro-
colic Roux limb. In these rare instances, the decision to
route the Roux limb antecolic must be made before the
transection of the jejunum. This site must be more distal
from the ligament of Treitz, typically 50 to 100cm, to limit
the tension on the gastrojejunal anastomosis. By length-
ening the biliopancreatic limb, iron and calcium absorp-

tion may be less efficient, and the incidence of these defi-
ciencies may be theoretically increased or more difficult
to manage with oral supplementation alone.

Controversy exists as to whether the large resultant
Petersen’s space associated with an antecolic Roux limb
requires closure. Clearly, these patients are still at risk for
intestinal volvulous (17). Therefore, our philosophy is to
eliminate the risk of postoperative bowel obstruction
rather than simply settling for a reduction in the inci-
dence. However, the long-term stability of suture closure
of these defects is still to be determined.

The liver retractor is now placed to allow dissection of
the proximal stomach. Occasionally, a very large liver will
not allow for sufficient visualization—an indication for
open conversion. However, displacement of the liver to
the right, rather than anterior, will allow sufficient expo-
sure in the largest of patients. Alternatively, the surgeon
may decide to abort the procedure, evaluate the cause of
hepatic enlargement (usually steatosis), and institute
therapy (medical weight reduction) in anticipation of
performing the procedure at a later time under more
ideal circumstances. In this way, surgical restraint and
proper judgment may reduce the morbidity associated
with these operations.

Figure 21.3-2. Formation of the Roux limb and
jejunojejunostomy.
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Perigastric dissection along the lesser curve of the
stomach is performed 3 to 5cm distal to the gastroe-
sophageal junction and continues until the retrogastric
space is reached. At times, dense adhesions to the pan-
creas are encountered. Visualization is enhanced by
opening a gastrocolic window and approaching this area
from behind the stomach. Care is taken to avoid thermal
injury to the adjacent viscera and vagus nerves.

A six-row, 3.5-mm linear cutter stapler is used to form
the lesser curve based, proximal gastric pouch (Fig.
21.3-3). Four-row staplers have been unreliable, in our
experience, without suture reinforcement to prevent
failure (10). It is essential to exclude the distensible
gastric fundus to obtain optimal long-term weight 
management. This requires meticulous dissection behind

the stomach at the level of the angle of His and also helps
to prevent injury to the esophagus or spleen. A gastric
pouch of no more than 20cc is optimal (18).

The inferior aspect of the pouch is determined with the
first horizontal stapler brought in via the right upper
quadrant (RUQ) port. All subsequent firings are verti-
cally oriented through the left upper quadrant (LUQ)
port. High, subcostal placement of this port allows the
standard-length stapling instrument to reach the angle of
His in every instance. It is preferable to divide the fat pad
at the hiatus to better visualize the gastroesophageal
junction before stapling. Occasionally, a 4.5-mm stapler
is required for exceptionally thick tissue.

The 34-French (F) orogastric tube is advanced into the
stomach after the first horizontal stapling and assists in

Figure 21.3-3. Formation of the gastric pouch and gastrojejunostomy.
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the estimation of pouch size and prevents inadvertent
transection or impingement of staples on the esophagus.

The retrocolic Roux limb is brought anterior to the
gastric remnant to lie in close approximation to the newly
formed gastric pouch. Although some surgeons prefer a
retrogastric route, subsequent access and visualization of
the anastomosis is more difficult if revision surgery is nec-
essary. A two-layer, hand-sewn anastomosis completes
intestinal continuity.

The formation of the gastrojejunostomy begins with 
a running posterior, exterior layer of 3-0 polyglactin
(Vicryl) sutures. Beginning distally and sewing proxi-
mally, the antimesenteric side of the Roux limb is approx-
imated to the inferior staple line of the gastric pouch,
incorporating the staples in the suture line. Enterotomies
are performed on the gastric pouch and Roux limb adja-
cent to the suture line. A second posterior, full-thickness,
running suture line is performed and continued anterior
beyond the termination of the first posterior suture.

Two anterior suture lines are run from the distal anterior
aspect of the enterotomy, the first being full thickness and
the second seromuscular. Before completion of the anasto-
mosis, the 34F tube is carefully inserted across the anasto-
mosis to help calibrate the opening as well as providing
assurance of a patent anastomosis. The anterior sutures are
tied with their respective posterior counterparts.

The anastomosis and proximal staple lines can be tested
with blue dye, air insufflation via the orogastric tube, or
operative endoscopy. However, we do not employ routine
testing or drainage of the anastomosis unless dictated by
clinical suspicion. The port sites are inspected for bleed-
ing on withdrawal of the trocars and the skin is closed with
simple absorbable monofilament sutures.

Postoperative Management

Perioperative antibiotic is continued for 24 hours,
while thromboembolism prophylaxis continues until the
patient is discharged. Analgesia is in the form of patient-
controlled narcotic delivery systems and intravenous
ketorolac. Oral narcotics are offered when clear liquids
are tolerated. Metoclopramide is administered routinely
and a variety of antiemetic pharmacologic agents are
available for nurses to use at their discretion.

Routine postoperative contrast studies add little to the
management of these patients and serve only to delay dis-
charge secondary to nausea (19). A normal postoperative
upper gastrointestinal (UGI) study should not preclude
the surgeon’s intervening based on clinical suspicion of a
leak (20).

Patients are started on clear liquids the day of surgery
and are required to ambulate with assistance. Preopera-
tive oral medications can be resumed as soon as the
patient can tolerate clear liquids. Most patients are dis-
charged by the second postoperative day.

Patients are continued on a clear liquid diet for 1 week
and slowly advanced to solids over a 3- to 4-week period.
Patients are instructed to take either an H2-blocker or
proton pump inhibitor for 30 days. Routine follow-up visits
are at 1 week, 3 weeks, and quarterly for the first year, and
then on a yearly basis. Ongoing nutritional,emotional,exer-
cise counseling,and support groups are provided. Complete
nutritional assessment occurs on a yearly basis or when
symptoms or clinical suspicion dictates (Table 21.3-5).

Results

Wittgrove et al.’s (5) 8-year data suggest long-term
weight loss equivalent to or better than 5-year data for
open gastric bypass reported by MacLean et al. (21) and
14-year data reported by Pories et al. (22) (Table 21.3-6).
Our 5-year data suggest the same (Fig. 21.3-4). More
importantly, reduction in medical morbidities is quite
remarkable, underscoring the impact and importance of
surgical weight reduction in health care maintenance.

Early complication rates and operative times suffer
from a very steep learning curve. This is dependent not

Table 21.3-5. Serum nutritional parameters

CBC
Liver profile
Lipid profile
Folate
Iron studies
Parathyroid hormone
B12

B6

Calcium

Table 21.3-6. Comparison of published data

Technique Transoral Circular Stapler Linear Cutter Hand-Sewn

Author Wittgrove and Clark Schauer Champion Higa, Boone, and Ho
Patients (n) 500 275 63 1500
Leak (G-J) (%) 2.2 1.5 3.0 0
Stenosis (%) 1.6 4.7 6.3 4.9
Excess weight loss (EWL) 73% 77% 82% 69%
Hospital stay (days) 2.6 2.6 2.5 1.6
Early complications (%) 10.4 3.3 3.7 7.5
Late complications (%) 2.2 27.0 6.3 7.5
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only on the initial experience of the surgeon but also on
the surgeon’s ability to organize a systematic method of
approaching this complex operation. Efficiency as a
result of preparedness of the operative team is critical.
Our data suggest that performing more than 100 proce-
dures as the primary surgeon may be necessary for this
learning process (Fig. 21.3-5), which correlates with the
experience of others (23).

Short-term percent excess weight loss (%EWL), reduc-
tion in medical comorbidities, and improvement in quality
of life have been well documented for the open as well as
the laparoscopic gastric bypass. However, and just as

importantly, definitive 5- to 10-year data are lacking for all
but a few selective series. Interestingly, short-term data
appear to be superior to that from open standard gastric
bypass series, suggesting a subtle difference in the
anatomic construct of the laparoscopic procedures.

Management of Early Complications

The most common complication in our series is stenosis
of the gastrojejunal anastomosis. This has remained con-
stant at 4.9% to 5.21% (Table 21.3-7) and responds well
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Figure 21.3-4. Percent excess weight loss over time with the
laparoscopic Roux-en-Y gastric bypass.
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Figure 21.3-5. The learning curve of a primary physician for
the laparoscopic Roux-en-Y gastric bypass.

Table 21.3-7. Complications (2805 patients)

Type Complication n Male Female Percent*

Anastomotic stenosis Gastrojejunostomy 146 33 113 5.21
Mesocolon 15 1 14 0.53
Jejunojejunostomy 2 0 2 0.07 

Total 5.81

Hernia Trocar 4 3 1 0.14
Internal 128 — — 4.6 

Total 4.7

Leaks Staple line 21 9 12 0.75
Gastrojejunostomy 2 0 2 0.07
Jejunojejunostomy 1 0 1 0.04 

Total 0.86

Infection (nonleak) Wound 3 1 2 0.11
Pneumonia 2 1 1 0.07
Hepatic abscess 1 1 0 0.04 

Total 0.21

Bleeding Intervention required 13 7 6 0.46
Transfusion only 11 1 10 0.39
Observation 7 1 6 0.25 

Total 1.1

Thromboembolic Pulmonary embolism 5 0 5 0.18
Deep venous thrombosis 2 1 1 0.07 

Total 0.25

Biliary Gallstones 77 7 70 2.75
Acalculous cholecystitis 5 0 5 0.18 

Total 2.92

Marginal ulcer Treated medically 17 3 14 0.61
Perforation 9 0 9 0.32
Revision required 3 0 3 0.11 

Total 1.03

Death Perioperative 4 1 3 0.14

Total 478/2805 17

* Some total percents are not exact sums of the above percents due to rounding.
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to endoscopic balloon dilation. Patients complain of
regression or intolerance of diet advancement at about
the third postoperative week. The etiology of this phe-
nomenon is unclear and appears unrelated to the method
of gastrojejunostomy (Table 21.3-8). Rarely does it occur
at the level of the mesocolon or jejunojejunostomy. These
locations do not respond to endoscopic dilation and must
be repaired operatively. At times, a recurrent gastrojeju-
nal stenosis also requires operative attention.

The second most common complication in our series is
that of internal hernias and bowel obstructions (Table
21.3-9). These may occur immediately postoperatively or
many years after the procedure. Primarily due to migra-
tion of bowel through an open mesenteric defect, this
phenomenon can be difficult to detect in the absence of
overt bowel obstruction. Often patients complain of
intermittent, severe, postprandial abdominal pain, but
noninvasive radiographic studies are completely normal
in at least 50% of cases. Diagnostic laparoscopy must be
performed based on clinical suspicion, and reduction and
repair of the defects are straightforward (24).

The prevention of internal hernias requires meticulous
closure of all potential defects with nonabsorbable suture
material. Some surgeons have brought the Roux limb
antecolic in hopes that the most common cause of small
bowel obstruction, that of transmesocolic herniation, is
eliminated. However, the large resulting Petersen’s space
and the jejunal mesentery defects are still potential sites
that need to be addressed (25). We have not observed an
internal hernia since we adopted the mesenteric closure
techniques as suggested by Sugerman and DeMaria.

Proximal anastomotic leaks or staple-line disruptions
are tolerated poorly by the bariatric patient. Leaks are
often subtle in their initial presentation; the only indica-
tion may be sustained tachycardia (>120/min). Typical
symptoms of abdominal pain, fever, or leukocytosis can
be indistinguishable from cardiac events, pulmonary

embolism, acute gastric distention, or hemorrhagic shock.
Morbidly obese patients have little cardiopulmonary
reserve; therefore, time to treatment is critical. Workup
and evaluation must be expeditious and directed by clin-
ical suspicion. If a leak is suspected, reexploration,
usually laparoscopically, is the only definitive method to
rule it out.

At surgery, there should be an attempt to identify and
repair the defect knowing that it will sometimes fail.
Operative endoscopy is often helpful in identifying the
leak and evaluating the repair. Drainage is essential, and
enteric access via a gastrostomy tube in the gastric
remnant can be established at this time. This prevents
gastric distention and can later be used as a conduit for
nutritional support.

Venous thromboembolism is the primary cause of
death in most series. Surprisingly, given the physical
attributes of the patient population, comorbid conditions,
and nature of the operation (position, prolonged opera-
tive times, and so forth), this is a rare occurrence. The use
of both mechanical and pharmacologic prophylaxis along
with early mobilization made possible by elimination of
incisional pain likely contributes to these outcomes. The
use of prophylactic vena cava filters should be limited to
patients with previous pulmonary embolism or significant
pulmonary hypertension.

Management of Late Complications

The use of tobacco or nonsteroidal analgesic agents con-
tributes to marginal ulceration. Patients present with
abdominal pain,dyspepsia,and occasionally bleeding.The
diagnosis can be made radiographically, but endoscopy is
often required for evaluation and treatment of an associ-
ated gastrojejunal stenosis or for control of bleeding.

Perforated marginal ulcers are amenable to laparo-
scopic intervention. The absence of significant intraab-
dominal adhesions and the anterior location of the
anastomosis allows for a relatively simple closure and
omental patch. Operative endoscopy is helpful in these
cases to rule out gastrogastric fistulas and to evaluate the
gastrojejunal anastomosis and repair.

Protein malabsorption/malnutrition is uncommon in
proximal gastric bypass procedures. Still, patients should
consume between 60 and 80g of protein daily and the
levels should be monitored appropriately. Often, patients
do not tolerate meat initially and tend to avoid it. Rarely,
protein supplementation is necessary. Vitamin and
mineral deficiency can occur in up to 30% of patients
(26). Ongoing nutritional evaluation and counseling
along with oral multivitamin, calcium, and B12 supple-
mentation are recommended.

Our data do not support routine cholecystectomy.
However, no complications were observed as a result of

Table 21.3-8. Incidence of gastrojejunal stenosis

Author n Stenosis: n (%)

Wittgrove et al., 2002 (5) 1000 40 (4.0)
Schauer et al., 2000 (7) 275 13 (4.7)
Higa et al., 2001 (29) 1500 73 (4.9)
Champion et al., 1999 (30) 63 4 (6.3)
DeMaria et al., 2002 (31) 281 18 (6.6)

Table 21.3-9. Internal hernia data (2805 patients)

Location n Percent

Mesocolon 61 2.2
Jejunojejunostomy 41 1.5
Petersen’s 13 0.5
Multiple sites 13 0.5
Total 128 4.6
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removing the gallbladder at the time of the Roux-en-Y.
Still, our approach is to consider concomitant cholecys-
tectomy for known gallstones, but only if technically
straightforward given the patient’s individual anatomy. In
other words, if the dissection or identification of the cystic
duct/common bile duct junction appears problematic,
then it is advisable to wait until the patient has lost 
significant weight after gastric bypass before advising
cholecystectomy. This approach helps to ensure more
favorable anatomy and lower the risk of bile duct injury.
The trocar sites of the gastric bypass can be used for the
subsequent cholecystectomy as adhesions are rarely
encountered.

The causes of inadequate initial weight loss and weight
regain are multifactorial. It has been observed that par-
ticipation in support groups by patients and follow-up
with the surgeon may yield superior results. However, as
the pathophysiology of surgical weight loss is poorly
understood, the patients are often blamed for poor per-
formance. This adds to the frustration shared by the
patient and physician.

Clearly, the concept of obesity as a chronic disease
should mandate a multidisciplinary and lifelong approach
to therapy. This includes the possibility of secondary sur-
gical procedures for selected patients who do not achieve
correction or stabilization of medical comorbid condi-
tions. These considerations would take the form of a
higher degree of restriction or malabsorption or both.
Unfortunately, revision procedures are associated with at
least double the morbidity of the primary operation with
unknown long-term results and therefore must be per-
formed only by surgeons with a great deal of experience
and interest in this area.

Conclusion

The laparoscopic gastric bypass is one of the most chal-
lenging surgical procedures performed today. The distor-
tion and obscuration of anatomy by intraabdominal fat
in combination with limitations of instrumentation has
led to many ingenious solutions in an attempt to emulate
proven, standard techniques. Although current endome-
chanical staplers have proven to be reliable, initial
designs were less forgiving in this application. Despite
reliable anastomotic stapling techniques, experts agree
that advanced laparoscopic suturing skills are still
required to perform this operation safely.

Current procedural refinements have allowed for oper-
ative efficiencies surpassing the open gastric bypass. The
patient benefits of minimally invasive surgery in terms 
of wound morbidity, cardiovascular compromise, and
immune function have been demonstrated (27,28).
However, the learning curve entails a long and tedious
endeavor. In addition, the bariatric patient presents more

than just a technical challenge. Ultimately, the treatment
of obesity requires a multidisciplinary team dedicated 
to lifelong management of this serious disease process.
Morbid obesity,unlike its associated comorbidities,cannot
be cured—only controlled. Surgeons unable to appreciate
the management of obesity beyond just the surgical pro-
cedure should not venture into this specialty. However,
there is no more powerful therapy for the treatment and
prevention of disease than weight reduction. There is no
more effective a method of initial weight reduction and
long-term weight control than bariatric surgery. The
laparoscopic Roux-en-Y gastric bypass with hand-sewn
gastrojejunostomy has proven itself in this regard.
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21.4
Linear Stapled Technique for 
Gastrojejunal Anastomosis
Paul A. Thodiyil, Tomasz Rogula, and Philip R. Schauer

to 150cm for patients with a body mass index (BMI) >50.
The Roux limb and biliopancreatic limb are then approx-
imated with a stay suture, and adjacent enterotomies are
created. The linear stapler is placed into each lumen and
fired to create a side-to-side, functional end-to-end anas-
tomosis (Fig. 21.4-6). The common enterotomy is closed
with another firing of the linear stapler and two more
stitches are placed. One is placed at the “crotch” of the
anastomosis to relieve tension at the end of the staple 
line and the other, the “Brolin stitch,” approximates the
end of the biliopancreatic limb and the Roux limb. The
mesenteric defect is closed with nonabsorbable suture
(Fig. 21.4-7).

After the creation of the jejunojejunostomy and the
Roux limb, the patient is placed in the reverse Trende-
lenburg position to allow better exposure of the upper
abdomen.

The omentum is split down the middle using the Har-
monic Scalpel (Ethicon Endosurgery) to reduce tension
on the Roux limb in the antecolic position. The omentum
is divided to the level of the transverse colon to provide
a path for the Roux limb. The Roux limb is then advanced
in an antecolic, antegastric fashion up toward the
stomach (Fig. 21.4-8).

The patient is placed in a full reverse Trendelenburg
position. The left lobe of the liver is retracted anteriorly
with a 5-mm liver retractor. A window is created in the
gastrohepatic ligament with ultrasonic scalpel. After the
anesthesiologist has removed all intragastric devices, a
white load (60mm, 2.8-mm stapler) is fired across the
mesentery of the lesser curvature. Blue loads (45mm, 3.5-
mm stapler) are then fired across the gastric cardia, 1 to
2cm below the fat pad, to create a 15-mL gastric pouch
(Fig. 21.4-9). The angle of His is mobilized and a tunnel
created between the lesser and greater sacs at this point.
This facilitates placement of the last staple load while
excluding the fundus from the pouch. Staple lines on both
sides are examined for hemostasis and integrity. The
gastric pouch is then mobilized off of the left crus to
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Since its first description by Dr. Allan Wittgrove et al. (1)
in 1994, the technique of laparoscopic Roux-en-Y gastric
bypass has undergone a number of modifications. In the
original description, the gastrojejunostomy was created
with a 21-mm circular stapler, with the anvil introduced
transorally. While there were no esophageal injuries in
the first 1400 patients (2), there has been some concern
about esophageal injuries and a reported higher inci-
dence of gastrojejunal anastomotic strictures (3).

Alternative techniques of hand sewn anastomosis (4,5)
or a linear stapled anastomosis (6,7) have been cham-
pioned by several authors. Despite the controversies,
the choice of the anastomotic technique should depend
for the most part, based on present evidence, on the
surgeon’s preferences and expertise.

Technique of Laparoscopic Roux-en-Y
Gastric Bypass

The patient is placed in the supine position with the
surgeon on the right and assistant on the left (Fig. 21.4-1).
Abdominal access is obtained in the left upper quadrant
with an optical viewing trocar (Endopath XL, Ethicon
Endosurgery, Cincinnati, OH), and the abdomen is 
insufflated to 15mmHg. Trocar positions are shown in
Figure 21.4-2.

We create the Roux limb and jejunojejunostomy first.
The ligament of Treitz is identified and the proximal
jejunum is placed in a C configuration (Fig. 21.4-3). The
jejunum is measured 30 to 50cm from the ligament of
Treitz and divided with a linear stapler (Echelon 60,
Ethicon Endosurgery). One or two more firings of the
linear stapler with a white load are used to divide the
small bowel mesentery and provide additional mobility
for the Roux limb (Fig. 21.4-4). After the jejunum has
been divided, a Penrose drain is sewn to the distal limb
(the Roux limb) and the Roux limb is measured 75cm
from the drain (Fig. 21.4-5). The Roux limb is measured



262 P.A. Thodiyil et al.

Anesthesia

Monitor

1st Assistant

2nd Assistant

Nurse

Instrument

Surgeon

Monitor

Figure 21.4-1. Patient positioning and position of the surgical team for the laparoscopic gastric bypass. (Courtesy of the 
Cleveland Clinic Foundation.)
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Figure 21.4-2. Port placement for laparoscopic gastric bypass
using the linear stapled technique for the gastrojejunostomy.
(Courtesy of the Cleveland Clinic Foundation.)

30–50cm

Figure 21.4-3. The proximal jejunum is placed in a C configu-
ration and measured 30 to 50cm from the ligament of Treitz.
(Courtesy of the Cleveland Clinic Foundation.)
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Figure 21.4-4. The jejunum is divided
with a linear stapler. Two more firings of
the stapler are used to divide the mesen-
tery. This provides additional mobility
for the Roux limb. (Courtesy of the
Cleveland Clinic Foundation.)

75–150cm

Figure 21.4-5. A Penrose drain is sewn to the distal segment
and the bowel is measured 75cm [150cm for patients with a
body mass index (BMI) >50] from the Penrose drain. (Courtesy
of the Cleveland Clinic Foundation.)
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Figure 21.4-6. After the Roux limb is measured,
it is approximated to the biliopancreatic limb.
Enterotomies are made using ultrasonic shears and
a linear stapler is used to create the anastomosis.
(Courtesy of the Cleveland Clinic Foundation.)

Figure 21.4-7. The common enterotomy is closed with a linear
stapler. A “crotch” stitch is placed at the confluence of the two
bowel limbs and a “Brolin” stitch is placed to approximate the
end of the biliopancreatic limb to the side of the Roux limb.
The mesenteric defect is closed with nonabsorbable suture.
(Courtesy of the Cleveland Clinic Foundation.)
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Figure 21.4-8. The omentum is divided to the
level of the transverse colon, and the Roux limb
is delivered to the stomach in the antecolic, ante-
gastric position. (Courtesy of the Cleveland Clinic
Foundation.)

Figure 21.4-9. The gastric pouch is created using the linear
stapler. The lesser omentum is divided first and the stomach is
divided horizontally 1 to 2cm below the esophageal fat pad.

Three or four firings of the stapler are used to create a 15- to
20-mL vertical gastric pouch (inset). (Courtesy of the Cleveland
Clinic Foundation.)
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Figure 21.4-10. The Roux limb is approximated to the poste-
rior wall of the gastric pouch using nonabsorbable sutures.
(Courtesy of the Cleveland Clinic Foundation.)

Figure 21.4-11. An enterotomy and a gastrotomy are created,
and 1.5cm of the linear stapler is placed into each lumen.
(Courtesy of the Cleveland Clinic Foundation.)

provide additional separation from the gastric remnant
and to provide additional mobility for creation of the gas-
trojejunostomy.

The end of the Roux limb is sutured to the posterior
aspect of the gastric pouch using 2-0 Surgidac (U.S. Sur-
gical, Division of Tycon, Princeton, NJ) (Fig. 21.4-10).
Enterotomies are made in the gastric pouch and in the
Roux limb with the ultrasonic scalpel. A blue load is
inserted approximately 1.5cm into the pouch and applied
to create a stapled end-to-side gastrojejunostomy (Figs.
21.4-11 and 21.4-12). The residual enterotomy is closed 
in two layers, with the first in running fashion starting in
both corners using 2-0 Polysorb. Prior to tying the two
suture ends in the middle, a flexible endoscope is passed
down the esophagus through the anastomosis and into
the Roux limb. This allows closure of the enterotomy with
the endoscope acting as a stent (Fig. 21.4-13). The second
anterior layer of 2-0 Surgidac is placed, approximating
the Roux limb and encompassing the gastric pouch staple
line starting from the greater curvature side to the lesser
curvature side.

With the endoscope in place, a soft bowel clamp is
placed across the Roux limb just distal to the endo-
scope. An air–water test is done with air insufflation 
while the anastomosis is submerged in water. If a leak 

is present, the site is localized and suture repaired.
The area is further reinforced with application of fibrin
tissue glue (Tisseel, Baxter, Deerfield, IL). An omental
patch is placed over the anastomosis and is secured 
with 2-0 Surgidac. A 15-French round, Jackson-Pratt 
bulb suction drain is placed posterior to the anastomosis
and brought out through the right upper quadrant port
site. The completed Roux-en-Y gastric bypass is shown in
Figure 21.4-14.

Postoperative Management

The patient remains nil per oral (NPO) on the day of
surgery. Nasogastric tubes are not routinely employed.
On the first postoperative day, an upper gastrointestinal
contrast study using Gastrografin and dilute barium is
performed. In the absence of leaks or obstruction, the
patient is commenced on a clear liquid diet at 30mL
every half hour that is progressed in amount over the
next 24 hours. The patient is discharged on the second
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Figure 21.4-13. Nonabsorbable sutures are used to close the
common opening from each end. An endoscope is passed into
the Roux limb to size the anastomosis. A second layer of non-

absorbable suture is placed to complete the anastomosis. The
endoscope is used to check the anastomosis for leaks and bleed-
ing. (Courtesy of the Cleveland Clinic Foundation.)

Figure 21.4-12. The linear stapler is fired to create the anastomosis. (Courtesy of the Cleveland Clinic Foundation.)
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postoperative day. The Jackson-Pratt drain is removed
when the patient is seen in the clinic at 1 week, assuming
there is no abnormality either in the volume or character
of the drain output.

Technical Cautions

In revision gastric bypass surgery, the gastric wall may be
of such thickness as to prevent application of this tech-
nique with the blue staple load. A mucosa-to-mucosa
anastomosis will be difficult to ensure and a blue load
may be of inadequate staple height. In this situation, a
hand-sewn anastomosis with the endoscope acting as a
guide to the true gastric lumen will facilitate the safe cre-
ation of a gastrojejunostomy.

Complications

Anastomotic leaks, strictures, and marginal ulceration are
the three most common complications associated with the
gastrojejunostomy (8,9). There is clearly a leaning curve
associated with this technique. Our first 250 patients had
a radiologic leak rate of 3.3%, falling to 1% with our most
recent 250 patients, after over 3000 patients. The literature
reports a 2% to 5% incidence of leaks.

Stricture of the gastroenterostomy after laparoscopic
Roux-en-Y gastric bypass (LRYGBP) can complicate
stapled and hand-sewn anastomoses. A prospective study
of 1000 patients undergoing LRYGBP with the gastroje-
junal anastomosis made with a linear stapler revealed
3.2% patients with stenosis at the gastroenterostomy.
Strictures typically develop within a year after surgery.
While endoscopic dilation is effective initial therapy, over
50% of patients require multiple dilations. Failure to
achieve durable dilatation after five or more attempts
may point to ischemia as contributory factor, and these
patients may require surgical revision (10).

Alternative Anastomotic Techniques

Shope et al. (11) compared the results of two laparoscopic
techniques for gastrojejunal anastomosis: circular end-to-
end anastomosis (EEA) and linear cutting gastrointes-
tinal anastomosis (GIA) staplers. Operative time was
shorter for the GIA; few anastomotic leaks following
GIA technique were serious and required early reopera-
tions; the incidence of wound infections was increased fol-
lowing the EEA technique. No important differences in
excess weight loss, length of hospital stay, total hospital
costs, and operating-room costs were noted. The authors
suggest that selection of the anastomotic technique
should mainly be based on surgeon preference (11).
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similar rates with both approaches (8). Length of hospi-
tal stay and return to normal activities are improved in
laparoscopic gastric bypass. Excessive weight loss in early
postoperative follow-up after LRYGBP is greater than in
open gastric bypass (9).

Recent data on outcomes of bariatric surgery lead to
the conclusion that, despite the change in the types of
complications that can occur in laparoscopic versus open
gastric bypass, the numerous advantages of laparoscopy
make this the preferable approach for the treatment of
morbidly obese patients (10).

Resolution of Comorbidities

Metabolic Syndrome

The cluster of cardiovascular risk factors referred to as
the metabolic syndrome consists of abdominal obesity,
atherogenic dyslipidemia, elevated blood pressure,
insulin resistance or glucose intolerance, a proinflamma-
tory state, and a prothrombotic state. Obesity is thought
to be a necessary factor for the development of the meta-
bolic syndrome, but many obese people do not develop
the metabolic syndrome. The rate of metabolic syndrome
has been reported as high as 52% in patients seeking
bariatric surgery (11).

Bariatric surgery results in the simultaneous improve-
ment of all the components of the metabolic syndrome.
In a study by Mattar et al. (12), the incidence of meta-
bolic syndrome decreased from 70% to 14% 15 months
after bariatric surgery [with 60% excess weight loss
(EWL)] and Lee et al. (13) demonstrated 95.6% resolu-
tion of the metabolic syndrome in 337 patients 1 year
after LRYGBP.

Type 2 Diabetes Mellitus

Laparoscopic Roux-en-Y gastric bypass for morbid
obesity leads to impressive improvement in patients with
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Obesity is a rapidly growing health problem that con-
tributes to numerous life-threatening or disabling prob-
lems including type 2 diabetes mellitus, hyperlipidemia,
degenerative joint disease, and obstructive sleep apnea.
Significant weight reduction in the morbidly obese
patient improves or reverses associated illness and bene-
fits the patient’s general well-being. The resolution of
comorbidities following surgically induced weight loss is
well established. Type 2 diabetes mellitus resolves in 82%
to 98.8% of patients, hypertension in 52% to 91.5%,
gastroesophageal reflux in 72%–97.8%, hypercholes-
terolemia in 63% to 97%, sleep apnea in 74% to 97.8%,
stress urinary incontinence in 44% to 97%, arthritis in
41% to 90.3%, and migraine headache in 57% (1–5).
Superior outcomes are expected with increasing experi-
ence, perfection of operative technique, and refinements
in postoperative care.

Various complications, including anastomotic leaks, pul-
monary embolism, hemorrhage, stenosis of the gastrojeju-
nal anastomosis, and wound infections correlate less with
body habitus than with the operative experience of the
surgeon (6). An experience of more than 75 laparoscopic
Roux-en-Y gastric bypasses (LRYGBPs) also decreases
operative time and length of hospital stay (7). In experi-
enced hands, conversion to an open operation is seldom
necessary and usually occurs in the super-obese patient
with a massively enlarged liver or excessive intraperitoneal
fat that prohibits a safe laparoscopic operation.

The type and frequency of complications have changed
with the development of laparoscopic technique. The rate
of some complications has increased with laparoscopic
gastric bypass whereas others have almost disappeared
due to the smaller access incision. Specifically, signifi-
cantly fewer abdominal wall complications such as
wound infections and incisional hernias are seen after
laparoscopic gastric bypass. There is an increased rate of
bowel obstruction, gastrointestinal tract hemorrhage,
and stomal stenosis in laparoscopic patients; however,
anastomotic leaks and pulmonary embolisms occur with
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type 2 diabetes mellitus. Fasting plasma glucose and gly-
cosylated hemoglobin concentrations return to normal
levels in over 80% of patients. A significant reduction in
the use of oral antidiabetic agents and insulin is seen in
80% of patients. In a meta-analysis that included 3625
patients with diabetes or impaired glucose tolerance, dia-
betes resolved in 99% of patients after biliopancreatic
diversion (BPD), 84% after gastric bypass, 72% after gas-
troplasty, and 48% after gastric banding (14). Large series
of laparoscopic gastric bypass report resolution of dia-
betes in 83% to 98% of patients (1,5,15). Patients with a
shorter duration of diabetes, less severe diabetes, and the
greatest weight loss after surgery have the highest rates
of biochemical normalization after LRYGBP (15).
Improved glucose control with concomitant reduced
serum insulin levels occurs immediately following
surgery prior to massive weight loss. This may be due to
alterations of specific gut hormones that stimulate β-cell
function or improved peripheral glucose uptake follow-
ing weight loss after gastric bypass surgery (16). Another
possible mechanism includes reduced caloric intake with
concomitant reversal of insulin resistance in muscle (17).
Diabetes mellitus may be associated with poorer postop-
erative weight loss in some patients (18).

Hypertension

The incidence of hypertension in the bariatric surgery
population ranges from 35% to 51% (14,19). In Buch-
wald et al.’s (14) meta-analysis that included open Roux-
en-Y gastric bypass and LRYGBP, 75% of patients had
resolution of their hypertension after bariatric surgery
and an additional 12% improved. Hypertension resolved
in 52% to 92% of patients after laparoscopic gastric
bypass in large series (1,5,15). Sugerman et al. (19)
studied the relationship among diabetes, hypertension,
and severe obesity and found that the longer a person
remains severely obese, the higher the likelihood of
developing diabetes, hypertension, or both. In this study,
75% of patients with diabetes also had hypertension.
Excess weight loss of 59% at 5 to 7 years resulted in res-
olution of hypertension in 66% of patients and diabetes
in 86% (19).

Hyperlipidemia

Dyslipidemia and hypercholesterolemia are common 
in the bariatric surgery population. Bariatric surgery
improves serum lipid profiles in 79% of patients and
thereby decreases cardiovascular risk. The highest rates
of change occur with malabsorptive BPD or gastric
bypass procedures with improvement in hyperlipidemia
in over 96% of patients. Schauer et al. (20) demonstrated
resolution of hyperlipidemia in 63% of patients under-
going LRYGBP.

Obstructive Sleep Apnea and 
Pulmonary Dysfunction

Surgically induced weight loss greatly reduces sleep apnea
symptoms in the majority of patients. Excellent results
were reported despite the type of surgical approach (21).
Laparoscopic Roux-en-Y gastric bypass very effectively
controls sleep apnea. In long-term follow-up, 93% of
patients demonstrated significant improvement (22).
Results are usually confirmed with repeated polysomnog-
raphy that reveals considerable improvement or even a
complete recovery of disordered breathing during sleep
and normalization of sleep structure (23). Atrial and ven-
tricular arrhythmias are frequently observed in associa-
tion with apneic episodes, and these are also ameliorated
after gastric bypass surgery (24). Recurrence of sleep
apnea has been reported after an initial response to sur-
gically induced weight loss, despite the fact that the weight
was not regained (25).

Another problem in severe obese patients is decreased
ventilation secondary to abdominal fat impeding the
movement of the diaphragm as wells as adipose tissue in
and around the thorax. Such hypoventilation leads to
hypercarbia and daytime somnolence. This condition,
called pickwickian syndrome, leads to severe problems
including prolonged hospitalization, complications sec-
ondary to extended intubation and mechanical ventila-
tion, pneumothorax, adult respiratory distress syndrome,
and pneumonia. The only effective cure is substantial
weight loss (26). Patients with pickwickian syndrome are
at higher risk of operative mortality; however, the overall
risk-benefit ratio generally favors surgery (27).

Altered intraoperative pulmonary mechanics are
better tolerated by obese patients without concomitant
pulmonary dysfunction (28). Additionally, patients
undergoing laparoscopic gastric bypass have significantly
fewer pulmonary problems than open gastric bypass
patients at the early postoperative stage; for example,
segmental atelectasis occurs ten times less often after
laparoscopic gastric bypass (29).

Gastroesophageal Reflux

Many patients referred for bariatric surgery have evi-
dence of chronic gastroesophageal reflux disease
(GERD). Laparoscopic Roux-en-Y gastric bypass is very
effective treatment for GERD, leading to complete res-
olution or significant improvement of symptoms and
decreased medication use. Three laparoscopic gastric
bypass studies report resolution of GERD in 72% to 98%
of patients (14,20). Long-term follow-up confirmed very
good control of GERD in morbidly obese patients within
3 years (30). The LRYGBP simultaneously treats GERD
and results in weight loss and comorbidity reduction 
and should be offered as the primary procedure for these
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patients instead of fundoplication (31). The LRYGBP
can also be used for recalcitrant GERD in morbidly
obese patients who have previously undergone an antire-
flux procedure with poor results (9). Vertical banded 
gastroplasty is not an effective procedure in GERD
patients and frequently causes reflux symptoms, and mal-
absorption operations have no proven efficacy against
GERD (32).

Arthritis and Back Pain

Overweight and obesity cause more rapid deterioration
of weight-bearing joints, such as the knees, ankles, and
hips. The pathogenesis of osteoarthritis involves a dual
process of catabolism and repair at the weight-bearing
joints. Obesity is associated with an increase in sympto-
matic osteoarthritis of the knee, hip, and the lumbar spine
(32). Weight loss surgery is the only therapeutic inter-
vention that has been shown to slow the progression of
damage in joints that are already involved, or reverse
pathologic changes. The resolution of weight-induced
degenerative joint disease is reported in 41% to 90% of
patients (1,5,20). Improvement or complete resolution is
measured by self-esteem quality of life assessment and
the need for antiinflammatory and analgesic medication.

Morbidly obese individuals with severe degenerative
joint disease who are initially considered unsuitable for
arthroplasty because of their weight should be consid-
ered for bariatric surgery. Total joint arthroplasty after
surgical treatment of obesity has an excellent outcome
with an acceptable complication rate. In this patient 
population, the majority of prostheses are stable with no
evidence of radiographic loosening or wear at final sur-
veillance (33).

Urinary Incontinence

Urinary incontinence not caused by autonomic neuropa-
thy responds very quickly to weight loss (34). Stress
urinary incontinence completely resolves or significantly
improves in 44% to 97% of patients following LRYGBP
(1,5,20). First, this is a result of a decrease in the volume
of liquid that can be consumed. Second, there is a
decrease in intraabdominal pressure from the decrease in
bulk food consumed and a reduction in abdominal fat.
These factors result in less pressure on the urethral
sphincter and improvement in incontinence (19,35). As
abdominal weight continues to decrease, the incidence of
incontinence diminishes. Improvement is usually evalu-
ated subjectively by quality-of-life questionnaires. Objec-
tively, improvement can be measured by changes in
vesical pressure, the increase in bladder pressure with
coughing, bladder-to-urethra pressure transmission with
cough, urethral axial mobility, number of incontinence
episodes, and the need to use absorptive pads (36).

Thyroid Disorders

Hypothyroidism is often associated with increased body
weight. Hypothyroidism improves in more than 40% of
patients following gastric bypass surgery. Reduction of
thyroxine requirements is most likely the result of the
decrease in the body mass index (BMI) (37). Obese
patients with subnormal thyroid function who are euthy-
roid on replacement therapy prior to bariatric surgery
have short-term weight loss similar to obese patients who
have normal thyroid function (38).

Nonalcoholic Fatty Liver Disease

Nonalcoholic fatty liver disease (NAFLD) includes a
spectrum of disease that begins with fatty infiltration of
the liver and progresses to fibrosis and ultimately to cir-
rhosis in 25% of patients (39). The prevalence of NAFLD
in morbidly obese patients ranges from 20% to 40%,
and surgical weight loss has a significant impact on this
disease. In a study by Mattar et al. (13), 70 patients 
who underwent laparoscopic bariatric surgery had pre-
and postoperative liver biopsies. After surgical weight
loss of 59% EWL, there was marked improvement in
liver steatosis (from 88% to 8%), inflammation (from
23% to 2%), and fibrosis (from 31% to 13%) with an
interval of 15 ± 9 months between biopsies. Inflamma-
tion and fibrosis resolved in 37% and 20% of patients,
respectively, corresponding to improvement of 82% in
grade and 39% in stage of liver disease (13). Similar
improvement of fatty liver disease and metabolic syn-
drome have been demonstrated after biliopancreatic
diversion (40) and laparoscopic adjustable gastric
banding (41).

Cirrhosis

The safety and efficacy of bariatric surgery in patients
with liver diseases is one of the major concerns in
bariatric surgery. It is estimated that about 1.5% of
patients who undergo LRYGBP have cirrhosis. The diag-
nosis of cirrhosis is usually made intraoperatively. In
large series, cirrhotic patients undergoing LRYGBP have
an acceptable complication rate and achieve satisfactory
early weight loss that is similar to that in noncirrhotic
patients (42). It is unclear whether pneumoperitoneum
created during laparoscopic gastric bypass reduces
hepatic portal blood flow and alters postopera-
tive hepatic function in cirrhotic patients. After
LRYGBP, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) only transiently increase and
return to baseline levels at 72 hours. Interestingly, a
similar transient increase is also seen in open gastric
bypass (43).



274 T. Rogula et al.

Clinical Outcomes

Weight Loss

Laparoscopic Roux-en-Y gastric bypass produces signifi-
cant weight loss in patients with clinically severe obesity.
The LRYGBP was introduced by Wittgrove et al. (44) 
in 1993, and it is now the most commonly performed
bariatric procedure worldwide (45). Initial randomized
prospective studies comparing results of LRYGBP with
open bypass suggest better EWL for LRYGBP at 3 and
6 months. However, by 12 months excess weight loss 
was equivalent (68% vs. 62%) (46). Further experience
reported in case series confirmed excellent weight loss
following LRYGBP with 68% to 85% EWL 1 to 5 years
after surgery (1–4). Longer follow-up after RYGBP
reveals some weight regain with 60% to 70% EWL at 5
years. Fourteen-year follow-up of open RYGBP demon-
strates EWL of 49% (17). Similar long-term weight loss
data are not yet available for LRYGBP.

Operative Time

Operative time generally ranges from less than 2 hours
to up to 4 hours and appears to increase with increasing
BMI and decrease with experience. The learning curve
for laparoscopic gastric bypass is long and more demand-
ing than with many other minimally invasive operations
(47). With extensive experience, operative times for
LRYGBP can be reduced significantly and are compara-
ble to open gastric bypass operative times regardless of
BMI (2).

Length of Hospital Stay

The length of hospital stay after laparoscopic gastric
bypass is typically 2 to 3 days. Although some centers
report similar length of hospital stay for both open and
laparoscopic gastric bypass patients, the majority report
a shorter length of stay in the hospital after laparoscopic
gastric bypass, usually 2 to 3 days versus 4 to 5 days
(48,49). Despite the surgical approach, full return to gas-
trointestinal function and sustained oral intake usually
takes 1 to 2 days if the patient does not require extra pain
medication and no complications occur.

Postoperative Pain and Pulmonary Function

The degree of postoperative pain after open gastric is
clearly related to the length of the surgical incision, the
extent of intraabdominal dissection, and overall trauma
to the abdomen from surgical retraction. Laparoscopic
gastric bypass patients require less self-administered pain
medication and have lower visual analog scale pain
scores on the first postoperative day compared to open
RYGBP patients (29).

Pulmonary complications occur after open and laparo-
scopic RYGBP, but there was no significant difference in
rates of postoperative pneumonia in a large review of the
literature (0.33% open, 0.14% laparoscopic). A random-
ized trial by Nguyen and colleagues (29) did show sig-
nificant advantages in early postoperative pulmonary
function with the laparoscopic approach.

Recovery and Quality of Life

Recovery measured by the number of days between the
operation and the patient’s return to activities of daily
living and work is significantly improved after laparo-
scopic gastric bypass when compared to open gastric
bypass (46). The average time of return to normal activ-
ity is 21 days after laparoscopic gastric bypass surgery
(50).

Quality-of-life, general well-being, health distress, and
perceived attractiveness are significantly impaired in
morbidly obese patients (51). Although the long-term
quality of life following laparoscopic gastric bypass does
not differ from that after open gastric bypass, laparo-
scopic gastric bypass patients have more interest in sexual
activity and are able to work more than open gastric
bypass patients 3 months postoperatively (46).

Complications

Conversion to Open Operation

With adequate surgeon experience, conversion in laparo-
scopic gastric bypass is rare and occurs in fewer than 
5% of cases. The reasons for conversion to laparotomy
include difficulty in initiating pneumoperitoneum,
enlarged liver causing difficulty in obtaining exposure,
extensive abdominal adhesions, and failure to make
progress. Conversion rate is also influenced by the fact
that many experienced surgeons operate on complicated
cases, such as revisional procedures. In a large series of
more than 1200 patients, the conversion rate was 3%. In
this report, the cause of conversion included technical dif-
ficulties in 80%, intraoperative bleeding in 10%, and an
enlarged liver obstructing access to the operative field in
10% (52).

Anastomotic Intestinal Leak

Anastomotic intestinal leaks are associated with signifi-
cant mortality and morbidity. Gastrointestinal leak is
usually diagnosed clinically, based on physical parameters
such as tachycardia, respiratory distress, fever, peritonitis,
decreased urine output, and hypotension (53).

In the majority of reports, the incidence of leaks varies
from 0% to 5%. Beyond the end of the learning curve



21.5. Laparoscopic Roux-en-Y Gastric Bypass: Outcomes 275

(75 to 100 cases), the likelihood of gastrointestinal leak
may be significantly reduced (0% to 1.6%) (1,5,46,
47,54–56). Studies also show that older, heavier men with
multiple comorbid conditions are at increased risk for
leak and mortality. Surgeons early in their learning curve
should avoid these high-risk patients to reduce compli-
cations (57). Randomized studies comparing laparo-
scopic and open gastric bypass demonstrated no
significant difference in the occurrence of leak (1.3% vs.
2.6%) (58). In some reports, the antecolic and antegastric
technique of gastric bypass resulted in a considerable
improvement in the incidence of leaks (2). Modifications
in stapling technologies, in particular using biologic but-
tressing materials, may further reduce the risk of postop-
erative anastomotic leak (46). Fibrin sealant applied to
the gastrointestinal anastomosis site appears to eliminate
anastomotic leaks in some series (59).

Anastomotic Stricture

Gastrojejunal anastomotic strictures are one of the most
common complication of LRYGBP, occurring in 4% to
28% of patients (60). A randomized comparative study
comparing laparoscopic and open bypass revealed a
higher incidence of stricture following LRYGBP (11.4%
vs. 2.6%) (6). A hand-sewn gastroenteric anastomosis
appears to decrease the incidence of strictures; however,
this is not confirmed in prospective randomized studies
(6). For circular stapling technique, the 25-mm circular
stapler results in a significantly lower stricture rate com-
pared to the 21-mm stapler without compromising weight
loss (61). Stenosis most commonly occurs 1 to 3 months
after surgery but rarely can occur years later. Gastroje-
junal anastomotic strictures are successfully treated with
one or two endoscopic dilations in the majority of cases.

Thromboembolism

Despite many efforts taken for perioperative prophylaxis
against low venous thrombosis (62–64), pulmonary
thromboembolism is the leading cause of mortality fol-
lowing gastric bypass (65). Theoretically, laparoscopic
surgery increases the risk of thromboembolism due to
diminished venous return induced by the pneumoperi-
toneum and Trendelenburg positioning (1,2,4). Despite
these potential risks, many studies have demonstrated an
incidence of pulmonary embolus following laparoscopic
gastric bypass of 0% to 1.1% and these rates are similar
to the open series (2,4,5,29,57,66–68). The mortality rate
due to pulmonary embolism following LRYGBP ranges
from 0% to 0.4% (2,46,49). Although extremely rare,
acute mesenteric venous thrombosis following Roux-
en-Y gastric bypass is a severe and life-threatening com-
plication that requires early exploration and 
anticoagulation (46).

Blood Loss

Intraoperative blood loss for LRYGBP is less when com-
pared to open gastric bypass (137 vs. 395mL) (2,70). The
most common location of postoperative bleeding is the
staple line of the gastric remnant or gastrojejunostomy,
or less frequently at the jejunojejunostomy. Overall,
the incidence of gastrointestinal bleeding following
LRYGBP is low, ranging from 0.6% to 3.3% (1,2,20,
46,71), but a review of the open and laparoscopic gastric
bypass literature revealed that the incidence is higher in
the laparoscopic group (1.9% vs. 0.6%) (8).

Two thirds of patients who bleed postoperatively
develop intraluminal bleeding, manifested by a drop in
hematocrit, tachycardia, and melena. About 15% of
patients with intraluminal bleeding can be unstable and
require urgent reoperation. The majority of these
patients can be observed and transfused if necessary with
resolution of the intraluminal bleeding. The diagnosis and
treatment of acute intraluminal bleeding after LRYGBP
is difficult due to the inaccessibility of the bypassed
stomach and the jejunojejunostomy and the risks associ-
ated with early postoperative endoscopy (72).

Marginal Ulceration

Vomiting, epigastric pain, and gastrointestinal bleeding
may be symptomatic for marginal ulcer following gastric
bypass. The reported incidence of marginal ulceration
following LRYGBP (0.7% to 10%) is similar to that
reported in open series (0.49% to 16%) (3,4,46,73–78).
Ulceration may be due to local ischemia, foreign body,
gastric acid secretion, anastomotic tension, Helicobacter
pylori infection, gastrogastric fistula, or nonsteroidal anti-
inflammatory drugs. Conservative management with
acid-suppression medication and sucralfate is successful
in majority of patients (79). Surgical revision may be
needed for treatment of gastrogastric fistula.

Incisional and Internal Hernias

The decreased rate of incisional hernias after LRYGBP
is one of the most significant advantages of this approach.
After open gastric bypass, incisional hernia can occur in
up to 24% of patients at 14 years (79). Internal hernia
following Roux-en-Y gastric bypass may occur at the
mesenteric defect of the jejunojejunostomy, at the trans-
verse mesocolic window, or through the space between
the mesentery of the Roux limb and the transverse meso-
colon (Petersen defect). The incidence of internal hernias
ranges from 0.7% to 2.5% of patients (79). Initially,
numerous studies reported a higher incidence of internal
hernia and bowel obstruction following LRYGBP. Intro-
duction of several technical modifications, including
closure of defects with nonabsorbable suture and place-
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ment of an antiobstruction stitch adjacent to the small
bowel anastomosis, has led to a reduction in internal
hernia formation (80). Higa et al. (79), in their experience
of 1040 patients, reported a 50% reduction in the hernia
rate after introduction of a nonabsorbable suture to close
the mesocolic defects. The incidence of small bowel
obstruction due to internal hernias reaches 2% in a large
series of laparoscopic gastric bypass patients, and is
usually associated with a high morbidity. A significant
decrease in occurrence was found after adoption of
antecolic placement of the Roux limb (81).

Wound Infection

Wound infection is a significant problem following open
gastric bypass and occurs in up to 25% of patients (82).
The incidence of wound infections has drastically
dropped in laparoscopic series (0.1% to 8.7%) (1,2,81).
Randomized studies on open and LRYGBP support this
benefit of laparoscopic surgery, showing infection rates of
10.5% in open gastric bypass and 1.3% in the laparo-
scopic patients (83).

Cholelithiasis

Cholelithiasis is relatively common in patients who
rapidly lose weight after gastric bypass. Following this
surgery, gallstones may be sonographically detectable
within 6 months after surgery in 38% of patients, with
41% of these becoming symptomatic (84). The incidence
of symptomatic cholelithiasis following LRYGBP
reaches 1.4% to 5.4% (19,54,85,86). In the past, the
increased risk for gallstones led to routine prophylactic
cholecystectomy in patients undergoing gastric bypass
(47,87). The prophylactic use of oral ursodiol at 600mg
daily for the first 6 months after LRYGBP significantly
reduces the incidence of gallstone formation (2% vs. 32%
in placebo, p < .01) (72). Therefore, the indication for
routine cholecystectomy became questionable, and many
surgeons now perform concomitant cholecystectomy
only for patients with symptomatic gallstones. Combin-
ing these two procedures significantly increases operative
time and nearly doubles the hospital stay (56). Another
rational approach involves routine intraoperative sonog-
raphy and selective cholecystectomy in nonsymptomatic
patients with close follow-up (46).

Nutritional Deficiencies

Iron, vitamin B12, and other micronutrient deficiencies
can occur after standard gastric bypass (88). Taking a
single multivitamin tablet alone is usually insufficient to
prevent iron and vitamin B12 deficiencies after LRYGBP.
Iron deficiency occurs in 13% to 52% of patients (2 to 5
years after surgery) despite supplementation with a mul-

tivitamin and iron (for menstruating women). Vitamin
B12 deficiency occurs in up to 37% of patients who are
prescribed a multivitamin after surgery. Once a specific
deficiency is identified during follow-up, additional sup-
plementation is indicated.

Calcium absorption in the duodenum and jejunum and
vitamin D absorption in the jejunum and ileum are
impaired after RYGBP as well. These deficiencies can
occur in up to 10% and 51%, respectively, and occur more
frequently with long-limb gastric bypass (88). These defi-
ciencies can lead to secondary hyperparathyroidism and
can result in increased bone turnover and decreased bone
mass as early as 3 to 9 months after surgery (89).

Mortality

Mortality rates after laparoscopic gastric bypass range
from 0% to 2%, and there was no difference in mortal-
ity rates between open and laparoscopic gastric bypass in
three randomized trails (46,68,90). The mortality rate for
gastric bypass (open and laparoscopic) in Buchwald et
al.’s (13) meta-analysis was 0.5% (5644 patients).

Mortality in large cases series is low. Higa et al. (2)
reported an overall mortality rate of 0.5% in 1040
patients, and Wittgrove et al. (1) reported no mortality in
their series of 500 laparoscopic gastric bypass operations.
Schauer et al. (20) reported one death in their series of
275 LRYGBP patients (0.4%) secondary to a pulmonary
embolism. In LRYGBP series with >100 patients, the
mortality rate ranges from 0% to 0.9% (1,2,5,20,91).

The risk factors associated with perioperative death
include male sex, advanced age, anastomotic leak, pul-
monary embolus, preoperative weight, and hypertension.
The access method, open versus laparoscopic, is not pre-
dictive of death, but the operation type, proximal versus
long limb, is predictive (77).

Flum et al. (92) reported advancing age and surgeon
volume were associated with mortality after bariatric
surgery. In this study, Medicare patients older than 65 had
a significantly higher risk of death after bariatric surgery
than did younger patients. All-cause 30-day and 90-day
mortality for 16,155 Medicare patients who underwent
bariatric surgery (81% RYGBP, open and laparoscopic)
was 2% and 2.8%, respectively. Patients older than 65
had 4.8% 30-day and 6.9% 90-day mortality rates. The
risk of early death after surgery was associated with lower
surgeon volume, which has been demonstrated in other
studies as well (93). A larger review of 60,077 patients
who underwent open and laparoscopic gastric bypass
surgery in California reported mortality rates more con-
sistent with those seen in large case series. In this review,
in-hospital mortality was 0.18%, 30-day mortality was
0.33%, and 1-year mortality was 0.91% (94).

Severely obese individuals have a decreased life
expectancy, and there is evidence that bariatric surgery
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can improve the life span of obese patients. In an obser-
vational cohort study comparing bariatric surgery
patients to matched controls, the 5-year mortality in
patients undergoing bariatric surgery was 0.68% com-
pared to 16.2% in the medically managed obese patients
(89% relative risk reduction) (95). In this study, 81.4% of
the 1035 patients underwent gastric bypass, but only 21
were performed laparoscopically.

Flum and colleagues (96) evaluated survival after
gastric bypass in a retrospective cohort study and found
a 27% reduction in 15-year mortality in morbidly obese
patients who underwent gastric bypass versus those 
who did not. After the surgical patients reached the first
postoperative year, the long-term survival advantage
increased to 33%.

Outcomes in Super-Obese Patients

Laparoscopic Roux-en-Y gastric bypass has been shown
to be safe and effective for patients with BMI ≥50. Res-
olution or improvement of comorbidities is noted in the
majority of patients 1 year after surgery. Short-term
excess weight loss is slightly lower than EWL in patients
who are not super-obese. Excess weight loss after
LRYGBP in patients with BMI >50 ranges from 51% to
69% 1 to 3 years after surgery (97–99). In one series 
comparing 167 LRYGBP patients with BMI <60 to 
46 patients with BMI ≥60, the mean EWL at 1 year in
patients with BMI <60 was 64% versus 53% in patients
with BMI ≥60 (98).

Conversion rates are similar to those for operations
done for less heavy patients; however, operative time for
the patients with BMI ≥60 is longer, and major compli-
cations (infectious complications and gastrointestinal
leak) tend to occur more often in heavy patients (84,100).
Studies also indicate increased mortality rate in super-
obese patients (5% for super-obese vs. 0.4% for obese)
(101). Increasing the length of the Roux limb to 150cm
in Roux-en-Y gastric bypass effectively increases excess
weight loss in super-obese patients. However, extending
the Roux limb length did not significantly improve weight
loss outcome in patients with a BMI <50 (86).

Cost Analysis

Operative costs of the procedure are higher for laparo-
scopic gastric bypass compared to open. The difference
between the laparoscopic and open gastric bypass oper-
ations is the expense of the disposable instruments
required by laparoscopic procedure. The direct operative
costs are 37% to 58% greater for laparoscopic gastric
bypass than for open gastric bypass (46,102). These costs
may be partially compensated by the hospital service,

which is 33% less expensive after laparoscopic gastric
bypass than after open gastric bypass. Differences are
evident in terms of direct operative cost (LRYGBP $4922
vs. open $3591) and are attributable to higher equipment
charges ($4098 vs. $2788) and longer operative time (225
vs. 195 minutes). This difference is often offset by
increased nursing and pharmaceutical costs for the open
surgery (46). The total (direct and indirect) cost, however,
is similar for the two operations ($14,087 vs. $14,098)
(46). Although the total costs are similar, LRYGBP might
have the advantage if intangible costs such as pain, lost
work days, and patient well-being and satisfaction are
considered. Potential cost savings may be achieved with
the increased use of reusable laparoscopic instruments
and the reduced operative time.

Conclusion

A decade of experience has demonstrated excellent out-
comes of the laparoscopic Roux-en-Y gastric bypass.
Minimally invasive techniques are extremely helpful for
morbidly obese patients, particularly as a means to
reduce or eliminate cardiopulmonary and wound-related
complications. Most series have a mean follow-up of less
than 2 years but consistently demonstrate a favorable
EWL of 65% to 80%. Most authors report that major
life-threatening comorbidities either resolve or improve
with significant weight loss. Complication rates for open
and laparoscopic RYGBP are similar, but the types of
complications differ according to the technique used.
Operating time, conversion rates, and anastomotic leak
rates improve with increasing surgeon experience. The
mean hospital stay (including complications) is typically
2 to 3 days. There are currently no long-term studies (>5
years) evaluating the efficacy of LRYGBP. Durability has
been demonstrated with the open RYGBP, though, and
given the identical anatomic changes, it is reasonable to
expect similar long-term outcomes with the laparoscopic
approach.
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ingest foods and liquids; however, the major concern in
these patients is prolonged vomiting (Table 21.6-1). The
most severe consequence on such starvation injury
includes sudden death from protein malnutrition (2). In
rare cases, patients may develop a myopathy in the setting
of malnutrition following Roux-en-Y gastric bypass with
no concomitant vitamin or electrolyte deficiencies (3).

Protein constitutes the lean body mass that needs to be
retained after gastric bypass, whereas excess body fat is
lost (4). Because the body tends to break down protein
and convert it to sugar, the preferred source of energy
production, protein must be replenished and protected in
all weight-loss procedures and diets. Protein consump-
tion must be of high quality, that is, it must contain all of
the essential amino acids. Sources of high-quality protein
include milk, cheese, whey, soy, eggs, fish, and meat. They
all must be low fat or fat free (5). Measuring the serum
prealbumin and changes in body composition helps
assess the patient’s protein intake (4). Malnutrition can
be defined as the ratio of total exchangeable sodium
(Nae) to total exchangeable potassium (Ke). Also multi-
ple isotope dilution technique is useful in assessing nutri-
tional status (6).

Micronutrient Deficiencies

The Roux-en-Y gastric bypass operation for weight
reduction functionally resembles a subtotal gastrectomy,
with some nutritional deficiencies similar to those seen in
major gastric resections for various conditions. Gastric
bypass patients often develop micronutrient deficiencies
despite close medical follow-up (7). The most frequent
problems are the combined iron and vitamin B12 defi-
ciencies (8). These deficiencies may develop at any time
following surgery. Iron deficiency may arise as early as
the first 6 months, and is usually followed by vitamin B12

deficiency. Iron, vitamin B12, and folic acid status are
determined by measuring hemoglobin, red blood cell
mean corpuscular volume (MCV), and folate levels (9).
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Gastric bypass surgery requires ongoing patient effort
and commitment to attaining and maintaining the appro-
priate body weight and a healthy lifestyle. Surgery helps
limit the food intake, whereas patients should attempt to
improve their eating habits and dietary practice. This
requirement should be made clear to prospective patients
and continually emphasized during pre- and postopera-
tive counseling. For maintaining the desired weight,
patients need to learn how to make the right food selec-
tions and comply with all nutrient supplementations. The
Roux-en-Y gastric bypass procedure involves bypassing a
large part of the stomach and the duodenum, and a vari-
able length of the proximal jejunum. Consequently,
patients are at risk for developing various deficiencies, in
particular protein, iron, vitamin B12, folate, calcium, and
other macro- and micronutrients. With proper supple-
mentation these deficiencies are largely avoidable.

This chapter provides practical guidance on postoper-
ative management in patients undergoing laparoscopic
Roux-en-Y gastric bypass. Extensive experience with
more than 3000 operations proved these recommenda-
tions to be worthwhile.

Nutrient Deficiencies Following 
Gastric Bypass

Protein

Protein is always at the center of any weight-loss
approach. Inadequate protein intake is a major concern
following Roux-en-Y gastric bypass. The small gastric
pouch and bypassed portion of the jejunum may lead to
insufficient protein intake and absorption. It has been sug-
gested that patients who underwent Roux-en-Y gastric
bypass consume insufficient amounts of protein, possibly
mediated by protein intolerance (1). Patients having
gastric reduction operations are at risk of having the outlet
of the pouch made too small, thus limiting their ability to
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Nutrient deficiencies following gastric bypass may be a
consequence of inadequate body reserves preoperatively,
low nutrient intakes, insufficient supplementation, and
noncompliance in taking vitamins (10). Patients after
gastric bypass are at risk of malabsorption of iron, B vita-
mins, calcium, and vitamin A, because the major sites of
their absorption, the duodenum and the upper jejunum,
are bypassed. Diminished gastric acid secretion from the
small pouch additionally decreases absorption of iron, B12

vitamin, calcium, and folic acid (11,12). Micronutrients
deficiency is relatively common, although the clinically
evident level of deficiency is sporadically seen in the
American population. Morbidly obese patients are usu-
ally at greater risk for micronutrient deficiency, as they
usually have several nutrient deficits before surgery (13).

Vitamin B12

One of the most significant effects of gastric bypass is
decreased absorption of protein-bound vitamin B12.
Vitamin B12 deficiency occurs when a portion of the
stomach is removed or separated from ingested food.
Gastric acid secretion from the gastric pouch is negligi-
ble after gastric bypass, and food-bound vitamin B12 is
maldigested and subsequently malabsorbed, presumably
due to pouch achlorhydria (11). Intrinsic factor, produced
in the stomach, binds to B12, allowing its absorption in the
small intestine. One strategy in preventing vitamin B12

deficiency after gastric bypass is to give high doses of B12

orally and hope that enough of the binding protein will
eventually reach the B12, enabling it to be absorbed in the
intestine and into the bloodstream. Another strategy is
intramuscular injecting of vitamin B12, which goes into
the bloodstream and does not need the binding protein.
Also, oral drugs containing both vitamin B12 and intrin-
sic protein are available. Multivitamins formulations
contain a form of vitamin B12 that can be absorbed into
the bloodstream through the oral mucosa. Sublingual
tablets containing vitamin B12 are also useful. Measuring
B12 levels in the serum is helpful in evaluating the effec-
tiveness of vitamin B12 supplementation. The vast major-
ity of patients reach normal level during oral B12 therapy
and only a small number require monthly parenteral
injections of B12 (14).

Folate

Folate deficiency is less common than vitamin B12 defi-
ciency,and occurs secondary to decreased intake of folate-
rich foods. Folic acid can mask an underlying vitamin B12

deficiency; therefore, folic acid supplementation should
always include vitamin B12. Folic acid cures the macrocytic
anemia;however, it does not prevent the neurologic symp-
toms and neural tube defects caused by vitamin B12 defi-
ciency (15). Postoperative supplementation of vitamin B12

should exceed the amount of folic acid given after gastric

Table 21.6-1. Postoperative complaints and complications and suggested nutritional solutions

Problems Solutions

Nausea and vomiting Advise the patient to wait several days before introducing again the particular food causing troubles.
It may be necessary to return to liquids or pureed foods temporarily. Eating/drinking too fast or too 
much, or insufficient chewing, may also cause nausea or vomiting. Advise the patient to avoid cold 
beverages and those with caffeine or carbonation.

Dumping syndrome Advise the patient to avoid all sweetened foods and beverages and high fatty foods. Fluids should not be 
drunk with meals: patient should wait a half hour to 1 hour before drinking beverages after meals. If 
dumping syndrome occurs, advise the patient to lie down for 20 to 30 minutes.

Lactose intolerance/diarrhea Prescribe lactase-treated milk and lactase enzyme tablets; try Lactaid 100% or Dairy Ease 100%.
Constipation Constipation may occur temporarily during the first postoperative month but generally resolves with 

adaptation to changes in volume of food. The regular use of fruits and fruit juices reduces the risk of 
recurrent constipation. Low-calorie fluids should be taken regularly.

Diarrhea Advise the patient to limit the following foods: high fiber; greasy; milk and milk products; and very hot or 
cold foods. Advise the patient to eat smaller meals. Fluids should be taken between meals.

Heartburn Advise the patient to avoid carbonated beverages and not use a straw.
Bloating Advise the patient to limit liquids to 2oz at one time and to drink slowly.
Partial obstruction of the The gastrointestinal anastomosis may be temporarily blocked if foods with large particle size are eaten

anastomosis without thorough chewing. Advise the patient not to progress to solid foods until a full diagnosis is made.
Rupture of the staple line Advise the patient that eating an excessive quantity of food at one time should be avoided.
Stretching of the stomach pouch Advise the patient that the risk of stretching the stomach pouch can be reduced by avoiding large portions 

and dilation of the of food at one time and by modifying the texture of foods only gradually in the early postoperative 
gastrojejunostomy weeks. Advise the patient to follow the recommendations for advancing the diet to prevent this 

stretching.
Weight gain or no further High calorie foods or beverages must be excluded from the diet. Patients are advised to keep a record of

weight loss all foods, beverages and snacks consumed to determine the exact reason for this happening. Portion sizes 
should be measured. Advise the patient to drink only low calorie beverages in addition to skim milk.



21.6. Laparoscopic Roux-en-Y Gastric Bypass: Postoperative Management 283

bypass because of the tendency of lower serum vitamin B12

levels in these patients. Vitamin C taken concomitantly
with vitamin B12 decreases its activity.

Iron

Iron is transferred to the liver, spleen, and bone marrow,
where it is stored. The typical requirements are 30 to 
35mg/day. The normal diet provides 15 to 30mg/day, and
iron must be in the ferrous form. The daily loss of iron
for men is 1.0 to 1.5pg/day, and it is 2 to 3pg/day for
women of menstrual age. Iron-deficiency anemia may be
present in up to 50% of patients 2 years after gastric
bypass surgery (16). Patients are frequently anemic in 
the early postoperative period, especially menstruating
women. Prophylactic oral iron supplementation prevents
iron deficiency in menstruating women after Roux-en-Y
gastric bypass; however, it may not protect these 
women from developing anemia (9). The causes of iron-
deficiency anemia include some operative blood loss, the
reduced intake of iron as a consequence of necessary
dietary restrictions, the decreased absorption of iron from
the lack of gastric acidity, and continued losses in men-
struating women. Other causes include new or continu-
ing blood loss from the gastrointestinal tract that usually
occurs at the anastomoses.

None of the available forms of iron supplementation is
ideal. However, the gluconate form of iron is absorbed
better than the sulfate form in a low to no acid environ-
ment and should be routinely prescribed for patients after
gastric bypass. Taking iron orally causes constipation and
nausea. Iron injections are painful and difficult to admin-
ister. Liquid forms stain the teeth. Measuring serum iron
levels, blood counts, and reticulocyte counts helps assess
the effectiveness of iron supplementation. If the patient is
gradually improving it may be prudent not to prescribe an
iron supplement. If significant anemia persists, then
further iron supplementation should be prescribed. Iron
tablets are better tolerated when taken immediately after
a meal. It has been suggested that iron status should be
corrected immediately after gastric bypass surgery, espe-
cially in menstruating women (9). The intensity of the
treatment should be matched to the severity of the
anemia. Iron-deficiency anemia should be differentiated
from other anemias, including normochromic, normocytic
anemia, often resulting from severe protein-calorie mal-
nutrition. In such cases, resolution results from continued
improvement in protein intake and nutritional balance
over time. In a case of true iron-deficiency anemia, iron
supplementation is continued until serum ferritin values
increase, reaching the normal range. Excess iron supple-
mentation may cause iron toxicity.

Weight loss in patients with a body mass index (BMI)
≥50 has been problematic after conventional Roux-en-Y
gastric bypass (RYGBP). Some surgeons use a distal

RYGBP in which the Roux-en-Y anastomosis is per-
formed 75cm proximal to the ileocecal junction to facil-
itate greater malabsorption and thus weight loss. Initial
results show that the Roux limb length is correlated with
weight loss in super-obese patients. However, the greater
incidence of metabolic sequelae after this surgery should
be considered. Anemia is significantly more common
after this modification of gastric bypass compared to con-
ventional procedure (17). In other studies, there was no
difference in either calorie intake or incidence of iron and
vitamin B12 deficiency between long limb and conven-
tional RYGBP. No metabolic sequelae or diarrhea was
noted following this modification of RYGBP (18).

Calcium and Magnesium

Studies of the effects on the skeleton of laparoscopic
Roux-en-Y gastric bypass surgery have shown elevated
levels of markers of bone turnover. The total hip,
trochanter, and total body bone mineral density are
decreased significantly, with significant decreases in bone
mineral content at these sites. Within 3 to 9 months after
surgery, morbidly obese patients have an increase in bone
resorption associated with a decrease in bone mass (19).
Calcium supplementation after gastric bypass is essential.
Calcium and magnesium should be supplemented in a 
2 :1 proportion. Patients taking magnesium in a 1 :1 ratio
to calcium may complain of excessive diarrhea. Vitamin
D deficiency has been well documented following gastric
bypass surgery; however, hypovitaminosis D, when it is
found in post–bariatric surgery patients, may not be
caused by the surgery since it may have been present to
some degree preoperatively (13). Vitamin D should be
taken with calcium supplements to promote absorption.
Vitamin D supplementation should be diminished or
withheld in patients who regularly consume vitamin
D–fortified foods. Postmenopausal women who under-
went Roux-en-Y gastric bypass may show evidence of
secondary hyperparathyroidism, elevated bone resorp-
tion, and patterns of bone loss. It has been suggested that
greater dietary supplementation may be beneficial for
these patients (20).

Other Vitamins and Micronutrients

Other vitamins and minerals can be deficient in the diet
or not well absorbed after gastric bypass surgery. Fat-
soluble vitamins A and D are occasionally supplemented
in gastric bypass, especially if the patient is unable to
reduce fat intake and has significant diarrhea. Magne-
sium or zinc may be deficient because of decreased intake
and increased loss by the kidneys. Zinc is essential to
utilize vitamins A and B, whereas vitamin P is vital for
vitamin C absorption. Utilization of vitamin B, produc-
tion of sex hormones, and blood cell formation are sup-
ported by magnesium.
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The Wernicke-Korsakoff syndrome and peripheral
neuropathy are uncommon in bariatric surgical practice.
This complication tends to strike patients eating unbal-
anced diets or undergoing rapid weight loss. Thiamine-
related neurologic derangements usually respond very
well to vitamin B1 replenishment. A high degree of clin-
ical suspicion in bariatric patients and urgent therapeutic
intervention is necessary whenever postoperative vomit-
ing persists for several days (21,22). The possibility of
metabolic problems must be also considered as a result
of the patient’s alcoholism, poor compliance with the pre-
scribed micronutrient intake, poor oral intake, and the
decreased absorptive ability of the small bowel (23).

Dosing and Interactions

The supplementation dosing should guarantee 24-hour
coverage with nutrients (Table 21.6-2). It is advisable to
break the supplement in half and take half in the morning
and the other half 8 hours later. B-complex vitamins
should be taken early in the day to prevent sleep diffi-
culties at night. Most patients take their supplementation
with meals, which facilitates the absorption and tolerance
of oral intake, particularly iron. Water-soluble vitamins
remain in the circulation for 2 to 3 hours after ingestion,

while fat-soluble vitamins are stored for about 24 hours,
mainly in the liver.

Commonly used medications can decrease absorption
and utilization of nutrients. Some patients may require
the H2-receptor blockers for prevention or gastroduode-
nal ulcers after gastric bypass. This medication interferes
with vitamin B12 absorption. These patients may require
an increased dose of vitamins to compensate for this
effect. B vitamin complex may be washed out with a large
volume of coffee, soft drink, or sugar intake.

Oral or Injectable Preparations?

The vitamin and micronutrient supplementation can be
taken orally or parenterally. Oral vitamin therapy is more
reliable, less troublesome for patients, and less costly than
the parenteral form. Patients who do not comply with
oral management, or show diminished intestinal absorp-
tion, require parenteral iron or vitamin B12 supplementa-
tion. Subcutaneous administration of vitamin B12 is
suggested for severely depleted patients who are unable
to take oral vitamin B12. Intramuscular iron supplemen-
tation administered weekly has proved to be effective in
patients with iron-deficiency anemia who are resistant to
oral therapy.

Table 21.6-2. Dosage, rationale, administration, and interactions of vitamins and mineral supplements

Supplement Mandatory or optional Dosage Rationale Administration Interactions

Multivitamin Mandatory 1 pill a day or 2 pills of Provides complete A.M., with None
children’s chewable micronutrient meals

supplementation
Calcium Mandatory 500mg 2–3 times a day Improves calcium A.M., with Caffeinated products,

calcium citrate turnover and bone meals spinach, and whole 
mineralization wheat products may

decrease absorption;
calcium decreases iron 
absorption

Vitamin B12 Mandatory 500µg/day tablets or Prevents macrocytic A.M. tablets or None
sublingual; anemia and nervous injectable
1000µg/month system problems
injectable

Iron Mandatory Ferogon (tablet); 300mg Prevents microcytic 2 to 3 times Should be taken at 
(gastric Slow FE 160mg; Fergan anemia daily with different time than
bypass) 240mg; Niferex 150mg meals calcium

Iron Mandatory Feosol 325mg (tablet) or Prevents microcytic P.M., with Should be taken at 
(gastric 10mL (elixir); Slow FE anemia vitamin C different time than
banding) 160mg; Fergan 240mg; calcium

Niferex 150mg
Zinc Optional 10–20mg Supports immune A.M. Overdosing may interfere 

system and wound with absorption of 
healing; hair loss other nutrients
may represent zinc
deficiency

Stool softeners Optional As needed Improve bowel As needed None
movements
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Caloric Balance

Dietary fat contributes more than twice as many calories
(9 calories/g) as equal amounts of either protein or car-
bohydrate (each 4 calories/g). The greater caloric value
of fats compared with other macronutrients should be
related to the reduction in the level of fats in the post-
operative diet. Food volume reduction is not enough to
compensate for the increased energy provided by the
high-fat diet. The Food and Nutrition Board’s Commit-
tee on Diet and Health recommends that no more than
30% of caloric intake come from fats (24).

Modifying the patient’s diet should reduce the intake
of calories. In particular, easily absorbable sugars are not
recommended. They lead to large calorie intake without
a sufficient feeling of satiety. Generally, the natural sugars
in fresh fruit, dairy products, and vegetables are well tol-
erated. Patients should be instructed to avoid juice, sugar-
containing beverages, and concentrated sweets, and to be
careful with condiments and sauces that contain sugar,
such as ketchup and honey-mustard dressing. Nutritional
counseling should be supplemented with written materi-
als on label reading and recognizing high-fat foods, types
of fat and cholesterol, serving sizes, meal planning, and
low-fat cooking (25,26).

In addition to great caloric ingestion with sugars, the
dumping syndrome is another important consideration.
Dumping syndrome is characterized by a set of symp-
toms, including a shaky, sweaty, and dizzy sensation
accompanied by a rapid heart rate and, often, severe diar-
rhea. When sugar is consumed, it is dumped into the small
intestine, causing an osmotic load, which results in a fluid
shift from the blood into the intestine. The insulin
response causes symptoms of hypoglycemia. The influx of
fluid into the intestine, due to the osmotic load, can lead
to a watery diarrhea. Patients experiencing the dumping
syndrome should avoid sugar (27).

Lactose, the natural sugar in milk, can cause bloating
and excessive gas production. The malabsorptive process
can cause inadequate lactose production, either short- or
long-term, leading to diarrhea, bloating, and gas after
milk intake. If this is problematic, soy milk, which is
lactose-free, or Lactaid-treated milk can be used (28).

Generally, the caloric intake of lipids and dextrose does
not meet the patient’s caloric needs for weight mainte-
nance after bariatric surgery. Recommendations include
administering of hypocaloric feeding, with adequate
protein (29). It is suggested to estimate nonprotein calo-
ries at 15 to 20 calories per kilogram of adjusted body
weight. Adjusted body weight is calculated as follows:
current weight — ideal body weight × 25% + ideal body
weight. Because of the high dextrose load and the fre-
quency of diabetes or impaired glucose tolerance in the
obese population, often insulin has to be added to control
elevated blood sugar levels (28).

Studies on morbidly obese patients who had under-
gone gastric bypass surgery have shown a significant
decrease in the average total caloric intake in immediate
and long-term postoperative follow-up (30). Fat, carbo-
hydrate, and protein intake decrease equally for the first
12 months, at which time fat intake reaches a plateau
while carbohydrate and protein intake continue to rise.
Weight reduction after gastric bypass surgery is related
to decreased caloric intake, predominantly in the fat 
component (31).

Nutrition Management After 
Roux-en-Y Gastric Bypass

Nutrition Review

The bariatric program team should include a dietitian 
who is experienced in the management of morbidly obese
patients. The anatomy and physiology of the gastroin-
testinal system is radically changed after gastric bypass,
and patients require individual dietetic supervision.
Patients should be seen by the dietitian at each postoper-
ative visit to review their compliance with dietary instruc-
tions, including estimated intake of protein and calories,
problems with ingestion of various foods, and liquid
intake. The dietitian should then determine if further dis-
cussion or additional instruction is needed. The physician
should be alerted to any significant deficiencies or prob-
lems the patient is having in adapting to their procedure.

Protein

Several protein-rich foods should be introduced early, as
the diet advances after surgery. We recommend skim milk
throughout the day. In some patients milk causes bloat-
ing or nausea, and should be replaced with milk with
lactase, such as Lactaid. Patients’ meals should start with
protein, which should include the maximum tolerated
amount. Meat, poultry, fish, dairy products, and eggs
contain the necessary amount of protein. When prepar-
ing foods, frying should be avoided as much as possible,
as it may add extra fat, causing discomfort. Strained low-
fat creamy soups, low-fat cottage cheese, ricotta, and light
yogurt are recommended during the initial diet phase.
Meals may also include pureeing low-fat cuts of meat,
poultry, or fish or baby food with pureed meats, scram-
bled eggs, or Egg Beaters.

As the diet advances further, high-protein foods should
be continued, including skim milk throughout the day.
Patients having trouble tolerating milk or other protein
sources may want to use a protein powder preparation
(i.e., Met-Rx Protein Plus, Optimum Nutrition 100%
Whey Protein) to increase protein intake. These products
are easily available in pharmacies, nutrition stores, or
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supermarkets. Some protein supplements may contain
large amounts of other substances (e.g., caffeine, hidden
sugars) or they may interact with medications (e.g.,
herbs). Plant proteins are not complete proteins. A com-
plete protein is one food that contains all of the essential
amino acids. The plant proteins should be used together
with animal protein sources to provide all the amino acids
(5,32).

After surgery, patients start their initial diet (phase I).
The dietitian reviews the phase I diet with the patient and
answers any questions that may arise. Additional follow-
up appointments should be scheduled upon request. The
team should be available for consultation and questions
during office hours.

Vitamins and Micronutrients

Multivitamins

Multiple vitamins (e.g., Theragram, Centrum, or equiva-
lent) are taken in liquid form or tablets. In the first month
after surgery, the dosing should not exceed once per day.
After 1 month, the patient may take any reasonably sized
multiple vitamin pills or capsules, usually in the morning,
before breakfast. Taking multivitamin supplements re-
sults in a lower incidence of folate deficiency but does not
prevent iron or vitamin B12 deficiency (8).

Vitamin B12

Vitamin B12 is taken as one 500µg pill per day or injec-
tion of 1000µg each month, usually in the morning (5,33).

Iron

Iron deficiency is secondary to decreased intake of heme
iron, and the decreased acid in the pouch does not allow
the ferrous iron to be converted to the more absorbable
form of ferric iron. Also, iron is absorbed in the duode-
num, which is bypassed.

We recommend oral administration, twice daily with
meals for patients after gastric bypass. Once a day sup-
plementation taken with vitamin C is appropriate for
patients after gastric banding. The sulfate form of iron is
appropriate for banding patients, whereas the gluconate
form of iron is best for patients after gastric bypass.

Iron tablets may be taken with juice (e.g., orange juice)
or water, but not with milk or antacids. Some foods, such
as yogurt, cheese, eggs, milk, whole-grain breads and
cereals, tea, and coffee, may impair oral iron absorption.
Some patients may experience staining of teeth, espe-
cially when tablets are crushed.

Vitamin C

Vitamin C enhances absorption of iron for banding
patients and maintains intracellular cement substance,
with preservation of capillary integrity. It also promotes

wound healing, reduces liability to infection, and is essen-
tial for production of connective tissue. Vitamin C is
administrated at the dose of 500 to 1500mg per day with
iron for banding patients. Gastric bypass patients do not
normally need supplemental vitamin C beyond that
obtained from diet and multivitamins. Due to drug inter-
actions with antacids, cholestyramine resin, cimetidine,
fluoroquinolones, and vitamin E, separate dosing is rec-
ommended when possible (5).

Calcium

Calcium plays an important role in tooth and bone for-
mation, stimulates collagen formation and tissue repair,
and plays a part in oxidation-reduction reactions.
Calcium is taken in the dose of 500mg twice a day, 1 hour
apart from all other vitamins and medications. Patients
who have had gastric bypass will absorb the citrate form
of calcium much better than the carbonate form. Oral
calcium should be taken 1 to 11–2 hours after meals. Oxalic
acid (found in rhubarb and spinach), phytic acid (in bran
and whole cereals), and phosphorus (in dairy products)
should be avoided in the meal preceding calcium con-
sumption; these substances may interfere with calcium
absorption. Calcium decreases iron absorption, and thus
simultaneous administration should be avoided (5).

Zinc

Zinc is administrated optionally in the postoperative
phase. It participates in synthesis and stabilization of 
proteins and nucleic acids in cellular and membrane
transport systems. Zinc is taken in a dose of 10 to 20mg
per day (5).

Stool Softeners

Stool softeners are optional for patients who have prob-
lems with bowel movements postoperatively. In some
patients iron causes constipation. Softeners are usually
taken one to two times per day or every other day.
Only stool softeners without laxative additives can be
used (5).

Dietary Guidance for Gastric 
Bypass Surgery

Nutrition

The diet administrated at the early postoperative stage is
designed to restrict caloric intake to produce the desired
weight loss, to help develop appropriate eating habits,
and to prevent disruption of staple lines and obstruction
of the stoma. General principles include the following:
(1) Appropriate fluid intake is essential to maintain suit-
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able hydration. Patients are instructed to drink 64 ounces
of fluid per day. They should drink one cup of liquid over
the course of an hour and stop within 30 to 60 minutes of
a meal. Beverages are swallowed slowly, without using a
straw. (2) Adequate protein intake is essential. (3)
Mineral supplements should be prescribed to meet rec-
ommended daily allowances. (4) Multivitamins, vitamin
B12, iron, and calcium are required daily. (5) High-calorie
foods, beverages, and snacks should be avoided. (6)
Patients are instructed to chew foods thoroughly to
prevent obstruction of the stoma. (7) The diet is pre-
scribed gradually, depending on tolerance (5).

In general, patients are instructed to eat three small
meals per day and stop eating as soon as they feel full. A
meal should take at least 20 minutes, but no longer than
30 minutes. High-calorie beverages such as soda, shakes,
alcoholic beverages, fruit drinks, sweetened iced teas, or
sweetened waters should be avoided. Similarly, high-
calorie sweets such as candy, cake, cookies, ice cream, and
snack foods such as chips and nuts must be removed from
the patients’ diet. Protein foods at each meal help maxi-
mize protein intake. Commercial protein powders or
dried milk powder, such as Pro Performance, Whey
Protein, Met-Rx Protein Plus, or Challenge Protein 95,
may be added to skim milk to increase protein intake.
Exercise should be gradually introduced as soon as the
patient’s condition allows. Appropriate hydration is
essential; patients are advised to carry a bottle of water
with them (5).

Diet Progression

The diet progresses in the following sequence:

Phase I: Postoperative/Clear Liquids (<1 Week)

The most important goal of the first 1 to 2 weeks after
surgery is to keep the patient well hydrated. The patient
should aim for 64 ounces of water per day by constantly
sipping liquids. It may be necessary to dilute fruit juices
in order to avoid nausea or diarrhea, but patients should
gradually be able to tolerate full-strength juices. It is 
not uncommon for patients to experience nausea or 
vomiting in this phase, but it should not cause hydration
discontinuity.

For phase I of the postoperative diet, clear liquids 
are suggested, such as apple, cranberry, and pulp-free
orange juice (half strength), and clear beef, chicken,
and vegetable broths are recommended. Unsweetened
coffee or tea (sugar substitutes may be added), sugar-
free jelly, sugar-free popsicles, sugar-free frozen juice
bars, Gatorade, all sport drinks, flavored waters 
(noncarbonated), and Crystal Light water are good 
alternatives.

Phase II: Pureed (2–3 days—1 Month)

After patients gradually start to tolerate clear liquids,
they can try foods of a more solid consistency. This phase
involves eating pureed foods, which should be the con-
sistency of baby food to facilitate chewing and ingestion.
The rate at which patients are able to tolerate the diet
progression differs from person to person.

The key goals of this phase are as follows:

1. Incorporate high-protein foods into the diet.
2. Start taking the chewable vitamin supplements with

minerals.
3. Continue hydration with at least 64 ounces of liquids

per day.

The protein portion of the meal should be eaten first.
Some examples of high-protein foods that can be intro-
duced at this phase include cottage cheese, ricotta cheese,
scrambled eggs or Egg Beaters, pureed beef, chicken,
turkey, fish (not shellfish), and baby food meats. Fish and
chicken are usually more readily tolerated than beef.

Liquids should be stopped at least a half hour before
meals and not be resumed until a half hour to 1 hour after
meals. Suggested fluids between meals include skim milk,
fruit juices, broths, unsweetened coffee or tea, sugar-free
jelly, and sugar-free popsicles (as in the previous stage.)

It is very important that the patient chew all foods
thoroughly to avoid blockage or nausea. Therefore,
liquids are introduced first as they are tolerated, and then
gradually solids are introduced. Again, the progression in
this phase varies among patients.

Phase III: Adaptive/Soft Food (1–2 Months)

The goal of this phase is to progress to more solid food.
This may include soft foods such as tuna fish, mashed
potatoes, oatmeal (unstrained), cooked vegetables, and
canned fruits. The patients should be able to eat the
whole portion of protein food, fruit, vegetable, and starch.

In general, in this phase we recommend the following:
(1) Continue to incorporate high protein foods into the
diet. (2) Continue to take chewable vitamin supplements
with minerals. (3) Continue to hydrate with fluids (64
ounces per day). (4) Add a variety of low-fat, low-calorie
starches, fruits, and vegetables to the diet as tolerated.

Patients are advised to stop eating when they feel full.
All foods must be cooked without added fat. Meat, fish,
or poultry should be baked, boiled, or broiled. Fat can be
replaced with vegetables seasoned with herbs. Patients
who do not tolerate milk may try yogurt, cottage cheese,
or an egg as a source of protein.

Phase IV: Stabilization/Food of Regular
Consistency (After 2 Months)

During this phase, patients are able to eat foods of a
regular consistency. However, this does not mean that
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they should return to their old eating patterns. Patients
are advised to continue to eat three balanced meals a day,
which contain nutrient-rich foods such as meat, poultry,
pork, dairy products, vegetables, fruits, and starch. These
foods contain an adequate portion of protein, vitamins,
and minerals. Since patients will only be able to tolerate
limited amounts of food at a time, it is very important to
eat nutrient-dense foods, rather than foods that are high
in sugar or fat content but do not contain protein, vita-
mins, or minerals.

Even when eating vitamin- and mineral-rich foods, it is
still important to continue to take vitamin and mineral
supplements to meet the patient’s total needs, since the
amount of food is restricted.

Patients at this phase should eat three well-balanced,
nutritious meals each day with adequate amounts of
protein and fluid as well as a vitamin and mineral sup-
plement. Again, it is important to advise patients to stop
eating as soon as they feel full and not to eat longer than
30 minutes for each meal. All foods must be cooked
without added fat, which can be replaced with vegetables
seasoned with herbs or spices.

Foods to Avoid After Gastric Bypass

Some foods are difficult to tolerate during phase I.
Most of these foods are better tolerated in phase 
IV. Meats, starches, fruits, and vegetables are gradually
introduced as tolerated. Large quantities of sweetened
foods, high-fat foods, and high-calorie beverages may
cause weight gain and possible digestive problems.
Patients may have difficulties with ingesting meat and
meat substitutes: steak; hamburger; tough, gristly meat
like pork chops; fried or fatty meat; poultry; or fish. Also,
some starches, such as bran, bran cereals, granola,
popcorn, whole-grain or white bread (nontoasted),
whole-grain cereal, and chunky soups (with vegetables or
noodles) may not be well tolerated. Foods that should be
generally avoided include fibrous vegetables (dried
beans, peas, celery, cabbage), raw vegetables, mushrooms,
French fries, potato chips, tortillas, highly seasoned and
spicy food, pickles, and seeds. Patients should not eat
dried fruits, coconut, or orange and grapefruit mem-
branes. Carbonated sweetened beverages, candies,
desserts, jam, and jelly should be excluded from the
patient’s diet.

Caffeine is a stimulant and is naturally found in more
than 60 plants, including cocoa, tea, and coffee. Caffeine
is also added to soft drinks and is often a component of
many over-the-counter medications and dietary supple-
ments including certain protein powders and drinks. Caf-
feine temporarily increases heart rate and acts as a
diuretic. As a result, caffeine can cause dehydration if
these drinks are the main source of fluid intake. The 

recommended intake of caffeine is 300mg or no more
than 3 to 5 ounces of coffee. Caffeine intake should be
decreased gradually to avoid the headaches caused by
withdrawal.

Conclusion

The goal of postoperative management is to help the
patient lose adequate excess weight, a consequence of
which is the reduction of many comorbidities and an
improved quality of life. This goal can be achieved by
teaching the patient to eat a healthy diet and to perform
regular physical activity. Education is essential for any
well-established bariatric program, often with help of
support groups and a knowledgeable staff.

To minimize the long-term problems from protein loss,
the adequate intake of protein must be stressed, with ade-
quate counseling to help the patient find a source of palat-
able and affordable protein. Gastric bypass patients are
given a prophylactic multivitamin/mineral supplement
containing vitamin B12, iron, and calcium to compensate
for malabsorption of nutrients. Some essential nutrients
do not have established recommended daily allowances
and are considered optional. Through nutrition counsel-
ing and support, patients will be able to implement dietary
changes and meet their nutritional needs.
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dient evaluation and treatment can limit the physiologic 
and infective consequences of the leak, while delays in 
treatment will result in disaster. Paramount in the man
agement of leaks is the establishment of effective 
drainage and, if possible, enteric access for nutrition. 

FIGURE 21.7-1. Upper gastrointestinal (UGI) leak. 

choosing the appropriate instrument for each applica
tion. Developing stapling and anastomotic technologies 
may improve the rehability of the devices and improve 
future outcomes. However, all mechanical devices will 
fail with a certain frequency; the surgeon must be pre
pared to deal with that situation whether it occurs at the 
time of surgery or in the postoperative period. 

Leaks discovered late, usually 5 to 7 days after surgery, 
often present in a blunted, subacute fashion. Patients 
have been home for a number of days and present with 
fever, pain, or general malaise. Localized left-upper-
quadrant tenderness may be minimal. Decreased breath 
sounds of the left lung base often correspond to the 
atelectasis and sympathetic pleural effusion seen on chest 
x-ray. Computed tomography often dehneates a well-
formed abscess. The decision for operative or radi
ographic drainage depends on the surgeon, the reliability 
and skill of the invasive radiologist, the location of the 
abscess cavity in relation to other abdominal organs, and 
the overall condition of the patient. 

Interestingly, most leaks when properly drained will 
ultimately close, provided there is no obstruction distally. 
Nutrition is provided by the intravenous or enteric route 
if access has been established. Broad-spectrum antibi
otics, prevention of pressure sores, DVT, and ongoing psy
chological counseling constitute further treatment while 
the patient recovers. 

In summary, leaks are a serious consequence of gas
trointestinal surgery. Their incidence can be reduced (but 
not totally eliminated) by careful apphcation of endome-
chanical devices and meticulous attention to detail. Expe-

Marginal Ulcer 

Marginal ulcers can present anytime in the postoperative 
course of the Roux-en-Y patient. They are more often 
seen in patients who use tobacco or nonsteroidal anal
gesic agents. Typical symptoms are pain and bleeding, and 
patients sometimes present with a frank perforation. It 
has been shown that acid-producing parietal cells are 
present in the gastric pouch after gastric bypass (16). 
Therefore, treatment includes active acid reduction, erad
ication of Helicobacter pylori, if present, and determining 
if a gastric pouch to stomach fistula exists. The occasional 
perforated marginal ulcer is usually anterior and is 
amenable to laparoscopic repair and drainage. 

Upper endoscopy is useful in diagnosing a marginal 
ulcer, treating active bleeding, and documenting resolu
tion after treatment. Chronic ulcers may be due to 
ischemia, an undiagnosed gastric pouch, or a native 
stomach fistula, and may require operative revision. Fis
tulas can be difficult to diagnose and may not be 
detectable by contrast studies or endoscopy. 

The incidence of marginal ulcer varies from 0.7% to 
1.0% (17), and, similarly to gastrojejunal stenosis, does 
not correlate with the method of anastomosis, whether 
stapled—circular or linear—or hand-sewn. 

Stenosis and Obstruction 

Bowel obstruction is most often secondary to stenosis 
of the gastrojejunal anastomosis. Incidence is variable, 
but usually occurs after the third week of surgery and 
does not seem to be related to individual technique 
(Table 21.7-1). Typical symptoms are of progressive dys
phagia without abdominal pain. The absence of pain 
helps to distinguish this entity from other forms of bowel 
obstruction, such as that due to internal herniation. A 
UGI series is diagnostic but often unnecessary. Given the 
classical clinical presentation, patients can be referred 
immediately for endoscopic evaluation and treatment. 
Fortunately, this entity is amenable to endoscopic balloon 
dilation and rarely requires revision (18). Recurrent 
stenosis sometimes requires repeat dilations. 

Stenosis of the mesocolon in the case of retrocolic 
routing of the Roux limb is extremely rare, variable in its 
presentation after surgery, and indistinguishable from 
gastrojejunal stenosis clinically (Fig. 21.7-2). A UGI 
series can diagnose this entity; however, a second area of 
narrowing beyond the gastrojejunostomy is often discov
ered at the time of initial endoscopy. This entity does not 
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TABLE 21.7-1. Incidence of stomal stenosis 
Author 

Wittgrove et al., 2002 (30) 
Schauer et al., 2000 (31) 
Higa et al., 2001 (32) 
Champion et al., 1999 (33) 
DeMaria et al., 2002 (34) 
Spaulding et al., 1997 (35) 

n 

1000 
275 

2805 
63 

281 
Review of open series 

Stenosis n (%) 

40 (4.0) 
13 (4.7) 

146 (5.2) 
4 (6.3) 

18 (6.4) 
9-20 

respond to endoscopic dilation and requires operative 
intervention. Findings at the time of surgery are of a 
dense cicatrix surrounding the Roux limb at the meso
colon. This can be easily transected using the hook 
cautery or harmonic scalpel. The etiology is unclear, but 
may be related to the individual inflammatory reaction to 
various suture materials. 

Kinks of the bowel often present early, usually at the level 
of the jejunojejunostomy, where the relatively fixed staple 
line intersects the mobile Roux limb (Fig. 21.7-3). This allows 
the Roux limb to fold back on itself, creating an obstruction 
that is accentuated with increasing distention (19). This can 
lead to rapid gastric remnant dilation and should be treated 
urgently to prevent perforation of the gastric remnant or 
failure of the gastric staple line. Fixation of the bowel as 
described by Brolin (20) helps straighten out the Roux limb 
as it approaches the bihopancreatic limb and prevents this 
occurrence (Fig. 21.7-4). 

A 360-degree twist of the bowel, usually the Roux limb, 
is discovered only after formation of the gastrojejunos
tomy (Fig. 21.7-5). Obviously, complete revision of the 
anastomosis is necessary and can be difficult if the gastric 
pouch is appropriately small. Hand-sewn anastomoses are 
easier to revise under these circumstances, but prevention, 
by routine visualization of the course of the Roux limb 
prior to performing the anastomosis, is advised. 

FIGURE 21.7-2. UGI mesocolon stenosis. 

Small bowel obstructions due to adhesions can occur 
after any procedure that violates the peritoneal cavity. 
These are indistinguishable from small bowel obstruc
tions due to internal hernias clinically. The treatment of 
small bowel obstructions in gastric bypass patients 
requires more aggressive attention because of the inabil
ity to decompress the gastric remnant without operative 
intervention (12), 

FIGURE 21.7-3. Kink at jejunojejunostomy. 
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FIGURE 21.7-4. Straightening out the kink. 
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Exploration can be performed laparoscopically if 
abdominal distention is not severe. The source of obstruc
tion, whether due to an internal hernia or adhesions, is 
identified and repaired. A gastrostomy tube placed in the 
gastric remnant for decompression is often advisable. 

Internal hernias can occur through any mesenteric 
defect (Fig. 21.7-6). The most common source of small 
bowel obstruction due to an internal hernia is through the 
mesocolic defect in a retrocohc Roux limb position. 
Defects in the jejunal mesentery or Petersen's space are 
also at risk, but are less likely to cause an obstruction. 
Volvulus can occur around an antecolic Roux limb as well 
(21). Therefore, patients are at lifelong risk for small 
bowel obstruction as long as there is the potential for 
intestinal entrapment. Most series underreport the inci
dence because of the limited time of study. 

Internal hernias can be present in the absence of small 
bowel obstruction. Patients presenting with intermittent, 
postprandial abdominal pain after gastric bypass should 
be evaluated for typical causes such as biliary tract disease 
or marginal ulceration (Fig. 21.7-7). We have observed 
that at least 20% of these patients have no radiographic 
evidence of an internal hernia on retrospective review 
(22). In fact, more than half of the symptomatic internal 
hernias are currently repaired on the basis of intermittent 
pain without evidence of small bowel obstruction. There
fore, we conclude that all patients who present with unex
plained, severe abdominal pain after gastric bypass 
require exploration (laparoscopic) as part of their workup. 
The only way to prevent internal hernia potential is by the 
meticulous closure of all mesenteric defects whether the 
Roux limb is retro- or antecolic (Table 21.7-2). 

FIGURE 21.7-5. Plication of a kink with the Roux 
limb. 
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FIGURE 21.7-6. Richter's hernia at port site. 

Wound Issues 
Serious wound complications are rare and are due to 
either infections or herniation. Fascial closure of 12-mm 
or larger defects produced by traditional bladed trocars 
is advised to prevent incisional hernias. However, in our 
experience, the "non-bladed," separating-type trocars do 
not require fascial closure routinely. 

Wound infections respond readily to oral antibiotics 
and are more an issue in techniques that pass an intralu
minal, circular, stapling device directly through the 
unprotected abdominal wall. Wound protection with 
plastic sleeves can limit this problem. Bleeding from 
trocar sites is almost always self-limited, although the 
resultant ecchymosis can be quite dramatic, especially to 
patients. 

Thromboembolic Events 

Although rare, thromboemboHc events are responsible for 
the majority of perioperative deaths in most large series 
(23). Prevention by preoperative evaluation of potential 
hypercoagulable syndromes when indicated, along with 
perioperative chemical and mechanical prophylaxis, is 
advised. Vena cava filters, especially removable ones, may 
be indicated in patients who have a prior history of pul
monary emboli or significant pulmonary hypertension. 

Biliary Tract Disease 

Clearly, the incidence of gallstones is elevated with sur
gical or medical weight loss. Shiffman et al. (24) noted an 

FIGURE 21.7-7. Marginal ulceration at gastrojejunostomy. 
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TABLE 21.7-2. Incidence of small bowel obstruction (SBO)/internal hernia 
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Series 

Incidence 
Percent 
Includes internal hernia without SBO 

Schauer 2000 

1/275 
0.4% 
No 

DeMaria 2002 

5/281 
1.8% 
No 

Champion 2003 

6/711 
0.8% 
No 

Higa 2003 

63/2000 
3.2% 
Yes 

Nguyen 2003 

2/225 
0.9% 
No 

incidence of 36% after surgery. Villegas et al. (25) dis
covered that 30% of their patients developed gallstones 
or sludge in the gallbladder 6 months after laparoscopic 
gastric bypass, but only 7% were symptomatic. Although 
routine use of ursodiol after surgery has been shown to 
significantly reduce the incidence of gallstones, compli
ance with this medication has been an issue due to side 
effects and the cost of the medication (26,27). 

Hamad et al. (28) have shown that cholecystectomy at 
the time of laparoscopic bypass significantly increased 
hospitalization and operative time. However, overall 
complication rates did not change compared with laparo
scopic bypass alone. Concomitant cholecystectomy 
presents technical challenges due to suboptimal port 

placement as well as anatomic issues common in the 
obese patient. Although development of gallstones is 
more common after rapid weight loss, cholecystectomy is 
subsequently easier to perform because of the reduc
tion in intraabdominal fat, and is not comphcated by 
the presence of adhesions as it is in traditional, open 
surgery. 

Occasionally, common bile duct stones are encoun
tered postoperatively. Although it is possible for experi
enced endoscopists to perform an endoscopic retrograde 
cholangiopancreatography (ERCP) after proximal 
gastric bypass, common bile duct exploration, either 
laparoscopic or open, should be within the capabilities of 
most bariatric surgeons (Fig. 21.7-8). 

FIGURE 21.7-8. Common bile exploration after Roux-en-Y gastric bypass. 
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revisional procedure should only be undertaken by well-
trained and experienced bariatric surgeons.

Who Should Perform Revisional 
Bariatric Operations?

The International Federation of Surgery of Obesity
states, “Reoperative bariatric surgery is an intricately
complex and demanding area which requires consider-
able primary bariatric experience. The bariatric surgeon,
who is early in his/her experience, should refer back to,
confer with, or otherwise work with one or more bariatric
surgical colleagues” who have extensive experience in
reoperative bariatric surgery and a multidisciplinary
approach, which are critical for successful long-term out-
comes and patient satisfaction.

General Technical Considerations

Vertical Banded Gastroplasty (VBG)

The VBG was the operation of choice of many bariatric
surgeons during the 1980s. However, it has fallen out of
favor because of unsatisfactory weight loss and a rela-
tively high incidence of long-term adverse outcomes such
as emesis, maladaptive eating syndrome, and gastroe-
sophageal reflux disease (GERD) (2). We recommend
revising a failed VBG to RYGBP, to eliminate the 
untoward effects (e.g., band erosion, stomal stenosis,
esophageal reflux, and maladaptive eating behavior)
while inducing a durable and sustainable weight loss.

Patients with staple-line disruption at the time of diag-
nosis will have a greater than anticipated eating capacity,
and will perhaps complain of weight gain. Meanwhile,
patients with pouch obstruction usually have weight loss
exceeding normal parameters. The latter group of
patients is content with their weight loss and may object
to a revision of the operation, knowing that they may
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In most experienced bariatric centers, revisional proce-
dures comprise 10% to 15% of the operations performed,
most of which are referred from other bariatric surgeons.
The need for revisional surgery has been reported in 5%
to 36% of patients undergoing vertical banded gastro-
plasty (VBG) and from 5% to 23% of patients under-
going Roux-en-Y gastric bypass (RYGBP) (1,2). This
chapter discusses RYGBP as a revisional procedure for
failed bariatric procedures. Although the number of revi-
sional procedures done laparoscopically is very small,
there is a growing body of evidence that supports its
safety and feasibility (3–6). Yet, it is important to remem-
ber that the principles of evaluating failed bariatric pro-
cedures and the rationale for revisional surgery are not
dictated by the method of accessing the abdominal cavity
but rather are governed by lessons learned from the
cumulative experience of an evidence-based approach
and a tertiary, bariatric practice.

General Preoperative Considerations

Traditionally, a bariatric operation is considered to be
successful when more than 50% of excess body weight is
lost and maintained after long-term follow-up. Recently,
the control and improvement of comorbidities has been
recognized to be as important an end point as weight loss
and is more frequently reported. Another important
factor to consider when analyzing outcomes of bariatric
procedures is the improvement in quality of life.

It is imperative that the surgeon fully understand the
reason for failure of the previous weight-loss operation
and not simply blame it on overeating. Endoscopy,
barium swallow, and computed tomography (CT) scan
should be used liberally, and not only as diagnostic tools.
It is also important to educate the patient about the rel-
atively higher operative risks and relatively less expected
long-term weight loss, compared to the initial weight-loss
operation. In addition, the often technically demanding
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regain some of the weight, as they are able to eat nor-
mally again.

Unsatisfactory Weight Loss

In the absence of staple-line disruption (Fig. 21.8-1),
excessive intake of energy-dense foods (soda, ice cream,
potato chips, etc.) that annul the restrictive function of
the procedure is the primary cause of poor weight loss
after VBG. Another cause of weight gain following VBG
is disruption of the vertical staple line, allowing patients
to ingest greater quantities of food; this complication 
has been reported to occur in up to 50% of patients 
(Fig. 21.8-2) (1,2,7).

Stomal Stenosis

There are two varieties of symptomatic stomal stenosis:
mechanical and functional. The pathogenesis of mechan-
ical stomal stenosis is not clear, but it may result from
ulceration of the stomal canal or from a fibrosing reac-
tion to the band (Fig. 21.8-1). We have encountered
patients with functional obstruction of the stoma due to
the lack of propulsive contractile activity in an atonic
pouch, or a tilting of the external band that narrows the
functional, luminal diameter of the stoma (7,8). The clin-
ical presentation of stomal stenosis is often misinter-
preted as overeating, which also correlates with patients’
symptoms of emesis, GERD, or narcotic addiction; hence,
an upper gastrointestinal (UGI) study and endoscopy are
crucial to making the correct diagnosis. Endoscopic dila-
tions of stenotic stomas provide temporary relief until a
definitive procedure can be undertaken.

Band Erosion

The incidence of band erosion has been reported
between 1% and 7%, usually occurring between 1 and 3
years after surgery (1,2,9). Erosion of the band can result
in bleeding, nonhealing ulceration, mechanical obstruc-
tion, and rarely perforation. Therefore, patients initially
present with emesis, upper gastrointestinal hemorrhage,
abdominal discomfort, or even an acute abdomen. Endo-
scopic removal of eroded bands has been described to be
successful in selected patients.

Gastroesophageal Reflux Disease

Symptoms of GERD are common after VBG and may
result from postprandial esophageal loading or true
reflux from the distal stomach. It has been suggested that
pouch emptying is disrupted by the vertical partitioning
of the stomach, thereby inducing pouch-esophageal
reflux. In addition, larger pouches may include acid-
secreting mucosa. The presence of Barrett’s esophagus
alone as an indication for conversion of VBG to RYGBP
remains unproven; however, if symptoms persist, conver-
sion to RYGBP should be pursued.

Figure 21.8-1. Radiograph of a patient after VBG that demon-
strates the contrast entering the pouch and then preferentially
filling the fundus and body of the stomach instead of through
the band indicating a staple-line dehiscence (solid arrow). The
pouch outlet is stenotic (open arrow).

Figure 21.8-2. Radiograph of a patient after vertical banded
gastroplasty (VBG) with subsequent unsatisfactory weight loss
and maladaptive eating behavior. The pouch (solid arrow) is
markedly distended secondary to stenosis at the banded stoma
(open arrow). The vertical staple line is intact.
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Operative Technique

The aim of operative intervention should be revision of
the VBG (and other gastroplasties) to a vertical, discon-
nected RYGBP. We have recently described our opera-
tive technique for converting a failed VBG to a RYGBP
(7). We recommend cholecystectomy, if not previously
done, as in all of our primary procedures. Locating the
band is facilitated by dissecting the left lobe of the liver,
which is usually firmly adherent to the band, or by enter-
ing the lesser sac to localize the left gastric artery bundle
posteriorly.

Subsequently, dissecting the overlying, redundant
dilated pouch of the proximal stomach helps localize the
vertical staple line. The angle of His is then dissected free,
and a window is made cephalad to the neurovascular

bundle and the lesser curvature several centimeters prox-
imal to the VBG stoma in order to facilitate passage of
the linear stapler (Fig. 21.8-3A). The band can be
removed at this point. The dilated pouch can be entered
through a gastrotomy at the band site. This maneuver
permits examination of the staple line, allowing retro-
grade insertion of the anvil of the circular stapler in
preparation for the gastrojejunostomy (10). If the proxi-
mal pouch is not dilated, it is technically easier to insert
the anvil of the circular stapler via a gastrotomy in the
newly created gastric pouch and to secure it with purse-
string sutures. The distal portion of the VBG pouch,
including its stoma, is distal to this second application of
the stapler, and drains into the distal stomach either
through the stoma or, when present, through a dehiscence
in the vertical staple line. When the stoma is stenotic and

A

B

Figure 21.8-3. (A) Vertical banded gastroplasty with dilated
pouch and stenotic stoma. Lines of transection for revision 
to Roux-en-Y gastric bypass are shown. Dissection is completed
at the angle of His and along the lesser curvature. The anvil 
is introduced into the pouch through a gastrotomy at the band
site and exteriorized through the anterior wall of the cardia
(inset, top). Once the divided gastric pouch is created 

around the anvil, the band and old vertical staple line are
resected and a circular stapled anastomosis is completed 
(inset, bottom). (B) Completed revision of vertical banded 
gastroplasty to Roux-en-Y gastric bypass. A gastrostomy 
tube placed in the excluded stomach for all revisional 
bariatric surgery. (Courtesy of the Cleveland Clinic 
Foundation.)
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the staple line is intact, a gastrogastrostomy is necessary
to ensure drainage into the distal stomach.

In patients in whom the band has eroded into the
stomach, the second 90-mm linear stapler is applied distal
to the first staple line in such a manner as to include the
entire vertical staple line of the VBG. The stomach
between the two staple lines including the stoma is then
resected. A gastrostomy tube is routinely placed in the
defunctionalized excluded stomach (Fig. 21.8-3B).

The gastrostomy tube serves two important functions.
It decompresses the defunctionalized stomach while
relieving pressure from the staples/resection lines and
provides eternal access if a complication arises following
this complex reoperative procedure. When constructing
the gastrojejunostomy, we prefer to use a 21-mm circular
stapler similar to constructing a primary RYGBP. For
super-obese patients [body mass index (BMI) > 59] under-
going revision for a failed VBG, we recommend the very,
very long RYGBP, to incorporate a more malabsorptive
component to the procedure (11).We have abandoned the
partial pancreaticobiliary bypass for super-obese patients
because of unsatisfactory results (11).

Results of Vertical Banded Gastroplasty Reversal

Simple removal of the band results in weight gain; re-sta-
pling the stomach pouch for staple-line disruption and
gastric pouch dilatation has resulted in poor outcomes.
Sustained and durable weight loss after conversion from
VBG to RYGBP has also been well documented (12,13).
In a series of 25 patients with GERD requiring conver-
sion from VBG to RYGBP, we found a complete or near-
complete resolution of heartburn in 96% of patients and
no progression to severe dysplasia in patients with
Barrett’s esophagus. However, postoperative complica-
tions were somewhat increased, which is consistent with
previous reports in the literature (12).

Jejunoileal Bypass

The overwhelming metabolic consequences have rele-
gated jejunoileal bypass (JIB) to the history books
among bariatric surgeons. The complications include liver
damage (i.e., cirrhosis), severe electrolyte abnormalities,
oxalate nephrolithiasis and nephropathy, autoimmune
migratory polyarthritis, cholelithiasis, and enteropathies
(pseudo-obstruction bypass enteritis, bacterial over-
growth, and intussusception) (14–16). Overall mortality
rates in the first 2 years have been reported as high as 4%
and are most commonly a consequence of liver failure
(14,16). It is estimated that 25% to 40% of patients will
require takedown and reversal of the JIB for metabolic
complications (14–19). Asymptomatic patients without
clinically apparent cirrhosis or other metabolic compli-
cations should be closely monitored and may not require
reversal of their JIB.

When JIB takedown is clinically indicated, we recom-
mend undertaking a concomitant RYGBP, since 90% 
of patients will regain their weight when the intestinal
anatomy is reversed to normal without a concomitant
bariatric procedure (19). It is important to counsel
patients about meal-volume restrictions after RYGBP
since many are quite satisfied with their weight loss
despite the onset of JIB-related complications and typi-
cally prefer to maintain their ability to eat a full-size
meal.

Operative Technique

The operation should begin with delineation of the intes-
tinal anatomy as well as a liver biopsy to document any
preexisting liver disease. We carry out a cholecystectomy
at this stage if not done previously, because of the
increased incidence of gallstones. The functional bowel
should be readily apparent because of a two- to threefold
increase in the lumen size and a markedly thickened 
wall. The bypassed jejunum and ileum are universally of
much smaller caliber and a shorter mesentery. However,
the most distal end of the bypassed segment, where 
it is anastomosed to the colon or ileum, can be easily rec-
ognized due to its characteristic dilatation. At this stage,
the stomach is prepared for the concomitant gastric
bypass as described previously (10). Subsequently, the
jejunoileal anastomosis is disconnected, and a side-to-
side ileoileostomy is constructed with a linear mechani-
cal stapler or is hand-sewn. A side-to-end anastomosis is
preferable if the lumen of the ileum is narrow. Similarly,
a jejunojejunostomy is done to connect the bypassed
stomach to the Roux limb (bypassed jejunum).

In preparation for incorporating the bypassed proxi-
mal jejunum as the Roux limb, the mesentery is divided
for a distance of 5 to 10cm to allow for a tension-free gas-
trojejunostomy. After occluding the jejunum 20cm distal
to the cut edge of the Roux limb, air is injected into the
lumen in an attempt to enlarge its lumen and facilitate
introducing the circular stapling device. It is not uncom-
mon that a 21-mm circular stapler will not fit within the
proximal jejunum, mandating a hand-sewn anastomosis.
A gastrostomy tube is routinely inserted into the
bypassed stomach until the bypassed and atrophied small
bowel regains its function.

Results of Jejunoileal Bypass Reversal

Improvement or complete resolution of diarrhea, hepatic
inflammation and fibrosis, and oxalosis and renal function
is uniform after JIB reversal (14,18,20). However, rever-
sal has no impact on cirrhosis. Although JIB-related
metabolic complications were corrected following con-
version to RYGBP, 67% of patients were unsatisfied
because of restrictions in eating habits or weight 
gain (8).
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Figure 21.8-4. Radiograph of a patient after loop gastric bypass
(or the so-called mini–gastric bypass) with an anastomotic,
bleeding ulcer. The afferent limb (left) is mildly opacified by
contrast retrograde; the efferent limb (right) fills antegrade and
is opacified by denser contrast.

A

B

Figure 21.8-5. (A) Anatomy of the loop, or mini–, gastric
bypass. The dotted lines represent the lines of transection 
to convert the loop gastric bypass to a Roux-en-Y gastric
bypass. The lesser curvature and angle of His are dissected 
and a retrogastric tunnel created. The linear stapler is used 
to create a small gastric pouch. An anvil can be placed in 
the gastric pouch through a gastrostomy if a circular stapled 

gastrojejunostomy is planned. The afferent and efferent 
loops are identified and divided on either side of the large
gastric pouch. The efferent limb is used as the Roux limb 
and the afferent limb is the biliopancreatic limb. (B) The 
completed revision with placement of a gastrostomy tube in 
the gastric remnant. (Courtesy of the Cleveland Clinic 
Foundation.)

Loop Gastric Bypass

The current RYGBP anatomy was developed from the
original loop gastric bypass in order to eliminate persist-
ent bile reflux (21). Recently, the loop gastric bypass was
reintroduced laparoscopically as the mini-gastric bypass
(Fig. 21.8-4). Although it may achieve adequate weight
loss, it predisposes the patient to the risk of unrelenting
bile gastritis and esophagitis. The most common indica-
tions for revisional surgery after loop gastric bypass are
bile reflux with or without associated complications (e.g.,
esophagitis, Barrett’s esophagus, aspiration pneumonia)
and unsatisfactory weight loss. When necessary, we rec-
ommend converting the loop gastric bypass to a RYGBP.

Operative Technique

The bypass anatomy can be readily identified by the
afferent and efferent limbs (Fig. 21.8-5A). If the pouch is
large, as is usually the case, the gastrojejunostomy is
taken down, and the efferent limb is used as the Roux
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limb and the afferent limb is anastomosed to the Roux
limb 100 to 150cm distal to the transection (Fig. 21.8-5B).
After taking down the greater curvature at the gastroje-
junostomy, a vertically oriented pouch is fashioned in the
usual manner for a RYGBP by preserving the neurovas-
cular bundle and dividing the stomach using linear
staples. The segment of stomach remaining between the
newly divided pouch and the distal staple line of the orig-
inal pouch can be resected or anastomosed using a gas-
trogastrostomy. A gastrostomy tube is usually included to
decompress the excluded stomach. On the rare occasion
when the proximal gastric pouch is small and it is certain
that the previous gastric partition is intact, a simple 
conversion from a loop to a Roux anatomy can be 
considered.

Results of Loop Gastric Bypass Reversal

After conversion to RYGBP, patients note virtually
immediate resolution of the associated bile reflux. Pul-
monary sequelae of the reflux as well as anastomotic
complications are also significantly diminished.

Roux-en-Y Gastric Bypass

Approximately 15% of patients undergoing RYGBP
have unsatisfactory weight loss. Complications are the
most common indication for RYGBP revision. Although
relatively less frequent, excessive weight loss may also be
an indication for revision.

Pouch Dilation

An enlarged pouch appears to be a common reason for
unsatisfactory weight loss or weight gain after RYGBP.
The tendency for a pouch enlargement is most likely a
consequence of a horizontal partitioning of the stomach,
thereby including the fundus that exhibits receptive
relaxation.

Gastrojejunostomy Stricture

Most commonly nonpeptic strictures are secondary to
nonsteroidal antiinflammatory drugs (NSAIDs) gener-
ally used by patients for relief of obesity-related joint
pain. Anastomotic strictures can also be related to
ischemia at the gastrojejunostomy, resulting from tension
at the anastomosis or excessive mobilization of the Roux
limb mesentery. Ischemic strictures usually occur within
90 days of the operation and are more frequent follow-
ing circular-stapled than hand-sewn anastomosis (22).
Peptic strictures are often accompanied by anastomotic
ulcers that can be refractory to medical treatment and
may result in significant bleeding. The treatment involves
discontinuation of all NSAIDs and endoscopic balloon
dilatation. Operative revision is reserved for strictures

that are refractory to repeated dilation or chronic 
strictures accompanied by fibrotic reaction extending
beyond the anastomosis. Operative revision of strictures
involves a complete takedown and reconstruction of the
anastomosis.

A less common cause of stricture is peptic ulceration.
Ulceration occurs from an enlarged proximal pouch con-
taining parietal cells, staple-line disruption, or a gastro-
gastric fistula, which allows for acid reflux from the distal
stomach into the pouch. GERD after RYGBP has been
a controversial issue and is discussed in Chapter 31. Most
experts advise downsizing a large pouch or re-stapling to
correct the gastrogastric fistula.

Staple-Line Disruption

Staple-line breakdown occurs in 5% to 10% of patients
with a nondisconnected RYGBP. Most commonly, staple-
line dehiscence results in weight gain and possibly symp-
toms of reflux and ulcers in the Roux limb or anastomosis.
These gastrogastric fistulas that may develop subsequent
to a leak can increase in size and eliminate the restrictive
component of RYGBP.

Bile Reflux Esophagitis

Theoretically this complication should not occur; how-
ever, bile reflux esophagitis may develop from a staple
line dehiscence or from a Roux limb that is functionally
too short. We recommend making the Roux limb at least
100cm in length at the time of the primary operation and
least 150cm from the gastrojejunostomy in revisional
procedures for bile reflux, especially when associated
with unsatisfactory weight loss.

Diarrhea/Steatorrhea

Chronic diarrhea or steatorrhea can induce a severe
protein and fat malabsorption after a distal RYGBP.
These patients must first be resuscitated with parenteral
nutrition. Operative intervention then follows to
lengthen the ileal common channel. A tube gastrostomy
or jejunostomy is often inserted to allow further enteral
nutrition.

Gastrogastric Fistula

These fistulas are rare and occur in <1% of patients as a
consequence of a leak on incomplete division of the
stomach staple line. There are few data regarding opera-
tive treatment of these fistulas for unsatisfactory weight
loss or nonhealing stomal ulcers.

Unsatisfactory Weight Loss

In the absence of a mechanical, anatomical cause, these
patients require intense psychological counseling to



21.8. Gastric Bypass as a Revisional Procedure 307

control their detrimental and hazardous eating habits.
Once all other potential, underlying anatomic causes are
identified or eliminated, patients should be evaluated by
an interdisciplinary team. It is our observation that many
of these patients with unsatisfactory weight loss and an
anatomically intact RYGBP have switched to eating
energy-dense foods. In selected cases, the addition of a
malabsorptive procedure such as the very, very long
RYGBP (11), as opposed to reinforcing the stoma with a
band, may be beneficial, yet there is little evidence to rec-
ommend this approach. The treatment of some patients
with an unsatisfactory weight loss despite significant
steatorrhea and the distal RYGBP remains an enigma.

Operative Technique

When the proximal pouch is too large, the gastrojejunos-
tomy should be taken down and the pouch markedly
reduced in volume by stapling-off and excluding any
residual fundus (Fig. 21.8-6). In the case of a staple-line
dehiscence, the stomach should be disconnected from the

pouch using linear staples with interposition of omentum
or a loop of jejunum. Revisions for anastomotic strictures
can be difficult due to the associated serosal and peri-
gastric inflammation, and revision to an esophagoje-
junostomy may be necessary.

Results of Roux-en-Y Gastric Bypass Revision

The results of revising an anatomically intact RYGBP for
unsatisfactory weight loss have been disappointing. Revi-
sions for anatomic complications of RYGBP uniformly
resolve the associated symptoms and maintain weight
loss.

Lap-Band

As of yet none of the authors of this chapter have had
any significant experience with revision or conversion of
a failed Lap Band. However, we anticipate that the size
of the stomach between the esophagogastric junction and
the band may dictate the type of revisional procedure

A
B

Figures 21.8-6. (A) Revision of a failed Roux-en-Y gastric
bypass involves reduction of the pouch size and revision of the
gastrojejunal anastomosis. The dotted lines represent the lines
of transection to create a smaller gastric pouch and to resect the
dilated or strictured anastomosis. (B) Completed revision with

a 15-mL vertically oriented pouch. A gastrostomy tube is placed
to provide decompression of the gastric remnant and feed-
ing access if necessary. (Courtesy of the Cleveland Clinic 
Foundation.)
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eventually required. The most common reasons for revi-
sion of a gastric banding procedure are insufficient
weight loss (62%), partial or complete obstruction
(13%), pouch dilation (9%), band erosion (6%), necrosis
of the stomach (4%), reflux esophagitis (2%), and perfo-
ration of the stomach (2%) (23,24). Conversion to a
RYGBP biliopancreatic diversion with duodenal switch,
rather than rebanding, is considered the procedure of
choice of most bariatric surgeons (24) for unsatisfactory
weight loss. Operative intervention may be designed with
a similar approach to that of reoperative surgery for a
failed VBG.

Treatment Algorithms

Figures 21.8-7 to 21.8-10 outline common scenarios based
on symptoms or complications of specific bariatric pro-
cedures. They are intended as a guideline that should be
tailored to the patient’s complaints and symptoms.

We recommend RYGBP as the revisional procedure of
choice for failed restrictive bariatric procedures, specifi-
cally VBG and gastric banding. Concerns about techni-
cal feasibility of RYGBP after the Lap-Band may be
overstated. Although rare, we have reversed or “taken
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Figure 21.8-9. Revisional operation algorithm
for postoperative complications. GERD, gastroe-
sophageal reflux disease.
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down” failed JIB, RYGBP, Lap-Band, or an RYGBP
without a concomitant corrective bariatric procedure
based on patient’s discretion and full understanding of
the eventual weight regain.

Revision of RYGBP for unsatisfactory weight loss in
the absence of a markedly enlarged pouch by lengthen-
ing the Roux Limb and thereby shortening the common
channel is associated with modest success because of the
underlying dietary indiscretion. Similarly, reports of suc-
cessful weight loss after banding a failed RYGBP are
anecdotal.

More commonly, we are treating an increasing number
of patients with severe protein calorie anastomotic sec-
ondary to high-grade strictures, short common channel,
or short bowel syndrome; we aggressively pursue par-
enteral nutrition in the initial phase of nutritional resus-
citation and then proceed with enteral feedings via a
nasoenteric tube or a gastrostomy tube into the excluded
stomach. Revisional surgery to address the underlying
anatomic problem can be safely undertaken after nor-
malization of nutritional parameters.

Conclusion

A flat and long learning curve is associated with primary
bariatric surgery. Unsatisfactory results are frequently
reported during this period, especially in patients with
obesity-related comorbidities. It is therefore reasonable
to expect that revisional surgery will be even more 
difficult to master, and therefore it should be under-
taken only by an experienced bariatric surgeon in con-
junction with a multidisciplinary team with adequate
experience and adequate facilities for managing obese
patients. Revisional bariatric surgery is associated with
favorable outcomes in a select group of patients; the mor-
tality and morbidity of revisional bariatric surgery is 

considerably higher than that of primary bariatric 
procedures.
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more recent practice surgeons utilize a divided stomach
and thus the chance of staple-line breakdown with gas-
trogastric fistula is somewhat diminished. The only way
to perform the procedure laparoscopically is to transect
the gastric pouch from its distal remnant, which still must
be ruled out, however, in the presence of a recalcitrant
marginal ulcer.

Regain of weight following the gastric bypass has 
been attributed to both enlargement of the stoma and
enlargement of the gastric pouch (7). It is also important
to note that it is likely that many patients with an
enlarged stoma and pouch have an excellent result post-
operatively. On the other hand, all surgeons who perform
revisional bariatric surgery have seen patients with a
perfect anatomic gastric bypass with a small pouch and
narrow stoma who have regained all of their weight.
Revision of the gastric bypass in cases of moderate pouch
dilatation in an attempt to produce further restriction has
sometimes proved unsuccessful (8). In these cases a stan-
dard proximal gastric bypass will be converted to a distal
gastric bypass to produce a mild to moderate weight loss
at best (9).

In response to late failures following the gastric bypass,
some authors have advocated the need for reinforcement
of the stoma or the pouch. This can be accomplished
using a Silastic ring (10) or a small segment of tensor
fascia lata. The latter can be applied to both the gastric
pouch or to the anastomosis itself. Fobi et al. (9)
described a combined vertical banded gastroplasty using
a 5.5-cm Silastic ring in conjunction with the gastric
bypass. They have reported results at 2 years and at 6
years. More than 90% of patients have greater than 40%
excess weight loss (EWL). These studies are not con-
trolled, and reinforcement of the pouch is not without
complications including erosions of the band or food
intolerance. This technique of pouch reinforcement can
also be duplicated laparoscopically. Bessler et al. (10)
recently presented their experience of a randomized
prospective double-blind study of a polypropylene band
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The characterization of the Roux-en-y gastric bypass as
the “gold standard” for bariatric surgery has been mis-
leading because there is no standard technique employed
by the majority of surgeons (1). The laparoscopic gastric
bypass has followed in the footsteps of the open approach
and varies widely in construction (2–6). Controversies
exist over the ideal methods to maximize outcomes and
minimize complications, which are the goals of every 
surgical procedure. This chapter explores several of the
current controversies about the laparoscopic gastric
bypass technique.

Enhancement of Weight Loss

There have been countless modifications of the gastric
bypass, most of which were designed to enhance weight
loss, and include variation in the size of the pouch,
stoma, and Roux-limb length. Further modifications
include banding of the pouch or the anastomosis to
prevent dilatation. Most of these modifications were
reported anecdotally and the analysis of results was ret-
rospective. There are a few circumstances where pro-
spective evidence exists to substantiate the techniques
employed.

The principal idea is to preclude the need for revisional
surgery due to failure of weight loss, because revisional
bariatric surgery is time-consuming, carries a higher risk,
and in general has less impressive weight loss than is seen
with primary surgery. Steps should be taken at the first
operation to minimize the need for reoperative surgery.
Unfortunately, little is known about the effect of these
procedural variations. Some of the changes made in the
evolution of the procedure have minimized the need for
reoperative surgery. The original gastric bypass utilized 
a loop gastrojejunostomy, which resulted in a high rate 
of alkaline reflux, necessitating conversion to a Roux
anatomy. Another change is a stapled gastric pouch
rather than an “isolated” or divided gastric bypass. In
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around the gastric pouch versus no band. At 1 year there
was no difference in weight loss or complication rates.
Long-term data are pending (11). Sapala et al. (12) have
suggested the use of the “micropouch” to decrease the
incidence of marginal ulceration as well as to maximize
weight loss. Results have shown weight loss comparable
to established techniques.

Limitation of absorption is another approach to
augment weight loss. There are three ways this can be
accomplished: by elongating the Roux or alimentary
limb, by decreasing the length of the common channel,
and by increasing the length of the biliopancreatic limb.
A detailed description of this anatomy was provided in
earlier chapters.

Except for passive diffusion, there will be little absorp-
tion of nutrients in the absence of bile and pancreatic
juices through the Roux limb. The length of the Roux
limb is defined as the distance from the gastrojejunal
anastomosis to the anastomosis with the biliopancreatic
limb. For routine gastrointestinal surgery the Roux limb
is 40cm as a minimum in order to minimize the risk of
alkaline gastritis. In many cases the standard Roux limb
is considered to be 75cm. An extended or long limb
bypass is considered to be 150cm. A distal bypass, in con-
trast, describes a connection of the alimentary (Roux
limb) with the biliopancreatic limb 50 to 100cm from the
ileocecal valve. Though this represents a nice way to cat-
egorize patients, this approach does not take into account
that the length of the small bowel can vary greatly with
the body mass index (BMI) of the patient (13); thus
subtle differences in small bowel bypass length may not
be relevant.

Perhaps the intervention that seems to have the
strongest evidence in accentuating weight loss in the
short term, particularly in the super-obese, is lengthening
of the Roux limb. Torres (14) first suggested the role of
the distal bypass. Brolin et al. (15) in 1992 reported the
results of a prospective randomized study comparing the
effect of a 75-cm Roux limb with that of a 150-cm Roux
limb with a constant length biliopancreatic limb in the
super-obese (BMI > 50). Patients were followed up to 4
years postoperatively. By 12 months after surgery there
was a significant difference in weight loss in the longer
Roux limb group. This difference persisted for about 36
months and then appeared to diminish. Several years
later, Brolin et al. (16) compared these patients with
patients having a true distal bypass to the short and long
bypass groups. Weight loss was greatest in the distal
bypass group at maximal follow-up. Most notable was the
incidence of some form of metabolic sequelae in all of
the distal bypass patients. Thus for patients who are
super-obese there appears to be some advantage to
having some degree of malabsorption. For patients with
a BMI of less than 50 there probably does not appear to
be an advantage to the longer bypass.

These findings were supported by MacLean et al. (7).
In a retrospective study, the authors attempted to deter-
mine whether longer limb length affected weight loss fol-
lowing gastric bypass in patients who were morbidly
obese (BMI ≤ 50) or super-obese (BMI > 50). They fol-
lowed a total of 242 patients for a mean of 5.5 years. The
short limb operation was a Roux-en-Y gastric bypass with
a 40-cm Roux limb and a 10-cm afferent limb. The long-
limb operation had a 100-cm Roux limb and a 100-cm
afferent limb. Only the super-obese patients (mean BMI
of 56) benefited from a long-limb bypass. Final BMI was
35.8 ± 6.7 in the short-limb patients and 32.7 ± 5.1 in the
long-limb patients (p = .049). Patients with a BMI > 60
benefited the most from long-limb bypass. In contrast to
the Brolin et al. report, no macronutritional side effects
unique to the long-limb bypass were encountered (7).

Choba and Flancbaum (17) attempted to define the
effect of Roux limb length on weight loss following the
gastric bypass in a randomized prospective study. There
were no significant differences in age, sex, race, initial
BMI, or excess weight between patients within each
weight category. When the number of patients achieving
50% EWL was evaluated, there was no difference
between groups with a BMI < 50; however, among
patients with a BMI > 50, a significantly greater percent-
age of those having a 250-cm limb achieved >50% EWL
at 18 months postoperatively. This difference did not
persist at 24 and 36 months.

Location of the gastrojejunal anastomosis on the
gastric pouch has been considered a possible variable in
weight loss. Classically there are two types of pouches
used in the gastric bypass operation: vertical or horizon-
tal. In the horizontally based gastric pouch the gastroje-
junal anastomosis is placed high along the angle of His.
A TA-type stapler is typically passed from the greater
curvature to the lesser curvature following the ligation
and division of a few short gastric vessels. A theoretical
disadvantage of this approach is a slight increase in the
risk of gastric pouch dilatation. The vertically based lesser
curve pouch is the one most commonly used in the
laparoscopic gastric bypass. This has a potential advan-
tage of decreased pouch dilatation as the lesser curve is
less likely to stretch. There have been some reports of
increased marginal ulceration in using a pouch of this
type (12).

Approaches to the Super-Obese and
High Risk

An emerging area of controversy is the operative
approach in the super-obese and in patients who are high
risk. Patients considered in the super-risk group are those
with advanced age, male gender, and central obesity with
a BMI >50. These patients tend to have a higher peri-
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operative complication rate (18). Patients who are super-
obese typically have not enjoyed the same overall weight
loss benefits that have been seen in patients who are not
super-obese (19).

The sleeve gastrectomy has been proposed as an
interim weight-loss step for this population of patients.
This technique of Magenstrasse and Mill was originally
described as an alternative to the vertical banded gastro-
plasty (20). Laparoscopically, this procedure was
described in 1999 by McMahon. These procedures have
been designed to develop a simpler and more physiologic
type of gastroplasty. The weight loss from this procedure
can be used to facilitate more malabsorptive procedures
several months from the initial postoperative period. The
idea is that patients who are in the category of high risk
based on weight or comorbid conditions would not
undergo a full gastric bypass procedure or duodenal
switch until they reached their maximum weight loss fol-
lowing a sleeve gastrectomy.

In this procedure, the gastrectomy is performed by
beginning gastric division approximately 6cm proximal
to the pylorus around a 36-French bougie using a linear
staple cartridge. The division is taken up to the angle of
His. Patients are then encouraged to lose weight over a
period of 6 months to 1 year and then present for reop-
erative bariatric surgery. In theory this is a rational
approach for the treatment of obesity in this population.
However, certain issues need to be kept in mind: patients
need to have a dual anesthetic, the insurance coverage for
these procedures needs to be determined, and there is
always a risk of failure of weight loss. The overall risk of
leakage from the gastrectomy staple line is less when
compared to a procedure in which a complex gastrojeju-
nal anastomosis and an enteroenterostomy need to be
performed. But there is still a definite risk. Initial weight
loss data in these patients have been presented by a
number of authors. Short-term results show weight loss
that is nearly equivalent, and not statistically different, for
weight loss in this patient population following gastric
bypass (21). Long-term data are pending. Many issues
remain unresolved with this approach; however, it may
represent a promising alternative to those patients in
high-risk categories. Certainly, the risks, the alternatives,
and the potential risk for no insurance coverage for the
second procedure need to be discussed in detail with the
patient when contemplating this approach.

Antecolic Versus Retrocolic Roux 
Limb Placement

Controversy exists about whether the antecolic or the
retrocolic placement of the Roux limb is better in laparo-
scopic gastric bypass. Proponents of the retrocolic

approach claim it is the shortest distance for passage of
the Roux limb to the gastric pouch and will result in less
tension on the gastrojejunostomy anastomosis, and there-
fore will result in fewer leaks and strictures (2). The dis-
advantages include a longer operating time and the
creation of a mesenteric defect in the transverse meso-
colon that has potential to stenose, or if too wide can
result in an internal hernia, both of which result in a small
bowel obstruction and the need for reoperation (22). The
longer operating time is the result of maneuvers to pass
the limb blindly behind the colon and the time required
to suture the mesenteric defect to attempt to prevent
internal hernias.

Proponents of the antecolic approach argue that the
longer distance to pass the limb proximally was clinically
insignificant in the vast majority of patients, and the tech-
nique, with improved visualization, was simpler and
quicker to perform, did not result in an increase in steno-
sis or leaks at the gastrojejunostomy site, and in fact
reduced the incidence of internal hernias and small bowel
obstruction (22–24).

Many surgeons have presented data that document
that the antecolic approach has significant advantages
over a retrocolic placement (22–24). The first author of
this chapter published results comparing laparoscopic
gastric bypass in 246 retrocolic procedures and 465
antecolic procedures and demonstrated a significant
reduction (p = .006) in the incidence of small bowel
obstruction in the antecolic group (0.43% in antecolic
group vs. 4.5% in retrocolic group) and no increase in
leaks or stoma stenosis (22). Similar outcomes with the
antecolic approach compared to the retrocolic technique
have been reported independently by Felix and Brown
(23) (1.5% vs. 5.0%) in a series of 736 patients and by
Schauer et al. (24) (0.4% vs. 2.0%) in a series of 726
patients.

Surgeons who adopt the antecolic technique as their
approach need to be aware that the Roux limb will occa-
sionally not reach the gastric pouch if the small bowel
mesentery is short, and therefore they may have to
employ a retrocolic placement, so they must be compe-
tent in both techniques.

Preventing Internal Hernias

Internal hernias are a known complication of the Roux-
en-Y gastric bypass whether performed as an open 
procedure or laparoscopically (25). They may occur at
one of three sites: the transverse mesocolon window,
Petersen’s space, and the mesenteric defect at the
enteroenterostomy site. It was initially believed the inci-
dence of small bowel obstruction would be less with a
laparoscopic approach, but this has been demonstrated
not to be the case. The initial incidence of internal hernias
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was higher in the laparoscopic technique, which was the-
orized as probably due to fewer adhesions with a mini-
mally invasive approach, and failure to close the
mesenteric defects (26). Many open surgeons don’t close
the defects, so a controversy exists about whether closure
reduces the incidence of internal hernias after laparo-
scopic gastric bypass, and if so, what is the appropriate
method for closure.

Suture closure of the three mesenteric defects has been
demonstrated to reduce the incidence of internal hernias
after laparoscopic gastric bypass, but it has not eliminated
the complication (22,26). The first author of this chapter
compared the incidence of internal hernias in a group of
246 laparoscopic retrocolic gastric bypass patients of
whom 149 did not have the defects sutured and in 97 who
underwent suture closure with a permanent continuous
suture (22). The incidence of internal hernias was
reduced, but not eliminated, and the overall incidence of
small bowel obstruction was similar (4.0% vs. 3.7%, p =
.70) between groups. While internal hernias were reduced
with suture closure, the incidence of adhesive obstruc-
tions increased, keeping the overall incidence of small
bowel obstruction and reoperation similar, but with dif-
ferent etiologies. In addition, we have been observing late
internal hernias (around 3 years postoperative) present-
ing in patients who underwent suture closure of defects
at the initial operation after losing a great deal of weight.
Based on the results reported in the literature a strong
argument can be made that the best method to reduce
the incidence of internal hernias is to adopt an antecolic
approach, and it is not necessary to close the mesenteric
defects with this approach. Internal hernias can occur
with any technique, even the antecolic approach, but the
antecolic technique does eliminate the mesocolon defect
and the remaining defects are more open, which allows
the bowel to slide freely through the opening, and may
be the reason that fewer problems have been observed.
Small tight defects, such as occur with a retrocolic passage
of the Roux limb, appear to have the greatest potential
for entrapment and obstruction.

For surgeons who perform the retrocolic technique, the
question arises as to whether there is a method of mesen-
teric defect closure that has been demonstrated to offer
an advantage compared to other methods. The defects
can be closed with an interrupted or continuous suture
technique, and with absorbable or permanent suture.
Higa et al. (5) has reported better results with a perma-
nent continuous technique, compared to interrupted or
absorbable suturing. The first author of this chapter had
a similar early experience when we attempted closure
with interrupted suture, and even the laparoscopic hernia
stapler, which left defects between the ligatures, did not
reduce our incidence of internal hernias. We quickly
adopted a continuous silk suture technique, which pro-
duced the best outcomes in our experience, and our rec-

ommendation is to utilize a permanent continuous suture
technique. The addition of fibrin glue may provide staple-
line hemostasis and reinforcement but has not been
demonstrated to add anything but expense to the tech-
nique for suture closure of the mesenteric defects.

Preventing Leaks After Laparoscopic
Gastric Bypass

Leaks are a known complication of laparoscopic gastric
bypass and can be a significant etiology of postoperative
morbidity and mortality. Therefore, methods to reduce
this dreaded complication are welcomed by bariatric 
surgeons (3–5). Opinions vary widely in regard to the
influence of anastomotic technique, the utility of intra-
operative testing and drains, and the role of postopera-
tive radiologic evaluations.

Current anastomotic techniques for the gastrojejunos-
tomy include the circular stapler, the linear stapler, or the
hand-sewn approach (3–6). While each approach has its
advocates, there remains controversy over whether one
technique offers an advantage or reduced leak rate com-
pared to the others. Leak rates appear to be similar
between techniques as long as they are done correctly by
experienced surgeons who have appropriate laparoscopic
suturing skills (27). Certain principles have emerged from
early reports that demonstrated a higher leak rate with
purely stapled anastomosis, linear or circular, which
didn’t involve suture reinforcement of the staple line at
some site. The addition of suture reinforcement of the 
circular anastomosis or linear stapler technique was 
associated with a reduction in leak rates (4). The suture
reinforcement varies from a total oversewing of the
entire staple line, effectively creating a two-layer anasto-
mosis, to simple one-layer closure of the enterotomy site
for insertion of the linear stapler to form the anastomo-
sis. The hand-sewn technique can apparently be accom-
plished equally well by a one- or two-layer technique
(5,27). There is no information to suggest the choice of
permanent versus absorbable suture makes a difference
in leak rates.

Reinforcement of staple lines and anastomotic sites
has been proposed to reduce the incidence of leaks by
utilizing either fibrin glue or buttress strips (28–31).
Experience with fibrin glue has been reported in two
series to reduce the incidence of leaks, compared with
historical reports and with internal and external case 
controls for comparison, but the studies did not include
randomization. Increased operating room costs were
reported. The routine utilization of fibrin sealant should
be considered premature until additional prospective
randomized trials justify the expense. Buttress strips were
reported by Shikora et al. (31) to increase staple-line
burst pressure in an animal model and to reduce staple-
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line leaks in their clinical bariatric practice compared to
a historical control. This study was flawed in that the
authors compared their last 250 laparoscopic gastric
bypass cases with buttress strips to their first 100 cases
during the learning curve, which is an unfair comparison.
Buttress strips also cost approximately $1000 per case,
which is a consideration with the reimbursement rates
that most facilities receive under managed care. Buttress
strips are an unproven technology at present and require
further study before adoption into a bariatric practice.

There are considerable differences of opinion over the
utilization of intraoperative testing for leaks, regarding
both whether it is necessary and if so, which technique 
is best. Current techniques include simple inspection,
intraoperative esophagogastroduodenoscopy (EGD),
instillation of methylene blue via a nasogastric tube, or
instillation of air or oxygen via a gastric tube (32).

The most sensitive test appears to be intraoperative
EGD with instillation of air via the gastroscope, with a
Glassman clamp occluding the small bowel and the staple
lines placed under saline irrigation. Champion et al. (32)
reported identifying 29 staple-line leaks intraoperatively
in 825 laparoscopic bariatric procedures that underwent
concomitant suture repair, and resulted in only three
leaks (0.36%) postoperative. Similarly, Ramanathan et al.
(33) identified a 10% incidence of air leaks in 182 laparo-
scopic gastric bypass patients intraoperatively by EGD,
but only 3.8% of patients experienced leaks postopera-
tively. Critics of the EGD technique state that forceful
instillation of air under pressure with the gastroscope is
too strenuous a test and it results in too many false-pos-
itive tests; also, the technique is technically more complex
and it increases costs. Some surgeons, however, lack priv-
ileges for intraoperative gastroscopy or fear alienating
the gastroenterologist if they perform the test themselves,
so they rationalize reasons to forgo the exam.

Instillation of methylene blue via a gastric tube posi-
tioned in the gastric pouch appears to be not as sensitive
as an EGD in a study comparing intraoperative EGD
with methylene blue as reported by Schauer et al. (3). No
studies have compared all three techniques directly or
have compared air instillation alone to EGD.

Utilization of drains varies widely among published
reports (2–6). There are reports of routine utilization of
drains in every case, selective usage for indications, and
avoidance of drains after laparoscopic gastric bypass. In
addition, the timing of removal of the drain varies, with
some surgeons removing the drain before discharge and
some waiting for 10 days postoperative when the patient
returns for follow-up. Proponents of drains acknowledge
they don’t prevent leaks, but may allow management of
leaks while avoiding a repeat operation. Late removal of
drains appears to be associated with an increased “clini-
cal leak” rate, which probably represents an infected
drain path or staple erosion secondary to irritation

caused by the drain. Opponents of drains state they add
needless expense and lull surgeons into conservative
management of leaks, which can be disastrous in certain
clinical situations. This is particularly true for leaks at the
enteroenterostomy, which will not be apparent with an
upper abdominal drain, and delay in surgery is more
likely to be fatal. The presence of a drain with a clinical
leak does not mean it can be managed conservatively;
sound judgment is required in assessing the condition of
the patient. Sepsis mandates a surgical exploration imme-
diately, regardless of an existing drain. Ironically, some
surgeons utilize drains for their laparoscopic gastric
bypasses but not for open surgery (4).

Doing a routine postoperative gastrointestinal series
with contrast has been advocated early in a surgeon’s
learning curve to aid in assessment for leaks. This is prob-
ably appropriate for the first 100 cases until the learning
curve has been completed. The water-soluble contrast
studies have a definite false-negative and false-positive
rate and must be interpreted based on clinical findings in
the patient (34). Signs of possible leakage include tachy-
cardia, tachypnea, fever, and leukocytosis. Multiple
reports have established that selective utilization of a
postoperative upper gastrointestinal series is appropriate
based on the patient’s clinical course, and have led to a
marked reduction in needless expense (35,36).

Conclusion

There has been a great deal of discussion about the tech-
nical specifications of the gastric bypass. But relatively
little is understood about the operation and its mecha-
nism of action. We do understand that the operation does
work. Efforts to standardize the procedure with a goal 
of minimizing complications and facilitating uniform
reporting of outcomes are the key to resolution of con-
troversial issues with the Roux-en-Y gastric bypass.
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22.1
Laparoscopic Biliopancreatic Diversion with 
Duodenal Switch
Ronald Matteotti and Michel Gagner

doned the bypass to the colon. The same surgical group
published in 1969 a series of 80 morbidly obese patients
in whom they anastomosed the proximal 35cm of
jejunum to the distal ileum, creating a common channel
of 10cm. This operation was designed as a one-step 
procedure demonstrating significant weight loss and
moderate long-term side effects.

In the following years this operation was the most com-
monly performed procedure in the United States. This
classic jejunoileal bypass was widely adopted, but nearly
10% of the patients did not lose weight as predicted, most
probably due to a reflux of nutrients into the bypassed
ileum (4). Therefore, to avoid this reflux of nutrients,
some groups (6–8) returned to the previous described
procedure of Varco and Kremen and started again to
perform an end-to-end procedure, attaching the jejunal
stump to the transverse colon or cecum to avoid intus-
susception. In all these cases, the ileocecal valve was pre-
served to decrease postoperative diarrhea and to avoid
electrolyte loss. In the next few years different variations
were done, especially variations in the length of the
remaining ileum. In a series reported by Buchwald and
Varco (8) in 1971, 40cm of jejunum were anastomosed to
4cm of ileum and the bypassed bowel was drained into
the cecum. This modification produced significant weight
loss; in addition, a remarkable decrease in cholesterol and
triglycerides was observed. To avoid nutrient reflux, some
surgical groups (9–13) tried different modifications of the
jejunoileal anastomosis, such as an ileogastrostomy for
drainage of the bypassed segment of intestine or short-
ening the proximal intestinal segment back to the liga-
ment of Treitz. However, these procedures did not gain
acceptance in larger series and were almost exclusively
performed by the surgeons who developed them.

From this past experience, major lessons were learned
to avoid major complications, such as that no limb of the
small intestine should be left without flow through it.
Therefore, modifications were performed, such as creat-
ing an alimentary limb, containing the flow of food, and
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The jejunoileal bypass was the first malabsorptive proce-
dure performed and the only available bariatric proce-
dure in earlier times. First performed in 1953 by Varco
and Kremen, it dominated the bariatric field over 20
years (1). The procedure consisted of an end-to-end
jejunoileostomy with a separate ileocecostomy for
drainage of the bypassed segment. Excellent weight loss
was seen, but major complications such as gas-bloat syn-
drome, diarrhea, changes in electrolytes, impaired mental
status, nephrolithiasis, eruptive integument lesions, and
hepatic fibrosis and failure occurred. Because of these
serious complications, this procedure was not used rou-
tinely (1).

In 1963, results of massive intestinal bypass, bypassing
nearly the entire small intestine, the right ascending
colon, and half of the transverse colon were published by
Payne et al. (2). The series consisted of 10 morbidly obese
female patients in whom the intestinal continuity was
restored performing a T-shaped end-to-end anastomosis
of the proximal 37.5cm of the jejunum to the middle part
of the transverse colon. The clinical pattern showed
uncontrolled diarrhea, changes in electrolytes, and liver
failure. Initially this procedure was designed as a two-
stage operation. The primary goal was uncontrolled
weight loss followed by a second operation to restore
additional length of intestine once the ideal body weight
was attained. However, all patients in this series gained
their original weight after the second intervention (3).

In 1969 Payne and DeWind (3) deleted the radical
colonic anastomosis and proposed restoring the intestinal
continuity by performing an end-to-side jejunoileostomy
proximal to the ileocecal junction. The primary goal of
this modified procedure was to achieve a balance
between caloric intake and caloric needs of the body and
to avoid a second procedure to restore additional intes-
tinal length after appropriate weight loss was seen.

In the next few years a few attempts were made to
develop a less radical approach in order to avoid major
complications (4,5). Payne and DeWind totally aban-
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creating a biliopancreatic limb, containing either bile or
bile and pancreatic juice. In 1978, Lavorato et al. (14) per-
formed a standard end-to-side jejunoileal bypass and
anastomosed the proximal end of the bypassed segment
of small intestine to the gallbladder with the aim of
diverting the bile into the bypassed limb. In 1981, a
similar operation was described but was not widely per-
formed (15).

The modern era of malabsorptive procedures started
in Italy, with Scopinaro and his group (16) performing a
classical biliopancreatic diversion (BPD). They reported
their first series in 1979. This procedure consisted of a
horizontal distal gastrectomy with a proximal gastric
pouch of approximately 200 to 500mL, with closure of
the duodenal stump, gastroileostomy with a 250-cm limb
of distal ileum, and a biliopancreatic limb anastomosed
to the distal ileum, 50cm proximal to the ileocecal valve,
creating an extremely short common channel. In 1993,
this prototype of a BPD was modified by Marceau et al.
(17) to a duodenal switch. They created a lesser curva-
ture tube with a greater curvature gastric resection, pre-
served the pylorus, anastomosed the enteric limb to the
proximal duodenum, and cross-stapled the duodenum
distally without dividing it. However, these patients
showed disruption of this staple line, because the duode-
num does not tolerate cross-stapling.

In 1998 Hess and Hess (18) modified this procedure,
anastomosing the enteric limb to the postpyloric duode-
num after dividing the duodenum distal to the pylorus
and closing this distal duodenal stump. This procedure is
called the biliopancreatic diversion with the duodenal
switch (BPD-DS) and is rapidly gaining worldwide
acceptance. Following the creation of this modern mal-
absorptive procedure, a major innovation was perform-
ing this procedure laparoscopically thus combining 
this operation with all the benefits of a laparoscopic
approach. This was first done by Gagner in early July
1999, and it was published in 2001 (19).

Technique

Several steps are included in this procedure. As a first
step, the duodenum is divided distal to the pylorus, fol-
lowed by a pylorus-preserving sleeve gastrectomy. In the
next step, a duodenoenterostomy, the alimentary limb is
created. The common channel is now measured and the
biliopancreatic limb anastomosed to the distal ileum.

Operative Setup

All patients undergo general anesthesia and endotra-
cheal intubation. The patient wears pneumatic compres-
sion boots (20,21) and is placed in the French position,
with legs abducted and the surgeon standing between the

legs. Two monitors are used, one on each side of the
patient’s head. Usually the procedure is done with two
assistants, one on either side (Fig. 22.1-1). Using an open
technique, the peritoneal cavity is entered at the umbili-
cus and pneumoperitoneum is attained with 15mmHg of
CO2. A combination of 5-, 10-, and 12-mm trocars are
needed for each procedure. Usually seven trocars are
enough but up to nine can be used.

Division of the Duodenum and 
Sleeve Gastrectomy

A self-retraining liver retractor is inserted to better
expose the greater curve of the stomach, and dissection
is done with 5-mm harmonic shears (Ethicon, New
Brunswick, NJ). Using an angled endoscope (10mm, 30
to 45 degrees) greatly facilitates the exposure of the angle
of His. A linear stapler, 45mm/3.5mm (Tyco, U.S. Surgi-
cal Corp., Norwalk, CT) is used to divide the duodenum,
usually 2cm distal to the pylorus. A 60-French bougie is
passed into the stomach and aligned along the lesser 
curvature.

Sequential stapler firings along this inserted bougie are
then used to create a sleeve gastrectomy (Fig. 22.1-2). The
staplers used in this part of the operation are 60mm/
4.8mm, covered with bioabsorbable Seamguard (W.L.
Gore & Associates, Medical Products Division, 3750 West
Kiltie Lane, Flagstaff, AZ) to prevent bleeding and to
diminish the rate of leakage. The remaining gastric pouch
usually measures approximately 150 to 200mL.

Creation of a Duodenoenterostomy:
The Alimentary Limb

The remaining gastric pouch is anastomosed to the distal
250cm of divided ileum to perform the alimentary limb.
No biliopancreatic secretion runs through this part of the
intestine. This anastomosis is performed with a linear
stapler, a 2-cm circular stapler, or a hand-sewn technique.
The anastomosis itself is placed antecolic. If a linear
stapler approach is used, great care must be taken to open
the duodenum with the harmonic scalpel posterior to the
stapler line, so that the entire staple line can be incorpo-
rated in the following running silk 2-0 suture closure. If a
circular stapler is used, then an anvil of a 25-mm circular
end-to-end anastomosis stapler (CEEA, U.S. Surgical
Corp.) is placed into the proximal duodenal stump using
a purse-string suture of 3-0 Prolene. Alternatively, the
anvil can be sutured into the cut end of a nasogastric tube
and delivered transorally through an opening in the duo-
denum (Fig. 22.1-3). The circular stapler itself is brought
in transabdominally, advancing it into the lumen of the
distal ileum and attaching it to the anvil previously placed
in the duodenal stump (Fig. 22.1-4). The remaining defect
is closed using a running silk 2-0 suture. To remove the



22.1. Laparoscopic Biliopancreatic Diversion with Duodenal Switch 319

Anesthesia

Monitor

Assistant
Assistant/
camera

Nurse
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Surgeon

Monitor

Figure 22.1-1. Setup and positioning of
the surgeons in the operating room.
(Courtesy of the Cleveland Clinic Foun-
dation.)

�

Figure 22.1-2. Sleeve gastrectomy using linear
staplers, preserving the pylorus. (Courtesy of the
Cleveland Clinic Foundation.)

�
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A

B

Figure 22.1-3. Transoral placement of the end-to-end anasto-
mosis (EEA) circular stapler anvil through the duodenum. (A)
The anvil is prepared by connecting it to an 18-French naso-
gastric tube and securing it with a Prolene suture in the flexed

Figure 22.1-4. Formation of the duode-
noileostomy using a circular stapler.
(Courtesy of the Cleveland Clinic 
Foundation.)

position. (B) After passing the nasogastric tube through the
gastric sleeve, the shaft of the anvil is pulled through a 
small duodenotomy. (Courtesy of the Cleveland Clinic 
Foundation.)
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contaminated device, a camera drape secured around the
circular stapler is used as a wound protector. A methylene
blue test is performed to assess the integrity of this anas-
tomotic site. The size of the gastric pouch is approximated
by the volume of methylene blue required to distend the
pouch. Some surgical groups use a total hand-sewn tech-
nique to perform this proximal anastomosis (22).

Measurement of the Common Channel

The common channel is measured under medium stretch,
after identifying the ileocecal junction using a flexible
cotton band and defined as 100cm long. A single silk 
2-0 suture is placed at this location to mark its beginning
(Fig. 22.1-5).

Distal Ileoenteric Anastomosis:
The Biliopancreatic Limb

The biliopancreatic limb is totally excluded from diges-
tive continuity, bypassing the duodenum, jejunum, and
proximal ileum. This anastomosis is done using linear sta-
plers (Fig. 22.1-6), oversewing the remaining defect with
a running silk 2-0 suture (Fig. 22.1-7). The small bowel
mesentery and mesocolon is closed as well with a running
2-0 silk suture. This space is usually referred to as

Petersen’s space. After this step, the gastric specimen,
previously placed in the left upper quadrant, is removed
using a nonpermeable retrieval bag through one of the
trocar sites, which usually has to be slightly enlarged.
Fascial closure of all trocar sites >5mm is done using a
suture-passing device. A cholecystectomy is performed
only when stones or sludge are present. The completed
procedure (Fig. 22.1-8) shows an alimentary limb of 
150cm and a common channel of 100cm.

Postoperative Care

On the first postoperative day a water-soluble (Gastro-
grafin) upper gastrointestinal contrast study is performed
selectively. The patient is allowed to have clear liquids
and oral analgesics, and the feeding regimen is continued
with a pureed diet on the second postoperative day.
Follow-up appointments are scheduled for 3 weeks, 3
months, 6 months, 12 months, and annually thereafter. All
patients receive follow-up nutritional counseling for a
protein-enriched diet (80 to 100g/day), and multivita-
mins, oral calcium supplements (500mg/day), iron, and
fat-soluble vitamins (D, E, A, and K) are given on a daily
basis. If the gallbladder is still in place, the patient is pre-
scribed ursodiol (Actigall, Ciba-Geigy, Summit, NJ) 300
mg twice a day for gallstone prophylaxis. Beginning at 3

100cm

Figure 22.1-5. The 100-cm com-
mon channel is measured back
from the ileocecal valve and
marked with a stitch. (Courtesy of
the Cleveland Clinic Foundation.)
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Figure 22.1-6. Ileoileostomy side-to-
side, functional end-to-end anastomosis
using a linear stapler. (Courtesy of the
Cleveland Clinic Foundation.)

Figure 22.1-7. The common
enterotomy at the small bowel
anastomosis is closed using the
hand-sewn technique. (Courtesy of
the Cleveland Clinic Foundation.)

months, laboratory evaluation for nutritional deficiencies
is performed at each visit, including iron, ferritin, B12,
folate, albumin, parathyroid hormone (PTH), calcium,
phosphorus, alkaline phosphatase, zinc, selenium, lipid

profile, triglycerides, electrolytes, complete blood count,
vitamin D, and vitamin A. Patients are encouraged to join
a monthly support group that may include a surgeon,
nutritionist, clinical nurse coordinator, and social worker.
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Figure 22.1-8. The completed procedure. (Courtesy of the
Cleveland Clinic Foundation.)

Results and Other Approaches

Results of the latest series published in the literature are
reported in Tables 22.1-1, 22.1-2, and 22.1-3. Following
modern malabsorptive procedures in 1979 by Scopinaro
and his group (16), and abandoning the jejunoileal bypass
with all its sometimes fatal consequences, a major inno-
vation led to the now performed biliopancreatic diver-
sion with duodenal switch.

Food intake is restricted from a sleeve gastrectomy and
food absorption decreased from a biliopancreatic limb.
This was first done by Marceau et al. (17) in 1993 and was
later modified to its definitive technique by Hess and
Hess (18) in 1998. The key point in this final modification
was dividing the proximal duodenum with closure of the
duodenal stump, not just cross-stapling it, which was not
well tolerated by patients. This operation, called the duo-
denal switch, preserves the antropyloric pump and leaves
the vagal innervation undisturbed, and the sleeve gas-
trectomy itself minimizes the ulcerogenicity of the duo-
denal switch by reducing the parietal cell mass (23).

After years of performing BPD the open way, mostly
done in Italy by Scopinaro, a logical next step was per-
forming this technically challenging operation laparo-
scopically. The primary goal was not only to demonstrate
its technical feasibility but also to add all benefits of a
laparoscopic approach to this high-risk patient group, and
to minimize wound and cardiopulmonary complications.
In 2001 de Csepel et al. (19) published for the first time
the feasibility of using a laparoscopic approach to
perform a BPD-DS in a porcine model, and after positive
results started to use this procedure as well in humans.
Only a few surgical groups now perform this operation
laparoscopically (20,22,24–30). These procedures are
complex and technically difficult to perform (23,24). All
studies (Table 22.1-1) are retrospective and no prospec-

Table 22.1-1. Laparoscopic biliopancreatic diversion (BPD) or duodenal switch (DS): patient characteristics

Author Year of publication Study type Patients (n) Age Female (%) BMI (preop) Comorbidities (%)

Gagner et al. (20) 2000 Retrospective 40 43 70 60 75
Paiva et al. (24) 2002 Retrospective 40 39 72 43.6 95
Scopinaro et al. (25) 2002 Retrospective 26 36 73 43 NR
Baltasar et al. (22) 2002 Retrospective 16 36.5 16 >40 NR
Rabkin et al. (26)* 2003 Retrospective 345 43 86.6 50 NR
Dolan and Fielding (27) 2004 Retrospective 38a 42a 93.7 37a NR

21b 41b 34b NR
Resa et al. (28) 2004 Retrospective 65 45.3 69.2 48.4 100
Slater and Fielding (29) 2004 Retrospective 11 45 81.8 45.3 NR
Weiner et al. (30) 2004 Retrospective 63 40.2 88.8 55.8 x

Total/mean — — 685 41.1 72.3 45.7 —

NR, not recorded.
a BPD.
b DS.
* Hand-assisted series.
x Existent, but no overall reported.
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Table 22.1-2 Laparoscopic BPD or DS: operative data

Operation type: Operation time Upper anastomosis Pouch Reop Liver
Study BPD or DS Conversion (%) (min) circular/linear/hand-sewn (mL) (%) App. Cho. biopsy

Gagner et al. (20) DS 2.5 210 Circular 175 7.5 NR No NR
Paiva et al. (24) BPD 0 210 Linear (circular) 350 0 NR Yes NR
Scopinaro et al. (25) BPD 26 240 Linear (circular) 300 NR NR NR NR
Baltasar et al. (22) DS NR 232 Hand-sewn (circular) NR 12.5 NR NR NR
Rabkin et al. (26)* DS 2 201 Circular 124 4 Yes Yes Yes
Dolan and Fielding (27) BPD DS 3.3 NR NR NR 13.5 NR NR NR
Resa et al. (28) BPD 4.6 176 Linear 200 3 NR NR NR
Slater and Fielding (29) DS 36.3 51 Linear ** NR NR NR NR
Weiner et al. (30) DS 0 207 Circular Linear NR 5.8 Yes Yes NR

Hand-sewn
Total/mean — 9.3 190.8 — 229.8 6.6 — — —

NR, not recorded; App., appendectomy; Cho., cholecystectomy.
a BPD.
b DS.
* Hand-assisted series.
** No pouch created; revision operation with Lap-Band® in situ.

Table 22.1-3 Laparoscopic BPD or DS: follow-up data

Study Follow-up (months) LOS (days) Complications, early (%) Deaths (%) EWL (%)

Gagner et al. (20) 9 4 15 5 58
Paiva et al. (24) NR 4.3 12.5 2.5 NR
Scopinaro et al. (25) 12 NR NR 0 68
Baltasar et al. (22) NR 5.8 NR 0 NR
Rabkin et al. (26)* 24 3 2.6 0 91
Dolan and Fielding (27) 36a 5a 11.9 0 38a

12b 6b 28b

Resa et al. (28) 36 7.8 12.3 0.65 81.82
Slater and Fielding (29) 6 2.5 NR 0 **
Weiner et al. (30) 12 6.5 10 NR NR
Total/mean 18.3 5 10.7 1 60.8

NR, not recorded; LOS, length of stay; EWL, excessive weight loss.
a BPD.
b DS.
* Hand-assisted series.
** Body mass index <30.

tive randomized study is available that compares laparo-
scopic gastric bypass and BPD or BPD-DS.

The literature to date reports a total of 685 patients,
and a little more than half, exactly 345, were performed
using a hand-assisted technique (26). This approach is
likely to be abandoned for a complete laparoscopic
approach, as performed by Gagner and his group. The
mean age in all these studies is 41.1 years, and 72.3% are
female. The preoperative mean body mass index was
45.7. Four of these nine studies reported a high percent-
age of associated comorbidities, such as hypertension,
diabetes mellitus, degenerative joint disease, and sleep
apnea (20,24). If we look at the operative data (Table
22.1-2), there is heterogeneity as well. Two groups (24,25)
perform a BPD using a classical distal gastrectomy
instead of preserving the pylorus, which is a main goal of
DS (20,22,26). The conversion rate varies widely and is
highest in the series of Slater and Fielding (29), with 26%,

whereas a mean of 9.3% is reported. This high conver-
sion rate in the series of Slater and Fielding is due to a
small number of patients in their cohort and due to the
fact that all their operations were revisions after failed
primary bariatric surgery.

If we look at the proximal anastomosis, there is a wide
range of technical possibilities. While Gagner and his
group proposed using a 25-mm circular stapler in their
first cases and now use a 21-mm stapler (CEEA, U.S. Sur-
gical Corp.) to perform the proximal anastomosis, other
groups are performing the gastro- or duodenoileostomy
using linear staplers or even a hand-sewn technique. They
switched to the linear stapler performance after initial
experience with the circular stapler, which entailed tech-
nical difficulties in introducing the 25-mm CEEA into the
ileal stump or had a high rate of stenosis (25). The 21-mm
CEEA is now preferred. Note that performance of this
technically challenging anastomosis is highly correlated
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with the experience of the surgeon. Some groups change
their technique over time based on their level of experi-
ence and on the complications they encountered. This is
very well demonstrated in the series of Dolan and Field-
ing (27), who performed a circular anastomosis, a linear
stapled one in combination with oversewing the front
part, or a total hand-sewn technique.

Another point that is not sufficiently addressed in the
literature is the performance of a cholecystectomy to
prevent gallstones, to remove the appendix, and to take
a liver biopsy to assess the initial damage of this organ.
If we look at the reports available, only Paiva et al. (24),
Rabkin et al. (26), and Weiner et al. (30) are performing
a cholecystectomy routinely, while Rabkin et al. and
Weiner et al. remove the appendix as well but only
Rabkin et al. takes a liver biopsy.

Looking at the postoperative course of these patients
(Table 22.1-3) we see a mean excessive weight loss of
60.8% during a mean follow-up of 18.3 months. Rabkin
et al. (26) reports in their series, during a follow-up of 24
months, a mean excessive weight loss of 91%. The mean
excessive weight loss is lowest in the series of Dolan and
Fielding (27), which could give a wrong impression about
the effectiveness of this procedure. They experienced in
their group a weight loss of 38% in patients undergoing
a BPD and 28% in patients undergoing a DS. This cohort
consisted of patients after failed laparoscopic adjustable
gastric banding. The mean reoperation rate of 6.6% is
acceptable, and the early complication rate of 10.7% is in
the range for these high-risk patients. The mean length of
hospital stay using a laparoscopic approach is 5 days,
compared to a minimum of 5 days in a larger series of
701 patients using the open procedure (31). The overall
mortality was only reported by three groups as 5%, 2.5%,
and 0.65% (20,28,32).

Conclusion

These preliminary results demonstrate the technical fea-
sibility of this procedure, especially knowing that it is typ-
ically used for the super-obese population, which is at
higher risk than the normal obese population. Future
studies with a larger number of patients should be able
to demonstrate the effectiveness of this procedure in
reducing weight and reducing the resumption of comor-
bidities such as hyperlipidemia, sleep apnea, hyperten-
sion, and diabetes mellitus. We recommend using a
laparoscopic approach to perform this procedure to min-
imize local and systemic complications in these high-risk
patients. In the series of Dolan and Fielding (27) and
Slater and Fielding (29) we see an interesting trend for
the future, and it seems that performing a BPD or BPD-
DS has the potential to serve as “the bariatric solution”
to failed weight-loss surgery of any kind.
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Procedure

This procedure is performed with the surgeon standing at
the side of the patient (Fig. 22.2-1). Upper abdominal
laparoscopic surgery in Europe started with the surgeon
standing between the patient’s legs with a central camera
and the surgeon operating with hands to either side of
the camera. The same exposure can be gained with the
legs flat and together. It is a simpler setup, less stressful
to the patient, reduces the risk of deep vein thrombosis,
and is much easier for nursing and ancillary staff in the
operating room. There is no need to insert a Foley
catheter as one is operating in the upper abdomen.
Catheterization of morbidly obese patients can be a tech-
nical challenge in itself, and confers no conceivable
benefit. The Nathanson Liver Retractor (Cook), a fixed
retractor inserted through a subxiphoid port and
attached to the table, is the most effective means of liver
retraction. It does not require an assistant, does not
move, does not tear the liver, and greatly facilitates the
view in the upper abdomen. Ports are introduced toward
the right iliac fossa for the development of the Roux limb
and then removed and reinserted through the same skin
incision to point to the upper abdomen for the gastric
part of the procedure. Where possible, muscle spreading
ports such as the Optiview (Ethicon, New Brunswick, NJ)
should be used to reduce the size of the port incision, so
that port hole suturing is unnecessary. Cholecystectomy
is not performed. If the patient develops biliary colic at
a later date, laparoscopic cholecystectomy is performed
in a much slimmer patient with a much smaller liver.

Pneumoperitoneum is achieved using an Optiview
(Ethicon) inserted laterally in the left subcostal region,
the thinnest part of the abdominal wall in the morbidly
obese patient. This eliminates tedious dissection at the
umbilicus, or the inherent danger that exists with a Veress
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Scopinaro’s lifelong commitment to biliopancreatic
diversion (BPD) has demonstrated its effectiveness as a
tool offering sustained weight loss (1). Scopinaro’s initial
technique really has not changed much since the 1970s.
The procedure offers a two-pronged attack: initial restric-
tion and then maintenance by malabsorption (2). Bene-
fits derived from laparoscopic techniques applied to
abdominal procedures relate to elimination of wound
complications, namely pain and suffering, and delayed
complications from the incision itself. The greatest
benefit has come in those procedures where the morbid-
ity was almost entirely related to the wound, particularly
cholecystectomy, fundoplication, and splenectomy in the
upper abdomen and inguinal hernia and colectomy in the
lower abdomen (3–6).

Bariatric surgery has a foot in both camps. The size of
the wound in our patients has implications for infection,
the incidence of pneumonic complications, and the very
high rate of incisional hernia (7,8). However, the most
feared complication is intestinal leak. This has not been
eliminated by laparoscopic techniques. In fact, they were
increased for a time until the techniques were mastered
in obese patients. Due to the sometimes formidable tech-
nical challenge of making a Roux loop, and then bring-
ing it high in the abdomen to the esophagogastric angle,
various methods have evolved to form that anastomosis.
These include circular stapler, side-to-side stapling, and
hand sewn (9–12).

Both open and laparoscopic BPD is performed much
less frequently than laparoscopic Roux-en-Y bypass.
However, the same principles apply to BPD. During the
1990s it became evident that the safest and most effec-
tive way to perform advanced laparoscopic procedures
was to replicate the open procedure that has stood the
test of time. The operation described here replicates open
BPD as described by Scopinaro et al. (13).

Laparoscopic Malabsorption Procedures:
The Technique of Biliopancreatic Diversion
George A. Fielding
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needle. The great benefit is that at the end of the proce-
dure it leaves only a 4- to 5-mm defect that does not
require suturing. Lateral positioning under the left sub-
costal region gives great vision of the greater curvature
of the stomach. It is also an excellent position to give a
broad view of the right iliac fossa, with the hands then
able to be placed on either side for mobilization and cre-
ation of the Roux limb.

Trocar Positions

Port placement is shown in Figure 22.2-2. Trocar 1 is the
insufflation Optiview port in the left subcostal region, lat-

erally. Trocar 2 is in the left iliac fossa, midway between
the umbilicus and the anterior/superior iliac spine. This
trocar assists in creation of the Roux limb. Trocar 3 is a
subxiphoid, 5-mm entry point for the Nathanson liver
retractor. Trocar 4 is in the midline, midway between the
xyphoid and the umbilicus. First, this serves to create the
Roux limb and second, when turned the other way, this
is an excellent position when one is performing the anas-
tomosis to the stomach. Trocar 5 is in the right 
subcostal region, toward the midaxillary line. A 12-mm
Optiview is initially used for the stapling of the Roux
limb and then turned, cephalad, to be used to divide the
duodenum. An optional sixth port can be used between

Anesthesia

Monitor

1st Assistant

2nd Assistant

Instrument

Nurse

Surgeon

Monitor

Figure 22.2-1. Positioning of surgeon
and assistants for biliopancreatic diver-
sion. (Courtesy of the Cleveland Clinic
Foundation.)
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trocars 4 and 5, at a slightly lower level. This is sometimes
required to dissect the duodenum, if it is more difficult to
lift off the pancreas.

The standard Scopinaro biliopancreatic diversion is
performed by this laparoscopic technique—distal gas-
trectomy to create a 250-mL stomach, which is then anas-
tomosed to a 200-cm alimentary limb, joining a 50-cm
common channel.

Creation of Biliopancreatic Diversion

The telescope is placed in the left subcostal port. A 50-
cm tape and a 6-inch 3-0 PDS polydioxanone suture are
inserted into the abdomen and left lying in the right
upper quadrant on the ascending colon.

The ileocecal junction is identified, cecal adhesions are
divided using the harmonic shears through the midline
port, and the caecum is mobilized. This is particularly
beneficial in the super-obese male patient when there is
often difficulty bringing a distally based Roux limb to the
stomach.

The measuring tape measures 50cm along the terminal
ileum, which is then marked with a suture, and then a
further 200cm (Fig. 22.2-3). At this second point, the
bowel is stretched between two bowel graspers, and 
the linear 60mm stapler with a white cartridge is fired
directly across the intestine and down onto the mesen-
tery. A second firing of the white 60-mm cartridge is
applied across the mesentery.

5mm

5mm

10mm

10mm

12mm

5mm

Figure 22.2-2. Trocar positions for laparoscopic bilio-
pancreatic diversion. (Courtesy of the Cleveland Clinic 
Foundation.)

200cm

50cm

Figure 22.2-3. Measurements for the common channel (50cm
from the ileocecal valve) and division of the small bowel 
(200cm from the ileocecal valve). (Courtesy of the Cleveland
Clinic Foundation.)
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The proximal end of the division is then brought 
down to the marked point at 50cm. Correct orienta-
tion of the bowel is confirmed, as it is surprisingly easy 
to have the bowel twisted or to be bringing the wrong 
end down. Failure to check can result in the creation 
of a Roux-en-O—a potential catastrophe (14) The 

linear stapler, using a white cartridge, makes a side-
to-side anastomosis (Fig. 22.2-4). The staple defect is
hand-sewn using 3–0 PDS in a continuous fashion (Fig.
22.2-5). The apex of the staple line is oversewn. The
mesentery defect is sutured with a continuous 3-0 PDS
suture.

Figure 22.2-4. Stapled side-to-side
small bowel anastomosis 50cm from 
the ileocecal valve. (Courtesy of the
Cleveland Clinic Foundation.)

Figure 22.2-5. Hand-sewn closure
of the common enterotomy after
creating the stapled anastomosis.
(Courtesy of the Cleveland Clinic
Foundation.)
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The ports are then withdrawn through the fascia, and
reinserted pointing cephalad. The liver retractor is
inserted through the subxiphoid port. The camera is left
in the left subcostal port, as this provides a beautiful view
of the greater curve of the stomach.

Gastrectomy

Gastric division starts just distal to the origin of the left
gastric artery, across to a point on the greater curvature,
12 to 15cm down from the angle of His (Fig. 22.2-6). It is
important to perform an adequate gastric resection. The
omentum is freed from the stomach using harmonic
shears. The greater curvature is skeletonized along its
length around the pylorus down to the first part of the
duodenum. This dissection can be performed by the
surgeon using a two-handed technique, with the camera
in the left subcostal port, with minimal assistance.

The camera is moved to the midline port, to allow a
direct view across the duodenum. Because the pylorus
has been skeletonized and the blood supply is inconse-
quential, it is a straightforward matter to elevate the first
part of the duodenum and divide it with linear stapler
white cartridge. One needs to be aware of the path of the
common bile duct.

The right gastric artery is taken close to the duodenum,
usually with the harmonic scalpel; the linear stapler vas-
cular cartridge is then reinserted and fired along the
lesser curve, dividing the supply to the lesser curve. The
origin of the left gastric artery is identified, and division
of the stomach is performed about 2cm distal to that. My
preference is to do the division from the lesser curve side
across, once again using the right subcostal port to insert
the stapler. This approach seems to take a nice angle
across the stomach. I use a blue 60-mm cartridge usually
requiring two, and sometimes three, firings.

Anastomosis

The anastomosis is created to the posterior wall of the
stomach. The Roux limb is placed in an anticolic position.
A pulley stitch facilitates this step. A suture is placed
through the stomach, and then through the antimesen-
teric border of the alimentary limb. It is brought up and
placed through the stomach again and back through the
alimentary limb, so there is a double throw on both 
the bowel and stomach. This suture is tied approximating
the stomach and the bowel without undue focal pressure
on either point.

Figure 22.2-6. The stomach is divided
from the origin of the left gastric artery to
a point on the greater curvature 15cm
from the angle of His. The short gastric
vessels and gastroepiploic branches are
divided. The first portion of the duo-
denum and lesser omentum are divided 
with staplers to complete the resec-
tion. (Courtesy of the Cleveland Clinic 
Foundation.)
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The camera is then placed in the midline port, the har-
monic scalpel is inserted through the subcostal port, and
incisions are made in the stomach and antimesenteric
border of the alimentary limb. The linear stapler with a
white 60 cartridge is inserted through the left subcostal
port, in an optimal line to perform a side-to-side anasto-
mosis (Fig. 22.2-7). The camera is left in the midline port

and the defect is sutured with 3-0 PDS in a continuous
fashion.

The apex of the staple line is reinforced, which 
helps relieve tension. Although the anastomosis is per-
formed significantly further down the stomach than with
the Roux bypass, the limb is very distally based. It can be
as difficult to bring the limb of bowel to this point as it 
is to bring a proximally based limb to a Roux-en-Y
anastomosis.

The anastomosis is tested with an “air and water test.”
The gastrectomy specimen is placed in a specimen bag
and withdrawn through the left subcostal incision (Fig.
22.2-8), which is usually extended by 1 inch to allow this
to be done easily. A drain is inserted to lie beside the duo-
denal stump, up under the liver across toward the gastric
anastomosis. There is no need to suture any of the trocar
defects with the ports used. The completed procedure is
shown in Figure 22.2-9.

Postoperative Care

All patients have lower limb compression pumps, stock-
ings, subcutaneous heparin, and early mobilization.
Patients commence oral fluids once intestinal activity
returns. They remain on a light diet for 2 weeks and then
resume normal meals. Dietitian and surgical review is
linked in a full bariatric team setting. Follow-up is 
scheduled for every 6 weeks for the first year, and then
every 3 months thereafter. Baseline nutritional supple-
ments include multivitamins, iron, folate, and calcium,
with vitamin D. Blood work is done every 3 months,
and trace elements and fat-soluble vitamins added as 
necessary.

Figure 22.2-7. A side-to-side linear stapled anastomosis is
completed between the proximal stomach and the alimentary
limb. (Courtesy of the Cleveland Clinic Foundation.)

Figure 22.2-8. The resected
stomach is placed in a specimen
bag and removed through the left
subcostal incision. (Courtesy of
the Cleveland Clinic Foundation.)
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Results

Between July 1998 and October 2002 the author per-
formed 255 BPDs and BPDs with a duodenal switch
(DS). The first 59 BPDs were open procedures. The first
14 laparoscopic BPDs, with at least 3-year mean follow-
up, are available for review (15). These first 14 patients
(12 female and two male) had a mean age of 41 years
(range, 28 to 57) and a mean body mass index (BMI) of
44.8 (range, 30.1 to 63). Five were revision of failed lap
bands. The mean operating time was 169 minutes (range,
140 to 239), compared to a mean operating time of 134
minutes (range, 83 to 290) for the 59 open BPDs per-
formed prior to this group. Mean hospital stay was 6 days
(range, 5 to 16) compared to 8.5 days (range, 4 to 72) for
open. There was no major morbidity or mortality.

Mean follow-up occurred for 41 months (range, 30 to
45). The BMI had fallen from the mean of 44.8 (see
above) to 30.9 (range, 22.1 to 38.5) at 36 months. The

percent of excess weight loss (EWL%) was 54.1% (range,
8.5% to 125.8%) at 12 months and 69% (range, 34.2% to
120%) at 36 months. There is no difference in BMI or
EWL with open BPD. At follow-up at 41 months, one
patient has required common channel shortening due to
inadequate loss and one has needed common channel
lengthening due to malnutrition.

During the same time, 30 laparoscopic BPD-DSs were
performed. These patients had a mean BMI of 45.5
(range, 30 to 67). Mean operation time was 181 minutes
(range, 92 to 315); mean hospital stay was 7 days (range,
4 to 146). Follow-up was shorter at a mean of 30 months
(range, 10 to 39). Three years after the procedure these
patients had a mean BMI of 32 (range, 30.4 to 39.5) and
mean EWL% of 65.9 (range, 27 to 79).

Discussion

There are many steps in a laparoscopic BPD. The con-
centration, effort, and level of skill required are not to be
underestimated. However, if the surgeon is adequately
skilled and works with a good team, this is a relatively
straightforward advanced laparoscopic surgical tech-
nique. It is certainly less formidable than a sleeve gas-
trectomy with a duodenal switch. This is purely because
the duodenum is divided under direct vision, having been
devascularized, rather than having to make a difficult dis-
section in the tight plane between the pancreas and duo-
denum while maintaining duodenal blood supply.

Paiva et al. (16) have presented 40 patients with
laparoscopic BPD between July 2000 and April 2001. The
patients had average BMI of 43.6 (range, 38 to 65), and
35% were super-obese. Their procedure included chole-
cystectomy. There was one death due to a pulmonary
embolus. Average operating time was 210 minutes, with
a hospital stay of 4.3 days. There was 12.5% major com-
plication rate, with two pulmonary emboli, two bleeding
staple lines, and one leak, with one death from a pul-
monary embolus (2.5%). Their patients had very sub-
stantial weight loss, as one would expect with a BPD. Four
patients with 6-month follow-up had a 48% EWL, and a
further four at 10 months had a 91% EWL.

Scopinaro et al. (17) presented 26 patients operated in
this manner, including cholecystectomy. Five of the 26
were converted due to technical difficulties. There were
two cases of postoperative anastomotic stenosis. As with
Paiva et al., weight loss was very satisfactory. The seven
patients with 12-month follow-up had a 68% EWL.

Both surgeons performed the procedure with the
patient in the legs-up position, with the surgeon standing
between the legs, and used hand-held liver retraction.
This requires a second assistant and a lot more maneu-
vering around the table. The sequence was somewhat dif-
ferent when the gastrectomy was performed first: the

Figure 22.2-9. The completed laparoscopic biliopancreatic
diversion. (Courtesy of the Cleveland Clinic Foundation.)
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Roux limb was made and then the gastric anastomosis
was performed. Ergonomics are vitally important in
laparoscopic surgery, specifically to reduce exhaustion in
these long, complex procedures. If the Roux limb is
created first, the ports and vision can then be directed
cephalad and remain there until the end of the procedure
so that mobilization of the stomach, gastrectomy, and gas-
trointestinal anastomosis are performed in one sitting.

Creation of the Roux limb is the most tedious part of
this procedure. The constant mobility of the small bowel
can be awkward. It is important to complete this task
first, when the surgeon is feeling most alert, rather than
as fatigue sets in and concentration is reduced. The
gastric resection is much easier, as the stomach is a fixed
organ. A steady ergonomic flow to the completion of the
operation with the major step at the end is easier for the
surgeon and assistants.

The final major difference is that both surgeons
reported using a retrocolic approach. I have found no
need for this. It provides no advantage from a functional
point of view; it is necessary only if the Roux limb does
not reach the divided stomach without tension. Mobi-
lization of the cecum to allow the base of the Roux limb
to be moved cephalad improves Roux limb mobility.
Based on these results, and those of Paiva and Scopinaro,
there is good evidence that the functional outcome of
laparoscopic BPD is the same as with the open proce-
dure, as one would expect it to be.
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a 200- to 500-mL proximal gastric pouch and a long-limb
Roux-en-Y intestinal reconstruction (3). The small intes-
tine is divided 250cm proximal to the ileocecal junction.
The proximal small intestine becomes the biliopancreatic
limb and the distal small intestine becomes the alimen-
tary limb. The biliopancreatic limb is anastomosed to the
alimentary limb 50cm proximal to the ileocecal junction,
creating a common digestive channel. Shortening the
functional alimentary tract to 250cm decreases the
absorptive surface of the gut for ingested nutrients.
Diverting bile and pancreatic secretions distally to the
ileum delays the mixing of food with bile and pancreatic
secretions and decreases fat absorption.

To reduce the incidence of marginal ulceration and
dumping while maintaining the weight loss results of the
biliopancreatic diversion with distal gastrectomy (BPD-
DG), Marceau et al. (4) and Hess and Hess (5) modified
the Scopinaro procedure. They replaced the distal gas-
trectomy with a vertical two-thirds sleeve gastrectomy, in
which the greater curvature of the stomach is resected,
and they added the duodenal switch. The duodenal switch
was originally described by DeMeester et al. (6) in 1987
as an operation for bile reflux gastritis. Using a canine
model, DeMeester et al. found that the suprapapillary
duodenojejunal anastomosis resulted in a lower inci-
dence of marginal ulceration compared to gastrojejunos-
tomy. In the biliopancreatic diversion with duodenal
switch (BPD-DS), a duodenoileostomy is performed, pre-
serving the pylorus and a short segment of duodenum 
in the alimentary stream. The presence of a portion of
duodenum adds protection against peptic ulcer via the
secretion of bicarbonate and inhibition of gastric acid
secretion. In an effort to reduce the incidence of protein
deficiency and the severity of steatorrhea, Marceau et al.
also lengthened the common digestive channel from 50
to 100cm.

Long-term outcomes with BPD-DG and BPD-DS
have been reported in several large series (Table 22.3-1).
Perioperative morbidity ranged from 2% to 16% with
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Malabsorption procedures for surgical weight reduction
were initially described 50 years ago (1). The jejunoileal
bypass and other early forms of intestinal bypass relied
on malabsorption of nutrients to induce weight loss.
However, the jejunoileal bypass was associated with sig-
nificant metabolic complications due to the defunction-
alized bypassed intestine. Complications, such as severe
diarrhea, electrolyte disturbances, hyperoxaluria,
nephrolithiasis, anemia, arthritis, liver dysfunction, and
even liver failure, eventually led to the abandonment of
these first-generation malabsorption procedures by the
1980s. The current malabsorption procedures are based
on the biliopancreatic diversion (BPD), which was intro-
duced by Scopinaro in 1976 (2). Unlike the original mal-
absorption procedures, no blind or defunctionalized
segment of small intestine is created, and as a result many
of the significant complications of the jejunoileal bypass
are avoided. Advantages of the biliopancreatic diversion
over other bariatric procedures include fewer dietary
restrictions with more normal eating behavior, no
excluded gastric remnant that is relatively inaccessible
endoscopically, and excellent long-term weight loss. Mal-
absorption procedures have been slow to gain wide-
spread popularity, perhaps due to concerns regarding the
morbidity and mortality compared with other proce-
dures, specifically early complications, such as staple line
leakage, bleeding, or pancreatitis, and late complications
such as nutritional deficiencies. Recently, the laparo-
scopic approach to malabsorption procedures has been
reported.

History and Outcomes of Open
Biliopancreatic Diversion

The biliopancreatic diversion is a hybrid procedure com-
bining modest short-term gastric restriction with long-
term intestinal malabsorption. Scopinaro’s technique
consists of a horizontal distal gastrectomy, which creates

Laparoscopic Malabsorption Procedures:
Outcomes
Jay C. Jan and Emma J. Patterson
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0% to 1.9% perioperative mortality. Weight loss ranged
from 66% to 80% of excess body weight. In 1998,
Scopinaro et al. (7) reported a 21-year experience with
BPD-DG in 2241 patients. In this large series, excellent
weight loss results were obtained with low morbidity and
mortality. Patients lost 74% of excess weight at 2 years
and 78% at 12 years of follow-up. Biliopancreatic diver-
sion was effective in treating obesity-related comorbid
conditions; hypercholesterolemia and diabetes resolved
in 100% of patients and hypertension improved in the
majority in Scopinaro’s series. Specific long-term compli-
cations included anemia, stomal ulcers, and protein mal-
nutrition. Anemia initially occurred in 35% to 40%, but
decreased to less than 5% with iron supplementation.
Stomal ulcers occurred in up to 15% of patients, but the
incidence decreased to 3.2% with H2-blocker oral pro-
phylaxis postoperatively. Protein malnutrition, character-
ized by hypoalbuminemia, anemia, edema, weakness, and
alopecia, is the most serious complication of biliopancre-
atic diversion and typically requires hospitalization with
parenteral nutrition (3). Protein malnutrition occurred in
11.9% of patients; however, the incidence was reduced to
3.2% with increasing the gastric pouch size and length-
ening the alimentary limb (3,7).

More recently, Anthone et al. (8) described a 10-year
experience with open BPD-DS with 701 patients. Signif-
icant perioperative morbidity such as staple line or anas-
tomotic leak, bleeding, bowel obstruction, sepsis, gluteal
rhabdomyolysis, or wound dehiscence occurred in 2.9%,
and perioperative mortality was 1.4%. Patients lost 66%
of excess body weight at 5 years of follow-up. Late com-
plications included hypoalbuminemia in 1.7% of patients,
hypocalcemia in 29.3%, and anemia in 48.3%. Biliopan-
creatic diversion patients generally have two to four daily
bowel movements, characterized as soft and malodorous
(steatorrhea) (3,4,9). Up to 5.7% of patients require 
surgical revision due to protein malnutrition or per-
sistent diarrhea. This is usually a procedure aimed at 
lengthening the common channel. Because of the long-
term risk of nutritional deficiencies, patients require

vitamin and mineral supplementation and close lifelong
follow-up.

In comparison to the Roux-en-Y gastric bypass, the
most commonly performed bariatric procedure in the
United States, malabsorption procedures offer several
putative advantages. Biliopancreatic diversion permits
better dietary quality with normal eating behavior.
Marceau et al. (4) noted that most patients ate without
restriction and exhibited decreased appetite. Anthone 
et al. (8) reported that at 3 years from surgery patients
consumed approximately two thirds of their preopera-
tive dietary volume without specific food intolerances,
whereas Scopinaro et al. (3) reported increased food
intake postoperatively. Both gastric bypass and biliopan-
creatic diversion result in substantial weight loss and
improvement in obesity-related comorbid conditions.
However, weight loss generally peaks between 12 and 18
months postoperatively after gastric bypass; most patients
exhibit some regain of weight 3 to 5 years after surgery.

Pories et al. (10) published long-term follow-up data
for a series of 608 open gastric bypass patients over 14
years. These patients had a nadir weight loss of 70%
excess body weight at 2 years, with gradual weight regain
over the ensuing years, for a mean weight loss of 49% of
excess body weight at 14 years of follow-up. Scopinaro’s
(3) series of BPD-DG patients maintained 72% excess
weight loss at 18 years of follow-up, the longest sustained
weight loss reported in bariatric literature. Furthermore,
the difference in weight loss is more pronounced in super-
obese patients, with a body mass index (BMI) ≥50.
Anthone reported 82% of patients undergoing BPD-DS
were considered to have successful results (loss of greater
than 50% of excess body weight) at 5 years of follow-up,
including 95% of patient with BMI <50 and 73.3% of
patients with BMI ≥50. Similar observations have been
made by Hess and Hess (5) and Baltasar et al. (9). These
results compare favorably with the success rate of 93%
in patients with BMI <50 and only 57% in patients with
BMI ≥50 reported in MacLean’s (11) series of gastric
bypass patients at 5.5 years of follow-up.

Table 22.3-1. Open biliopancreatic diversion series

Length
Early of

No. of Type of Age Female Preoperative complication follow-up EWL Revision Perioperative
Reference patients procedure (years) (%) BMI rate (%) (years) (%) rate (%) mortality (%)

Scopinaro et al. (3,7) 2241 BPD-DG 37 69 47 1.7 12 78 4 0.4
Marceau et al. (4) 252 BPD-DG 37 80 46 16.7 8 61 1.7* 1.6
Marceau et al. (4) 465 BPD-DS 37 80 47 16.3 4 73 0.1* 1.9
Hess and Hess (5) 440 BPD-DS 40 78 50 7.0 8 70 3.9 0.5
Baltasar et al. (9) 125 BPD-DS 37 77 50 NR 5 81 2.5 1.6
Anthone et al. (8) 701 BPD-DS 42 78 53 2.9 5 66 5.7 1.4

BPD-DG, biliopancreatic diversion with distal gastrectomy; BPD-DS, biliopancreatic diversion with duodenal switch; BMI, body mass index; EWL,
excess weight loss; NR, not reported.
* Yearly revision rate.
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History and Outcomes of Laparoscopic
Biliopancreatic Diversion

The application of laparoscopic techniques to malab-
sorption procedures has been reported in several series.
As with other laparoscopic bariatric procedures, the goals
were to improve perioperative morbidity, decrease pain,
prevent wound-related complications, and allow earlier
return to work. By maintaining the fundamental techni-
cal principles of the open procedures, similar weight loss
outcomes are anticipated with laparoscopic operations.
Five series of laparoscopic malabsorption procedures
have been published to date (Table 22.3-2). Two describe
a totally laparoscopic approach to BPD-DG; two
describe a totally laparoscopic approach to BPD-DS. The
largest series, that of Rabkin et al. (12), describes the
application of laparoscopy-assisted and hand-assisted
laparoscopic techniques to BPD-DS. Perioperative mor-
bidity ranged from 7.7% to 37.5% and perioperative
mortality ranged from 0% to 5%. The conversion rates
and operative times varied widely. Ren et al. (13) noted
that operative time increased with higher BMI. When
looking at major morbidity, mortality, and conversion
rate, patients with BMI ≥65 had a higher rate of compli-
cations than those with BMI <65 (38% vs. 8.3%). The
available short-term follow-up data demonstrate that

weight loss is comparable to open series of biliopancre-
atic diversion (12–15).

In the only comparison between open and laparoscopic
malabsorption procedures, Kim et al. (16) retrospectively
evaluated 54 super-obese (BMI ≥50) patients who 
underwent either open or laparoscopic BPD-DS (Table 
22.3-3). No significant difference was noted in operative
time, blood loss, length of hospital stay, perioperative
morbidity and mortality, and weight loss. These studies
demonstrate that a minimally invasive approach to mal-
absorption procedures is technically feasible in the 
morbidly obese and super-obese, but may be associated 
with prohibitive risks in the super-super obese (BMI
≥60). A less invasive procedure, such as laparoscopic
adjustable gastric banding or Roux-en-Y gastric bypass,
may be preferable in this higher risk subcategory of
patients.

As a result of the increased perioperative morbidity in
the super-super-obese population with laparoscopic
BPD-DS, some centers have proposed a two-stage pro-
cedure in order to decrease perioperative morbidity and
mortality (17,18). The first-stage consists of a simple
sleeve gastrectomy. The theory is to allow a safer initial
procedure to induce weight loss such that the second
stage, the duodenal switch, may be performed with
reduced risk. Questions remain regarding patient selec-
tion, timing of the two-stage approach, and short- and

Table 22.3-3. Comparison of laparoscopic vs. open biliopancreatic diversion with duodenal switch

Outcome measure Laparoscopic BPD-DS (n = 28) Open BPD-DS (n = 28) p value

Median operative time (min) 210 259 NS
Median estimated blood loss (mL) 100 300 NS
Median length of hospital stay (days) 4 5 NS
Perioperative complications (%) 23 17 NS
Perioperative mortality (%) 7.6 3.5 NS
Median excess weight loss at 12 months (kg) 76.7 56.8 NS

BPD-DS, biliopancreatic diversion with duodenal switch.
Source: Kim et al. (16), with permission.

Table 22.3-2. Laparoscopic biliopancreatic diversion series

Length of Length of Early Length of
No. of Type of Age Female Preoperative OR time hospital Conversion complication Mortality follow-up EWL 

Reference patients procedure (years) (%) BMI (minutes) stay (days) rate (%) rate (%) (%) (months) (%)

Ren et al. 40 BPD-DS 43 70 60 210 4 2.5 15 5.0 9 58
(13)

Paiva et al. 40 BPD-DG 39 73 43.6 210 4.3 0 12.5 2.5 10 90
(15)

Scopinaro 26 BPD-DG 36 73 43 NR NR 26 7.7 0 12 68
et al. (14)

Baltasar 16 BPD-DS 23–50 88 43–56 195–270 5–8 0 37.5 0 NR NR
et al. (19)

Rabkin et al. 345 BPD-DS* 43 87 50 201 3 2 10 0 24 91
(12)

BPD-DG, biliopancreatic diversion with distal gastrectomy; BPD-DS, biliopancreatic diversion with duodenal switch; BMI, body mass index; OR, operat-
ing room; EWL, excess weight loss; NR, not reported.
* Laparoscopy-assisted or hand-assisted.
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long-term outcomes compared with single-stage proce-
dures. Another novel two-stage approach to laparoscopic
malabsorption procedures is the Bandinaro. Laparo-
scopic adjustable gastric banding is performed as a first
stage and a duodenal switch as a second stage, if neces-
sary. The possible advantage of this approach is that 
only patients who fail a less invasive procedure, gastric
banding, progress to a more complex and higher risk pro-
cedure, biliopancreatic diversion.

Conclusion

The biliopancreatic diversion, with or without duodenal
switch, produces excellent long-term weight loss and
improves obesity-related comorbid conditions. The expe-
rience with the laparoscopic approach, however, has been
limited, and the approach is technically challenging in
expert hands. Early reports demonstrate that the laparo-
scopic approach is feasible, with acceptable morbidity
and mortality in the appropriate patient population.
Long-term weight loss is expected to be similar to the
results from series of open malabsorption procedures
since the technical aspects of open and laparoscopic
approaches are similar. The relative risks and benefits 
of laparoscopic malabsorption procedures versus with
open malabsorption procedures are comparable to other
bariatric procedures, such as Roux-en-Y gastric bypass
and adjustable gastric banding, but these procedures have
not been studied prospectively.
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ing open bariatric surgery, is to monitor the patient in an
intensive care unit the first postoperative night. Patient-
controlled analgesia (usually morphine or Dilaudid) is
prescribed for the first 12 hours following surgery. Three
doses of Toradol (Roche Laboratories) are given intra-
venously during the first 24 hours postoperatively. Oral
pain medication is begun once the patient tolerates 
an oral diet. Aggressive antiemetics, typically Zofran
(Glaxo, Smith and Kline), are used to avoid nausea and
retching. We encourage early ambulation and use an
intermittent pneumatic compressive device for prophy-
laxis against deep venous thromboembolism.

A survey of the American Society of Bariatric Sur-
geons reported that 50% of surgeons used unfractionated
heparin, 33% used pneumatic compressive devices, 13%
used low-molecular-weight heparin, and 38% used a com-
bination of methods (5). Despite this survey, we believe
there is no compelling evidence to support the routine
use of heparin or multimodal therapy. In addition to early
ambulation, we insist patients use CPAP postoperatively
when suffering from sleep apnea to decrease their risk of
pulmonary complications. This has not been adopted uni-
versally because of the theoretical risk of blowing pres-
surized air into the gastric pouch and small bowel, thus
increasing anastomotic leaks. Most studies have sug-
gested this not to be the case (6). We do not use naso-
gastric tubes or intraabdominal drains routinely, although
some surgeons do. Evidence regarding these practices is
conflicting, with no clear consensus among surgeons (7,8).

On postoperative day 1, the Foley catheter is removed
in the morning if the patient is stable. A water-soluble
contrast study is obtained early in the morning to rule out
anastomotic leaks. The evidence on routine radiologic
studies following bariatric surgery is conflicting. Some
investigators suggest routine radiologic examinations 
to detect early postoperative complications following
bariatric surgery and modify the clinical approach (9,10).
Others contend that routine radiologic studies are not
beneficial and recommend them only when clinically
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Minimally invasive malabsorptive procedures such as the
biliopancreatic diversion, developed by Scopinaro et al.
(1), and duodenal switch, popularized by Marceau et al.
(2) and Hess (3), are effective surgical procedures to
produce permanent weight loss. However, they are tech-
nically more complex with morbidity and mortality that
may exceed those seen with laparoscopic adjustable
gastric band or Roux-en-Y gastric bypass (4). In addition,
malabsorptive procedures carry a higher risk of nutri-
tional abnormalities such as protein and vitamin 
deficiencies. Because of higher risks associated with mal-
absorptive procedures, the postoperative management
and nutritional assessment in these patients is a lifelong
commitment for both patient and surgeon.

Minimally invasive malabsorptive procedures are a
recent development with limited long-term follow-up.
However, the data from large series of open malabsorp-
tive procedures illustrate that nutritional and vitamin
deficiencies can be a devastating complication for the
patient. Thus, the surgeon must be vigilant in following
these patients. This chapter describes our routine post-
operative management of patients who undergo mini-
mally invasive malabsorptive procedures.

Inpatient Postoperative Management

Due to the complexity and the devastating consequences
of early complications in this patient population, careful
postoperative monitoring and management is critical to
ensuring an acceptable outcome. Routine hospital care 
is outlined in Table 22.4-1. Patients are instructed to 
bring their continuous positive airway pressure (CPAP)
machines to the hospital on the day of surgery, and this
is used in the postanesthetic care unit (PACU). Once
fully awake and stable, patients are sent to a regular sur-
gical ward staffed by nurses experienced in dealing with
morbidly obese patients following bariatric surgery.
Another acceptable alternative, more frequently follow-

Laparoscopic Malabsorption Procedures:
Postoperative Management and 
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indicated (11). Our experience has been that routine con-
trast studies are helpful to rule out leaks and serve as a
baseline for potential future contrast studies.

Once the water-soluble contrast is confirmed to be
normal, a clear liquid diet is started. Analgesics are
switched to an oral route. All oral medications are
crushed. We selectively obtain a pharmacology consult to
instruct patients on which medications they are safely
able to crush. Frequent ambulation is continually stressed
to the patient.

On postoperative day 2, the patient is advanced to a
pureed diet. Our inpatient dietitian does postoperative
dietary counseling with each patient prior to discharge,
to reinforce appropriate eating habits and food choices
following a malabsorptive procedure and the importance
of taking all of the vitamins. Maintaining adequate hydra-
tion is emphasized (aiming for a minimum consumption
of 60 ounces of fluid per day). The importance of a very
high protein diet is also stressed; patients are instructed
to consume 60 to 80g of protein per day initially, and later
to aim for 80 to 100g per day. Most patients are dis-
charged on the second day with oral pain medications.
They are instructed to maintain a pureed diet for 3 weeks
until the first follow-up visit.

Outpatient Postoperative Management
and Nutritional Assessment

Table 22.4-2 illustrates our outpatient management in
patients following malabsorptive procedures. The poten-
tial complications and negative metabolic sequelae
warrant close and lifelong follow-up. Frequent follow-up
office visits are required in the first 2 years following
surgery because of the increased rate of anatomic and
metabolic complications within this time period. Unique
complications more commonly found following malab-
sorptive procedures concern potential deficiencies in
protein and vitamins. At each follow-up, we carefully
screen for any nutritional deficiencies via a thorough
history and physical and laboratory tests.

Protein Deficiency

Protein deficiency, characterized by hypoalbuminemia,
anemia, edema, asthenia, and alopecia, is the most serious
complication following malabsorptive procedures. The
critical period is the initial 6 months following surgery
when the prevalence of hypoalbuminemia can be as high
as 20% (12). This is usually the result of inadequate
protein intake prior to intestinal compensation. We
strongly recommend that patients increase their daily
protein intake to a minimum of 80g of protein by 3 weeks
after their surgery.

The rate of protein deficiency reported in the literature
varies depending on the malabsorptive procedure. Brolin
et al. (13) reported 13% (five of 39) of patients following

Table 22.4-1. Routine inpatient postoperative management
following malabsorptive procedures

Postoperative
period Management

Day 0 1. Nothing by mouth
2. Maintenance intravenous fluids
3. Pneumatic antiembolic compressive stockings
4. Foley catheterization
5. Patient-controlled analgesic (morphine or 

Dilaudid) and Toradol
6. Antiemetics (IV Zofran)
7. Ambulation
8. Incentive spirometry and CPAP (if indicated)

Day 1 1. Water-soluble UGI contrast study: if normal, start 
stage 1 bariatric diet (see text)

2. Routine blood work: CBC, electrolytes, renal 
function

3. Removal of Foley catheter
4. Switch to oral analgesics (crushed or liquid)
5. Resume patient’s normal medications (crush pills 

if appropriate)
6. Ambulation
7. Continue incentive spirometry and CPAP 

(if indicated)

Day 2 1. Advance to stage 2 bariatric diet
2. Dietitian pre-discharge counseling
3. Discharge home if tolerates oral diet and pain 

controlled

CBC, complete blood count; CPAP, continuous positive airway pres-
sure; UGI, upper gastrointestinal.

Table 22.4-2. Routine outpatient postoperative management
following malabsorptive procedures

Postoperative
period Management

3 weeks 1. Assess wound
2. Advance to high protein mechanical soft diet,

then advance texture as tolerated
3. Start vitamin supplementation: multivitamin 

once daily; Niferex forte 150mg BID; Citracal 
2 tabs b.i.d.; B12 100µg o.d.

4. If gallbladder present, start ursodiol, 300mg 
b.i.d. for 6 months

Every 3 months 1. Routine laboratory work: CBC, comprehensive 
up to year 1 chemistry panel, hepatic function, lipid profile,

TSH, ferritin, B12, folate, total protein, albumin,
PTH, calcium, vitamin D-25 level

2. Bone densitometry scan at 1 year and yearly 
thereafter

Every 6 months See above
up to year 2

Yearly follow-up See above

PTH, parathyroid hormone; TSH, thyroid-stimulating hormone.
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Disturbances in calcium and vitamin D absorption 
may increase the risk of postoperative bone disease.
All patients, especially postmenopausal women, should
understand the importance of daily calcium and vitamin
D supplementation. At each follow-up visit parathyroid
hormone (PTH), calcium, and vitamin D-25 levels are
checked. One of the earliest abnormalities of calcium
deficiency is an increased PTH level. In addition, yearly
bone density scans are performed to detect osteopenia or
osteoporosis. Despite these risks, bone seems to be rela-
tively tolerant to metabolic changes following malab-
sorptive procedures. In a prospective study of 33 patients
followed for 10 years, Marceau et al. (18) found overall
bone mineral density was unchanged at the hip and was
decreased by 4% at the lumbar spine. Overall fracture
risk was unchanged.

Deficiencies in vitamins A, D, E, and K may occur due
to the abnormalities in fat absorption following malab-
sorptive procedures. The most common reported defi-
ciency is vitamin D with rates approaching 50% (13).
Routine supplementation of all four lipid-soluble vita-
mins is recommended, and vitamin D-25 levels should be
monitored because of its association with bone mineral-
ization. We do not measure vitamin E, carotene (for
vitamin A), or international normalized ratio (INR) (for
vitamin K) unless clinically indicated.

Less common deficiencies such as zinc and thiamine
have also been reported. Experimental animal models
have suggested that pancreatic secretions may be instru-
mental for zinc absorption (19). However, Scopinaro’s
group (20) found no difference in serum or hair zinc
levels of 14 patients who underwent biliopancreatic
diversion compared with a control morbidly obese group
after a minimum 1-year follow-up.

Deficiencies in thiamine can also be problematic fol-
lowing malabsorptive procedures, especially in patients
with chronic vomiting and minimal food intake following
surgery. Symptoms of Wernicke-Korsakoff disease, typi-
cally seen in chronic alcoholics, have been reported to
occur in 0.18% of patients following biliopancreatic
diversion (21). Although rare in occurrence, thiamine
deficiency can be devastating if not properly diagnosed
and treated.

Although malabsorptive procedures have been per-
formed for over 20 years, there remain no guidelines for
vitamin supplementation. In a survey of 24 surgeons who
performed biliopancreatic diversion, 95% prescribed a
multivitamin, 95% calcium, 67% iron, 42% B12, 58%
vitamin A, and 67% vitamin D (22). Similarly, there was
no consensus on the frequency of ordering laboratory
tests. Forty-six percent order laboratory tests every 3
months, 33% every 6 months, 16% every year, and, sur-
prisingly, 5% did not order laboratory tests routinely. We
follow these patients every 3 months for the first year,
every 6 months the second year, and yearly thereafter,

distal Roux-en-Y gastric bypass (common channel 75cm)
developed low albumin levels. Two of the five patients
required hospitalization for parenteral nutritional
support. Baltasar et al. (14) reported three of 60 patients
with hypoalbuminemia following a biliopancreatic-
duodenal switch, all successfully treated on an outpatient
basis. Scopinaro et al. (15) reported 114 of 958 patients
(11.9%) who developed protein malnutrition after a
minimum follow-up of 2 years following BPD (50cm
common channel). Thirty-nine patients (1.7%) required
elongation of the common limb or restoration of small
bowel anatomy.

Protein deficiency years following surgery can be prob-
lematic. Thus vigilant and lifelong follow-up is needed,
with serum albumin and total protein levels at every
follow-up visit (Table 22.4-2). Mild hypoalbuminemia is
initially treated with increasing the daily protein to a
minimum of 100g per day. Patients are encouraged to
keep food logs, consult the dietitian regularly, and return
for repeat testing in 3 weeks for repeat albumin and pre-
albumin levels. Scopinaro et al. (16) demonstrated that
there is a positive relationship between intestinal protein
absorption and intake. Therefore, increasing protein
intake should correct most mild and moderate 
protein deficiencies. Hospitalization for protein malnu-
trition refractory to increases in oral intake may be 
necessary. If severe protein deficiency is present, then
hospitalization is indicated for initiation of enteral tube
feeding or intravenous hyperalimentation. Yearly rates of
hospitalization for parenteral nutrition have been
reported to be as high as 1% after duodenal switch (12).
In some severe cases, refractory protein malnutrition may
require lengthening the common channel or reestablish-
ing normal small bowel anatomy.

Vitamin Deficiencies

Vitamin malabsorption is caused by two main factors: (1)
the duodenum and proximal jejunum, where the major-
ity of vitamins are usually absorbed, is no longer avail-
able; and (2) a decrease in fat absorption that occurs after
a malabsorptive procedure. These two factors can lead to
deficiencies in fat-soluble vitamins such as A, D, E, and
K and non–fat-soluble vitamins such as calcium, iron, and
B12. Oral supplementation of these vitamins and miner-
als is recommended to prevent potential deficiencies
(Table 22.4-2).

Iron deficiency is the most common abnormality fol-
lowing a malabsorptive procedure. This is particularly
important in menstruating women. Iron deficiency is
manifested by decreased levels of iron, ferritin, and
microcytic anemia. Oral supplementation is required and
increased if laboratory levels are abnormal. Up to 10%
of patients may require parenteral iron supplementation
for severe iron deficiency (17).
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provided there are no complications, and more frequently
if there are (Table 22.4-2). At each visit, the patient’s
recent progress is reviewed, symptoms or signs of vitamin
deficiencies are assessed (Table 22.4-3), and routine lab-
oratory tests are performed (Table 22.4-2).

Conclusion

Postoperative management and nutritional assessment
following minimally invasive malabsorptive procedures is
critical to the ultimate success of these procedures.
Because of the potential for severe protein and vitamin
deficiencies, malabsorptive procedures have not gained
widespread acceptance. We recommend selecting
patients who are committed to long-term follow-up and
complying with vitamin supplementations.
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to correlate with poor postoperative recovery after
laparoscopic malabsorptive surgery: body mass index
(BMI) >65, android body morphology, and revisional
surgery.

Ren et al. (16), in a series of 40 patients undergoing
laparoscopic BPD-DS (75% of whom had BMI >50),
found 50% complication rate (major morbidity, mor-
tality, and conversion) in patients with BMI >65, as 
compared with 8% in those patients with BMI <65.
This correlates with increased complications with in-
creased weight in open nonbariatric surgery. Prem et al.
(19) found higher mortality in women weighing over 
300 lb (20%), as compared with those weighing less than
300 lb (2%), who underwent surgery for uterine neo-
plasm. Similarly, higher BMI is correlated with increased
rate of anastomotic leak and mortality in Roux-en-Y
gastric bypass, even in experienced surgical hands (20).
This has led some laparoscopic bariatric surgeons to seek
safer surgical options for those patients considered super-
obese, by performing complex operations in stages. The
first operation is a purely restrictive operation such as a
laparoscopic adjustable gastric band or a laparoscopic
sleeve gastrectomy, which carries a low morbidity. After
a significant weight loss, which lowers the operative risk,
the patient undergoes a second operation, the duodenal
switch, to add malabsorption to the existing restrictive
component.

The morphology of the obese patient plays an impor-
tant role in surgical access. Android morphology, with
truncal distribution of fat, has been associated with an
increased risk of hypertension and heart disease, espe-
cially in men. The android shape makes laparoscopic
access more difficult due to the torque created on the
instruments, resulting in limited range of motion. This is
particularly true in a patient with grade 4 or 5 pannus
(pannus below the thigh). These patients might fare
better with an open technique. In contrast, the gynecoid-
type patient, with body fat distribution around the hips
and thighs, would benefit from a laparoscopic technique.
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Biliopancreatic diversion (BPD), without or with duode-
nal switch (BPD-DS), limits nutrient absorption regard-
less of intake. These procedures carry significant risk due
to increased operative risk of the obese patient, the 
complexity of the operation, and subsequent nutritional
derangements.

Laparotomy in the morbidly obese is associated with
significant complications, and operative mortality for
open malabsorptive operations ranges from 0% to 1.7%
(1–13). Laparoscopy has its greatest impact on wound
and cardiopulmonary complications, which are the com-
plications that are most frequent in morbidly obese
patients. The development of advanced laparoscopic
techniques coincided with increased demand for less
morbid bariatric surgery. However, minimally invasive
techniques carry their own set of complications, and mor-
tality was higher (2.5%) in the early experience of laparo-
scopic malabsorption operations (10,14–18). For this
reason, laparoscopic BPD and BPD-DS are operations
that should be undertaken only by surgeons who are
experienced with advanced laparoscopic techniques and
aware of the multidisciplinary demands of bariatric
surgery. This chapter discusses the surgical and nutri-
tional complications specific to laparoscopic biliopancre-
atic diversion with and without duodenal switch (Table
22.5-1).

General Postoperative Complications

Obesity is a risk factor in itself. There are special chal-
lenges to successful preoperative, intraoperative, and
postoperative management of these patients. Comor-
bidities may impact their perioperative course, and dif-
ferential diagnosis, administration of anesthesia, and 
performance of technical procedures are more difficult.

Tables 22.5-2 to 22.5-5 review the major complications
after open and laparoscopic BPD and BPD-DS as pub-
lished in the literature. Three coexisting variables appear

Laparoscopic Malabsorption Procedures:
Complications
Christine J. Ren
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Table 22.5-1. Surgical complications after laparoscopic malabsorptive procedures

1. Surgical and acute postoperative complications
a. Pulmonary embolus
b. Intraabdominal leak
c. Hemorrhage

2. Delayed postoperative complications
a. Gastrointestinal

i. Marginal ulcer
ii. Gastric outlet obstruction

iii. Intestinal obstruction
iv. Intestinal bacterial overgrowth

b. Nutritional
i. Protein malnutrition

ii. Anemia
iii. Metabolic bone disease
iv. Fat-soluble vitamin deficiencies

Table 22.5-2. Open and laparoscopic biliopancreatic diversion

Female Follow-up max Mortality Early Complications: Late Complications:
First author, year n BMI (%) months (range) (%, 30-day) n (%) n (%)

Open BPD
Michielson, 1996 33 49.5 70 36 0 21 63
Nanni, 1997 59 48.6 91.5 24 1.7 5.1 23.7
Scopinaro, 1998 1356 47 68 155 0.4 (0.7*) 2.8 —
Marceau, 1998 252 46 80 156 1.6 16.7 —
Noya, 1998 50 50.7 50 24 2 10 30
Rabkin, 1998 32 45 81 48 0 — —
Totte, 1999 180 48.8 80 36 0 16 30.6
Murr, 1999 11 64 30 108 0 (10*) 20 —
Bajardi, 2000 142 — — 24 — 14.8 —
Dolan, 2003 59 45 79 53 0 21 19

Laparoscopic BPD
Paiva, 2002 40 43.6 80 10 2.5 25 12.5
Scopinaro, 2002 26 43 73 12 0 7.7 —
Dolan, 2003 14 45 86 38 0 7 21

n, number of patients; BMI, body mass index; —, not reported.
* Late mortality occurring after 30 days.

Table 22.5-3. Complications of open and laparoscopic biliopancreatic diversion

Delayed Revision for
gastric Wound Marginal Stomal Incisional protein

PE Leak Bleeding Pancreati- emptying infection/ ulcer stenosis hernia malnutrition
First author, year (%) (%) (%) tis (%) (%) dehiscence (%) (%) (%) (%) (%)

Open BPD
Michielson, 1996 0 — — — — 15 15 — 15 —
Nanni, 1997 1.7 — — — — — 2 — 17 —
Scopinaro, 1998 0.7 0.2 0.2 — — 1.7 8.3 (*3.2) — 15 7.1
Marceau, 1998 0.4 1.6 — 1.6 9.1 0.8 — — — 1.7% per year
Noya, 1998 0 2 — — 6 — 10 2 12 1.7
Totte, 1999 0.6 1.1 — 0.6 6.1 5 11 — 17.8 3
Murr, 1999 0 10 10 0 — — — — — —
Dolan, 2003 0 3 0 0 — 11 0 0 — —

Laparoscopic BPD
Paiva, 2002 5 2.5 5 — — 2.5 — — — —
Scopinaro, 2002 7.7** 7.7 0 —
Dolan, 2003 0 7 0 0 0 0 0 0 0 —

BMI, body mass index; —, not reported.
* On H2 blockers.
** Occurred in four conversions.
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Table 22.5-4. Open and laparoscopic biliopancreatic diversion with duodenal switch

Female Follow-up max Mortality Early complications: Late complications:
First author, year n BMI (%) months (range) (%, 30-day) n (%) n (%)

Open BPD-DS
Marceau, 1998 465 47 80 49 2 16.3 —
Hess, 1998 440 50 78 108 0.5 9 —
Rabkin, 1998 37 — — 48 0 16 40.5
Baltasar, 2001 125* 50 77 60 1.6 8.8 4
Anthone, 2003 701 53 78 120 1.4 2.9 —
Dolan, 2003 31 44 71 37 0 35† —

Laparoscopic BPD-DS
Ren, 2000 40 60 70 12 2.5 (2.5) 15 —
Baltasar, 2002 16 >40 88 18 0 43.8 —
Rabkin, 2003** 345 50 87 24 0 7.2 7.8
Dolan, 2003 30 46 67 39 3.3 23.3† —

* 102 primary BPD-DS.
** Laparoscopically and hand-assisted combined.
† Complications include both early and late.

Malabsorption operations as revisions for failed
primary bariatric operations carry a higher complication
rate due to the increased incidence of staple line leak. In
125 BPD-DS patients, Baltasar et al. (12) found that the
two deaths and four of five leaks occurred in patients who
were undergoing revisions from vertical banded gastro-
plasty (VBG). Dolan and Fielding (21) similarly found
that four of five major complications (80%) in their series
of 79 BPD patients occurred in revisions.

Surgical and Acute Postoperative
Complications

The three most serious and potentially life-threatening
surgical complications after malabsorptive operations are
(1) pulmonary embolus (PE), (2) intraabdominal leak,
and (3) bleeding.

Pulmonary Embolus

Obesity, prolonged operative time, and postoperative
immobilization increase the risk of thromboembolic
disease. Other factors that increase the risk of throm-
boembolism in these patients are the use of exogenous
estrogen, hypoxia, previous history of thromboembolic
event, venous stasis disease, and genetic predispositions
to hypercoagulability. Therefore, an extensive operative
time for the sake of completing the operation laparo-
scopically places the patient at undue risk for PE and
should be avoided. In a recent survey of American
Society for Bariatric Surgery (ASBS) members in which
95% of the operations performed were open gastric
surgery for morbid obesity, the incidence of deep venous
thrombosis (DVT) was found to be 2.6% and the inci-
dence of PE to be 0.95% (22).

Interestingly, the incidence of thromboembolism is
slightly lower in the laparoscopic bariatric literature. In

Table 22.5-5. Complications of open and laparoscopic biliopancreatic diversion with duodenal switch

Delayed Revisions for
gastric Marginal Stomal Incisional protein

PE Leak Bleeding Pancreatitis emptying Wound infection/ ulcer stenosis hernia malnutrition
First author, year (%) (%) (%) (%) (%) dehiscence (%) (%) (%) (%) (%)

Open BPD-DS
Marceau, 1998 0.7 4.9 — 1.7 6.2 1 0 — — 0.1% per year
Hess, 1998 0.5 4 1.4 — — — 0 — — 2.3
Rabkin, 1998 5.4 5.4 — 2.7 — 5.4 — — 24 12.2
Baltasar, 2001 0.8 4 1.6 0 — 0.8 — — 5.8 2.4
Anthone, 2003 0.6 0.7 0.7* — — 0.7 — — — 5.7
Dolan, 2003 0 6.5 0 0 0 8 — — 0 —

Laparoscopic BPD-DS
Ren, 2000 0 2.5 10 0 0 0 — — — —
Baltasar, 2002 0 0 6.3 — 6.3 18.8 — — — —
Rabkin, 2003* 0.9 4.3 — — — — — 1.7 — —
Dolan, 2003 0 6.6 6.6 3.3 0 — — 0 — —

* Includes three splenectomies.
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large series of laparoscopic Roux-en-Y gastric bypass
(RYGBP), the incidence of DVT and PE both ranged
from 0% to 0.3% (23,24). The BPD and BPD-DS litera-
ture reflects an incidence of PE ranging from 0% to 5.4%
(Tables 22.5-3 and 22.5-5).

As already mentioned, early ambulation is the most
effective component to DVT prophylaxis and is facili-
tated by laparoscopy. Sequential compression devices
and subcutaneous heparin should be routinely used as
prophylaxis.

Intraabdominal Leak

Peritonitis is extremely difficult to recognize in the mor-
bidly obese patient. The high mortality after intraab-
dominal leak is due to a delay in diagnosis. The most
important determinant of patient survival is a high index
of suspicion and early detection.

Anastomotic leaks can occur at any staple or suture
line. The extensive resection and reconstruction involved
in the BPD and BPD-DS lend themselves to surgical
complications, which can involve the (1) proximal gas-
troenterostomy or duodenoenterostomy, (2) gastric
pouch staple line, (3) duodenal stump, and (4) distal
enteroenterostomy. Leak rates have been slightly higher
for laparoscopic approaches due to individual surgical
learning curves, coupled with the complexity of the oper-
ation. Leak rates are higher in BPD-DS as compared
with BPD due to the long sleeve gastrectomy staple line.

Anastomotic or gastric leak after open bariatric
surgery is associated with up to 55% mortality. Peritoni-
tis must be suspected in any morbidly obese patient with
acute respiratory failure. Clinical symptoms and signs are
similar to a massive pulmonary embolus: severe tachyp-
nea, tachycardia (heart rate >120), and sudden hypoten-
sion. The acute onset of respiratory failure is likely
secondary to sepsis-induced adult respiratory distress
syndrome (ARDS). Occasionally, bile or clear frothy
fluid will be evident in the closed-suction drains.

Upper gastrointestinal (GI) radiographic contrast
study with water-soluble agent such as diatrizoate meg-
lumine (Gastrografin) can be diagnostic. Similarly, if
drains are still present, the patient can be given diluted
methylene blue to drink with subsequent monitoring of
the drain output. Leaks at the duodenal stump or from
the distal jejunojejunostomy are not reliably accessible to
any radiographic contrast study and will not be evident
on examination. The only test that may provide insight to
a large stump leak would be a nuclear hepatobiliary scan
(hepatic 2,6-dimethyliminodiacetic acid, HIDA) demon-
strating bile flow through the biliopancreatic limb and
out into the peritoneal cavity. However, it is highly non-
specific and usually difficult to read. Laboratory values
are usually normal, with the exception of an occasionally
elevated white blood cell count. Laboratory analysis can

be performed on the drain fluid to measure amylase and
bilirubin. If the patient’s clinical status is deteriorating,
intraabdominal leak must be suspected and immediate
surgical exploration by laparoscopy or laparotomy per-
formed, even in the face of a normal radiographic con-
trast study or laboratory results.

The treatment of an intraabdominal leak is dependent
on the size of the leak and, more importantly, on the clin-
ical status of the patient. A small radiographic leak from
the proximal anastomosis can be successfully treated con-
servatively with drains, antibiotics, and parenteral nutri-
tion. However, if the leak is large, persists, or worsens, or
if the patient’s clinical status deteriorates, surgical repair
or diversion is indicated. Concomitant placement of a
feeding jejunostomy tube into the biliopancreatic limb
facilitates enteral feeding while the patient remains
without oral intake. Surgical repair and drainage can 
be accomplished laparoscopically or by laparotomy.
Duodenal stump leaks are more evasive to diagnose and
more treacherous to treat. Simple oversewing of the
stump typically is insufficient to prevent breakdown.
In large leaks, a lateral duodenostomy tube may be 
indicated.

Hemorrhage

Postoperative bleeding causes tachycardia, hypotension,
oliguria, a decrease in hematocrit, and possibly blood in
the drains, hematemesis, or hematochezia. It occurs in up
to 10% of open and laparoscopic BPD and BPD-DS
operations. The extensive staple line on the vascular
stomach along the sleeve gastrectomy in BPD-DS is
prone to bleeding, which is exacerbated by subcutaneous
heparin. Linear staplers using 3.5-mm cartridge are rec-
ommended for safe gastric resection. Larger sized car-
tridges always result in bleeding. Oozing from the staple
line can be controlled with clips, suturing, or ultrasonic
scalpel. Some surgeons have used reinforcing agents such
as fibrin glue or bovine pericardial strips. Staple-line
bleeding is usually self-limited.

Hematemesis suggests staple line bleeding at the
mucosa, into the lumen of the alimentary tract. Upper
endoscopy enables direct visualization and coagulation 
of the bleeding, with either epinephrine or cautery.
Although most surgeons feel uncomfortable performing
endoscopy with a fresh anastomosis, we have been suc-
cessful with esophagogastroduodenoscopy (EGD) and
coagulation of a staple-line bleed as early as several hours
after the operation, with no adverse sequelae. Transfusion
is reserved for older and symptomatic patients.

The only true diagnostic test for bleeding is explo-
ration, by laparoscopy or laparotomy. Patients who are
hemodynamically unstable or have a persistent drop in
hematocrit must return to the operating room. Treatment
is dependent on the cause of hemorrhage.
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Delayed Postoperative Complications

Delayed postoperative gastrointestinal or nutritional
complications after laparoscopic malabsorption opera-
tions are similar to those found in open surgery.

Gastrointestinal Complications

Marginal Ulcer

Scopinaro et al. (3) initially reported a 12.5% incidence of
marginal ulcer. This decreased to 8.3% after resecting
more of the distal stomach, and even further to 3.2% with
prophylactic use of H2-blockers after surgery. Marginal
ulceration after BPD-DS has essentially been eliminated
with the duodenal switch modification. Many surgeons
believe that the majority of acid-producing mucosa is
removed with the sleeve gastrectomy, and that preserva-
tion of a duodenal cuff provides mucosal protection for the
ileum. No series comparing BPD with DS report marginal
ulcers in either group (4,10), but this may be explained by
small sample size. However, it is recommended that all
patients should be on lifelong H2 blockers.

Gastric Outlet Obstruction

Gastric emptying depends on both the size of the outlet
and the propulsive activity of the stomach. Mechanical
and functional derangements of the stomach after
surgery can lead to obstruction. Proximal anastomotic
stenosis can occur after both the BPD and BPD-DS.
Immediate postoperative gastric obstruction is usually
due to edema and will resolve in several days. Prolonged
gastric outlet obstruction then may be due to mechanical
or functional causes. Narrowing of the stoma secondary
to technical error is more likely to occur after BPD-DS
because of the smaller lumen duodenum. The patient has
intolerance to all oral intake, including liquids. Barium
swallow documents obstruction, and upper endoscopy
shows stomal narrowing. Surgical revision of the anasto-
mosis is necessary.

Gastroparesis after gastric resection is well described
in the ulcer surgery literature. In fact, 27% incidence of
delayed gastric emptying can occur after distal gastrec-
tomy with Roux-en-Y reconstruction (25). It is also more
common after pylorus-preservation than pylorus resec-
tion when performing pancreaticoduodenectomy (26).
An upper GI study using dilute liquid barium typically
shows a dilated gastric pouch with a normal stoma but no
emptying. Patients typically are intolerant to solid food
but can drink liquids. Upper endoscopy confirms the
patency of the anastomosis. Gastric motility usually
returns after 4 to 6 weeks of bowel rest and total par-
enteral nutrition (TPN).

Delayed stomal stenosis, which arises 4 to 6 weeks after
surgery, can be attributed to several variables: suture

material, ischemia, and leak. Sutures may cause inflam-
matory reaction, and thus fibrosis. Ischemia may be
caused by tension on the anastomosis, devascularization
of the pouch during division of the stomach, or devascu-
larization of the ileum after division of the mesentery. A
subclinical localized contained leak often leads to peris-
tomal inflammation and fibrosis. In addition, fibrosis from
marginal ulcer can cause stenosis. Delayed stomal steno-
sis due to fibrosis may be more common after BPD due
to the reactive nature of the stomach and may be avoided
by making the gastroenterostomy no less than 6cm long.

Intestinal Obstruction

Causes of postoperative bowel obstruction after laparo-
scopic bariatric surgery include (1) adhesions, (2) inter-
nal hernia, (3) stenosis of the small bowel, and (4)
incorrect bowel limb anastomosis.

In the open procedure literature, bowel obstruction was
most commonly caused by adhesions, occurring at a rate
of 3% to 4%. Laparoscopic techniques create less adhe-
sions postoperatively and decrease the risk of adhesive
obstruction to 0.3% (24). Although postoperative adhe-
sions are minimal after laparoscopy, there can still be
other causes of small bowel obstruction: (1) adhesions
already present from prior surgery, especially if per-
formed by laparotomy;(2) adhesion of bowel or omentum
to anterior abdominal wall at a trocar site; or (3) adhe-
sions caused by a missed or subclinical postoperative leak.

No current effective treatment exists to prevent adhe-
sive bowel obstruction. However, bowel obstruction due
to internal hernias occurs at a rate of 2% to 3% and con-
tinues to be a problem in laparoscopic bariatric surgery.
It is mainly due to technical error—failure to adequately
close potential hernia defects. Although few data exist 
on the rate of intestinal obstruction in malabsorptive
operations, it can be extrapolated from the laparoscopic
gastric bypass literature. Stenosis of the small bowel typ-
ically occurs at either the distal anastomosis at a rate of
0.73% or at the mesenteric window through which the
Roux limb traverses in the retrocolic path (0.4–0.9%)
(23,24). The majority of adhesive small bowel obstruc-
tions resolve with conservative management. In contrast,
obstruction from internal hernia is a surgical emergency,
needing reduction of herniated small bowel, resection of
nonviable bowel, possible revision of the anastomosis,
and repair of the defect. For this reason, aggressive oper-
ative management of patients presenting with mechani-
cal small bowel obstruction is recommended.

Incorrect bowel limb anastomosis (Roux-en-O) is not
often reported in the literature, but unfortunately still
occurs. The incorrect limb is anastomosed to the gastric
pouch/duodenum, causing a prolonged, complete ob-
struction that is diagnosed notoriously late. All proximal
radiology is normal.
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Obstruction of the alimentary limb or common
channel presents as small bowel obstruction, with the
typical symptoms of nausea, vomiting, and obstipation. In
contrast, obstruction of the biliopancreatic limb is more
elusive. It may cause abdominal fullness and bloating,
and pain from visceral distention or from pancreatitis.
Laboratory values may show hyperamylasemia or eleva-
tion in hepatic enzymes. One must always be aware of
obstructions involving the biliopancreatic limb, leading to
duodenal distention with bile and pancreatic enzymes,
and eventually blow-out of the duodenal stump.

Bertolotto et al. (27) found that of 15 BPD patients
with small bowel obstruction, 67% had obstruction of the
biliopancreatic limb. They found that plain abdominal
films were useless, but that abdominal ultrasound and
abdominal computed tomography (CT) scan (oral and IV
contrast) revealed abnormal nonspecific findings, typi-
cally dilated or thick-walled small bowel (particularly the
duodenum), or pelvic ascites. Even in the face of nega-
tive radiologic findings, if a high clinical suspicion for
intestinal obstruction is present, surgical exploration 
is indicated. Laparoscopy can be both diagnostic and 
therapeutic.

Intestinal Bacterial Overgrowth

No blind limb exists in either BPD or BPD-DS. However,
deleterious intestinal bacterial overgrowth occurs occa-
sionally after these malabsorptive operations. The inci-
dence is not certain, but the effect of antibiotics on many
postoperative gastrointestinal symptoms provides some
evidence for bacterial overgrowth. Metronidazole in 
particular is effective in treating abdominal distention,
pseudo-obstruction, nocturnal diarrhea, proctitis, and
acute arthralgia (28). Evidence exists that the short
length of intestine (29), protein malnutrition (30),
absence of bile and pancreatic secretions (31), and pres-
ence of undigested food in the colon (32) may all con-
tribute to creating a milieu for bacterial overgrowth. One
study has shown a 27% incidence of bacterial overgrowth
that was successfully treated with antibiotics (1). A
protein-deficient diet with an excess of simple carbohy-
drates may increase an individual’s risk of bacterial over-
growth, and if chronic, may require surgical revision.
Lengthening of the alimentary limb by incorporating a
portion of the biliopancreatic limb will increase carbo-
hydrate absorption. This decreases the quantity of unab-
sorbed carbohydrates entering the colon, one location
where bacteria may proliferate (33).

Nutritional Deficiencies

Careful patient selection and education, and long-term
follow-up are the cornerstones to successful maintenance
of weight loss. Compliance plays a significant role in the
success and avoidance of malnutrition after malabsorp-

tive procedures. There are no certain variables that
predict compliance, which is critical but not in the
surgeon’s control. The patient’s failure to comply with
dietary guidelines, nutritional supplementation, and
office visits has been shown to be the most common
reason for weight loss failure and for malnutrition (34).
The patient must be instructed about changes in eating
habits, nutritional supplements that must be taken post-
operatively, and the importance of long-term follow-up
appointments and laboratory evaluation. Preoperative
literature and instruction, combined with postoperative
reinforcement, should be instituted with the assistance of
the team nutritionist. Screening must be done to identify
patients who are unlikely to comply. Patients must have
a grasp of these issues. Mental retardation and substance
abuse are relative contraindications. Psychosis can 
interfere in adaptation to new behavioral and lifestyle
changes. This may lead to surgical reversal, or occasion-
ally, suicide.

Protein Malnutrition

Protein malnutrition may be mild or severe, and the lit-
erature has often failed to distinguish this difference. Typ-
ically, hypoalbuminemia refers to mild malnutrition that
requires dietary supplementation or a short course of
TPN. Severe protein malnutrition refers to the need for
prolonged hospitalization for TPN, the recurrent need for
TPN, or malnutrition recalcitrant to TPN that eventually
requires surgical revision. The incidence of severe protein
malnutrition ranges from 2% to 7% for both BPD
(2,4,7,33) and BPD-DS (4,10,12,13). It is caused by either
insufficient absorption or insufficient intake of protein.

The classic BPD with a 150- to 250-mL gastric pouch,
200-cm alimentary (Roux), and a 50-cm common channel
results in approximately 57% absorption of ingested
protein (3). The absorptive capacity of the alimentary and
common channel depends on (1) number of villi per
square centimeter, (2) transit time, and (3) the total intes-
tinal length from the proximal anastomosis to the ileoce-
cal valve. Any event that interferes with postoperative
villous hypertrophy, increases transit time (e.g., gastroen-
teritis, bacterial overgrowth, high lumen osmolality), or
decreases the length of the functional alimentary or
common channel (e.g., fistula, inflammatory bowel
disease) will put the patient at risk for severe protein mal-
nutrition. Increased number of bowel movements or
severe diarrhea may be precedents to protein malnutri-
tion. The offending etiology should be corrected with the
appropriate medications, and the patient hydrated. Oral
pancreatic enzymes (Pancrease) can be prescribed to
facilitate protein absorption. Surgical revision may be
necessary in individuals whose absorptive intestines do
not adapt to short gut syndrome with villous hypertrophy.
Elongation must be performed along the biliopancreatic
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limb, to increase the length of Roux plus common
channel to 400cm.

Poor patient compliance with protein intake is the
leading cause of hypoalbuminemia. This is reflected by
Scopinaro et al.’s (3) observation that southern Italians
who eat less protein and more carbohydrates in their diet
have a higher incidence of protein malnutrition than
northern Italians. In addition, up to 20% of patients have
low albumin levels 6 months after BPD-DS, but this
decreases to less than 10% at 9 years (28). This reflects
the initial restriction due to gastric resection, anastomotic
edema, and delayed gastric emptying. Protein malnutri-
tion is commonly seen in patients who have unsuspected
psychiatric illness that leads them into a complete
derangement of normal life (7).

The recommended dietary protein intake should be a
minimum of 90g/day, and patients must be counseled
thoroughly. The patient must be able to eat this amount
of protein, reflecting the need for a moderate-sized
(150–300mL) gastric pouch. This explains why distal
RYGBP has been reported as having a 16% mortality
from protein malnutrition (35). Other authors, however,
have not observed this as a problem (36).

Protein malnutrition must not be underestimated. Two
series had late deaths due to protein malnutrition (3,12).
Complete intestinal restoration may be necessary in
patients who are psychologically intolerant to the opera-
tion, or in disease states that worsen with malnutrition:
liver cirrhosis, nephrotic syndrome, malignancy, or 
psychosis.

Anemia

Postoperative anemia is typically microcytic, and is
almost always due to iron malabsorption and rarely from
folate or vitamin B12 deficiency. Iron is absorbed prima-
rily in the duodenum, which is excluded after surgery.
Iron deficiency is an expected outcome, and empiric 
postoperative supplementation is required. Up to 6% 
of patients, usually menstruating women, have serious
anemia that requires parenteral iron or blood transfusion
(28). The addition of several centimeters of duodenum in
the DS for iron absorption has never been studied and is
variable depending on how much proximal duodenum is
actually maintained. In fact, Dolan et al. (10) found no
difference in iron-deficiency anemia between BPD and
BPD-DS patients (12.8% vs. 36.1%) (10).

Metabolic Bone Disease

Hypocalcemia is a well-recognized complication of mal-
absorptive operations. Marceau et al. (4) observed a 20%
incidence of hypocalcemia, with 2% of patients suffering
bone fractures per year. BPD patients appear to absorb
26% of ingested calcium (3). Malabsorption of vitamin 
D interferes with the intestinal absorption of calcium,

leading to secondary hyperparathyroidism. Secondary
hyperparathyroidism and osteomalacia has been
reported previously after biliopancreatic diversion but
the long-term sequelae are not known. Elevated parathy-
roid hormone (PTH) exceeding 100mg/L associated with
a rise in alkaline phosphatase coincides with bone dem-
ineralization. Despite prescribing patients oral calcium
supplementation of 2g/day and monthly intramuscular
(IM) injections of 400,000IU vitamin D (in addition to
greater supplementation when needed), Scopinaro et al.
(33) found that almost one third of their 252 patients had
histomorphologic signs of bone demineralization on tran-
siliac bone biopsy. Although it appeared to improve over
time, 11% still had bone demineralization at 10 years, and
6% complained of bone pain. They also found that bone
demineralization was worse in older and heavier patients.
Four patients required surgical reversal to restore the
duodenum into the absorptive limb for increased calcium
absorption. Marceau et al. similarly found complaints of
bone pain in 41% of BPD patients and 29% of DS
patients. Murr et al. (8) found metabolic bone disease to
affect 18% of their patients.

Slater et al. (37) found that 85% of 376 patients were
hypocalcemic 1 year after surgery, and 52% remained
hypocalcemic after 4 years. Over half the patients had
elevated PTH up to 4 years, with 27% having PTH 
>100mg/L. This is similar to the findings of Marceau et
al. (4). However, only 4% had evidence of metabolic
bone disease by year 4.

Fat-Soluble Vitamin Deficiency

Initial weight loss is attributable to moderate gastric
restriction. However, weight loss durability is thought to
be due to the malabsorption created by the diversion of
pancreatic enzymes and bile from the alimentary tract
and food bypassing the jejunum and proximal ileum. The
last 50 to 100cm of distal ileum, the common channel, is
where food is exposed to bile and pancreatic enzymes.
This results in absorption of only 28% of ingested fat (3).
The fat-soluble vitamins (vitamins A, D, E, and K) have
various levels of importance and are recognized in the 
literature only in situations in which metabolic sequelae
are evident. This is reflected by the 37 cases of night
blindness (2.8%) in 1344 BPD patients as observed 
by Scopinaro et al. (33), and by occasional case reports
(38–40). Only one study has looked at the actual inci-
dence of fat-soluble vitamin deficiencies in patients after
malabsorptive operations. A combined study between
Wesley Medical Center (Brisbane, Australia) and New
York University School of Medicine (New York, NY)
looked at 376 patients who had undergone malabsorptive
operations within comprehensive bariatric programs
(37). The study showed that despite aggressive nutritional
counseling and empiric supplementation, the incidence of
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vitamin A deficiency increased with time such that 70%
of patients were affected by the fourth postoperative
year. Vitamin D was also found to be deficient in 57% at
1 year and in 63% by 4 years. Vitamin K deficiency was
seen in 14% 1 year after surgery, but gradually increased
to 42% by 4 years. Vitamin E deficiency was very low,
affecting only 4% at 4 years. Although the benefits of zinc
are not clearly defined, it was found to be abnormally low
in over 50% of patients from year 1 to 4.

Conclusion

Laparoscopic malabsorption procedures offer effective
weight loss. The relative value of reduced obesity-related
comorbidity should be weighed against the significant
long-term consequences of malabsorption. Due to the
increased technical complexity of the procedures, the
surgeon must have advanced laparoscopic skills to suc-
cessfully perform them. With such a relatively high inci-
dence of nutritional complications, the surgery must be
performed within a comprehensive bariatric program
that will offer lifelong patient follow-up.
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reduction of 75% of excess weight in 2241 patients during
a 20-year period. The initial weight loss is rapid, proba-
bly due to restriction, and is maintained purely by 
malabsorption. It is maintained indefinitely, Scopinaro
believes, because of the existence of a threshold absorp-
tion for fat and starch, which is compounded by increased
resting energy expenditure. The BPD does not rely on
restriction for maintenance of weight loss, as does the
laparoscopic adjustable gastric band or Roux-en-Y
gastric bypass (RYGBP).

The appeal of the BPD is not so much the magnitude of
the weight loss but rather its maintenance. The bariatric
surgery field is currently enamored with percentages and
degrees of difference of excess weight loss, such as the dis-
tinctions among 55%, 65%, and 75%. There is little dif-
ference in actual weight lost by a 300-lb woman with a
body mass index (BMI) of 48 who achieves 65% excess
weight loss (EWL) versus 55% EWL. It represents about
16 lb, or 11/2 dress sizes. That difference has no further
impact on the reduction of comorbidity,which will already
have been reduced by this time. The actual numbers mean
little if they are not maintained. The BPD has the greatest
weight loss, maintained for the longest time.

Not all these patients lose a lot of weight (Table 
22.6-1). Strangely enough, given the magnitude of the
malabsorption with BPD, there is a substantial cohort of
patients who fail to lose a large amount of weight with
the BPD. Thirteen percent of Marceau et al.’s (5) patients
lost less than 50% EWL. Marceau et al. found that only
41% BPD and 61% biliopancreatic diversion with duo-
denal switch (BPD-DS) had resolution of hunger after
the surgery. Sanchez-Cabezudo and Larrad (6) reviewed
75 patients with 5-year follow-up after BPD and found
nine (12%) had an EWL of less than 50% with a mean
EWL of 36.9%. Patients who failed were statistically
more likely to have lack of satiety and to be unmarried
or unemployed. However, despite only achieving 36.9%
EWL, most of these patients had at least an improvement
in all preoperative comorbidities. In a series of BPD as
revision for failed Lap-Band, 21% had failed ongoing
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Since Scopinaro published his landmark paper on bil-
iopancreatic bypass for obesity in 1979, this operation,
now more commonly known as biliopancreatic diversion
(BPD), has been surrounded by controversy (1). It
carries perceptions of being more dangerous to perform
than other procedures and of having more severe meta-
bolic sequelae. Many surgeons have thought that it
should be reserved as a revisional procedure or used to
advantage only in the super-obese. But surgeons who
perform the operation point to its proven track record in
maintaining weight loss, which they cite as the most
cogent reason to use BPD as a primary bariatric opera-
tion. This dichotomy may be best summed up in a com-
munication by Scopinaro in response to an algorithm for
selecting bariatric procedures written by Buchwald (2).
Buchwald described the BPD as being popular in Italy.
Scopinaro (3) replied, “The BPD was conceived in Italy
and is popular everywhere.”

There are elements of truth in both arguments—for
and against. I will explore these controversies, as raised
by the following questions:

• Should the BPD be a primary operation?
• Should the BPD be used only for the super-obese?
• When should the BPD be used as a revisional 

procedure?
• Is there a benefit in performing the duodenal switch

rather than primary BPD?
• What is the place for BPD in Prader-Willi syndrome

and in obese children?
• How does BPD affect pregnancy?

Should the Biliopancreatic Diversion
Be a Primary Operation?

Does It Work?

The BPD is a very effective weight loss tool. Scopinaro
et al.’s (4) data attest to the long-term maintenance of
early weight loss. They have shown a mean permanent

Laparoscopic Malabsorption Procedures:
Controversies
George A. Fielding
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weight loss despite, in some cases, having a revision to
only a 30-cm common channel (7). Anthone et al. (8), in
a series of 701 BPD-DSs, found 18% of patients at 5 years
had failed to maintain 50% EWL. In the group with a
starting BMI >50, 27% had failed to maintain 50% EWL.
In this group the BMI fell from 52 to 32 at 5 years. Once
again there was a precipitous fall to 32 at 1 year, which
was maintained at 5 years.

Is It a Safe Operation?

Until the recent advent of the laparoscopic adjustable
gastric band, all bariatric surgery involved bowel surgery
and bowel anastomoses of some kind. These carry an
inherent risk of leak, sepsis, and death. In the hands of
surgeons who are experienced in dealing with this diffi-
cult group of patients, the incidence of leak, sepsis, and
death is relatively small. It is extremely small when one
considers these patients’ comorbidities; operative mor-
tality ranges, in most large series, from 0.5% to 1.5%,
compared to national averages for mortality from gas-
trectomy, pancreatectomy, and esophagectomy, which
range from 8% to 10% in the United States, the United
Kingdom, and other European countries (9,10).

Bariatric surgery is experiencing explosive growth.
Over 100,000 patients have had a Lap-Band. There have
been similar numbers of RYGBPs in the U.S. The 100,000
Lap-Band procedures have resulted in 34 procedure-
related deaths (11). Several groups have published series
of over 1000 cases without a death (12,13). Far fewer
patients have had BPDs or BPD-DSs. As a way of inter-
preting the differences in risk, 100,000 RYGBPs or BPDs,
which have a mortality of 0.5% to 1.5% in the best hands,
would generate 500 to 1500 deaths, compared to the 34

in the Lap-Bands. In the super- and massively obese, the
risk differential is even greater.

Operative Technique

There is no evidence that BPD per se is more dangerous
an operation than a bypass when performed openly. Sarr
et al. (14) compared 11 BPDs and 26 very, very long limb
gastric bypasses in super-obese patients, and found no dif-
ference in morbidity or mortality.

Laparoscopic procedures may have different results.
The key technical difference between the laparoscopic
BPD and the laparoscopic RYGBP is that the Roux limb
is distally based. Even though the gastric anastomosis is
14 to 15cm more distal than in the RYGBP, the alimen-
tary limb is fixed much more distally and to the right.
Mobilization of the cecum and deeper division and thin-
ning of the mesentery help bring the alimentary limb to
the stomach. However, it can sometimes be very difficult
to achieve a BPD anastomosis without tension by laparo-
scopic means.

Early results are promising for laparoscopic standard
BPD (Table 22.6-2), as there has been no mortality in the
first three small series. Paiva et al. (15) had a mean oper-
ating time of 210 minutes (range, 130 to 480) in 40 cases,
and a mean BMI of 43 (range, 36 to 65) without conver-
sion to an open procedure. Scopinaro et al. (16) con-
verted five of 26 patients to an open procedure, with a
mean BMI of 43 (range, 36 to 56). Fielding’s group had a
mean operating time of 181 minutes (range, 92 to 315) in
30 cases, with a mean BMI of 46 (range 30 to 67) with no
conversions. Baltasar et al.’s (18) operating times ranged
from 195 to 270 minutes in their first 16 cases, with a BMI
of 43 to 56 for laparoscopic BPD-DS.

Super-obesity adds another degree of difficulty. The
mesentery is thick and heavy, and the bowel is difficult to
move in the cephalad direction, which can lead to longer
operating times with an increased risk of deep vein
thrombosis (DVT) and rhabdomyolysis. It also takes
longer to perform the anastomoses under tension. There
is solid evidence that laparoscopic BPD-DS is relatively
dangerous in patients with a BMI over 60. Ren et al. (19),
publishing Gagner’s experience, showed the degree of
difficulty added by super-obesity to laparoscopic BPD-
DS, with a mean operating time of 210 minutes (range,
110 to 360) in 40 patients with one conversion, one 

Table 22.6-1. Incidence of excess weight loss (EWL) <50%

First author (reference) Common channel Percent

Marceau (5) 100 13
Sanchez-Cabezudo (6) 100 12
Anthone (8) BMI ≥50 100 27
Anthone (8) BMI <50 100 18
Fielding (42) (revisions) 50 21

BMI, body mass index.

Table 22.6-2. Laparoscopic biliopancreatic diversion (BPD) and biliopancreatic diversion with duodenal switch (BPD-DS)

First author (reference) Operation n BMI Conversion to open procedure Mean OR time (range)

Ren (19) BPD-DS 40 60 2.5 210 (110–360)
Baltasar (18) BPD-DS 26 45 0 (195–270)
Dolan (17) BPD-DS 30 46 0 181 ( 92–315)
Paiva (15) BPD 40 43 0 210 (130–480)
Scopinaro (16) BPD 26 43 20.0 —
Dolan (17) BPD 14 45 0 169 (140–239)
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operative death, and one further in-hospital death, with
a mean BMI of 60 (range, 42 to 85). However, laparo-
scopic Roux-en-Y is also more dangerous in this group of
patients. Oliak et al. (20) had twice the rate of complica-
tions and 5% mortality, compared to 0.4%, in patients
with a BMI >60. Fernandez et al. (21), reviewing Suger-
man’s extensive experience of over 3000 RYGBPs, found
the leak and mortality rate was highest in male patients
with a high BMI, which is similar to findings in laparo-
scopic BPD-DSs.

Laparoscopic BPD or BPD-DS is a long, complex,
tiring, and challenging procedure. Surgeons must have a
high degree of laparoscopic skill, particularly in manipu-
lating the bowel and suturing. The benefits accrued,
primarily in reduced wound complications and earlier
return to normal activity, must be considered along with
the disadvantages of a longer operating time with atten-
dant complications.

Is It Safe in the Long Term?

The BPD seems to keep working in the long term, but at
what cost? The debate is centered largely on anemia and
protein malnutrition. Anemia is a fixed risk in this group
of patients, particularly in menstruating women, and all
patients should be prescribed iron supplementation (22).
If iron levels remain low, patients need parenteral sup-
plementation with either intramuscular or intravenous
iron infusion. The protein malnutrition is dramatic. These
patients become very cachectic and require intravenous
feeding prior to limb lengthening or reversal of the BPD.
However, the actual incidence is low and probably over-
stated by opponents of BPD (Table 22.6-3). Scopinaro 
et al. (4) reported this in 6% of patients that have a 
50-cm common channel. Clare (23) reported 3.2%, Hess
and Hess (24) 2.2%, and Marceau et al. (5) 0.9% per year
with a 100-cm common channel. Anthone et al. (8) re-
ported 5.5% with a 100-cm common channel at 5 years.

All authors stress the need for lifelong follow-up to
assess nutritional status, and that lifelong maintenance of
supplementation is mandatory.

The reality is that follow-up for these patients is often
mediocre at best. Most large series report between 50%
and 70% follow-up after 5 years (25,26). Scopinaro (27)
would have us believe that this relatively low follow-up

rate is because all patients with a BPD are happy and
thin. This may well be true. However, the concern is that
they may be too thin and severely malnourished, and
have vitamin deficiencies. This concern for long-term
malnutrition has probably limited the broad adoption of
BPD in the field of bariatric surgery.

We have previously shown only 80% compliance with
supplementation in our patients despite maximum pre-
operative education and ongoing encouragement to take
vitamins postoperatively (28). Furthermore, we recently
documented vitamin levels in 4-year follow-up in a series
of BPDs and found alarming levels of vitamin insuffi-
ciency, at 40% for vitamin A, D, and K, and for zinc and
calcium (29). These deficiencies deteriorated further over
time, and occurred despite intensive preoperative coun-
seling and postoperative follow-up. Brolin et al. (30) had
previously reported similar findings with distal Roux-en-
Y bypass. They also carefully reviewed the estimates of
bariatric surgeons about the degree of vitamin insuffi-
ciency in these patients (31). Alarmingly, most surgeons
thought it was only 4% to 5%, rather than the roughly
40% that we have shown across the board for all the
vitamins, zinc, and calcium. This is possibly an insur-
mountable problem, given the vagaries of human nature.
Surgeons must have strategies in place to follow up and
measure nutrient levels in these patients.

Should the Biliopancreatic Diversion
Be Used Only for the Super-Obese?

There is a broadly held perception that the BPD is the pro-
cedure of choice for massive obesity. The landmark paper
by Ren, Patterson, and Gagner (19) reported the high
morbidity and mortality entailed in performing a BPD in
patients with a BMI over 60. Gagner’s group (32) and
Anthone et al. (33) have suggested performing a sleeve
gastrectomy alone, as an initial procedure, in these very
big patients. This allows initial good weight loss by restric-
tion alone. Once this restrictive loss stops, the patient can
then return for a laparoscopic duodenal switch to allow
ongoing weight loss by malabsorption. I have performed
nine of these two-stage procedures; the second stage 
procedures with duodenal anastomoses have been very
straightforward as laparoscopic techniques, with the
weight loss resulting in great shrinkage of the liver,
omentum, and mesentery, and making the bowel much
more mobile. These developments, however, are predi-
cated upon the belief that the BPD is the only satisfactory
operation for super-obese patients. Advocates of the 
Lap-Band (34,35) and the RYGBP (36–38) for super-
obesity would disagree,and they question the need for two
procedures when, in their hands, one procedure has been
shown to be very satisfactory in the majority of cases.

Table 22.6-3. Revision for malnutrition

First author (reference) Common channel (cm) Revision (%)

Clare (23) 100 3.2
Hess (24) 100 2.2
Marceau (5) 100 0.9
Anthone (8) 100 5.7
Scopinaro (4) 50 2.7
Dolan (17) 50 5.1
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The advent of the Lap-Band has broadened the vision
of bariatric surgery, showing that minimally invasive 
procedures have a place in the management of these
patients. Gagner’s group (39) is certainly no fan of the
Lap-Band. However, they recently reported on five
patients with mean BMI of 52 (range, 40 to 64) who had
laparoscopic banding combined with duodenal switch,
without gastrectomy, and showed satisfactory weight 
loss at 12 months (40). Yashkov et al. (41) previously
described the same principle, adding a duodenal switch
to a failed vertical banded gastroplasty (VBG).

I have a series of patients in whom this combination has
been used to salvage a failed Lap-Band by adding the duo-
denal switch alone (seven patients) or to salvage a failed
BPD by adding a Lap-Band to control hunger (seven
patients). Eleven of 14 procedures were performed
laparoscopically and three by open techniques. Standard
BPD or BPD-DS has previously been used as revision for
a failed band, but, like Gagner, I feel there is great benefit
to be gained by eliminating gastric resection altogether
(42). As he has said, “Even a sleeve gastrectomy carries
morbidity with leak and stenosis” (40). I feel this combi-
nation therapy has real merit in revisional cases.

Stucki et al. (4) stated that the BPD is the only 
weight reduction method with no significant direct cor-
relation between the initial and the final body weight. It
has certainly been shown to be equally beneficial in the
obese and super-obese. We have shown this in a series
comparing BPD in the obese and the super-obese (43).
In a group of 68 patients undergoing primary BPD
between 1998 and 2002, 44 were morbidly obese, with a
mean BMI of 42 (range, 33 to 49.9) and 24 were super-
obese, with a mean BMI of 57 (range, 51 to 84). At 3 years
the mean BMI fell to 27.5 in the obese group and 37 in
the super-obese group. The %EWL was greater in the
morbidly obese group compared to the super-obese
group.

Perhaps more importantly, there was no significant dif-
ference in the incidence of vitamin, mineral, or protein
deficiency in patients who are only morbidly obese.
Further evidence for the safety of BPD in lower BMI
patients exists in a series of 79 BPDs performed as revi-
sion for a failed Lap-Band (42). Two years after the pro-
cedure, the mean BMI of 37 in this group of 79 patients
at the time of BPD had fallen to 29 and stabilized at that
point.

We have seen no evidence that BPD in lower 
BMI patients has caused an increased incidence of 
malnutrition-based complications. In contrast, Sugerman
et al. (44) concluded that the incidence of complications
after BPD was too great to justify its use as a primary
operation for treatment of patients with super-obesity.
This has been an area of great controversy. Fobi’s group
(45) discussed revision of the standard Roux-en-Y to a
distal Roux-en-Y, leaving a small gastric pouch rather

than a BPD. The maintenance of adequate gastric size to
allow adequate intake of a good protein meal is essential
to the safe performance of BPD. Fox et al. (46) showed
very worrying levels of malnutrition after revising a failed
VBG to a BPD.

Biliopancreatic Diversion as Revision

The BPD is seen by some as an effective revisional pro-
cedure. There is, however, a caveat to this view: a malab-
sorptive operation superimposed on a tiny gastric pouch
is a recipe for serious trouble. Scopinaro has warned of
this, and, as previously mentioned, others who have
revised an RYGBP to a distal RYGBP would agree with
him. Furthermore, in a group of primary operations in
massively obese individuals, Sarr et al. (14) reported that
one patient died of liver failure and two became ill with
metabolic bone disease in a group of 11 BPD patients at
8 years, compared to none in a group of 26 very, very long
limb gastric bypasses (VVLGBs). In contrast, Brolin et
al. (47) and Skroubis et al. (48) take a different view. They
have not found increased nutritional complications with
a distal RYGBP. Even though the BPD group lost more
weight, the VVLGB group had equal resolution of its
comorbidities. This is one of the main issues for the
RYGBP—how to revise a failure.

This issue is most certainly not the case with the Lap-
Band. One of the great advantages of the band is its ease
of removal. Despite what Gagner and others have said
about the difficulties of laparoscopic removal of a Lap-
Band, it is a very straightforward procedure (22). This
leaves virtually the whole stomach untouched and avail-
able for use in a BPD if desired. There is no doubt that
if one’s preference is for a sleeve gastrectomy, then the
very apex of the sleeve can involve some of the fibrous
tissue. The answer surely is to use a different procedure
in that setting. As discussed, that can either be a standard
BPD, well away from the area of the band, or simply a
loosening of the band and performing a duodenal switch.
With a normal adequate volume stomach, the BPD is an
ideal revisional procedure. There is no evidence that it is
dangerous to perform a BPD in this setting. I have per-
formed 79 such procedures after a Lap-Band, 59 of which
were completed laparoscopically with minimal morbidity
(42). A further 20 had an open procedure, following pre-
vious VBG, and then a band. These cases had higher mor-
bidity but no mortality. I no longer band previous VBG.
Lemmens (49) has had a similar experience with 37
BPDs, as revision for 20 failed VBG and 17 bands, in a
series of 1620 BPDs. There were no deaths, three leaks,
three cases of malnutrition needing common channel
lengthening, and five patients who did not lose weight

In time there will be two camps in bariatric surgery:
those who believe that the Roux-en-Y is the answer to
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everything, and those who see a combination of a band
as a primary procedure due to its inherent great safety,
followed by some version of a BPD if the band fails. In
my experience in 7 years with over 1600 bands, the inci-
dence of band removal is 5.5%.

Biliopancreatic Diversion Versus
Biliopancreatic Diversion with
Duodenal Switch

Much has been made of the supposed benefits of the duo-
denal switch variant of the BPD over the standard BPD.
Marceau et al. (5) and Hess (24) presented strong argu-
ments in favor of the use of this procedure in an attempt
to reduce protein malnutrition and iron deficiency
anemia. Ren’s group (19) first published Gagner’s expe-
rience with the laparoscopic variant of this operation.

More recently Anthone et al. (8) presented the large
experience from the University of Southern California
(Los Angeles, CA). As with all American surgeons 
who have published on the duodenal switch, a 100-cm
common channel was used in distinction to the Euro-
pean, Scopinaro-based, 50-cm channel. It was thought
that this would improve malnutrition in these patients.
This excellent series of 701 patients outlines all the dilem-
mas of the argument for performing DS versus BPD. It
also illustrates some of the realities of BPD as a primary
operation:

1. This procedure is major bowel surgery. There is a
1.4% mortality (10 of 701 patients died). Twenty-one
further patients had significant nonfatal complications.
All the usual culprits are present: pulmonary embolus,
pneumonia, rhabdomyolysis, duodenal stump leak,
gastric leak and anastomotic leaks, bleeding, and 
splenectomy.

2. There is a different outcome in patients with a BMI
<50 and patients with a BMI ≥50. In the first group there
is a 70% EWL at 5 years, with a BMI of 28. In the second
group there is a 63% EWL at 5 years and a BMI of 36.
In fact, in this group the BMI stabilized at 36 at 12 months
and did not change over the next 4 years. Overall at 5
years for the total group there is an EWL of 65%, and
the BMI remained at 31 for 1 to 5 years. In this large
series, the BPD-DS did not provide any particular advan-
tage in the super-obese.

The duodenal switch has been advocated primarily as
a way of reducing anemia and protein malnutrition. The
evidence in these 701 cases is that this is not the case.
Forty-eight percent of patients were anemic with a duo-
denal switch with a 100-cm common channel. The results
for serum albumin in these patients reflect, as already
mentioned, that the actual incidence of protein malnutri-

tion is low, at about 2%. Despite the use of a duodenal
switch, revisional surgery to lengthen the common
channel was necessary in 40 patients (5.7%) due to overt
malnutrition in 34, persistent diarrhea in four, and
chronic pain in two.

We have found similar results in Brisbane, after com-
paring 73 patients with standard BPD and 61 patients
with duodenal switch, both groups with a 50-cm common
channel (17). We found no evidence of any improvement
in weight loss or lessening of gastrointestinal or nutri-
tional side effects of BPD by the use of the duodenal
switch at a median follow-up of 28 months. The EWL at
36 months was 72% and the mean BMI was 31.5 in both
groups. There was no difference in meal size, intake of
fats, nausea or vomiting, diarrhea, or nutritional parame-
ters. Eighty percent confirmed compliance with vitamin
supplementation. In the group as a whole 18% of patients
were low in albumin, 32% were anemic, 25% were
hypocalcemic, and nearly 50% had low vitamin A, D, and
K. Seven patients required shortening of the common
channel due to insufficient weight loss following BPD
compared with eight patients following BPD-DS (9.6%
and 13.1%). Four patients required lengthening of their
common channel due to excessive weight loss with BPD
compared to three patients with BPD-DS. There was
once again no difference between BPD and BPD-DS.

There are significant technical issues with the BPD-DS.
The one possible benefit, as pointed out by Anthone, is
that the anastomosis, when done as an open procedure,
is probably a lot easier, as the anastomosis is almost com-
pletely without tension. However, this advantage is coun-
terbalanced by the difficulty of achieving a good sleeve
gastrectomy in the open approach toward the top of the
stomach, as evidenced by Anthone et al.’s incidence of
splenectomy. In the laparoscopic approach, mobilization
and division of the duodenum, while preserving its blood
supply and dissecting the duodenum off the pancreas in
obese patients, can be challenging. The anastomosis can
also be difficult, performed at the end of what can be a
long, tiring procedure. Furthermore, a heavy, fat-laden
colon can make visualizing the duodenum difficult.

The anastomosis has been performed by transoral end-
to-end anastomosis (EEA), side-to-side gastrointestinal
anastomosis (GIA), laparoscopic hand sewn, and laparo-
scopic-assisted, using a small incision to perform the
anastomosis (50). The last option has real merit. I have
occasionally used a small subcostal incision, which pro-
vides good visualization, has minimal morbidity, and 
virtually never herniates. Jones (51) has been recom-
mending this approach for years.

The BPD-DS has prompted rapidly increasing interest
in the United States. This interest has been, to a signifi-
cant extent, Internet driven, based on a perception of the
sanctity of the pylorus. There is little evidence to suggest
that BPD-DS confers any functional advantage over a
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standard BPD. I no longer perform BPD-DS with sleeve
gastrectomy, having found the laparoscopic standard
BPD to be a much more straightforward procedure, with
exactly the same functional outcome as BPD-DS.

What Is the Place for Biliopancreatic
Diversion in Prader-Willi Syndrome
and in Obese Children?

There is little data on bariatric surgery for children. Until
recently the procedure of choice in the U.S. has been
RYGBP. Brolin’s group (52), Sugerman et al. (53), and
Endres and Wittgrove (54) have all shown good results
with RYGBP. We have recently reported a series of Lap-
Bands in this group with comparable results (55). Suger-
man et al. describe doing three distal gastric bypasses in
their series, one of which was revised for malnutrition. I
have found only one published report of BPDs in chil-
dren: Breaux (56) reported four BPDs in a group of 22
children aged 8 to 18 with very severe obesity, many of
whom also had severe sleep apnea. The patients did well
from a weight loss point of view, but three of the four
BPDs developed protein deficiency, and all four patients
developed either vitamin A and D deficiency or folate
deficiency. There were also two late deaths at 15 months
and 3.5 years.

It is difficult to see any place for BPD, in any of its
forms, for children or adolescents. Compliance is always
an issue in any form of bariatric surgery with children,
and certainly compliance with multiple levels of supple-
mentation would be extremely difficult in this group.

Another area of conflict in children is in the use of
BPD in Prader-Willi syndrome. Advocates for BPD 
in these patients include Antal and Levin (57) and
Scopinaro’s group (58). Even though there was weight
regain in Scopinaro’s group at 10 years, the EWL was
maintained at 40%, an excellent result for this difficult
group of patients.

Grugni et al. (59) presented a case report with com-
plete weight regain at 3 years combined with anemia,
hyperproteinemia, and diarrhea. The lack of compliance
in voluntary food restriction suggests that restrictive pro-
cedures have no part to play in this group of patients,
and there is no definitive answer regarding the correct
approach.

Pregnancy

Contraception is a major issue after BPD. Fertility
increases after BPD, as it does after all weight loss 
procedures. Oral contraception may be variable due to
very little absorption. Gerrits et al. (60) from Belgium

reported that two of nine patients on oral contraception
after BPD became pregnant. Most practitioners counsel
against patients becoming pregnant during the first year
after BPD due to the rapid weight loss and almost certain
associated anemia and folate deficiency, with predisposi-
tion to spinal cord abnormalities. Scopinaro’s group (61)
found that 21% of 239 pregnant patients required par-
enteral nutritional support during their pregnancy and
27.8% of the infants were small for gestational age.
Patients must be counseled preoperatively about the
increased risk of pregnancy and about the variability of
contraception.
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ing curve, a surgeon operating alone without a skilled
assistant, in a difficult patient, and as a salvage technique
prior to conversion to an open surgery.

During the development and application of a totally
laparoscopic technique in bariatric surgery, we chose
HALS as an enabling technique to facilitate laparoscopic
bariatric surgery. The technique as described here
enables the completion of a Roux-en-Y gastric bypass
using single-surgeon techniques and incorporating many
of the techniques used by the experienced open bariatric
surgeon. Exposure of the proximal stomach, identifica-
tion and blunt dissection in the lesser sac, and identifica-
tion of the ligament of Treitz and the proximal jejunum
are aided by HALS. Bowel approximation and manipu-
lation of the stapling devices by the sensation of tactile
feedback and subsequent manipulation of the operating
surgeon’s hands allows for a more efficient operation.
Even correct placement of a nasogastric tube is aided by
HALS. Initially, our program sought to reproduce our
generally good results, including low mortality and leak
rates, which were seen with open surgery. Our goal by
adding HALS was to reduce our wound-related compli-
cations and speed recovery.

The additional value of HALS was seen by the appli-
cation of minimally invasive surgical techniques to a
patient population that included the super-obese. In our
first series, the average BMI of patients treated was over
55 (2). Initial experience was also gained with a surgeon
performing gastric bypass with only resident staff or fel-
lowship-level trainees with little experience in bariatric
surgery. The skills and experience gained in HALS
bariatric surgery was subsequently applied to totally
laparoscopic bariatric surgical techniques and continues
to be refined with practice. As experience has been
gained, HALS is now rarely the first approach for most
patients requiring bariatric surgery.

The HALS technique is selected in several other 
situations. These include reoperative surgery or for 
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Surgery for the treatment of morbid obesity provides
long-term relief for weight-related diseases. It is currently
recognized as a safe and effective treatment for patients
with a body mass index (BMI) greater than or equal to
35. The advancement of laparoscopic and video instru-
mentation and technology has allowed the application 
of minimally invasive surgical techniques to bariatric
surgery. Currently, laparoscopic approaches provide a
recognized advantage to surgery for obesity, and specifi-
cally the laparoscopic Roux-en-Y gastric bypass has been
demonstrated to provide optimal outcomes in selected
patients. However, laparoscopic bariatric surgery remains
challenging. These challenges include difficulty in access,
retraction, tissue manipulation, and identifying anatomic
landmarks. These challenges make laparoscopic bariatric
surgery difficult to learn and difficult for surgeons who
lack an experienced assistant. Hand-assisted laparoscopic
surgery (HALS) is an effective technique, applicable on
a wide variety of advanced laparoscopic procedures 
(1). It provides the benefits of precise tissue mani-
pulation, tactile feedback, blunt tissue dissection, and
retraction, and it can be a valuable tool for the transition
into and completion of minimally invasive bariatric
surgery.

Hand-assisted laparoscopic surgery requires spe-
cialized instrumentation that allows access to the abdo-
minal cavity by the surgeon’s hand, while maintaining 
a pressure-tight seal to maintain pneumoperitoneum.
Additional advantages are realized if other instruments
or hands can be exchanged easily without losing pressure
and with no pressure loss.

Hand-assisted laparoscopic surgery and minimally
invasive approaches for bariatric surgery can be individ-
ualized for the unique situation of each surgeon, patient,
and institution. Hand-assisted laparoscopic surgery is an
effective and beneficial technique when applied selec-
tively in bariatric surgery. We would select HALS in
several situations, including surgeons early in the learn-
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super-obese patients in whom HALS may provide an
advantage for surgeons early in their experience with
these difficult cases.

Numerous hand-assisted abdominal procedures 
have been reported in the literature. A review by Kurian
et al. (3) demonstrated more than 100 cases managed by
the use of the hand-assisted technique. Hand-assisted 
laparoscopic surgery allows for direct manipulation of
tissues by a surgeon’s hand. In situations in which visi-
bility is sometimes limited due to patient body habitus or
difficult exposure, the sense of palpation and the direct
manipulation of the tissues are greatly increased by
HALS.

As a bridge to a total laparoscopic approach, hand-
assisted Roux-en-Y gastric bypass can be as effective as
open surgery in terms of weight loss and has been shown
to have a lower complication rate (4). Hand-assisted
laparoscopy allows surgeons to use their nondominant
hand to manipulate and retract tissue, which is much
easier than in traditional laparoscopic surgery. In the
total laparoscopic techniques, both the surgeon and 
the assistant need to be well trained in advanced 
laparoscopic procedures. The HALS approach can 
serve as a stepping stone from the open to the total
laparoscopic approach. The hand-assisted approach 
has been shown to be associated with shorter opera-
tive times when compared with a total laparoscopic 
approach in surgeons learning to perform gastric bypass
surgery (2).

Equipment

There are multiple hand-assisted devices available in 
the United States. Those that are approved by the Food
and Drug Administration include the Pneumo Sleeve
(Dexterity, Atlanta, GA), the HandPort (Smith and
Nephew, Andover, MA), the Intromit (MedTech, Dublin,
Ireland), the Gel Port (Applied Medical, Rancho Santa
Margarita, CA), and the Lapdisk (Johnson & Johnson,
Cincinnati, OH). The different devices vary in their appli-
cation and setup. The basic theory behind hand ports is
to prevent the loss of pneumoperitoneum and to aid in
hand exchange. In a study by Stielman (5), different kinds
of hand ports were randomized and prospectively com-
pared in a series of 133 porcine nephrectomies. In the
study, the Intromit was rated the best in terms of instruc-
tions, overall design, and overall satisfaction. It had a
failure rate of 15%, which was defined as a leak around
the port site. The HandPort was rated as the easiest to set 
up, but it had the highest rate of failure at 27%. The
Pneumo Sleeve, which was the first device available in 
the United States, had the lowest incidence of failure at
13%. The study concluded that all three devices were
effective but each had their specific advantages and 
disadvantages.

Methods: Operative Technique 
for Hand-Assisted Roux-en-Y
Gastric Bypass

The protocol and technique we use are comparable with
those of many centers across the United States. Patients
are administered 2g of cefazolin and 5000 units of sub-
cutaneous heparin approximately 30 minutes before the
start of the operation. For patients with penicillin aller-
gies, 900mg of clindamycin is substituted. All patients
wear intermittent lower leg venous compression devices
during the entire procedure as well as postoperatively.

Patients are placed in the supine position. After induc-
tion of general anesthesia, a Foley catheter is placed. A
1-cm supraumbilical incision is made. A Veress needle 
is used in the standard fashion to obtain pneumoperi-
toneum. Next, a 10-mm trocar is placed in the supraum-
bilical position. Additional trocars are then placed under
direct vision (Fig. 23-1). A 15-mm trocar is placed in the
right upper quadrant near the midclavicular line. We first
complete an exploration of the abdomen to be sure there
is no abnormal pathology. The hand-assist device is then
applied to the distended abdomen over the supraumbili-
cal port (Fig. 23-2).

The greater omentum and transverse colon are then
reflected cephalad to expose the ligament of Treitz. The
small bowel is then traced back about 30cm from the lig-
ament of Treitz to a redundant portion of bowel that would
easily reach up to the gastroesophageal (GE) junction. A
60mm linear stapling device with a 2.5mm staple load is
then used to transect the bowel at this point.A 2.0-mm/45-
mm load is then used to further transect the mesentery. A
Penrose drain is sutured to the distal stapled end to allow

Figure 23-1. Diagram demonstrating port placement for the
hand-assisted laparoscopic gastric bypass.
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for easy identification. The small bowel is then measured
150cm distally. Bowel continuity is reestablished with a
stapled side-to-side jejunojejunostomy using 2.5-mm/60-
mm staple loads. The mesenteric defect is oversewn, and
stay sutures are placed to avoid torsion of the anastomo-
sis. Intracorporeal suturing is facilitated with standard
sutures and a laparoscopic needle holder. The knots are
tied intracorporeally with the inserted nondominant hand.
The Roux limb is then traced back to the Penrose drain to
make sure that it has not twisted.

Once the small bowel anastomosis is completed, the
greater omentum is then divided up to the transverse
colon to make room for an antecolic/antegastric Roux
limb. Alternatively, a retrocolic passage of the limb can
be facilitated with the nondominant hand elevating the
transverse colon and palpating a thin portion in the meso-
colon. A window is then created and the jejunal limb
passed through the mesocolon to the lesser sac for posi-
tioning of the gastrojejunostomy. The liver retractor is
then inserted and the liver is then retracted to expose the
esophageal hiatus. The orogastric tube is removed at this
point. Attention is then turned to the gastroesophageal
junction, and this area is then dissected under direct visu-
alization (Fig. 23-3).

Next, a point is selected on the anterior lesser curva-
ture of the stomach just distal to the fat pad overlying the
GE junction. This is the area from which the anvil is to
exit. Just distal to this selected point, a window is created
with blunt finger dissection posterior to the stomach from
the lesser curvature to the greater curvature. This is 
done to preserve the neurovascular supply to the distal
stomach. We prefer to create the gastrojejunostomy using
a circular 25-mm stapler placed through the 15-mm right
upper quadrant port. The anvil is then placed into the
proximal stomach through a distal gastrostomy made

before creation of the pouch, or more commonly, when
using the hand-assisted technique, by making a small gas-
trostomy and placing a purse-string suture with a laparo-
scopic needle driver and tied with the inserted hand.

The stomach pouch is created with multiple fires 
from a reticulating 3.5-mm/45-mm linear stapling device.
Multiple firings are then performed in a curvilinear
fashion up to the angle of His to completely transect the
stomach and create a 30-mL gastric pouch (Fig. 23-4). The

Figure 23-2. Pneumo Sleeve device on the patient abdomen.
Figure 23-3. The surgeon’s nondominant hand is inserted
through the hand port. With blunt dissection, a window is
created posterior to the stomach to allow for the creation of the
gastric pouch.

Figure 23-4. The creation of the gastric pouch using the 
linear 45-mm U.S. Surgical (Norwalk, CT) stapling device is
demonstrated.
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surgeon’s nondominant hand is used to guide the stapler
into place.

Finally, the Roux limb is brought up to the anvil. The
mesentery is further taken down with the ultrasonic
shears. The staple line on the Roux-en-Y limb is also
opened with the ultrasonic shears. The 25-mm end-to-end

Figure 23-5. A 25-mm U.S. Surgical end-to-end anastomosis
(EEA) stapler is used to create an end-to-side anastomosis with
the jejunum and the gastric pouch.

Figure 23-6. The final appearance of the hand port site. The
length of the incision is 7cm.

anastomosis (EEA) stapler is then inserted into the
lumen of the Roux limb (Fig. 23-5). The remaining
enterotomy of the Roux limb is then closed with a firing
of a 2.5-mm/60-mm stapling device. A stitch is placed lat-
erally on each side of the anastomosis to remove tension
from and reinforce the staple line. The hand port is then
removed and the incisions are closed appropriately. The
incision used for the hand port is generally 6 to 8cm in
size (Fig. 23-6).

Discussion

At the Ohio State Medical Center we conducted a 
study comparing patients undergoing Roux-en-Y gastric
bypass for morbid obesity. There were 40 hand-assisted
cases compared with 80 open cases (4). The overall rate
of wound infections is similar; however, fewer patients
required reoperations in the first month in the hand-
assisted Roux-en-Y gastric bypass group. After a learning
curve of 10 cases, the operation times in the open and 
the hand-assisted groups were similar. Weight loss in 
the early postoperative period appears to be excellent in
both groups, and almost all patients reported being satis-
fied with the outcome of their operations. Hand-assisted
Roux-en-Y gastric bypass surgery may be associated with
lower cost when postoperative complications are fac-
tored in. We concluded that the hand-assisted approach
was associated with shorter operative times, improved
tactile sensation, and reduced wound complications.

When first learning the technique of Roux-en-Y gastric
bypass, tactile feedback to ensure anastomotic integrity
is important. The hand-assisted device allows the surgeon
to have more control over the operation and provides the
ability to both visualize and feel the operation. Hand-
assisted laparoscopy also allows intracorporeal suturing
and knot tying, which can be a difficult skill to master
laparoscopically. Naitoh et al. (6) demonstrated that
hand-assisted laparoscopic digestive surgery provides
improved safety for patients undergoing surgery for
malignancy or obesity. In the study, the average length of
incision for the hand port was 7.8cm.

With the rapid advancement of laparoscopic 
instrumentation, totally laparoscopic Roux-en-Y gastric
bypasses are performed routinely. We are currently offer-
ing gastric bypass completely laparoscopically as the first
treatment option. With the aid of the hand port, the tran-
sition from open to total laparoscopic Roux-en-Y gastric
bypass surgery is easier (7). The key for some surgeons is
to do this procedure open at first, learn the skills needed
to complete the operation safely, and then proceed
laparoscopically with or without the assistance of the
hand port.

Once the laparoscopic Roux-en-Y gastric bypass is
mastered, the hand-assisted technique is still a valuable
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skill to have. This technique can be used if the surgeon
thinks that there may be a need to convert to an open
operation. Many times, just having one hand to retract or
control bleeding is enough to complete he operation
without opening.

Conclusion

Hand-assisted bariatric surgery has been proven to be 
safe and effective. It has been associated with reduced
operative times, aids in retracting, and provides tactile
feedback when compared with the total laparoscopic
approach. Intracorporal suturing can be done quickly and
easily, which is important if rapid control of hemorrhage
is needed. As the field of laparoscopy advances, many new
techniques have been developed. These new techniques
allow surgeons to perform more complicated cases. Still,
all surgeons performing advanced laparoscopy should be
able to perform hand-assisted laparoscopic surgery. It is a
valuable tool to aid in the transition from open to total
laparoscopic surgery.
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at 2 years than patients who consumed fewer sweets pre-
operatively.

Psychological evaluation is a preoperative requirement
for most bariatric programs and payers. This evaluation
can identify patients who are at high risk for psycholog-
ical reasons, particularly those with ongoing substance
abuse, who are likely to be noncompliant with follow-up.
For the most part, though, psychological evaluation prior
to bariatric surgery does not accurately predict success or
failure of the operation.

Ultimately, the type of bariatric procedure performed
is determined by the patient who is well informed regard-
ing the risks and benefits of each procedure offered.
Undoubtedly, the surgeon’s experience and preference
affect the decision as well. Additionally, patients most
often seek out surgeons who perform specific procedures
based on their own research and referrals or recommen-
dations from other physicians or patients. Each bariatric
procedure has its merits and unique set of risks and com-
plications that must be thoroughly discussed prior to
embarking on this life-changing surgery. If performed by
an experienced surgeon in the appropriate setting, each
procedure can have impressive results in terms of weight
loss and resolution of comorbidities with acceptable risks.
As with most surgical procedures, careful patient selec-
tion can significantly affect outcomes. Proper patient
selection in bariatric surgery goes beyond choosing
appropriate candidates for surgical weight loss and
should involve thorough discussions regarding the pros
and cons for each type of procedure. This chapter high-
lights some of the important differences in laparoscopic
RYGBP, LAGB, and laparoscopic biliopancreatic diver-
sion with duodenal switch (BPD-DS) that should be con-
sidered when selecting patients for a bariatric procedure.
Laparoscopic sleeve gastrectomy (LSG) has been used as
the first stage procedure for high-risk patients prior to
laparoscopic Roux-en-Y gastric bypass (LRYGBP) or
biliopancreatic diversion (BPD). More recently, though,
it has been used successfully as a primary procedure at

369

Bariatric surgery has evolved significantly over the last
decade. The laparoscopic approach to bariatric surgery
and the growing body of knowledge regarding the bene-
fits of surgical weight loss has increased patient demand
for these procedures. Surgeons are rapidly gaining inter-
est in these challenging minimally invasive procedures as
well. As we gain more experience with each of these pro-
cedures, though, it has not become clear which bariatric
procedure is best suited for a specific patient. Currently,
there are no clear data available to match a patient’s
characteristics (fat distribution, eating behavior, comor-
bidities, psychosocial factors) with a specific procedure.
The decision is made primarily based on the procedures
offered by the surgeon and the patient’s willingness to
accept a given level of risk and invasiveness (1).

In 1987, Sugerman proposed that sweet-eaters should
undergo gastric bypass rather than a restrictive proce-
dure. Maladaptive eating behavior (high calorie liquids
and sweets) can certainly lead to failure after restrictive
procedures, and this was demonstrated with the high
long-term failure rate of the vertical banded gastroplasty
(VBG). Dixon and O’Brien (2), though, analyzed 440
laparoscopic adjustable gastric banding (LAGB) patients
and found no association between sweet-eating preoper-
atively and postoperative weight loss. They recommend
that sweet-eating behavior not be used in the decision to
proceed with surgery or in the selection of the operation
to be performed. Negative predictors of postoperative
weight loss in this LAGB study included increasing age,
increasing body mass index (BMI) (>50), insulin resist-
ance, poor physical activity, high pain scores, and poor
general health. The authors are careful to point out,
though, that the overall benefits of surgery, even in
patients with these negative predictors who lost less
weight, were great and these patients should still be
offered surgery. Lindroos et al. (3) compared restrictive
procedures (VBG and gastric banding) to Roux-en-Y
gastric bypass (RYGBP) and found that the patient 
who consumed the most sweets lost more weight 
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some centers. There are currently limited data on LSG,
which is discussed in Chapter 19.2.

Risks

Conversion Rate

The laparoscopic technique is used exclusively with the
laparoscopic adjustable gastric band, and this procedure
has a low rate of conversion to an open procedure
(0–3.1%) (4–14). The lack of gastrointestinal anasto-
moses, the lower complexity of this procedure, and
careful patient selection account for this lower conver-
sion rate. Conversion rates to an open procedure ranges
from 0% to 8% for LRYGBP (6,15–25) and from 0% to
26% for laparoscopic BPD or DS (26–29). In a review of
3464 cases, Podnos et al. (21) reported conversion to
laparotomy in the LRYGBP of 2.2%. The most common
reason for conversion was hepatomegaly (48%). The
average conversion rate for the 467 patients in all of the
laparoscopic BPD-DS series was 6%, though one study
reported a 26% conversion rate that occurred early in 
the author’s laparoscopic experience with the procedure
(30). As more laparoscopic experience is gained with
BPD-DS, it will likely achieve a conversion rate similar
to that of RYGBP (less than 5% in experienced hands).
The possibility that the laparoscopic procedure may be
converted to open should not be a major factor in decid-
ing which procedure to perform, but bariatric surgeons
should know their own conversion rates for the proce-
dures they perform and convey them to their patients
preoperatively.

Early Postoperative Complications

There is a wide range of early postoperative complication
rates in the literature for all three procedures. Major and
minor complications occur after LRYGBP up to 30% of
the time. In Podnos et al.’s (21) review of 3464 patients
(10 studies), the most common perioperative complica-
tion after LRYGBP was wound infection (2.9%), fol-
lowed by anastomotic leak (2%) and gastrointestinal
hemorrhage (1.9%). Schauer et al. (22) reported early
minor complications in 27% of patients and these
included wound infection or erythema (5.1%), atelecta-
sis (4.4%), urinary tract infection (2.5%), and asympto-
matic or contained anastomotic leaks (2.5%). In this
series of 275 patients, early major complications occurred
in nine patients (3.3%). Early postoperative complica-
tions occur less frequently after LAGB, primarily because
there are no gastrointestinal anastomoses. O’Brien et al.
(9) reported an early postoperative complication rate of
only 1.2% in 648 patients undergoing LAGB, and these
were primarily infections at the reservoir site. Overall,
the laparoscopic BPD series are primarily initial feasibil-

ity studies by highly experienced surgeons. The data are
limited, but demonstrate acceptable rates of major early
complications such as anastomotic leaks, wound infec-
tions, and thromboembolic events. In the largest series 
by Rabkin et al. (27) (duodenal switch, primarily hand-
assisted) the overall perioperative complication rate was
10%. Higher postoperative complication rates were asso-
ciated with BMI ≥ 65 in Ren’s series. Patients with a BMI
less than 65 had an 8.3% complication rate and patients
with a BMI > 65 had a postoperative complication rate
of 38%. Conversion rates and mortality were also higher
for patients in the higher BMI group.

Bleeding complications occur more frequently with
BPD-DS, primarily from longer staple lines in the gastric
remnant. Among studies that reported this complication,
the bleeding rate ranged from 5% to 10%. Ren reported
four staple-line hemorrhages in 40 patients undergoing
laparoscopic BPD-DS. One study showed improvement
in bleeding rates with the use of absorbable buttress
material on these staple lines (31). Postoperative bleed-
ing occurs less than 5% of the time after LRYGBP and
is rare after LAGB. In a review of the world’s literature
including 8504 patients, postoperative bleeding, including
gastrointestinal bleeding, was reported in four patients
(0.05%) after LAGB. In a review of 3464 LRYGBP
patients, the postoperative gastrointestinal bleeding rate
was 1.93%.

Anastomotic leaks after LRYGBP or BPD-DS can
have devastating consequences. Anastomotic leak is a
fatal complication up to 30% of the time and can have an
insidious or delayed presentation. Anastomotic leak rates
for LRYGBP and laparoscopic BPD-DS are comparable
and occur less than 5% of the time. Leak rates decrease
with surgeon experience as demonstrated by Wittgrove
and Clark’s (24) experience. Gastric perforation occurs
0.5% to 0.8% of the time after LAGB.

Wound infections are relatively uncommon in laparo-
scopic procedures and occur less frequently than in open
bariatric procedures (18). The high infection rate shown
in Table 24-1 for the laparoscopic BPD group reflects 
3 of 18 patients (16.7%) who had wound infections in 
one series (32). Unlike many wound infections after 
open surgery, laparoscopic port-site infections are easily
managed with local wound care and contribute little to
overall postoperative morbidity when they do occur. Port
site infection rates are generally low after LRYGBP and
LAGB and occur <9% of the time in case series. In
Chapman’s (74) review of the LAGB literature, wound
infections occurred in 0.28% of patients and Podnos 
et al.’s (21) review of LRYGBP series reported a wound
infection rate of 2.98%. The lower wound infection rate
with LAGB is explained by the fact that the gastroin-
testinal tract is not opened during the procedure, a factor
that contributes to many of the advantages associated
with LAGB.
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Table 24.1. Risk–benefit analysis of laparoscopic bariatric procedures

Laparoscopic RYGBP LAGB Laparoscopic BPD, BPD-DS*

Risks
Conversion to open procedure 0–8%6,15–19,21–25,58 0–3.1%5–12,14,63–65 0–26%26–29

Early postoperative complications 4.2–30%6,22,66,67 0.8–12%5–9,14,65,68–71 2.6–22.5%26–28

Major and minor
Bleeding 0.4–4%6,15–19,21–25,58 0.1%5,6 5–10%26,28,32

Leak 0–4.4%6,15–19,21–25,58,72,73 0.5–0.8%5,74 2.5–3.2%26–28

Wound infection 0–8.7%15–19,21–25,58 0.1–8.8%5,7–11,14,63–65 2.5–18.7%26,28,29,32

DVT 0–1.3%15,16,18,19,22,24,58 0.01–0.2%9,74,75 0.5–2.5%27,28

PE 0–1.1%15,16,18,19,21–24,58,72 0.1%5,74 0.9%27

Late complications 8.1–47%6,22,66,67,76 6–26%5–8,14,65,68,69 1.5–7.6%27,29

Major and minor (no long-term f/u)
Anastomotic stricture 2–16%6,15–19,21–25,33,58 N/A 1.7–7.6%27,29

Marginal ulcer 0.7%–5.1%15–17,19,22,58 N/A 1.6%77 (DS)
Bowel obstruction 1.1–10.5%15–17,19,22,58,67,72 074 1.5%27**
Reoperation rate 9.8–13.8%18,22,67 4–19%5,8–12,63,75,78 0–12.5%26,27,32,79

Band-related complications
Prolapse N/A 2–25%6–12,14,63,64,71,75,78,80 N/A
Erosion N/A 0–3%5,7–12,14,63,64,74,75 N/A
Gastric outlet obstruction/pouch N/A 0.2–14%5,8,63,74,75,80 N/A

dilation
Tube or port malfunction N/A 0.4–7%5,6,8–11,63,74,80 N/A
Band intolerance N/A 0.4–3.1%6,75 N/A
Nutritional deficiencies
Iron 6–52%81 NR 23–44%81

Vitamin B12 3–37%81 NR 22%81

Fat-soluble vitamins 10–51% (distal RYGBP)81 NR 5–69%81

Calcium 10% (distal RYGBP)81 NR 25–48%81

Protein malnutrition 0–13% (distal RYGBP)81 NR 3–18%81

Mortality rate 0–2%15–19,21,22,24,58,72 0–0.7%5–10,12,34,63,64,74,78,80,82 0–2.5%26–28

Benefits
Excess weight loss 68–80% 44–68%9,34,74,80,83,84 65–91.5%26–29

12–60 months
follow-up15–19,22,24,58

EWL for BMI >50 51–69%6,35,36 47–49%36,37 77%36

Hospital stay (mean) 2–4 days15–19,22,24,58 1–2 days34,39,80 427,28

Durability 49–75% EWL at 10–14 57% EWL at 6 years9 No long-term laparoscopic
years (open series)85,86 data 77% at 18 years (open

series)38

Resolution of comorbidities
Diabetes 82–98%15,22,24 54–64%9,83 100%28

Hypertension 36–92%15,22,24 55%9 80%28

Hyperlipidemia 63%22 74%9 55%28

GERD 72–98%15,22,24 76–89%9,83 NR
Sleep apnea 74–98%22,24 94%9,83 70%28

DJD 41–76%15,22 NR NR
Urinary incontinence 44–88%15,22 NR NR

Other factors
Patient compliance High priority for patient High priority for band adjustments. High priority in patient

selection Follow-up associated with EWL87 selection due to potential
nutritional deficiencies

Vitamin, protein intake More frequent postop visits required Vitamin, protein intake
postoperatively postoperatively

Pregnancy Limited data showing Limited data showing safe pregnancy Limited data suggest 
pregnancy safe after with band in place12,40 improved birth outcomes
RYGBP42,43 after weight loss40,41

Adolescents Safe, effective in carefully Safe, effective in carefully selected No data
selected patients47,50,51 patients52

Elderly Overall, higher mortality Safe, effective in carefully selected Trend toward higher
rates for patients over 6556 patients61 complication rates for age

Safe, effective in carefully >55 in open series62

selected patients57–59

Reversibility Yes, restore gastric continuity Yes, low difficulty to remove band Yes, can reverse
laparoscopically malabsorption but not

partial gastrectomy
Surgeon learning curve Steep 75–100 cases88 Moderate 50–75 cases Very steep 150 cases
Operating time (minutes) 75–260 (mean 130)15,17–19,22,25,58,89 55–709,34,80 210–24026–29,32

* Five studies, 347 patients, short-term follow-up (6–24 months).
** Hand-assisted.
LRYGBP, laparoscopic Roux-en-Y gastric bypass; LAGB, laparoscopic adjustable gastric banding; BPD, biliopancreatic diversion; DS, duodenal
switch; NR, not reported; DJD, degenerative joint disease; GERD, gastroesophageal reflux disease; EWL, excess weight loss; BMI, body mass
index.
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Fortunately, deep venous thrombosis (DVT) and 
pulmonary embolism (PE) are rare complications in all
series. Pulmonary embolism is the major cause of post-
operative mortality after bariatric surgery. There are two
laparoscopic BPD-DS series that reported DVT rates
ranging from 0.5% (27) to 2.5% (one DVT in 40 patients)
(28). In LRYGBP series with over 100 patients, DVTs
occur 0% to 0.3% of the time and the PE rate is 0.3% to
1.1% (15,16,20,22). O’Brien (71) reported a 0.15% DVT
rate in over 700 LAGB patients and the PE rate after
LAGB is equally low (<0.2%). The low rate of DVT/PE
after LAGB may be explained by patient selection (lower
BMI) and shorter operative times with this procedure
compared to LRYGBP and BPD-DS. These reported
rates occurred in patients who received a variety of pro-
phylactic regimens and were clinically significant events
(not detected in asymptomatic patients as part of a sur-
veillance protocol).

Late Complications

The LAGB has a lower rate of early postoperative com-
plications, primarily because there are no anastomoses or
staple lines to potentially leak or bleed. Late complica-
tions (>30 days postoperative for most series) do occur
with all three procedures and are procedure-specific. The
LAGB patients avoid late anastomotic and nutritional
complications, but band, tubing, and port complications
requiring reoperation can occur several months to years
after band placement. There is no long-term data (>10
years) available for any laparoscopic bariatric procedure.
Ultimately, the long-term effects of placing a silicone
band around the gastric cardia are unknown. Late
erosion and esophageal dilation have been concerns but,
with 6 years of follow-up, these have not become major
clinical problems with the adjustable band. Some of 
the late complications associated with open RYGBP and
BPD-DS would be expected in the laparoscopically
treated patients as well (bowel obstruction, anastomotic
strictures, nutritional deficiencies), but late complications
such as incisional hernia have been significantly reduced
with the laparoscopic approach.

The way in which late complications are reported
varies among series, and there is no uniformity regarding
the classification of major and minor complications.
Schauer et al. (22) reported an overall late compli-
cation range of 47% after LRYGBP. This included 
major and minor complications such as anastomotic 
stricture or ulcer, gastrogastric fistula, DVT, hernia,
anemia, and hypokalemia as well as side effects such 
as prolonged nausea or vomiting and symptomatic
cholelithiasis.

Anastomotic strictures after LRYGBP are typically
seen 2% to 11% of the time in larger series, but the use

of the circular end-to-end anastomosis (EEA) stapler for
the gastrojejunostomy (especially the 21-mm size) has
resulted in higher stricture rates up to 26% (33). Stric-
ture rates for laparoscopic BPD-DS range from 1.7% 
to 7.6%, an acceptable range for this complication that 
can be easily treated endoscopically in most cases.
There are no data available for marginal ulcer rates in
laparoscopic BPD-DS, though open series report the
occurrence of this complication 3% to 10% of the time.
Bowel obstructions can occur at the transverse meso-
colon for a retrocolic Roux limb, through Peterson’s
space, or through a defect in the mesenteries at the enter-
enterostomy. This can occur up to 10% of the time with
RYGBP. There are limited data for the laparoscopic
BPD-DS that showed a 1.5% incidence of postoperative
bowel obstruction in Rabkin’s hand-assisted series of 345
patients.

Reoperation rates are fairly consistent among the dif-
ferent procedures, with a higher rate in the LAGB due to
band slippage or port problems, particularly early in
several authors’ experiences. The LAGB has its unique
set of delayed complication that include band slippage,
prolapse of the stomach through the band, erosion of 
the band into the stomach, gastric outlet obstruction at 
the level of the band, and tube or port malfunction or
infection. Occasionally, patients simply cannot tolerate
the gastric restriction provided by the band and request
removal (3.1%) (6).

Overall, LAGB has the lower rates of early and late
postoperative complications. The incidence of band-
specific complications (prolapse, tube or port problems),
though, is similar to procedure-specific problems seen
with LRYGBP (leak, stricture, bowel obstruction). The
LRYGBP has acceptable rates of complications in 
the postoperative period that falls between LAGB and
BPD-DS. To date, there are very few data regarding late
complication rates for laparoscopic BPD-DS. If open
BPD-DS complication rates are used as a surrogate, a
higher price is paid in terms of complications after BPD-
DS in return for the excellent and durable weight loss this
procedure provides.

Nutritional deficiencies can occur following any proce-
dure that bypasses a segment of the bowel. Restrictive
procedures such as LAGB are not typically associated
with any micronutrient deficiencies. Malabsorptive pro-
cedures such as BPD-DS and distal RYGBP have the
highest rates of nutritional problems that can include
protein-calorie malnutrition. Vitamin and mineral defi-
ciencies can usually be prevented or easily treated with
adequate supplementation. Patients undergoing these
procedures must understand the lifelong commitment to
supplementation and have the financial means to be com-
pliant. The inability or unwillingness of patients to take
lifelong supplementation should preclude them from
undergoing a bypass procedure.
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Mortality Rate

In Buchwald’s (90) meta-analysis, 30-day perioperative
mortality was 1.1% for BPD (all open), 0.5% for RYGBP
(open and laparoscopic), and 0.1% for restrictive proce-
dures (including LAGB). The range of mortality rates
from large laparoscopic bariatric series are shown in
Table 24.1. Laparoscopic BPD has the highest mortality
rate among the laparoscopic procedures. Even though
numbers are smaller in these series, which gives a 2.5%
mortality rate for one death in the series of 40 patients,
it is generally accepted, and supported by meta-analysis,
that BPD has a higher mortality rate than the other two
procedures. This may be explained, in part, by patient
selection. Patients undergoing BPD-DS generally have
higher BMIs than patients undergoing LRYGBP or
LAGB, and increasing BMI is a predictor of periopera-
tive morbidity and mortality.

Benefits

Excess Weight Loss

The BPD and BPD-DS provide the most excess weight
loss (EWL) and have proven to be durable when per-
formed as an open procedure. Weight loss for LRYGBP
is excellent and falls between the EWL for LAGB and
for BPD. Weight loss after LAGB is more gradual than
with the bypass procedures, and patients must be
informed about this preoperatively. Many LAGB studies
report weight loss that is less than the EWL typically seen
after LRYGBP. Several studies, though, have reported an
EWL of 57% to 64% at 4 to 6 years after LAGB, and this
weight loss is comparable to that seen with LRYGBP
(9,34). Patient who choose to undergo LAGB over
LRYGBP are typically more risk-averse and willing to
accept less weight loss because the risk of having a major
life-threatening complication is lower for the LAGB.

The EWL for super-obese patients (BMI > 50) is 
generally less after LAGB and LRYGBP (6,35–37).
The EWL for super-obese patients undergoing BPD-
DS is excellent in open series and is reported at 77% 
in one laparoscopic series of super-obese patients (36).
Scopinaro et al.’s (38) open BPD series found no differ-
ence in EWL for patients who had initial excess weight
of 120% compared to those who had an initial excess
weight less than 120%.

Durability

There are currently insufficient data to compare long-
term results among procedures. The longest reported
follow-up after LRYGBP is 5 years with >75% EWL in
the majority of patients (24). Pories’s (85) open series of
RYGBP reported 49% EWL at 15 years, and it is rea-

sonable to expect the laparoscopic result to achieve at
least that same level of effectiveness. The longest follow-
up reported for the LAGB is O’Brien and Dixon’s (9) 
6-year results. They report 57% EWL at 6 years, which 
is comparable to that achieved by LRYGBP. In the U.S.
Ponce et al. (34) reported 64% EWL 4 years after LAGB
(>85% follow-up). There is no long-term follow-up avail-
able for the laparoscopic BPD-DS. Open series of BPD
report 77% EWL at 18 years (38), and this procedure and 
the duodenal switch are considered the most durable
bariatric procedures.

Resolution of Comorbidities

There are several large series documenting the im-
provement or resolution of various comorbidities after
LRYGBP and LAGB. There is only one small series 
of laparoscopic BPD-DS that evaluated reduction of
comorbidities, and this demonstrated excellent results
similar to open series of BPD (28). The LRYGBP is more
effective in eliminating diabetes than is the LAGB, which
may be due to more rapid weight loss or, more likely,
alteration in the entero-insular axis and gut hormones
after RYGBP that rapidly improves glucose metabolism
(prior to weight loss). Because of this difference, the pres-
ence of insulin resistance or diabetes influences many
bariatric surgeons to perform a LRYGBP rather than a
LAGB for these patients.

Hospital Stay

One of the major benefits of laparoscopy is a shorter hos-
pital stay. In bariatric surgery, hospitalization is typically
1 day less for a laparoscopic procedure compared to 
its open counterpart. Most LRYGBP patients are dis-
charged in 2 or 3 days. Laparoscopic BPD-DS patients
have a longer hospital stay than the other two proce-
dures, but this may reflect a higher risk patient popula-
tion undergoing this procedure. Currently, LAGB has the
shortest hospital stay among laparoscopic bariatric pro-
cedures, and some centers perform LAGB as a same-day
surgery in selected patients (39).

Other Factors

Pregnancy

Pregnancy outcomes have been evaluated after gastric
bypass, gastric banding, and biliopancreatic diversion.
Most patients undergoing bariatric surgery are women of
childbearing age, and contraception during the period of
rapid weight loss should be emphasized. Pregnancies do
occur during this period, though, as well as during the
later weight-stable period, and fertility can significantly
improve after surgically induced weight loss.



374 S.A. Brethauer and P.R. Schauer

Laparoscopic adjustable gastric banding is unique in
that it can be actively managed during the pregnancy
based on maternal weight gain. The safety of the LAGB
in pregnancy has been demonstrated in several small
studies. Birth weight, pregnancy-induced hypertension,
and gestational diabetes rates in LAGB patients were
lower than in pre-band pregnancies and matched controls
and were comparable to community norms (40).

Weight loss after BPD provides benefits in terms 
of normalizing gestational weight changes, normalizing
infant birth weight, and reducing rates of fetal macroso-
mia. Children of mothers who conceived after BPD have
normal growth patterns (41). Because protein and calorie
absorption may not be adequate to sustain a pregnancy,
up to 20% of women require parenteral nutrition during
pregnancy following BPD. Therefore, delaying pregnancy
until weight loss stabilizes is recommended.

After gastric bypass, patients becoming pregnant 
have fewer pregnancy-related complications than obese
patients who delivered prior to gastric bypass. There was
less gestational diabetes (42), hypertension, and large-
for-gestational-age infants in post–gastric bypass surgery
pregnancies (43). Nutritional status should be closely
monitored, with specific attention to iron, calcium, folate,
and vitamin B12 supplementation.

Adolescent Bariatric Surgery

Obesity in the pediatric and adolescent population has
increased significantly over the last two decades, and 
the prevalence has nearly doubled in the last 10 years
(44). Obesity in adolescence is associated with the same
comorbidities seen in the adult population and the inci-
dence of hypertension, hypercholesterolemia, type 2 
diabetes, sleep apnea, pseudotumor cerebri, polycystic
ovarian syndrome, nonalcoholic fatty liver disease, and
musculoskeletal problems is higher in obese adolescents
than normal-weight adolescents. The metabolic syn-
drome is present in 30% of overweight and 50% of
severely obese adolescents (45,46). Childhood and ado-
lescent obesity is also associated with a myriad of severe
psychological and social problems and poor health-
related quality of life (47–49).47–49

Small series support the safety and efficacy of RYGBP
(47,50,51) and LAGB (52) in carefully selected adoles-
cents. The selection criteria for these patients are strict,
and the BMI criteria are generally higher than for adults
(≥40 with severe obesity-related comorbidity or ≥50 with
less severe comorbidities) (53). To be considered for
surgery, these patients must have achieved skeletal matu-
rity (13 to 14 years in girls, 15 to 16 years in boys) and
failed at least 6 months of a medically supervised weight
loss program. Psychologic evaluations in this group of
patients is important to determine emotional maturity,

motivation, and family support, and to identify any psy-
chological or social contraindications to performing the
surgery (54).

Short-term results with open and laparoscopic RYGBP
have been favorable in this group, with 62% to 87% EWL
and resolution of comorbidities in nearly all patients 1 to
2 years after surgery (47,50). Long-term results of studies
with large numbers of adolescents undergoing laparo-
scopic bariatric surgery are not yet available.

The laparoscopic adjustable gastric band is currently
not approved for use in adolescents in the United States,
but success with this procedure has been demonstrated
elsewhere for this age group. Dolan et al. (52) reported
59% EWL 24 months after surgery in 17 patients. There
were only two band-related complications in this series.
The LAGB is an attractive option for the adolescent pop-
ulation due to its reversibility, but long-term follow-up
data are limited.

Biliopancreatic diversion is the most effective bariatric
procedure in terms of weight loss and durability, but the
higher morbidity and mortality associated with the pro-
cedure and the high incidence of nutritional deficiencies
make this operation much less attractive in the adoles-
cent population.

Bariatric Surgery in the Elderly

As with the adolescent age group, there was insufficient
evidence in 1991 for the National Institutes of Health
(NIH) consensus conference to make recommendations
about bariatric surgery for patients older than 60 years.
Currently, 33% of the U.S. population 60 years or older
are obese, and 3.9% are severely obese (BMI ≥ 40). These
patients frequently have multiple comorbidities and are
generally higher risk operative candidates due to long-
standing cardiovascular and pulmonary disease. Age over
55 has been shown to be an independent predictor of
mortality after bariatric surgery (55). Flum et al. (56)
reported higher all-cause perioperative mortality rates in
Medicare patients over 65 years of age. Mortality rates
for patients aged 65 years or older were 4.8% at 30 days
and 6.9% at 90 days compared to 1.7% and 2.3%, respec-
tively, for patients younger than 65. Nevertheless, care-
fully selected patients in this age group can benefit
greatly from surgical weight loss. More important than
the chronological age, patients’ physiologic age, comor-
bidity severity, and functional status determine how they
will tolerate, and benefit from, bariatric surgery. Recent
evidence supporting bariatric surgery in older patients
consists of case series of open and laparoscopic RYGBP
(57–59), laparoscopic gastric banding (60,61), and bil-
iopancreatic diversion (62). In a series by Papasavas 
et al. (58), patients over age 59 had excellent EWL at 2
years (67%) and over 70% had resolution of diabetes,
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hypertension, and sleep apnea at 1 year. Only three
patients (4%) required rehabilitation postoperatively.
Other reports have also confirmed the safety of gastric
bypass in older patients, but have demonstrated less
weight loss and less complete resolution of comorbidities
in the older patient groups (57,59).

Gastric banding has been evaluated in patients over 50
years of age with EWL of 68% at 1 year. Complications
requiring reoperation occurred in 10% of patients, and
97% had improvement in their obesity-related comor-
bidities (61). A study comparing long-term weight loss
and complication rates between older and younger
patients who underwent biliopancreatic diversion
demonstrated similar weight loss at 5 years, but a trend
toward higher rates of protein malnutrition, anastomotic
ulcer, and need for reversal in patients over 55 years (62).

Reversibility

All three operations are potentially reversible. Certainly,
the LAGB can simply be removed to restore the normal
anatomy. This is an attractive feature for many patients
who may be tentative about having their gastrointestinal
anatomy significantly altered. Additionally, it may prove
to be the most beneficial option for the adolescent pop-
ulation in which psychosocial factors can change rapidly.
Gastric bypass can be reversed by re-creating gastric con-
tinuity and removing or reanastomosing the Roux limb
to maintain bowel length. This restores normal alimen-
tary flow through the duodenum. The BPD-DS can be
reversed physiologically by creating a proximal enteroen-
terostomy to effectively eliminate the effects of the short
common channel. Obviously, the gastric anatomy is 
permanently altered by the hemigastrectomy or sleeve
gastrectomy.

Surgeon Learning Curve

Based on current reports in the literature, the BPD-DS
is the most complex laparoscopic bariatric procedure to
perform. Even in experienced hands, the procedure is
associated with a higher rate of complications and longer
operative time. This procedure has not been widely
adapted by community surgeons as the LRYGBP has,
and the data regarding the learning curve are limited.
Based on small published series, it is safe to say that the
learning curve for laparoscopic BPD-DS is very steep.
More research has been conducted on the learning curve
for LRYGBP, which is discussed in Chapter 7. In general
the learning curve for LRYGBP is 75 to 100 cases. At this
point in a surgeon’s experience, operative times and com-
plication rates should equal national standards.

Patient Compliance

A motivated, compliant patient is required for the success
of any bariatric procedure. In reality, though, there is a
wide spectrum of adherence to the postoperative plan
among the bariatric surgery population. In addition,
many patients travel considerable distances to undergo
surgery and frequent follow-up visits with the primary
surgeon are not practical or financially realistic. Never-
theless, efforts should be made during the preopera-
tive evaluation to determine the likelihood of patient 
compliance.

For malabsorptive procedures, compliance is critical 
to follow nutritional parameters and reinforce patient
adherence to supplementation. Patients who are lost 
to follow-up after BPD or DS risk developing severe
protein or micronutrient deficiencies. Follow-up is impor-
tant after LRYGBP as well, since many of these patients
may develop iron deficiency anemia or B12 deficiency.
Compliance with protein intake and nutritional supple-
ments should be emphasized at each follow-up appoint-
ment. Patient adherence to the follow-up schedule after
LAGB has been shown to impact weight loss. This pro-
cedure is unique from the others in that it requires adjust-
ments that directly impact the success of the operation.
In a study by Shen et al. (87), patient follow-up and
weight loss were compared in the first year after surgery
for 186 LAGB and 115 RYGBP patients. Overall EWL
was 42% for LAGB patients who returned six or fewer
times in the first year compared to 50% EWL for patients
who returned more than six times (p = .005). Overall
EWL for RYGBP at 1 year was 66% and was not affected
by the number of patient follow-up visits.

Conclusion

There are currently no randomized prospective data to
guide our decision regarding which laparoscopic proce-
dure should be offered to a specific patient. The decision
is primarily based on surgeon experience and the
patient’s expectations. Patients who are more risk-averse
tend to choose the LAGB, and those who desire greater
weight loss and can accept a potentially higher compli-
cation rate choose RYGBP or BPD. Currently, LRYGBP
is the most commonly performed bariatric procedure in
the world. This is largely due to its good safety profile and
excellent long-term weight loss and comorbidity reduc-
tion. Laparoscopic adjustable gastric banding, though,
is growing in popularity due to its low morbidity and 
mortality rates and encouraging medium-term results.
Laparoscopic malabsorptive procedures are currently
performed at specialized centers and, because of their
technical complexity and potential for nutritional 
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deficiencies, are unlikely to gain wide acceptance in the
United States.
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procedures in terms of both operative complications and
long-term consequences. In addition, advances in this
technology have led to improving efficacy. This chapter
reviews the theory and current experience with gastric
implantable stimulation for weight loss.

Gastric Electrophysiology and Motility

Motility is one of the most critical physiological functions
of the human gut. Without coordinated motility, digestion
and absorption of dietary nutrients could not take place.
To accomplish its functions effectively, the gut needs to
generate contractions that are coordinated. This pro-
duces the transit of luminal contents (peristalsis) to a
position where the nutrients can be maximally absorbed.
In addition, hypermotility must be avoided, which would
negatively impact nutrient absorption by decreasing
nutrient exposure to the mucosa. In a similar fashion, the
stomach requires coordinated gastric contractions for
normal emptying.

Gastric contractions are regulated by the myoelectri-
cal activity of the stomach. Normal gastric myoelectrical
activity consists of two components: slow waves and spike
potentials (9). The slow wave is omnipresent and occurs
at regular intervals whether or not the stomach contracts.
It originates in the proximal stomach and propagates dis-
tally toward the pylorus (Fig. 25.1-1). The gastric slow
wave determines the maximum frequency, propagation
velocity, and propagation direction of gastric contrac-
tions. The normal frequency of the gastric slow wave is
about 3 cycles per minute (cpm) in humans and 5cpm in
dogs. When a spike potential (similar to an action poten-
tial) is superimposed on the gastric slow wave, a strong
lumen-occluding contraction occurs.

Gastric dysrhythmias represent aberrations from the
normal gastric myoelectrical activity. Similar to cardiac
dysrhythmias, they include abnormally rapid contrac-
tion (tachygastria) and abnormally slow contraction 
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It is estimated that 66% of all adult Americans are over-
weight or obese (1). Furthermore, 4.8% are extremely
(morbidly) obese, which is defined as a body mass index
(BMI) greater than or equal to 40. Calculations suggest
that the number of extremely obese adults in the United
States has reached a staggering 14 to 16 million people.
These individuals suffer from a wide range of comor-
bidities and make up the second largest group of pre-
ventable deaths after smoking (>300,000 yearly) (2). The
cost of treating the obese is staggering, at approximately
$70 billion yearly (3). The impact of obesity is also not
limited to the United States but is spreading worldwide.
Globally, the prevalence of overweight/obesity was
recently estimated at 1.7 billion people (4). This accounts
for over 2.5 million deaths per year (5). Not far behind
obesity in adults is the growing epidemic of overweight
adolescents. Currently, surgery is rarely offered to these
patients for fear of operative complications and long-
term noncompliance.

Bariatric surgery is now a widely accepted treatment
for severe obesity. Numerous studies have demonstrated
dramatic improvement in the obesity-associated comor-
bidities from the weight loss achieved with all of these
procedures (6–8). However, currently fewer than 1% of
those who meet standard criteria for eligibility for surgi-
cal therapy will have bariatric surgery in a given calendar
year. While many potential candidates are denied surgery
secondary to lack of medical insurance coverage, the lack
of knowledge about the efficacy of these treatments, or
other disqualifications, a great number will avoid surgery
because of fear of the potential operative complications
and long-term consequences of the current operative
procedures.

Implantable gastric stimulation for weight loss is an
exciting new concept for the treatment of obesity. It is
unique in that it involves the least invasive surgery and
does not alter the gastrointestinal tract anatomy. Since its
inception in the mid-1990s, international investigations
have demonstrated it to be the safest of all bariatric 
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(bradygastria). For example (Fig. 25.1-2), there can be an
ectopic pacemaker in the distal stomach in addition to the
normal pacemaker in the proximal stomach. The ectopic
pacemaker generates slow waves with a higher frequency
than normal (tachygastria), and with a retrograde prop-
agation toward the proximal stomach. These abnormal
waves may interfere with the normal slow wave propa-
gation and possibly disrupt normal gastric contractions.

Recently, the prevalence and origin of various gastric
dysrhythmias was investigated (10). It was found that the
majority of bradygastrias (80.5% ± 9.4%) originated 
in the proximal stomach (p < .04, vs. other locations) 
and propagated all the way to the distal antrum, that is,

bradygastria is attributed to a decrease in the frequency
of the normal pacemaker. In contrast, tachygastria mainly
originated in the distal antrum (80.6% ± 8.8%) (p < .04,
vs. other locations) and propagated partially or all the way
to the proximal stomach. During tachygastria, the normal
pacemaker in the proximal stomach may still be present.
That is, it is not uncommon for the proximal stomach to
be dominated with normal slow waves, and the distal
stomach to be dominated with tachygastria. Overall, the
prevalence of dysrhythmia was highest in the distal
antrum and lowest in the proximal part of the stomach.

The patterns of gastric motility are different in the fed
and the fasting states (11). In the fed state, the human
stomach contracts at its maximum frequency of 3cpm.
The contraction originates in the proximal stomach and
propagates distally toward the pylorus. In healthy
humans, 50% or more of the ingested food is usually
emptied from the stomach by 2 hours after the meal and
over 95% or more has been emptied by 4 hours after the
meal (12). When the stomach is emptied, the pattern of
gastric motility changes. The gastric motility pattern in
the fasting state undergoes a cycle of periodic fluctuation
divided into three phases: phase I (no contractions, 40–60
minutes), phase II (intermittent contractions, 20–40
minutes), and phase III (regular rhythmic contractions,
2–10 minutes).

Gastric emptying plays an important role in regulating
food intake. Several studies have shown that gastric dis-
tention acts as a satiety signal to inhibit food intake (13).
In addition, rapid gastric emptying is closely related to
overeating and obesity. This is especially true for animals
with lesions in the hypothalamic region of the brain (14).
In a study of 77 human subjects composed of 46 obese
and 31 age-, sex-, and race-matched nonobese individu-
als, obese subjects were found to have a more rapid
gastric emptying rate than nonobese subjects (15). Obese
men were found to empty much more rapidly than their
nonobese counterparts. It was concluded that the rate of
solid gastric emptying in the obese subjects is abnormally
rapid. The significance and cause of this change in 
gastric emptying remains to be definitively established.
However, from work performed at the University of
Chicago in 1913, Carlson (16) proposed that a relation-
ship existed between the gastrointestinal tract and the
hypothalamus that regulated dietary intake. It has more
recently been shown that several peptides, including
cholecystokinin (CCK) and corticotropin-releasing
factor (CRF), suppress feeding and decrease gastric
transit. Peripherally administered CCK-8 was found to
decrease the rate of gastric emptying and food intake in
various species (17). CRF, when injected, has also been
shown to decrease food intake and the rate of gastric
emptying (18). More recently, it was shown that in ob/ob
mice (a genetic model of obesity), the rate of gastric emp-
tying was accelerated compared with that in lean mice

Figure 25.1-1. Normal gastric slow waves. Gastric slow waves
recorded from electrodes implanted on the serosal surface of
the stomach along the greater curvature in a healthy dog
(1.5–min recording). The top tracing was obtained from a pair
of electrodes 16cm above the pylorus and the bottom one was
from the electrodes 2cm above the pylorus. (Courtesy of Jiande
Chen, Ph.D.)

ch
 1

ch
 2

ch
 3

ch
 4

ch
 5

ch
 6

ch
 7

ch
 8

220.00 240.00 260.00
Seconds

280.00 300.00

Figure 25.1-2. Tachygastria. Gastric slow waves recorded from
electrodes implanted on the serosal surface of the stomach
along the greater curvature showing the ectopic tachygastrial
activity in the distal stomach (arrow). The top tracing was
obtained from a pair of electrodes 16cm above the pylorus and
the bottom one was from the electrodes 2cm above the pylorus.
(Courtesy of Jiande Chen, Ph.D.)
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(19). Urocortin, a 40 amino acid peptide member of the
CRF family, dose-dependently and potently decreased
food intake and body weight gain as well as the rate of
gastric emptying, in ob/ob mice. This suggests that rapid
gastric emptying may contribute to hyperphagia and
obesity in ob/ob mice and opens new possibilities for the
treatment of obesity.

Gastric Stimulation and Pacing

Gastric stimulation involves the application of an electri-
cal current to the stomach to alter its function. The utility
of gastric pacing may be realized only if artificially gen-
erated electrical current could entrain normal gastric
pacesetter potentials. This, in fact, has been demonstrated
in canines (20) and in humans (21). How this affects
gastric function is still to be determined.

Electrical stimulation of the stomach can be directed
from proximal to distal (antegrade pacing) or from distal
to proximal (retrograde pacing). While it would be attrac-
tive to assume that antegrade stimulation could improve
normal gastric emptying, and retrograde stimulation
would be used to retard or adversely impact normal
gastric emptying, in human subjects these relationships
have not been conclusively proven.

However, a number of papers have been published on
gastrointestinal electrical stimulation for the treatment of
gastrointestinal motility disorders in both dogs and
humans. These disorders are characterized by poor con-
tractility and delayed emptying (in contrast to obesity),
and the aim of electrical stimulation in this setting is to
normalize the underlying electrical rhythm and improve
these parameters. In general, this is done by antegrade or
forward gastric (or intestinal) stimulation.

Previous work on antegrade gastrointestinal stimula-
tion has been focused on its effects on (1) gastric 
myoelectrical activity, (2) gastric motility, (3) gastric emp-
tying, and (4) gastrointestinal symptoms (22–29). These
studies have shown that entrainment of gastric slow
waves is possible using an artificial pacemaker. The
studies have indicated that such entrainment is depend-
ent on certain critical parameters, including the width and
frequency of the stimulation pulse (22). Furthermore,
antegrade intestinal electrical stimulation can entrain
intestinal slow waves using either serosal electrodes or
intraluminal ring electrodes (25,28). McCallum et al. (26)
demonstrated in patients suffering from gastroparesis
that antegrade gastric pacing could entrain gastric slow
waves in all nine patients. They paced the greater curva-
ture of the stomach at frequencies approximately 10%
higher than the slow wave frequencies measured. In two
patients, it converted tachygastria to normal slow waves.
In fact, electrical pacing significantly improved gastric
emptying and symptoms in these patients. In a case

report, Familoni et al. (30) also were able to improve
gastric emptying and symptoms in a patient with severe
diabetic gastroparesis by pacing the stomach at a high fre-
quency (12cpm). In contrast, Hocking (31) was unable to
treat postgastrectomy gastric dysrhythmias with pacing in
a patient who underwent vagotomy and gastrojejunos-
tomy for an obstructing duodenal ulcer.

Retrograde pacing may be of benefit for patients with
abnormally rapid gastric emptying such as those patients
with dumping syndrome and the morbidly obese (23).
The principle of retrograde gastric electrical stimulation
is the opposite of what has been described for patients
with impaired gastric emptying. Retrograde gastric elec-
trical stimulation employs retrograde pacing (Fig. 25.1-3).
As previously stated, the original working concept was
that retrograde pacing might retard the propulsive activ-
ity of the stomach and slow gastric emptying. This could
be useful in the treatment of obesity, where it is postu-
lated that a delay in gastric emptying would lead to early
satiety and decreased food intake. Again, delayed gastric
emptying as a mechanism of action for electrical stimu-
lation has not been proven in humans.

To accomplish retrograde gastric electrical stimulation,
an artificial pacemaker is connected to the distal stomach
along the lesser curvature, resulting in electrical waves
propagating from the distal to the proximal stomach.
These waves conflict with the normal and physiologic
electrical waves that propagate from the proximal to the
distal stomach. Consequently, gastric dysrhythmia is
induced and the regular propagation of gastric electrical
waves is impaired. The severity of impairment is deter-
mined by the strength of the electrical stimulation.

Normal
pacemaker

Normal slow
waves

Retrogradely
propagated
electrical wave

Artificial
pacemaker

Figure 25.1-3. Retrograde gastric electrical stimulation.
Electrical stimulation from an ectopic gastric pacemaker
located in the distal stomach may delay gastric emptying.
(Courtesy of Jiande Chen, Ph.D.)
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Implantable Gastric Stimulation for
Weight Loss

Whether delayed gastric emptying can be accomplished
by electrical gastric stimulation or not, this modality has
been shown to be safe and effective for the treatment of
severe obesity. The concept was first developed by an
Italian surgeon, Valerio Cigaina, in the late 1980s. At that
time, he hypothesized that exogenous electrical impulses
could be used to dysregulate normal gastric electromotor
activity in obese patients, resulting in weight loss.
Although the mechanism of action is still not elucidated,
gastric stimulation has been shown to achieve meaning-
ful weight loss. A more current theory that also has been
supported by animal study is the effect of electrical stim-
ulation on fundic relaxation. This relaxation is seen with
normal postprandial gastric distention and may result in
satiety (32).

Studies investigating the potential for gastric electrical
stimulation to induce weight loss were first reported by
Cigaina et al. (33) in 1996 in a porcine model. The results
showed that retrograde gastric electrical stimulation was
both safe and effective in moderating weight gain in
growing swine. Animals were divided into three groups,
two of which had electrodes implanted into the muscle
layer of the distal antrum. Control animals received sham
surgery. Implanted swine experienced either 3 or 8
months of electrical antral stimulation at 5 or 100Hz,
respectively. All animals were fed ad libitum. As
expected, immature swine in the control group increased
feeding and progressively gained weight. Over the first 12
weeks of the study, there were no differences in animal
feed intake or weight between the groups (both control
and stimulated groups increased intake and weight).
However, after 13 weeks, animals subjected to high-fre-
quency stimulation decreased their feed intake relative
to the control group and then their weight. After 8
months, the swine stimulated at 100Hz weighed 10.5%
less than the control animals. The overall feed intake in
the group stimulated at 100Hz was 12.8% lower than in
the control group. However, animals in the group stimu-
lated at the lower frequency (5Hz) for only 3 months
demonstrated dramatically less change from the control
group.

Gastric peristalsis has also been studied in the swine
model. Peristalsis was noted to be altered with electrical
stimulation. In a study with swine, those stimulated at 
40Hz were noted to have decreased peristalsis (34).
However, the exact mechanism of action was not eluci-
dated and gastric emptying not evaluated.

As a consequence of the animal study results, the initial
human studies began in 1995 (35). Four women with a
BMI of 40 or greater were implanted and followed for up
to 40 months. Via laparoscopy, patients had platinum

electrodes implanted intramuscularly on the anterior
gastric wall, adjacent to the lesser curve and proximal to
the pes anserinus. The system was bipolar in design so
that two electrodes, one an anode and one a cathode,
were inserted into the gastric muscle layer. A prototype
electrical stimulator was implanted in a subcutaneous
pocket of the anterior abdominal wall. All four patients
were permitted food and drink ad libitum. At 40 months
after implantation, one patient had lost 32kg, and a
second had lost 62kg. In the other two patients, mal-
functions in their stimulator system were discovered.
One patient was found to have a fracture of the lead,
which compromised its effectiveness. At 40 months 
after implantation, the patient had lost only 2 BMI 
units. Similarly, in a second patient there was also an
apparent fracture of the lead, and that patient did not 
lose weight. In both of these patients, lead fracture led 
to unipolar pacing (only one electrode was presumed 
to be functional) versus the intended bipolar stimula-
tion. The two subjects who had no lead problems and
received bipolar pacing had much better results. There-
fore, it was concluded that bipolar electrical stimulation
was necessary. In addition, chronic gastric electrical stim-
ulation was considered safe as no side effects were
reported.

In 1998, a second study was initiated in human sub-
jects to investigate the safety and efficacy of a first-
generation, dedicated, gastric stimulator, the Prelude
implantable gastric system (36). All enrolled patients had
a BMI of more than 40, a history of unsuccessful weight
loss, and an absence of serious cardiac, respiratory, or psy-
chiatric problems. Ten patients underwent a minimally
invasive surgical procedure to implant the system. Stim-
ulation was initiated 30 days after implantation. After
implant, all subjects were permitted food and drink ad
libitum during three regular meals, but told not to eat
between meals. Only sweet and alcoholic beverages 
were discouraged. Patients were followed at approxi-
mately monthly intervals. The stimulator was interro-
gated using transcutaneous radiofrequency telemetry,
which linked the implanted device to a computerized 
programmer. Data collated included stimulation 
parameters, lead impedance, and residual battery 
capacity.

This study demonstrated both safety and efficacy.
There were no deaths or other significant medical prob-
lems during the study, no complications related to the
procedure, and no long-term complications. Specifically,
there were no lead fractures or failures of the electrical
components of the system. After receiving 51 months of
stimulation, the mean weight loss of all 10 patients was
23% of excess weight and appears to be well maintained
(Fig. 25.1-4). Not surprising, battery depletion led to
weight regain and device replacement with a new battery
resulted in renewed weight loss.
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Current International Experience with
Implantable Gastric Stimulation for
Weight Loss

The Implantable Gastric Stimulation (IGS), a pace-
maker-like device (Transcend,Transneuronix, Mt. Arling-
ton, NJ), includes a battery-operated pulse generator and
a bipolar lead. The generator is similar to a heart pace-
maker and about the size of a pocket watch. It is
implanted under the skin in the left upper quadrant (Fig.
25.1-5). The system lead is laparoscopically inserted into
the seromuscular layer of the anterior stomach wall. In
most cases, the operation was performed in less than 1
hour. Most patients were discharged on the same day as
the procedure or the next day. The programmer is a stan-
dard computer connected to a programming wand. The
programmer communicates via the computer and wand
with the implanted IGS using transcutaneous radiofre-
quency telemetry. The IGS can be quickly and easily
interrogated or programmed in the clinic or office setting.
Presently, over 800 patients have been enrolled world-
wide in research trials and had the IGS system implanted.
There have been no deaths or major complications.

European Multicenter Study

After the pioneering work of Cigaina et al., a multicen-
ter trial was initiated in Europe. Fifty patients were
implanted at seven clinical centers (in Italy, France,
Germany, Sweden, Greece, Austria, and Belgium). While
study design varied somewhat at each of the clinical
centers, most were open-label. There were no significant
complications in any of the patients. Mean weight loss 
has surpassed 40% of excess after a 2-year follow-up 
(Fig. 25.1-6).

Laparoscopic Obesity Stimulation 
Survey (LOSS)

A second multicenter investigation has been undertaken
in Europe. This effort initially enrolled 60 patients at
eight participating sites. As with the previous study, there
have been no significant complications. After a 10-month
period of follow-up, a mean excess weight loss of over
20% has been achieved (Fig. 25.1-7). Average excess
weight loss was sustained at 25% in 91 patients two years
after implantation (37).
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Figure 25.1-4. Long-term results from the preliminary pilot
study of Cigaina et al. (36). Ten patients were followed for over
51 months. The patients achieved a mean of 23% excess weight
loss. Also note that patients gained weight when there was
battery depletion and lost weight once the devices were
replaced.

Figure 25.1-5. The Implantable Gastric Stimulation (IGS)
system. Implantable gastric stimulator with the bipolar lead is
inserted in the muscular layer along the lesser curvature. The
lead is placed close to the pes anserinus.
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Figure 25.1-6. European multicenter study. Fifty patients at
seven clinical sites were enrolled. Weight loss achieved was 40%
of excess with a mean follow-up of 27 months.
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U.S. O-01 Trial

In the United States, the first research investigation was
a multicenter, randomized, controlled, double-blinded
trial that was developed to evaluate both the safety and
efficacy of the IGS system; 103 patients were enrolled.
The IGS lead was laparoscopically placed in 100 of the
patients (three patients had it placed via a small midline
incision to assess the practicality of also placing the
device by traditional surgery). One month after implant,
patients were randomized to device activation or having
the devices remain in the off mode. After 7 months, the
off group was activated. Device settings were universal
for all patients. Patients were clinically evaluated
monthly for 24 months and carefully monitored for com-
plications and for weight loss. No dietary or behavioral
counseling was provided.

No deaths or complications from implantation
occurred. Although none of the patients has experienced
any untoward effects from this procedure, 17 of the first
41 leads were discovered to be dislodged from the stomach
wall (38). This complication led to an alteration in tech-
nique to ensure better lead security. However, lead dis-
lodgment almost certainly affected weight loss results. In
addition, the lack of dietary and behavioral counseling,
and the inclusion of patients with binge-eating disorders,
may have also affected the weight loss results. Interest-
ingly, during the first 6 months, many patients admitted to
having deliberately overeaten or experimented with their
diets to discern whether their devices were activated.
Despite these drawbacks, after 1 year of stimulation, 20%
of the patients lost greater than 5% of their total body
weight and the mean total weight loss was 11%.

U.S. Dual-Lead Implantable Gastric Electrical
Stimulator Trial

In hopes of building on the lessons learned from the Euro-
pean and U.S. O-01 trials, a pilot study was designed for

the United States to see if the results could be improved.
This open label pilot trial, the Dual-Lead Implantable
Gastric Electrical Simulation Trial (DIGEST), enrolled
30 patients at two clinical sites. This trial is unique for
several reasons. First, binge eaters are excluded, as they
performed poorly in earlier trials. Second, behavioral
support and dietary counseling are included. Third, the
system includes two leads (four electrodes) that can be
programmed separately or together. Finally, the device is
programmed individually for each patient. A clinical
breakthrough was discovered early in this investigation.
It was found that by programming high electrical outputs,
most patients immediately developed symptoms of bloat-
ing, nausea, retching, or abdominal pain. This finding may
be similar to the capture of cardiac rhythm during heart
pacing. The output is then reduced slightly, below the
symptom threshold. Patients who experience symptoms
have dramatic reductions in appetite and most have
achieved weight loss. Overall, there was a 15% excess
weight loss at 38 weeks (Fig. 25.1-8) and 23% excess
weight loss at 16 months. However, at our site, we have
achieved a mean excess weight loss of 30.4% at a mean
follow-up of 9.5 months (8–14); 80% of our patients have
lost weight and 60% of patients have lost more than 10%
of their excess weight (14.7–104% of excess weight loss).
The dramatic differences between the results from the
two investigative sites may reflect differences in patient
selection and administrative resources and suggests the
importance of proper patient selection and support.

Need for Careful Patient Selection

Thus far, the worldwide experience with the IGS system
has proven that like all other surgical procedures for
weight loss, no procedure is effective for all patients. This
has recently been validated when a simple screening tool
(BaroScreenTM) was developed and retrospectively
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Figure 25.1-7. Laparoscopic Obesity Stimulation Survey
(LOSS). Interim results from this multicenter European trial
involving 60 patients at eight clinical centers. At a mean of 10
months of follow-up, patients lost over 20% of their excess
weight and this was sustained two years after implantation.
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Figure 25.1-8. Dual-Lead Implantable Gastric Electrical Stim-
ulation Trial (DIGEST). Preliminary results for the 30 enrolled
patients at two clinical centers (New England Medical Center
and St. Charles Hospital). Results varied at the two sites that
may reflect differences in patient selection.
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applied to approximately 252 IGS patients internation-
ally. The screening tool is based on demographics and
responses to questionnaire items, and it appeared to accu-
rately predict both responders, and nonresponders. Moti-
vational factors seem to be most important. Applying this
strategy retrospectively demonstrated that those patients
who screened favorably for these motivational factors
performed significantly better than those who screened
unfavorably. For both U.S. trials, its implementation
would have eliminated approximately 75% of the partic-
ipants. However, those who scored favorably had dra-
matic results (Fig. 25.1-9). Further prospective analysis is
necessary to confirm these preliminary findings.

Superficially, screening out 75% of potential patients
seems to be a concern for the future of this technology.
However, it should be remembered that 25% of the tens
of millions of potential patients who might benefit from
this procedure is still a significant number of patients who
may benefit from treatment with gastric stimulation.

Future Considerations for Implantable
Gastric Stimulation

While the IGS system is an exciting new approach for the
treatment of severe obesity, there are still questions that
need to be answered. Further animal and human research

is needed to better clarify its mechanism of action, patient
selection, and proper application.

While delayed gastric emptying was initially enter-
tained as a potential mechanism of action, this has not
been demonstrated in a limited human investigation.
Other etiologies are also being considered, such as the
influence of gastric electrical stimulation on the secretion
of gastrointestinal hormones and on nerve function. In a
preliminary study on 11 patients, Cigaina and Hirshberg
(39) found that IGS pacing resulted in meal-related
responses of cholecystokinin and somatostatin, and basal
levels of glucagon-like peptide-1 and leptin were signifi-
cantly decreased as compared with controls. Further
studies of gastrointestinal (GI) hormones such as ghrelin
are underway.

Appropriate patient selection also needs to be better
defined. Development of a simple patient screening tool
(BaroScreenTM ) to segregate responders from nonre-
sponders is a significant first step. As with electrical stim-
ulation for other conditions such as epilepsy and urinary
incontinence, avoiding implantation in those patients not
likely to respond would dramatically improve results.
In addition, determining the best subgroups of obese
patients for this technology is also important. Obesity is
a very heterogeneous condition. For instance, this device
may prove very effective for patients with a BMI of 35 to
45, but less so for patients with a BMI of greater than 60.
It may be most effective for patients with a BMI of 30 to
40. Approximately 50 million American adults have a
BMI in this range, and they are generally not considered
for surgery and are poorly served by medical weight loss
strategies. The IGS may be attractive for the adolescent
obese or could be used as a weight maintenance strategy
for patients who have lost weight by nonoperative means.

Further work also needs to be performed to refine the
most appropriate stimulation parameters for the device
as well as the optimal location for the leads in the
stomach wall. Are two leads better than one, or should
multiple leads be considered? Lastly, additional applica-
tions for the IGS can also be entertained. For example,
the IGS may be considered for other gastrointestinal con-
ditions such as severe gastrointestinal reflux. Preliminary
work out of Germany found that the IGS improved both
lower esophageal pressures and lowered DeMeester
scores in five patients with severe reflux (40).

Conclusion

Significant obesity has become a worldwide health
concern that is growing in prevalence at alarming pro-
portions. While surgery currently offers the only thera-
peutic option that consistently achieves meaningful and
sustained weight loss, the majority of eligible surgical 
candidates will choose not to undergo surgery for fear of
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Figure 25.1-9. U.S. trial results with enhanced patient screen-
ing. A patient screening tool was used to predict responders and
nonresponders. These graphs depict the weight loss results for
both U.S. trials when only responders were included. Dramati-
cally improved weight loss was seen. U.S. Trial O-01 is on the
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surgical complications or long-term sequelae.
Implantable gastric stimulation is a new and unique sur-
gical modality that offers safe and effective weight loss.
Worldwide results have demonstrated that it is the safest
of all the surgical procedures and is currently achieving
near-comparable results.

While there is still much to be learned about this tech-
nology, it is clear that the IGS is introducing a paradigm
shift in the surgical management of severe obesity and is
close to joining the other procedures as a reliable option.
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live up to expectations in terms of safety and efficacy, and
critical reports began to appear in the literature.

The two earliest balloons were the Garren-Edwards
Bubble (made and sold in the United States, 1984) and
the Ballobes (produced in Denmark). The Garren-
Edwards, air-filled with a maximum fill volume of 220mL,
had a recommended placement of 3 months, was shaped
like a tin can with sharp edges, and was made of plastic
elastomer. The Ballobes, also air-filled, had a maximum
fill volume of 500mL, a sharp-edged ovoidal shape, and
allowed a maximum placement of 4 months.

Both of these devices were found to produce high rates
of complications, usually caused by the sharp edges.
These complications included decubitus ulcers (3–7%)
(1–3) and spontaneous balloon deflation (5–11%) (1–3).
Several cases of bowel obstruction were also reported
(1–3). Additionally, they failed the efficacy test by not
producing adequate weight loss in patients due to their
low maximum fill volume and the fact that they were 
air-filled. Nevertheless, these balloons were sold to 
physicians with little or no obesity surgery treatment
experience. All of these problems led to the intragastric
balloon falling out of favor and to its eventual demise.

Then, a scientific conference was held in Tarpon
Springs, Florida, in 1987 that brought together 75 inter-
national experts from the fields of gastroenterology,
surgery, obesity, nutrition, and behavior medicine. The
purpose was to study the intragastric balloon and come
to a consensus for the future development and use of this
technology and treatment option. The conference rec-
ommended that the intragastric balloon have the follow-
ing attributes:

• It should be effective at promoting weight loss.
• It should be filled with liquid (not air).
• It should be capable of adjustment to various sizes.
• It should have a smooth surface and low potential for

causing ulcers and obstructions.

389

The development of nonsurgical treatments for morbid
obesity has garnered widespread and renewed interest in
the last few years. Behind these new approaches is an
increased sensibility regarding the quality-of-life issue,
which requires careful evaluation of the risk–benefit ratio
for each intervention and for each patient, as well as a
renewed respect for anatomy and function.

Intragastric balloons have been used since the early
1980s for the temporary, nonsurgical treatment of obesity
and morbid obesity. In the early 1990s a new intragastric
balloon was developed to optimize safety and effective-
ness. The new device, the BioEnterics Intragastric
Balloon (BIB; Inamed Health, Santa Barbara, CA) is a
spherical, saline-filled durable device with a fill range of
400 to 700mL.

Between January 1999 and April 2003, at the Padua
Center (Padua, Italy), we treated 225 patients with the
BIB. In conducting this study our aim was to determine
the most appropriate indications and contraindications
for BIB treatment. Additionally, we wanted to establish
the best methods for balloon positioning and removal
and the best approach to follow-up, drug and dietary
support, and management of complications.

Historical Background

In the treatment of obesity, the intragastric balloon acts
as an artificial bezoar that floats freely in the stomach. It
supports weight loss by inducing a feeling of satiety that
enables patients to reduce their food intake and eventu-
ally to adopt new dietary habits.

Over the years, several types of balloons have been
marketed, balloons of varying sizes and shapes, made of
various materials and employing different filling systems.
Initially enthusiastic about this new technology, the
medical community soon saw that the device could not

The BioEnterics Intragastric Balloon for 
the Nonsurgical Treatment of Obesity and 
Morbid Obesity
Franco Favretti, Maurizio De Luca, Gianni Segato, Luca Busetto, Enzo Bortolozzi,
Alessandro Magon, and Tommaso Maccari
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Indications

The indications for using the intragastric balloon are as
follows (4,5):

• Preparation and selection in view of further surgery
(Lap-Band; Inamed Health, Santa Barbara, CA) of
super-obese patients with very high operative risk

• BIB test for evaluation and selection of patients for
restrictive procedure (Lap-Band in our series)

• BMI ≥ 35 with resistance to clinical treatment and
refusal or present contraindication to surgical treat-
ment

• BMI < 35 with comorbidities and resistance to clinical
treatment

• Reduction of anesthetic risk (general surgery, ortho-
pedic surgery, cardiovascular surgery, etc.)

Contraindications

The absolute and relative contraindications to the intra-
gastric balloon are as follows (4–8):

Absolute

• Severe and active esophagitis
• Active gastric or duodenal ulceration
• Inflammatory bowel disease
• Cancers
• Active and gastrointestinal bleeding
• Alcoholism or drug addiction

Figure 25.2-1. Bioenterics Intragastric Balloon (Inamed
Health, Santa Barbara, CA) in place within the lumen of the
stomach.

Figure 25.2-2. Intragastric balloon ex vivo demonstrating the
inflated balloon (center) and the deflated balloon within a thin
silicone sheath prior to placement. (Courtesy of Inamed Health,
Santa Barbara, CA.)

• It should contain a radiopaque marker that allows
proper follow-up of the device if it deflates.

• It should be constructed of durable materials that do
not leak.

Today, a better intragastric balloon is available. Based
on the principles laid out at the Tarpon Springs Confer-
ence, Inamed Health developed the BIB. It is made of
high-quality silicone. It is durable and elastic and has a
smooth surface, without external seams or protuberances
to irritate the gastric mucosa and lead to erosions and
ulcers (Fig. 25.2-1). It can be filled with up to 700mL of
saline solution (larger size for greater weight loss) plus
10mL of methylene blue (to individuate blue urine in
case of balloon deflation) and can be left in place for up
to 6 months. The inflated BIB is spherical in shape; the
deflated balloon is encased in a smooth silicone sheath
(which opens as the balloon inflates) for easier
esophageal insertion (Fig. 25.2-2). The radiopaque
markers allow the operator to radiographically visualize
the orientation of the balloon and identify the position of
the self-sealing valve.
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Relative

• Large hiatal hernia (>5cm)
• Prior gastric or intestinal surgery
• Patients receiving anticoagulants or other gastric 

irritants
• Psychiatric disorders

BioEnterics Intragastric Balloon
Positioning/Removal

Sedation and Anesthesia

For sedation and anesthesia during the BIB positioning
and removal (5,6,9), diazepam, 10mg, plus Dosine n-butyl
bromure, 30mg, and propofol are used. The presence of
an anesthesiologist is necessary (without endotracheal
intubation).

Placement

The procedure begins with examination of the stomach
using the endoscope (diagnostic endoscopy). If no abnor-
malities are observed, the physician proceeds with place-
ment of the BIB through the mouth and down the
esophagus into the stomach under endoscopic guidance
(previous lubrication of the BIB with Xylocaine gel).
Once the BIB is inside the stomach, it is immediately
filled with sterile saline (700mL) and 10mL of methyl-
ene blue through a small filling tube (catheter) 
attached to the balloon. Once the balloon is filled,
the operator removes the catheter by gently pulling on
the external end. The BIB has a self-sealing valve and 
at this point it is floating freely in the stomach. A 
check of the valve is performed and the endoscope is
removed.

Postplacement Pharmaceutical Therapy

The following postplacement pharmaceutical therapy is
recommended:

• Liquid IV (glucose and electrolytes), 2500-3000cc/day
for 1 to 2 days

• Metoclopramide IV 60mg/day for 1 to 2 days
• Metoclopramide IM 40mg/day for 2 to 3 days
• Proton pump inhibitor (PPI) 40mg/day for 2 days
• Proton pump inhibitor (PPI) po 20mg/day for 15 days

while balloon is in place
—Proton pump inhibitor (PPI) po 40mg/day in symp-

tomatic patients
—In case of epigastric pain: Scopalamine butylbro-

mide (Buscopan) 1 fL IM, and eventually Ketorolac
tromethamine 1 fL 30mg IM

—In case of vomiting, metoclopramide, 40mg IM

Removal

The BIB currently can be kept in place for 6 months.
Before removal, the patient must be kept on a liquid diet
for 3 days. The BIB is normally removed in the same way
it was placed, via the esophagus and the mouth under
endoscopic guidance. Using the endoscope, the operator
introduces the BIB removal device (needle, Aprime,
Brussels, Belgium) to puncture and deflate the balloon.
Using a foreign body grasper (Aprime; Scandimed,
Glastrup, Denmark; Olympus, Hamburg, Germany) the
balloon is then removed (Fig. 25.2-3).

Our BioEnterics Intragastric 
Balloon Experience

From January 1999 to April 2003 a group of 225 obese or
morbidly obese patients underwent BIB treatment in our
institution (Table 25.2-1).

Figure 25.2-3. Endoscopic devices used for puncture and
removal of the intragastric balloon (Aprime, Brussels, Belgium;
Scandimed,Glastrup,Denmark;Olympus,Hamburg,Germany).

Table 25.2-1. Patient features in the total series of 225 patients

n Male Female

All patients 225 108 117
BMI 52.6 ± 4.8 53.7 ± 4.9 49.2 ± 4.7
Sequential treatment 41 23 18

(BIB + Lap-Band)
BMI 58.6 ± 5.8 57.7 ± 5.9 59.9 ± 5.6
BIB test 16 6 10
BMI 51.3 ± 7.9 52.1 ± 4.7 50.8 ± 6.6
Low BMI with resistance 65 7 58

to clinical treatment
BMI 34.6 ± 2.8 34.9 ± 1.9 34.6 ± 1.6
Patients with 51 26 25

comorbidities
BMI 46.0 ± 7.6 47.9 ± 6.9 45.6 ± 6.8

BIB, BioEnterics Intragastric Balloon; BMI, body mass index.
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Indications for BioEnterics Intragastric
Balloon Treatment: Total Series of 
225 Patients

Ninety patients were initially scheduled for Lap-Band
surgery; 68 of them underwent presurgical balloon treat-
ment. However, two patients suffered fatal pulmonary
emboli and six patients had the BIB removed before the
scheduled date; thus 60 patients completed presurgical
BIB treatment. Since then, eight have refused an opera-
tion and 11 patients are still awaiting Lap-Band proce-
dures. Forty-one patients have completed the sequential
treatment (BIB + Lap-Band).

Sixteen patients (BMI ≈ 51) were scheduled for the
BIB test only (evaluation of patient compliance and suit-
ability for a future restrictive surgical procedure) (Lap-
Band). Sixty-five patients with low BMI (<35) and
resistance to clinical treatment were scheduled for BIB
only. Fifty-one patients (BMI ≈ 46) with comorbidities
were scheduled for BIB only. Three patients with previ-
ously unsuccessful Lap-Band surgery were scheduled for
BIB.

Results

At the conclusion of balloon treatment in this series of
225 patients, the mean weight was 129.1 ± 27.4kg, BMI
was 45.9 ± 6.2, and percent of excess weight loss (%EWL)
was 22.1 ± 18.5. Results of all patient groups are shown
in Table 25.2-2. Results of the 41 patients who underwent
BIB treatment prior to Lap-Band surgery (BIB + Lap-
Band) are shown 2 years post–Lap-Band.

Our follow-up consists of surgical and nutritional
assessment in weeks 1, 4, 12, and 24 after placement;
abdominal ultrasound to evaluate the size and position
of the BIB; contrast or endoscopic study of the stomach
in symptomatic patients; and checking of urine and stool
color by patients themselves.

Complications: Total Series of 225 Patients

Complications in the total series of 225 patients included
10 cases (4.4%) of leakage and deflation of the BIB; four
cases (1.8%) of BIB elimination by stool; no small bowel
obstruction (0%); five cases of BIB intolerance (2.2%);

12 cases (5.3%) of vomiting more than 2 weeks; one case
(0.4%) of Mallory-Weiss syndrome; one case (0.4%) of
pressure ulcer; two cases (0.8%) of gastric bleeding; and
two cases (0.8%) of fatal pulmonary embolism.

Discussion

In our experience, the most appropriate clinical indica-
tions for BIB treatment are (1) preparation for and 
selection to further surgery (Lap-Band) of super-obese
patients with very high operative risk, and (2) BIB test
for evaluation and selection of patients for restrictive
procedure (Lap-Band in our series) (5).

The Brazilian multicenter study (July 2001) of 219
cases revealed that in the group of 24 super-obese
patients (BMI > 50) with a mean weight loss (WL) of 39
kg and mean %EWL of 31.7, all patients who were Amer-
ican Society of Anesthesiologists (ASA) IV before BIB
treatment became ASA II after treatment (6).

Reducing anesthetic risk and perioperative complica-
tions with preoperative weight loss is considered very
important in our clinical practice and is one of the main
reasons our group has approached this so-called sequen-
tial treatment in selected patients (BIB + Lap-Band).
Our series of 41 sequential treatment patients showed
that the %EWL of BIB + Lap-Band at 2 years after Lap-
Band was 35.3 ± 16.2 (Table 25.2-3); %EWL after BIB
and before the operation was 23.1 ± 11.5. In terms of
weight loss, mean weight at BIB positioning was 172.3 ±
27.4kg, at Lap-Band surgery was 148.5 ± 22.9kg, and at 2
years postoperatively was 131.8 ± 21.9kg. In our experi-
ence and from an anesthesia point of view, this treatment
has proven to be very effective.

Doldi et al.’s (10) comparison of BIB + diet vs. diet
alone showed that BIB + diet could produce better
weight loss in a shorter time than BIB alone; diet alone

Table 25.2-2. Results: all groups by indication

BIB Indication No. of Patients Weight (kg) BMI %EWL

Total 225 129.1 ± 27.4 45.9 ± 6.2 22.1 ± 18.5
BIB Test 16 119.7 ± 19.3 44.9 ± 7.0 21.3 ± 13.4
With low BMI 65 79.2 ± 12.7 29.8 ± 3.6 30.2 ± 11.9
With comorbidities 51 112.9 ± 17.8 40.5 ± 8.2 17.8 ± 16.4
Previous failed Lap-Band surgery 3 (1 patient ended BIB treatment) 114.3 ± 13.8 42.2 ± 7.1 9.7 ± 7.4

%EWL, percent of excess weight loss.

Table 25.2-3. Results: sequential treatment (BIB + Lap-Band)

Time No. of Patients Weight (kg) BMI %EWL

BIB 41 172.3 ± 27.4 58.6 ± 5.8 —
Lap-Band 41 148.5 ± 22.9 50.7 ± 5.8 23.1 ± 11.5
6 months 30 139.7 ± 21.1 47.1 ± 5.6 31.3 ± 12.8
1 year 26 134.5 ± 24.0 46.3 ± 6.9 34.8 ± 16.5
2 years 12 131.8 ± 21.9 46.6 ± 7.9 35.3 ± 16.2
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at 12 months produced weight loss similar to BIB + diet
at 6 months. A more recent study of 349 BIB patients by
Doldi and colleagues helped to further define the optimal
indications for BIB. These patients had BIB placed for 4
months in conjunction with a 1000kcal/day diet. At the
end of the treatment period, the mean reduction in BMI
was 4.8. The conclusions from this study were that BIB is
best suited for morbidly or super-obese patients in prepa-
ration for bariatric operations, and for patients with a
BMI of 35 to 40 with severe comorbidity prior to bariatric
surgery. Patients with a BMI of <35 had a BIB placed as
part of a multidisciplinary approach to weight loss to
control chronic comorbidities (11). A large retrospective
study of 2515 patients who underwent BIB and a 1000
kcal/day diet for 6 months reported an overall complica-
tion rate of 2.8% with five gastric perforations (0.2%),
four of whom had undergone prior gastric surgery. Addi-
tional complications included 19 gastric obstructions
(0.76%) requiring balloon removal, nine balloon ruptures
(0.36%), 32 cases of esophagitis (1.27%), and five gastric
ulcers (0.2%). Preoperative comorbidities improved in
44.8% of patients and resolved in 44.3% of patients.
After 6 months of treatment, this study reported a mean
BMI decrease of 9.3 and EWL of 33.9% ± 18% (12).

In a randomized, controlled, crossover study in 32
patients with an average BMI of 43.7, Genco et al. (13)
reported a decrease in BMI of 5.5 in the first 3 months of
BIB in 16 patients randomized to receive the balloon and
diet. At 3 months, the balloon was removed and there was
an additional decrease of one BMI point in this group for
the last 3 months of the study. The second group of
patients underwent a sham procedure initially and lost
only 0.5 BMI points with the 1000kcal/day diet. After
receiving the BIB at the 3-month crossover, this group
achieved weight loss similar to the first group (BMI
decrease of 4.3). This study showed that BIB can be a
useful adjunct to diet for preoperative weight loss prior
to bariatric surgery (13).

The indication of BIB placement in patients with BMI
< 35 and resistance to clinical treatment has shown the
best results in our series. The weight at BIB placement
was 91.6 ± 9.7kg while at BIB removal was 79.2 ± 12.7kg
and %EWL was 30.2 ± 11.9. It will be important to eval-
uate the results in terms of weight loss maintenance at
least at 24 months.

The BMI in the group of patients who underwent BIB
placement for comorbidity reduction (51 patients) aver-
aged 46 at BIB placement and 40.5 at BIB removal (Table
25.2-4). Sixty-three percent of patients with hypertension
were able to reduce medication and 26% were able to
eliminate drugs completely after BIB use. In the subset
of patients with type 2 diabetes, 47% were able to reduce
medication and 26% eliminated it completely. Fifty-seven
percent of sleep apnea patients discontinued continuous
positive airway pressure (CPAP).

In three subjects we registered a failure of the Lap-
Band in terms of weight loss (from 129.4 ± 15.9kg to 124.2
± 13.1kg in a mean time of 26 months). When this occurs
we usually advise patients to undergo a malabsorptive
procedure involving a duodenal switch with gastric
preservation (Bandinaro, Chapter 20.5). However, in
these three selected patients, with strict multidisciplinary
support (surgical, dietary, and psychological), we tried a
more conservative and less permanent approach (BIB)
to produce the weight loss yet avoid the malabsorptive
elements. One patient ended the treatment prematurely
due to cardiac arrhythmia and the other two patients are
currently in treatment. While we do not consider these
three patients with failed Lap-Bands to have any statisti-
cal relevance, we are encouraged by the results so far:
mean weight at 4 months post-BIB positioning is 114.3 ±
13.8kg with a %EWL of 9.7 ± 7.4. And though the results
in this group of patients were not significant, we do
believe that in these cases the BIB could be a good con-
servative alternative prior to submitting patients to an
additional (malabsorptive) surgical procedure.

In the last 75 patients of our series BIB inflation has
been more or less maximum (about 700mL), so almost
all patients of this series presented with epigastric pain
and some episodes of vomiting for 1 to 2 days. Because
of this early discomfort, it is rare for us after placement
of the BIB to be able to discharge the patient the same
day or the next day as we do at BIB removal. Even so,
the results, in terms of %EWL, have been better in this
group of patients.

The five cases of BIB intolerance for which the patients
required endoscopic removal of the BIB all occurred in
the group of patients with BMI < 35 whose need and
motivation for adequate results could probably not be
compared with those of super-obese patients in preoper-
ative preparation. One case of pressure ulcer of the
antrum was discovered at the time of BIB removal. The
patient continued the therapy with PPI and endoscopic
control. One month after BIB removal the ulcer was
healed.

Table 25.2-4. Results: BIB for comorbidities

BIB removal—results

Comorbidities Pre-BIB Drug reduction Drug elimination

Type 2 diabetes—19 patients 9 (47%) 5 (26%)
Hypertension—27 patients 17 (63%) 7 (26%)
Post-heart attack—2 patients 2 (100%) —
Sleep apnea (CPAP)— 4 (29%) 8 (57%)

14 patients
Arthrosis—26 patients 9 (35%) 4 (15%)
Depression—9 patients 3 (33%) —
Posttraumatic spinal cord — —

injury—2 patients
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Conclusion

We have used the BIB as a temporary nonsurgical treat-
ment for obesity and morbid obesity and found that it
succeeds in inducing >20% EWL with minimal compli-
cation risk. The most appropriate indications in our series
are (1) preparation and selection for further surgery
(Lap-Band) of super-obese patients with very high oper-
ative risk; and (2) BIB test to select patients for restric-
tive surgery (Lap-Band). While the best results were
achieved in the group of patients with BMI < 35, good
results were observed in patients with high BMI and
comorbidities as well.
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revisional procedures for stoma and gastric pouch
enlargement, and stand-alone or primary weight loss 
procedures.

Endoluminal Surgery: Proof 
of Principle

The first major indication in endoluminal surgery to be
tackled widely by medical device companies was the
treatment of GERD. The invention of the endoscopic
“sewing machine” by Swain led to the development of
several endoluminal suturing devices, beginning with the
EndoCinchTM Suturing System (Davol, Cranston, RI)
(Fig. 25.3-1) (4,5). Other suturing devices ensued, includ-
ing the Endoscopic Suturing Device® (ESD;Wilson Cook
Medical, Winston-Salem, NC) (Fig. 25.3-2) and the Plica-
torTM (NDO Surgical, Mansfield, MA) (Fig. 25.3-3). Both
the EndoCinch and the Plicator are FDA approved for
GERD. These suturing devices have enabled the endolu-
minal creation of a mechanical barrier to reflux at the
esophagogastric junction that attempts to mimic Nissen
fundoplication. Other technologies now FDA approved
for GERD include the Stretta® device (Curon Medical,
Sunnyvale, CA), which uses radiofrequency energy
(RFE) to ablate tissues, and an implantable copolymer,
Enteryx® (Boston Scientific, Natick, MA). Several other
devices are in various stages of clinical development for
GERD.

The long-term outcomes with endoluminal devices,
together with initial data from recently published sham-
controlled trials, indicate that the endoluminal treatment
of GERD is relatively efficacious and durable, but this
approach remains controversial (5–7).

Successful studies of endoluminal GERD therapies
provide proof of principle for endoluminal bariatric
surgery. Numerous established device companies, as well
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Gastrointestinal endoluminal technology is emerging as
the next major revolution in minimally invasive surgery.
A similar trend is already well underway in vascular
surgery with the widespread endoluminal vascular
therapy. The endoluminal approach to bariatric surgery
will have numerous advantages. These techniques will
potentially be performed as outpatient procedures
without the need for skin incisions or general anesthesia
and they may reduce the risk, discomfort, and cost of
bariatric procedures. Innovative devices have been devel-
oped and Food and Drug Administration (FDA)
approved for the treatment of gastroesophageal reflux
disease (GERD), and they may be adapted as, or lead to,
new devices that can be used for weight loss procedures.
This chapter reviews endoluminal technologies currently
in development, preliminary clinical and preclinical data
describing their use in bariatric applications, and the
future of endoluminal bariatric surgery.

By combining the high success rates of weight loss
achieved with current surgical procedures (1) with the
low complications and benefits of natural orifice access
surgery, these approaches may represent a potentially
safer, simpler, and less costly option than current mini-
mally invasive procedures. The annual rate of bariatric
procedures increased fivefold between 1998 and 2002 (2),
and the demand will certainly continue to rise over the
next several decades. The continued pressure to provide
ambulatory surgery, though, remains, and endoluminal
and transgastric therapy has the potential to significantly
change the way obesity is treated.

The emerging field has recently been referred to 
as natural orifice transluminal endoscopic surgery
(NOTES) (3). The Natural Orifice Surgery Consortium
for Assessment and Research (NOSCAR) is a newly
organized group of surgeons and gastrointestinal endo-
scopists devoted to establishing guidelines for develop-
ment and clinical use of this technology (3).

The potential applications for endoscopic bariatric
surgery include procedures for preoperative weight loss,

The Emerging Field of Endoluminal and
Transgastric Bariatric Surgery
Philip R. Schauer, Bipan Chand, and Stacy A. Brethauer
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Aspirate tissue just below Z-line Needle with preloaded suture advanced

Final appearance of plication in cardiaCinching/deployment device advanced

Figure 25.3-1. EndoCinch. (Courtesy of Davol Inc., Cranston, RI.)

Figure 25.3-2. Wilson Cook Endoscopic Suturing Device. (Courtesy of Wilson Cook Medical, Winston-Salem, NC.)
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treatment of GERD, including the above-mentioned
EndoCinch, ESD, and Plicator. Many of these devices,
which include partial- and full-thickness plication 
technologies, may be adapted for use in bariatric proce-
dures. In addition, endoluminal suturing techniques are
being developed with the goal of simulating a gastric
sleeve (Fig. 25.3-4). The utility of these devices in
bariatric surgery is being explored in both preclinical and
clinical studies, including revisional surgeries and poten-
tial primary weight loss procedures.

One of the major obstacles to overcome with endo-
scopic suturing is durability. Mucosa to mucosa apposi-
tion in the stomach may not provide a durable partition
unless tissue bridging can be induced or division of the
tissue can be accomplished. Endoscopic stapling devices,
then, have enormous potential in endoluminal bariatric
surgery. The SurgASSIST® flexible endoscopy stapler
(Power Medical Interventions, New Hope, PA) is 
currently available, but this circular endoluminal stapler
currently has limited applications. Ultimately, an 
endoluminal linear cutting stapler that can safely create
a divided partition may offer a durable endoluminal solu-
tion. This type of procedure, though, would certainly
entail the risk of staple line leakage, which could poten-
tially increase the risk-benefit ratio for this type of 
procedure. There are many engineering obstacles to over-
come before a device such as this would be available for
use. Other techniques such as endoluminal clamping or a
nondivided staple line are concepts that are being devel-
oped (Fig. 25.3-5).

Intragastric Prostheses

The intragastric balloon (BioEnterics Intragastric
Balloon, BIB, Inamed Health, Santa Barbara, CA) is the
only device currently available in this category. In clini-
cal studies, it has been used to induce preoperative weight
loss to decrease anesthetic risk and technical challenges
in super-obese patients undergoing bariatric surgery (8).
New prosthetic devices are under development for
bariatric applications. The types of devices being consid-
ered include a prosthetic gastric partitioning, other space-
occupying devices (Fig. 25.3-6), and endoluminal tubes or
stents (Fig. 25.3-7) that would exclude food from the
body of the stomach or the absorptive surface of the
small bowel.

Mucosal Ablation

Devices that cause tissue ablation include injection (scle-
rotherapy) and RFE (e.g., the above-mentioned Stretta
device). These have been used in the treatment of GERD
and patients who regain weight after Roux-en-Y gastric
bypass (RYGBP). These technologies are being adapted
for use in natural orifice bariatric surgery in both pre-
clinical and clinical investigations. Spaulding (9) provided

A

ePTFE
pledgets

Helical wall
retractor

B

Figure 25.3-3. (A) NDO Plicator. ePTFE, expanded polyte-
trafluoroethylene. (B) Full-thickness plication of gastric wall.
(Courtesy of NDO Surgical, Inc., Mansfield, MA.)

as start-up ventures, are currently investigating endolu-
minal approaches to treat obesity (Table 25.3-1).

Suturing and Stapling Devices

As mentioned above, several suturing platforms were
developed based on Swain’s “sewing machine” for the
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Table 25.3-1. Available and emerging endoluminal technologies

Technology Mechanism of action and clinical
class Company Trade name applications

Endoluminal Davol, Inc., a subsidiary of C.R. Bard, Inc. EndoCinch Suturing Partial-thickness plication for GERD
suturing and (Cranston, RI) System*
stapling Wilson Cook Medical (Winston-Salem, NC) Endoscopic Suturing Device Partial-thickness plication for GERD

NDO Surgical, Inc. (Mansfield, MA) Plicator* Full-thickness plication for GERD
Syntheon (Miami, FL) Antireflux Device Full-thickness plication for GERD
Olympus (Tokyo, Japan) Eagle Claw Intragastric suturing apparatus for obesity
USGI Medical (San Clemente, CA) Intragastric suturing apparatus for obesity
Power Medical Interventions, Inc. (New Hope, PA) SurgASSIST Intraluminal flexible circular stapler

Injection or Boston Scientific Corp. (Natick, MA) Enteryx** Biocompatible copolymer bulking agent 
prosthesis for GERD

Wilson Cook Medical (Winston-Salem, NC) Space-occupying bezoar-like plastic ribbon 
for obesity

GI Dynamics (Newton, MA) Disk with nitinol clips to create gastric 
pouch for obesity

GI Dynamics (Newton, MA) Tube/stent for placement in duodenum for 
malabsorption for obesity

BaroSense (Menlo Park, CA) Cup valve used to create gastric pouch for 
obesity

Cook Surgical (Bloomington, IN) Surgisis Prolene mesh used in gastric partitioning 
for obesity

Allergan (Irvine, CA), formerly Inamed Corp. BioEnterics Intragastric Endoluminal balloon for obesity
(Santa Barbara, CA) Balloon

Satiety (Palo Alto, CA) Fastening element for gastric restriction 
for obesity

Polymorfix (Emeryville, CA) Acid-sensitive capsule releases polymer in 
stomach to curb hunger for obesity

Electrical IntraPace (Menlo Park, CA) Intragastric electrodes to slow gastric 
stimulation emptying for obesity

Enteromedics Vagal nerve downregulation to slow gastric 
emptying, slow digestion, and curb 
hunger for obesity

Ablation Curon Medical (Sunnyvale, CA) Stretta* RFE delivery to distal esophagus or 
rectum, used for GERD

Silhouette Medical (Mountain View, CA) RFE ablation of gastric antrum for obesity

Other USGI Medical (San Clemente, CA) Shape Locking Endoscopic Overtube can be locked into different
technologies Overtube positions for multiple endoscopic uses

Barosense (Menlo Park, CA) Articulating endoscope Articulating endoscope for new techniques 
for multiple endoscopic uses

GERD, gastroesophageal reflux disease; RFE, radiofrequency energy.
* FDA cleared for use in United States
** FDA cleared for use in United States, but not currently available for clinical use.
Source: U.S. Patent Office, available at http://www.uspto.gov/patft/index.html. European Patent Office, available at www.european-patent-
office.org.

data on a series of 20 patients with dilated gastrojejunal
stomas after gastric bypass and following sclerotherapy;
75% of the patients lost weight after the procedure.
Treatment using RFE, which causes localized tissue abla-
tion through the generation of heat within targeted
tissues, may have an application in bariatrics. The 
SilhouetteTM Medical ablation system (Silhouette
Medical, Mountain View, CA) used RFE ablation to
target the antrum or pylorus to impair gastric emptying
(10).

Electrical Stimulation

There has been much enthusiasm regarding electrical
stimulation and devices that innervate the stomach for
bariatric applications, the most widely known being the
Transcend® system (Medtronic, Minneapolis, MN). These
devices may be implanted through open or laparoscopic
means, but new ventures are generating interest with
electrical stimulation systems that are deployed endolu-
minally (Fig. 25.3-8). IntraPace (Menlo Park, CA) is in
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Figure 25.3-4. Endoluminal suturing. (Courtesy of Davol Inc.,
Cranston, RI.)

Figure 25.3-5. Clamping/stapling. (Courtesy of Davol Inc.,
Cranston, RI.)

Figure 25.3-6. Endoscopically placed space-occupying balloon.
(Courtesy of Davol Inc., Cranston, RI.)

Figure 25.3-7. Outlet restriction. (Courtesy of Davol Inc.,
Cranston, RI.)

Figure 25.3-8. Endoscopically placed electrical gastric stimula-
tion. (Courtesy of Davol Inc., Cranston, RI.)

�
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the process of developing an endoscopically delivered
gastric pacemaker for obesity. The addition of endolumi-
nal gastric pacing further augments the expanding possi-
bilities of natural orifice surgery in its efforts to treat
obesity.

Current Endoluminal Modalities for
Weight-Loss Therapy

As new and existing technologies are developed for
endoluminal bariatric surgery, the question arises regard-
ing the specific indications for each type of procedure.
Currently in the literature, three categories of endolumi-
nal modalities undergoing clinical investigation are
described: presurgical weight loss, postsurgical revision of
previous bariatric procedures, and primary procedures.
The presurgical modality represents procedures that
induce short-term weight reductions in patients with
super-obesity to reduce anesthetic risk and surgical com-
plications. Postsurgical repairs are performed to reduce a
dilated gastrojejunal anastomosis, treat stenoses, or repair
suture or staple lines. Primary procedures performed
endoluminally may eventually become a mainstream part
of bariatric surgery, but major obstacles regarding feasi-
bility and durability will need to be overcome.

Presurgical Endoluminal Therapy

Several surgeons have advocated a two-stage approach
to bariatric surgery to reduce obesity-related risk
(11–13). Regan and colleagues (11) described the two-
stage operation, which consists of a sleeve gastrectomy
(first stage) to be followed by a RYGBP or duodenal
switch (second stage). The rationale is that the first-stage
operation, sleeve gastrectomy, is comparatively simple
(requiring no anastomosis), less operative time (1 to 2
hours), and results in a predictable 40- to 50-kg weight
loss. Such weight loss reduces operative risk for the
second-stage procedure, which presumably results in
more weight loss and greater durability. Other multistage
operations utilize the BIB as the first-stage procedure in
patients with super-obesity. The limited data available
suggest that the presurgical use of an intragastric balloon
can reduce presurgical weight and perioperative risk, as
well as operative and inpatient recovery time (14,15).

Postsurgical Revision Procedures

Multiple endoluminal technologies have been used to
address complications of bariatric surgeries. Experience
with endoscopic suturing devices, intragastric balloons,
ablation therapy, fibrin glues, and other techniques have
been reported in the literature. Late complications fol-
lowing a bariatric surgical procedures such as RYGBP
and gastroplasty procedures can include staple line dis-

ruption, dilation of the gastric pouch or stoma, stomal
stenosis, anastomotic stricture, and gastrogastric fistula
(16). Multiple endoluminal technologies are being used
to address these complications, including the use of sutur-
ing devices, ablation therapy, fibrin glues, and other 
technologies.

One of the more exciting endoluminal revisional treat-
ments reported has been the endoluminal suturing plat-
forms. Reports of experience with both the EndoCinch
and the ESD have been published recently. In one study
reported by Thompson (17), eight patients who had
undergone RYGBP but had dilated gastrojejunal anas-
tomoses and significant weight regain (an average of 24
kg from the lowest weight) were treated with the
EndoCinch (Fig. 25.3-9). Plications were placed at 
the rim of the anastomosis to reduce the diameter of the
anastomosis. After the revision procedure, six of eight
patients experienced weight loss (average 10kg) at 4
months. Four patients reported significant improvements
in satiety. Three reported only brief improvements in
satiety, and underwent a second anastomotic reduction.
Of these 3 patients, one lost 19kg and one lost 20kg at 5
months. No significant complications were reported. The
second study, reported by Schweitzer (18), employed the
ESD to address weight regain following RYGBP. All four
patients in this study reported improved satiety and early
weight loss. Long-term data were not reported.

The preliminary data reported in these two studies
demonstrate the feasibility and potential efficacy of
endoluminal suturing as a means to address weight regain
following RYGBP. While the long-term outcomes of pli-
cations in bariatric surgery are not known, current long-
term data from the treatment of GERD suggest that
benefits are durable for 1 to 2 years (5).

Figure 25.3-9. Anastomotic outlet reduction with suturing
device. (Courtesy of Davol Inc., Cranston, RI.)
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Other endoluminal techniques used in postsurgical
repair include sclerotherapy and the use of fibrin glues.
In two studies, endoscopic sclerotherapy was used to treat
complications of RYGBP and vertical banded gastro-
plasty (VBG), and in one study, weight loss was achieved
(9,19). The successful use of fibrin glue has also been
reported in a limited study of patients following VBG.
Papavramidis et al. (20) described the use of fibrin
sealant to treat gastrocutaneous fistula in two patients
with VBG and one patient with biliopancreatic diversion.
After one or more endoscopic applications, treatment
was successful in all three patients.

Primary Endoluminal Weight Loss Therapies

The use of endoluminal techniques as stand-alone treat-
ments for obesity is in its infancy. Nevertheless, it is an
active and rapidly evolving field. The intragastric balloon
has been used in patients with varying degrees of obesity
to induce weight loss independent of intended bariatric
surgery (21). Endoluminal suturing techniques are also
under development, with the goal of replicating sur-
gical gastric restriction through endoscopic means. The
expected end points for such procedures are yet to be
determined. Most certainly, the safety profile will be
expected to exceed that of current laparoscopic proce-
dures. Weight loss and durability, though, are more diffi-
cult to predict. The ultimate measure of success for any
bariatric procedure will be the resolution or improve-
ment of obesity-related comorbid conditions that accom-
panies weight loss. The endoluminal procedures of the
future will need to demonstrate these effects to gain
acceptance. Patients and referring physicians may be
fearful of bariatric surgery, which may explain why only
1% of patients who meet the National Institutes of
Health (NIH) criteria for bariatric surgery undergo these
procedures (22). A safe and effective endoluminal pro-
cedure will go a long way toward alleviating these fears
and should increase referrals for weight loss procedures.

Intragastric Balloon as Primary Weight 
Loss Therapy

The only long-term data with the BIB come from a study
by Mathus-Vliegen and Tytgat (23). This single-center
study randomized 43 patients to one of two groups: 3-
month balloon treatment (n = 20) or 3-month sham treat-
ment (n = 23). After this initial treatment period,
sham-treated patients received balloon treatment. All
patients treated with the BIB had the balloon exchanged
for a new balloon every 3 months for 1 year (or 9 months
in patients initially in the sham group). After 1 year of
treatment, patients were further evaluated during a 1-
year balloon-free follow-up period. A significant sham
treatment effect was demonstrated in this study, as sham

and balloon-treatment groups lost similar amounts of
weight after the 3-month sham-controlled period [11.2kg
(9%) control group vs. 12.9kg (10.4%) balloon group; p
= NS]. Nevertheless, over 70% of patients lost ≥15% body
weight after 12 months of treatment, and nearly half lost
≥20% body weight. Although patients did regain weight
during the 1-year balloon-free follow-up period, overall
weight remained 12.7kg (9.9%) below body weight at
study entry. The results of this study suggest that some
proportion of weight loss with the intragastric balloon is
durable up to 24 months.

Endoscopic Gastroplasty Concepts

Endoluminal suturing to create gastric restriction is cur-
rently being investigated. To date, all but one study of this
approach have been preclinical. Of these preclinical
studies, two studies evaluated a technique called the 
butterfly endoluminal gastroplasty procedure (24,25).
This endoluminal technique involves the creation of a
small gastric pouch with a restrictive outlet that can be
adjusted endoscopically at a later date. The first study
compared the simulated effect of food intake on four dif-
ferent groups (25). Twelve porcine stomachs were divided
into control, VBG, adjustable gastric band, and butterfly
groups. The authors noted that pressure and flow char-
acteristics of simulated food intake with the butterfly pro-
cedure correlated well with VBG and adjustable gastric
banding (AGB). Yield pressure and flow rate were not
different between treatment groups, but were signifi-
cantly different from controls in all three restrictive
groups (p < .001). The second study compared different
methods of tightening the restrictive outlet in a porcine
model (24). Two methods (tubular lengthening and pleat-
ing) were shown to produce effective tightening of the
outlet, indicating the feasibility of this approach. Com-
parison of the butterfly technique to established gastro-
plasty techniques suggests that the butterfly procedure
may restrict pressure and flow in a similar manner.

The only clinical study of endoluminal suturing for
weight loss reported to date was undertaken by Fogel et
al. (26). The investigators enrolled 10 voluntary over-
weight patients with body mass index (BMI) ranging
from 28 to 43, and performed an endoscopic gastric pli-
cation along the lesser curvature using the EndoCinch.
Plications were placed successfully in all 10 patients. Time
required for the procedure ranged from 60 to 90 minutes.
There were no immediate complications. All patients lost
weight, with total weight loss ranging from 15 to 49kg at
9 months postprocedure. A repeat procedure was per-
formed in one patient following rupture of the plication
9 months after the first procedure. These preliminary data
suggest that this endoluminal suturing technique is feasi-
ble, safe, and effective in producing short-term weight
loss in overweight individuals.
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Emerging Transluminal Technologies

The excitement surrounding transluminal approaches has
prompted investigators to begin developing procedures
and tools to operate beyond the gastric lumen. Such
approaches are being adapted for use in weight-loss pro-
cedures. While the developments are still in their infancy,
a handful of animal studies have been reported. Two
independent studies have developed methodologies to
perform gastrojejunal anastomoses or bypasses using
natural orifice surgery (27,28). Kantsevoy et al. (27)
reported a procedure in which a flexible endoscope
enters the peritoneal cavity through the stomach wall,
grasps a small bowel-loop, retracts the loop into the
gastric lumen, and creates a gastrojejunostomy (Fig.
25.3-10). Park et al. (28) describe a novel intestinal 
anastomotic device, deployable with a flexible endoscope,
that allows the joining of two bowel lumens.

Continued development has also focused on new tools
and instrumentation to meet the unique demands of
transluminal surgery. Swanstrom et al. (29) developed a
new access device specifically designed for transgastric
procedures (Fig. 25.3-11). The new device facilitates
multi-instrument access, tissue retraction, improved
maneuverability, platform stability, and some limited tri-
angulation of instruments in the operative field. This

device has been used successfully to explore the peri-
toneal cavity and perform transgastric cholecystectomy
in the porcine model. After the intraperitoneal procedure
is completed, the gastrotomy is closed with a suturing
device that is placed through one of the device’s working
channels. While this device represents the greatest
advancement in transgastric surgery to date, there are
many technical refinements that will need to occur before
it is ready for human use.

D E

A B C

Figure 25.3-11. Novel access device for transgastric surgery.
(From Swanstrom et al. (29), with permission.)

Figure 25.3-10. Transgastric gastrojejunos-
tomy. (A) Gastrostostomy is created using
the endoscope. (B) A loop of jejunum is
grasped and delivered into the stomach and
sutured in place (C). (D) An enterotomy is
created and (E) the gastrojejunostomy
completed with interrupted sutured. (From
Kantsevoy et al. (27), with permission.)



Table 25.3-2. Comparison of bariatric surgery and endoluminal technologies

Approach Type Procedure Application Weight loss Durability Risks/complications

Laparoscopic Restrictive Lap-band Morbidly 50% excess weight Stable over long-term Perioperative:
obese on average (31) follow-up (31) — Infection

— Bleeding
Postoperative:

— Band slippage
— Gastric pouch

dilation
— Gastric erosion
— Acid reflux
— Obstruction
— Noncompliance

Malabsorptive Biliopancre- Morbidly Over 75% excess Average 70% excess Perioperative
atic obese weight (32) weight loss after 15 — Infection
diversion years (32) — Bleeding

Postoperative
— Malnutrition
— Anemia
— Bone

demineralization
— Gastric ulcer
— Dumping syndrome

Combination Roux-en-Y Morbidly Up to 50% to 75% Stable over long-term Perioperative:
gastric obese excess weight follow-up (33,34) — Infection
bypass (33,34) — Bleeding

Postoperative:
— Leakage
— Staple-line disruption
— Stricture
— Fistulae
— Weight regain

Electrical Implanted Morbidly Variable; over 20% Up to 19% at Gastric perforation, lead 
stimulation gastric obese excess weight in 14 months (35) dislodgment

stimulator some patients 
(35)

Endoluminal Space- Intragastric Presurgical, Up to 26% excess Regained upon balloon Vomiting, reflux, hypokalemia,
occupying balloon staging weight (14,36,15) removal (14,36,15) renal dysfunction, intestinal

blockage
Primary Up to 38% excess Approx. 10% total Vomiting, reflux, hypokalemia,

weight (8,22) weight loss at 1 year renal dysfunction, intestinal
(8,22) blockage

Suturing Endoluminal Repair 10kg average (17) Up to 4 months None reported
suturing follow-up (17)

Primary 15–49kg at 1 in 10 suture rupture No intraprocedure 
9 months (26) at 9 months (26) complications; no late

complications reported
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The Role of Endoluminal Surgery in
Bariatric Practice

Questions abound regarding the relative efficacy, dura-
bility, and safety of these procedures, as well as their place
within general and bariatric surgery. Skeptics will point
to the low morbidity rates associated with current laparo-
scopic techniques and the ability to complete a laparo-
scopic procedure without violating the gastrointestinal
tract. Current and future clinical trials are essential to
address these concerns, guide treatment choices, and
drive advances in this technology. The first indications
likely to emerge are in presurgical weight loss and post-

surgical repair applications, where preliminary data indi-
cate the safety and relative effectiveness of endoluminal
techniques. The NOTES community has proactively
determined the path that this field will follow. A careful,
stepwise approach for each endoluminal application will
be necessary to achieve safe applications in humans.
Prospective, randomized trials will need to be con-
ducted after appropriate preclinical and clinical work 
is complete.

The application of endoluminal techniques in bariatric
practice is promising. Such procedures have the potential
to reduce or eliminate many risks associated with current
surgeries, and to create a new outpatient obesity therapy
(Table 25.3-2). Endoluminal surgery may also bring costs
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of intervention within reach for many more patients, and
may be appropriate for patients with less severe obesity.

The question of who will conduct these endoluminal
bariatric procedures is another important issue. Cur-
rently, endoluminal procedures for GERD are performed
mostly by gastroenterologists, but the growing number of
surgeons involved in this discipline is encouraging (30).
Endoluminal surgery represents a combination of disci-
plines that will include surgical skills and highly specific
flexible endoscopy skills. Furthermore, each individual
device is technically challenging to operate and requires
extensive training and experience to be effective. The
future, however, may demand the development of novel
training programs to address the specific demands of
bariatric endotherapy. It will be imperative for the fields
of gastroenterology and surgery to work together within
a multidisciplinary culture and structure to ensure safe
adoption of these new techniques.
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gen, von Willebrand factor, tissue-type plasminogen acti-
vator (t-PA), factor VII, and plasminogen activator
inhibitor-1 (PAI-1) have been found in obese patients.
Moreover, platelet aggregation appears to be augmented
and leptin has been implicated as a promoter of platelet
aggregation. The obesity-associated metabolic syndrome
might be responsible for the coagulation disorders and
the increased thrombotic risk (5).

Interestingly, weight loss may lead to normalization 
of several coagulation parameters. The deficiency of
antithrombin III (AT-III) found in obese patients may be
reversed with weight loss (6). Likewise, significant reduc-
tions in fibrinogen, t-PA, PAI-1, and factor VII have been
correlated with the amount of weight loss (7,8). There-
fore, the medical or surgical treatment of morbid obesity
may reverse some of the coagulation abnormalities and
subsequently reduce the associated thromboembolic and
cardiovascular risk. Obese patients who have a history of
prior DVT or PE should be screened for congenital or
acquired hypercoagulable states in order to identify
patients who are at higher risk of postoperative throm-
boembolic events, and who could benefit from close sur-
veillance and possibly anticoagulation therapy. Testing
recommendations for the diagnosis of hypercoagulable
states should include screening for the lupus anticoagu-
lants (LACs), the AT-III, protein C and protein S defi-
ciencies, the activated protein C (APC) resistance to
identify factor V Leiden mutations, and the prothrombin
gene variant. Common coagulation abnormalities
observed in obese patients and predisposing to DVT and
PE are listed in Table 26-2.

Intraoperative Factors Contributing 
to Deep Venous Thrombosis

Patients with morbid obesity undergoing surgery are at
risk for development of DVT and PE. Thromboembolic
events continue to be the most common cause of death
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Risk of Deep Venous Thrombosis and
Pulmonary Embolism in Obese Patients

Morbid obesity is a major risk factor for the development
of deep venous thrombosis (DVT) and pulmonary
embolism (PE). Thromboembolic complications are the
most common cause of death in bariatric surgery and 
contribute significantly to postoperative morbidity (1). A
study of risk factors for venous thromboembolism in hos-
pitalized patients demonstrated an association with age
over 40 years,obesity,and major surgery (2).The increased
risk in the morbidly obese is attributable to a sedentary
lifestyle, increased abdominal pressure, and the excessive
weight resting on the inferior vena cava drainage. Addi-
tional risk factors include prior history of DVT or PE,
immobility, pregnancy, oral contraceptive use, smoking,
hypercoagulable states, malignancy, and trauma (Table 
26-1). Although they are usually diagnosed as postopera-
tive complications, DVT and PE may also occur in 
nonhospitalized patients. Studies of risk factors for throm-
boembolism in the general population have demonstrated
an association with obesity, suggesting that morbid obesity
is an independent risk factor for DVT and PE (3,4).

Coagulation Abnormalities in Obesity

Thrombosis is a complex process resulting from the
balance between the procoagulant clotting cascades, the
anticoagulant fibrinolytic mechanisms, and the physio-
logic anticoagulant proteins. The procoagulant forces are
represented by the intrinsic and extrinsic coagulation
pathways, while the major anticoagulant forces are the
plasminogen-based fibrinolytic mechanism along with
the natural clot inhibitors antithrombin III, protein C,
and protein S. Any congenital or acquired disorder of
clotting may alter this balance and lead to thrombosis.
Obesity is associated with a number of coagulation
abnormalities. Elevated plasma concentration of fibrino-
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in bariatric surgery. In a survey of members of the Amer-
ican Society for Bariatric Surgery the self-reported inci-
dence of DVT and PE was 2.63% and 0.95%, respectively
(9). Forty-eight percent of bariatric surgeons reported at
least one death from PE in their practice. The develop-
ment of DVT has been ascribed to the Virchow’s triad 
of stasis, endothelial damage, and hypercoagulability.
Laparoscopic bariatric surgery has its own intraopera-
tive factors that may contribute to the development 
of DVT. Factors contributing to venous stasis during
laparoscopy include reverse Trendelenburg positioning
and pneumoperitoneum causing an impaired venous
return from compression of the iliac veins and inferior
vena cava. A reduction in femoral venous flow that was
reversed with the use of sequential pneumatic compres-
sion devices has been demonstrated during laparoscopic
cholecystectomy (10). Moreover, a number of studies
demonstrate a hypercoagulable state associated with
laparoscopy in both animals and humans (11–13).
However, the factors that contribute to DVT during
laparoscopy may be offset by a lower degree of operative
injury, early mobilization, and reduced postoperative
acute-phase response (14).

The Importance of Prophylaxis

Deep venous thrombosis and PE occur in approximately
20% to 30% of patients undergoing general surgery
without any prophylaxis. Perioperative prophylaxis may
reduce the incidence of DVT and PE by 70% and 50%,
respectively (15). The rationale for prophylaxis of DVT
is based on the high prevalence of venous thromboem-
bolism among obese patients, the clinically silent nature
of the disease, and the associated morbidity, mortality,
and costs. Clinical diagnosis of DVT is often unreliable
and may expose the patient to the risk of PE. Therefore,
primary prevention of venous thromboembolism and its
associated morbidity and mortality has been suggested.
Traditional pharmacologic agents for prophylaxis and
treatment of thromboembolism include unfractionated
heparin (UFH), low molecular weight heparins
(LMWHs), and warfarin (16,17). Other prophylactic
measures include graduated compression stockings, inter-
mittent pneumatic compression, and early mobilization.
In a small subgroup of patients at high risk for throm-
boembolism and in whom anticoagulants are contraindi-
cated, the preoperative insertion of a vena caval filter
may be considered (18).

The most widely used prophylactic agent for DVT is
UFH. An initial subcutaneous dose of 5000 units is typi-
cally given preoperatively and continued postoperatively
every 8 or 12 hours until the patient is fully ambulatory.
Many reports have demonstrated the beneficial prophy-
lactic effect of UFH in general surgery patients (19,20).

Low molecular weight heparins have a lower degree of
plasma protein binding, an improved subcutaneous
bioavailability, a dose-independent clearance, and longer
half-life than UFH. The efficacy of these agents for pre-
vention and treatment of DVT and PE is well established
(21,22). The LMWHs allow once-a-day injection as
opposed to UFH, which requires two or three doses per
day.

There is no consensus in the literature regarding the
best approach to prevent this problem in the morbidly
obese population. It is unclear whether the same dosage
regimens may be safely applied. Because of the increased
body mass, obese patients may be undertreated with stan-
dard non–weight-based prophylactic doses. Conversely,
the use of a treatment dosage regimen based on actual
body weight may conceivably lead to excessive anticoag-
ulation and bleeding. Obesity is associated with physio-
logic changes in drug pharmacokinetics (23). However,
uncertainty remains on whether pharmacologic prophy-
laxis dosage should be based on body weight, renal func-
tion, or both in obese patients. The volume of distribution
of heparin approximates blood volume, and the blood
content of adipose tissue is relatively low. Therefore, the
use of total weight in heparin dosage calculations might
lead to excessive heparin concentrations in obese

Table 26-1. Risk factors for deep venous thrombosis and 
pulmonary embolism

Age over 40 years
History of thromboembolism
Obesity
Smoking
Pregnancy
Oral contraceptive use
Malignancy
Trauma
Major surgery
Immobilization
Hypercoagulable states

Table 26-2. Coagulation abnormalities associated with morbid
obesity

Elevated fibrinogen levels
Elevated factor VII
Elevated von Willebrand factor
Elevated tissue-type plasminogen activator (t-PA)
Elevated plasminogen activator inhibitor-1 (PAI-1)
Antithrombin III deficiency
Protein C deficiency
Protein S deficiency
Lupus anticoagulants
Factor V Leiden mutation
Prothrombin gene variant
Dysfibrinogens
Increased platelet aggregation
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patients. Assays for direct measurement of LMWHs
levels are not commercially available. As a result, most
pharmacokinetic studies of LMWHs have used surrogate
biologic markers such as the anti–factor Xa and AT-III
activities. Several authors have demonstrated variability
in the correlation between anti-Xa activity, the body
weight, and the incidence of thrombosis and hemorrhagic
events, raising concerns about the consistency of antico-
agulation achieved with LMWHs in the morbidly obese
patient (24,25).

According to a survey among members of the American
Society for Bariatric Surgery, routine prophylaxis for
venous thromboembolism in bariatric patients is adopted
by 95% of surgeons, and the most frequently used com-
bination is low-dose UFH or LMWHs associated with
intermittent pneumatic compression (9).

Definitive data on thromboembolic prophylaxis in this
high-risk and growing population are needed. The only
way to determine the best prophylaxis would be a multi-
center prospective randomized trial in which all the dif-
ferent strategies are considered and screening of all
patients is performed.

Diagnosis

The clinical diagnosis of DVT is often misleading and
unreliable. Clinical findings associated with DVT include
lower extremity edema, erythema and warmth, fever, calf
pain and tenderness, pain induced by calf dorsiflexion
(Homans’ sign), and a palpable venous cord. Duplex
imaging is the standard noninvasive examination for 
the detection of DVT and has supplanted contrast 
venography. Unlike impedance plethysmography and
portable Doppler, duplex imaging enables the visualiza-
tion of the thrombus and the evaluation of its anatomic
level and extent. Duplex scanning has been shown to be
an accurate investigation when compared to ascending
contrast venography (26). However, the accuracy of
duplex scanning may be impaired by the body habitus of
obese patients.

Pulmonary embolism is a devastating potential conse-
quence of DVT. However, fewer than 30% of patients
diagnosed with PE present with clinical signs of lower
extremity DVT. Clinical manifestations of PE include
dyspnea, chest pain, tachycardia, tachypnea, hypotension,
fever, and hemoptysis. The mortality rate associated with
PE is 30%, but if the condition is recognized and treated
promptly the mortality decreases to 2.5%. Pulmonary
embolism must be differentiated from another poten-
tially life-threatening complication of bariatric surgery
represented by anastomotic leaks. Anastomotic leaks
may also present with tachycardia, chest pain, fever, and
respiratory distress. Therefore, awareness, early recogni-
tion, and differential diagnosis between PE and anasto-

motic leaks are key elements in the postoperative man-
agement of bariatric surgery patients. Whether an evalu-
ation for either PE or anastomotic leak will be instituted
first should be dictated by the clinical presentation.
A chest computed tomography (CT) scan or a ventila-
tion/perfusion (V/Q) scan should be obtained promptly
if the clinical picture strongly suggests the occurrence of
PE. An upper gastrointestinal (UGI) study or surgical
exploration should be undertaken if an anastomotic leak
is suspected.

Spiral CT scan of the chest is currently the diagnostic
modality of choice for the diagnosis of PE (27). Spiral CT
scan has been shown to have higher sensitivity, specificity,
and positive and negative predictive value for the detec-
tion of PE as compared to V/Q scan (28). Special equip-
ment should be available to accommodate morbidly
obese patients. This investigation involves intravenous
injection of contrast dye and therefore is contraindicated
in patients with advanced renal failure or dye allergy.

Ventilation/perfusion scanning is the most commonly
used imaging modality when PE is suspected. However,
the accuracy of this investigation is low, and up to 70%
of scans are reported as indeterminate. The Prospective
Investigation of Pulmonary Embolism Diagnosis
(PIOPED) study found that 88% of patients with high
probability V/Q scans had PE, as did 12% of those with
low probability scans (29). Therefore,V/Q scan should be
interpreted in conjunction with the clinician’s suspicion,
and further confirmatory testing is often required to
establish the diagnosis of PE.

Pulmonary angiography is considered the gold stan-
dard for the diagnosis of PE. It should be ordered when
the V/Q or the CT scan are suspicious but indeterminate.
However, the recent advances in spiral CT technology
have increasingly replaced the adoption of this invasive
imaging technique for the diagnosis of PE.

The D-dimer blood test is able to detect fibrin prote-
olysis and intravascular thrombus formation. Pulmonary
embolism and DVT are associated with high levels of D-
dimer. Although not diagnostic, this test has a high neg-
ative predictive value and therefore is useful in excluding
the diagnosis of PE.

Magnetic resonance imaging is a promising noninva-
sive diagnostic tool that needs further evaluation and has
not been introduced yet in the routine workup for the
diagnosis of PE.

Therapy

The standard treatment of acute DVT and PE is heparin
followed by sodium warfarin therapy. Heparin prevents
the extension of existing thrombus as well as the forma-
tion of new thrombus and enables the physiologic fibri-
nolytic system to work more effectively. Heparin is
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administered intravenously, consisting of an initial bolus
of 1000 units followed by a continuous drip of 10 to 15
units/kg/hour to maintain the partial thromboplastin time
at a level 1.5 to 2 times the control value. Complications
of heparin treatment include heparin-induced throm-
bocytopenia and hemorrhage. Oral warfarin is usually
started 24 hours after initiation of heparin therapy when
the patient’s condition is stable. Heparin is continued for
1 week or until warfarin has reached its therapeutic
window. Generally treatment with warfarin is continued
for 3 to 6 months. The prothrombin time is maintained at
1.5 to 2 times the normal value. Treatment with oral war-
farin may be problematic in obese patients who have
undergone bariatric surgery and whose oral intake and
vitamin absorption is reduced. Patients may develop a
vitamin K deficiency, and therefore their prothrombin
time should be monitored frequently after treatment with
warfarin has been initiated.

Acute DVT and PE may be managed with LMWHs. In
several studies, LMWHs have been proved to be safe and
equal or superior in efficacy when compared with UFH
or warfarin (30). Similar complications to UFH treatment
occur but less frequently. Moreover, LMWHs have the
advantage of an improved bioavailability, predictable
anticoagulation that makes monitoring of anticoagu-
lation unnecessary, and potential use in the outpatient
setting. Data evaluating the safety of using weight-based
dosing of LMWHs in obese patients are limited (31).
Usually a body mass weight-based dosage of LMWHs
has been adopted, not exceeding the maximum daily dose
suggested by manufacturers.

Conclusion

Obesity has been shown to be an independent risk factor
for the development of thromboembolism. Deep venous
thrombosis and PE are a major cause of morbidity and
mortality in patients undergoing bariatric surgery. Pre-
vention of thromboembolism in the perioperative period
is critical, but there is no consensus as to the ideal method
for prophylaxis in the morbidly obese patient. Differen-
tial diagnosis and early recognition of DVT and PE may
be difficult in the postoperative management of bariatric
patients.
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Preoperative Assessment

There has been ample documentation in the surgical lit-
erature about the potential advantages of performing
routine flexible upper endoscopy in patients planning to
undergo Roux-en-Y gastric bypass (RYGBP). While the
data are largely published about this particular operation,
there is certainly adequate reason to expect that some of
the strongest indications for preoperative screening of
bariatric surgery patients, such as those with a significant
history of gastroesophageal reflux disease (GERD) to
rule out Barrett’s esophagitis, are applicable to all
bariatric operations, and not just RYGBP.

At the University of Virginia, from 1986 to near the
end of 2001, a total of 596 patients undergoing RYGBP
as well as an additional 71 patients undergoing vertical
banded gastroplasty (VBG) had a preoperative screen-
ing flexible upper endoscopy examination prior to
surgery. While the vast majority of patients did have
normal anatomy on this screening examination, there was
a small but significant percentage of patients (31, or 4.6%
of the total) for whom their operation was altered by
pathologic findings at the time of flexible endoscopy. The
most common pathologic findings that altered surgery
were severe gastritis, duodenal ulcer, and duodenitis. For
the majority of these patients, a distal gastrostomy was
added to RYGBP, but in two instances a VBG was per-
formed instead. Other less common causes for alteration
of operation included gastric polyps, large hiatal hernia,
and Barrett’s esophagitis with dysplasia.

Between 1997 and 2001 at the University of Virginia,
the preoperative endoscopy has included routine prepy-
loric biopsy for testing for Helicobacter pylori. The inci-
dence of H. pylori was over 30% for patients tested. In
the untested patients prior to that date, the incidence of
marginal ulcer postoperatively was 24 of 354 patients
(6.8%). Since 1997, patients who have undergone preop-
erative screening for H. pylori and subsequent treatment
if positive have had a cumulative marginal ulcer rate of
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Bariatric surgery underwent an explosion in terms of
patient demand, the number of procedures performed,
and the number of surgeons performing it from the years
1998 to 2003. Since then, the insurance industry has suc-
cessfully limited the growth of this field with blanket
denials for coverage, adopting policies that require
expensive riders for bariatric coverage, and otherwise
limiting expenditures for bariatric surgery with the
undocumented excuse that the rise in volume has led to
increased complications. This has served to halt the ben-
eficial spread of the only known successful treatment for
the comorbid medical problems caused by severe obesity.

Much of the reason for the rapid expansion of the field
of bariatric surgery around the turn of the 21st century
was the availability of a laparoscopic approach for per-
forming all the major bariatric operations. Other factors
contributed as well, including increased patient aware-
ness resulting from increased media coverage, use of the
Internet by patients for obtaining information and infor-
mation exchange, and the increased interest in perform-
ing minimally invasive bariatric surgery among young
surgeons completing their training. Thus, bariatric
surgery has become much more mainstream in the
United States. Clearly this is a positive transformation in
the care of the severely obese patient population.

Since many of the bariatric surgeons who are now per-
forming minimally invasive bariatric surgery are rela-
tively new to the field, it is important that they learn all
the aspects of bariatric surgical practice, which will
enhance their patients’ long-term outcomes. In this
regard, it is therefore important that the bariatric surgeon
give strong consideration to being adept at flexible upper
endoscopy as an important tool in the management of
patients pre-, intra-, and postoperatively who are under-
going bariatric surgical procedures of all types. This 
discussion centers on the reasons for acquiring this skill
set as well as the methods and applications of flexible
upper endoscopy in the current practice of bariatric
surgery.

Role of Flexible Endoscopy in the Practice 
of Bariatric Surgery
Bruce R. Schirmer
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2.6%. This is a significantly (p <.05) lower rate of mar-
ginal ulcer than was seen prior to testing and treating 
for H. pylori (1). Ramaswamy et al. (2) found that the
preoperative incidence of H. pylori infection in their
patients undergoing bariatric surgery was 24%. Postoper-
ative foregut symptoms were significant in 48% of the 
H. pylori–positive group, and in only 19% of the H.
pylori–negative group, a significant difference.

Based on these data, we now recommend routine
testing for H. pylori prior to bariatric surgery. If the
patient undergoes a flexible upper gastrointestinal
endoscopy prior to surgery, then prepyloric biopsies are
obtained for histologic analysis for H. pylori. If no
endoscopy is performed, a serum test to determine expo-
sure is obtained. While a positive serum test does not nec-
essarily confer active presence of the bacteria, it warrants
treatment in the previously untreated patient. We have
not subjected patients treated for H. pylori to posttreat-
ment breath testing to determine efficacy of treatment.
This is because we question the cost-effectiveness of such
an additional step in view of the relatively low incidence
(usually in the 10% range) of ineffective medical therapy
and the minimal likely effect that would have on marginal
ulcer rates in the overall bariatric population. However,
such a decision is not a data-driven one.

Other investigators have reported the advantages of
performing preoperative flexible upper endoscopy prior
to bariatric surgery. Sharaf et al. (3) evaluated 195
patients by upper endoscopy prior to bariatric surgery,
and found one or more lesions of the upper gastroin-
testinal tract in 89.7% of cases. Of these, 61.5% were felt
to be clinically important. The most common findings
were hiatal hernia (40%), gastritis (29%), esophagitis
(9%), gastric ulcer (3.6%), Barrett’s esophagus (3%), and
esophageal ulcer (3%). Verset et al. (4) reported an inci-
dence of 37% gastroduodenal lesions and 31% esopha-
gitis in a group of 159 patients undergoing routine 
flexible upper endoscopy prior to VBG. Most of these
gastroduodenal lesions were asymptomatic, and the
esophagitis was almost always associated with a hiatal
hernia or incompetent lower esophageal sphincter. A
high incidence of esophagitis in severely obese patients
is not surprising and is well documented in other studies
as well (5).

Preoperative assessment of patients undergoing VBG
was reported by Papavramidis et al. (6). They found a
16.6% incidence of hiatal hernia, a 13.3% incidence of
esophagitis, a 30% incidence of gastritis, and a 6.6% inci-
dence of duodenitis.

Preoperative endoscopy is also an essential component
of the evaluation of a patient who has experienced failure
of a previous bariatric operation. Often such patients
present for consideration for reoperation due to poor
weight loss or other more acute symptoms. For example,
GERD is reported as a complaint of between 15% and

18% of patients who underwent previous VBG (4,6).
Assessment of the size of a previously created gastric
pouch, the integrity of a previously placed gastric staple
line, the size and location of previously created anasto-
moses, and the presence of any upper gastrointestinal
pathology as a result of the previous operation is essen-
tial for the surgeon to determine if reoperative surgery 
is possible, appropriate, and indicated. It also allows for
the appropriate treatment of anatomic problems and
ongoing pathology with the reoperation. The best out-
comes for reoperative surgery can only be achieved if
such appropriate evaluation and planning are part of the
preoperative plan.

Intraoperative Endoscopy

Based on the operative technique used, flexible
endoscopy may become an integral part of bariatric, par-
ticularly laparoscopic bariatric surgery. Wittgrove and
Clark (7) have described a technique of performing the
gastrojejunostomy of their laparoscopic RYGBP using an
endoscopically guided placement of the anvil of the end-
to-end anastomosis (EEA) stapler. Schauer et al. (8)
described the use of flexible upper endoscopy to inspect
the staple line of all gastrojejunostomies during laparo-
scopic RYGBP, as well as to perform a leak test using air
under pressure. Gagner et al. (9) described the use of
intraoperative endoscopy for passage of the EEA stapler
using a nasogastric tube during the performance of
RYGBP as well. Champion et al. (10) used intraopera-
tive endoscopy during 825 bariatric operations, most of
them RYGBPs, and found a 4.1% incidence of intraop-
erative error in the creation of the pouch or anasto-
mosis. Of these 34 errors found, most of them leaks, only
one persisted as a postoperative problem after repair was
performed. Thus flexible endoscopy has become an inte-
gral part of the performance of RYGBP in these experts’
hands. Many bariatric surgeons now routinely use intra-
operative flexible upper endoscopy as a standard part of
their operative procedure, most commonly for RYGBP
but for other operations as well.

Revisional bariatric surgery often relies on intraoper-
ative upper endoscopy to confirm the size and borders of
previously created proximal gastric pouches, as well as to
confirm the appropriate location for performing an anas-
tomosis to such proximal gastric pouches. Upper
endoscopy is also then used to confirm the integrity and
patency of anastomoses created when revising a previous
bariatric operation.

Intraoperative endoscopy is also a valuable tool, in 
an academic setting, for the training of the future 
gastrointestinal and bariatric surgeon. Recently the
American Board of Surgery required defined numbers 
of upper and lower flexible endoscopic procedures.
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There is also good documentation in the literature of the
efficacy and safety of resident-performed intraoperative
endoscopy (11).

Postoperative Endoscopy

Flexible endoscopy in the surgeon’s hands becomes most
valuable in the postoperative period. Patients who have
undergone previous bariatric operations may present
with a variety of symptoms suggestive of postoperative
upper gastrointestinal pathology. Flexible endoscopy
allows the surgeon to assess the anatomy and pathology.
Only the surgeon who has performed the previous oper-
ation has the unique first-hand knowledge of what was
done and created at the time of surgery. Postoperative
endoscopy provides the next surgeon feedback on the
anatomic construction of the operation in addition to
facilitating the determination of existing pathology. It
permits immediate assessment as to the best treatment
strategy for the existing pathology, which may often occur
during the endoscopic setting. Despite the expertise of
medical gastroenterologists in flexible endoscopy, often
their lack of familiarity with the anatomy of the bariatric
operation performed leads to misinterpretation of the
findings on upper endoscopy.

Obstruction

Postoperative symptoms of obstruction, pain, bleeding,
and reflux are the most common indications for which
flexible upper endoscopy is performed after bariatric
surgery. Obstructive symptoms may or may not coincide
with a true anatomic stricture of the gastrojejunostomy
after RYGBP, or gastric outflow after a VBG. Upper
endoscopy is less often used in diagnosing problems of
food intolerance and reflux after laparoscopic adjustable
gastric banding (LAGB), where band prolapse is respon-
sible for most such symptoms and an upper GI series is
diagnostic. For RYGBP, a pattern of progressive dyspha-
gia for solid and then for liquid food, most frequently
starting 3 to 8 weeks postoperatively, is highly suggestive
of proximal anastomotic stenosis. While an upper GI
series usually provides definitive evidence for the pres-
ence of a stricture of the anastomosis, flexible upper
endoscopy can provide even more certain assessment of
the anastomotic size as well as allow the performance of
a simultaneous balloon dilatation of the stricture.

For RYGBP, our proximal anastomotic stenosis rate
has ranged from a high of 14% with the use of a 21-mm
EEA stapler and oversewing the staple line with nonab-
sorbable suture, to a recent low rate of under 2% with a
linear stapled anastomosis reinforced only anteriorly
with absorbable suture during laparoscopic RYGBP.
Peak incidence of symptoms occurs in the 4- to 6-week

postoperative range. An initial flexible upper endoscopy
confirms the stenosis and allows balloon dilatation to be
done at that setting. The typical dilatation is performed
under direct endoscopic vision using an inflatable 18- to
20-French (F) balloon passed through the anastomosis
for performance of balloon dilatation. The anastomotic
opening can be dilated up to virtually the size of the flex-
ible therapeutic endoscope using this approach. Often
the anastomotic opening is 3mm or smaller in diameter,
when first visualized endoscopically.

The endoscopist must be certain that if a balloon
dilatation is to be performed, the relatively rigid end of
the balloon is not passed blindly through the anastomotic
opening and then forced against resistance. The end-to-
side configuration of many RYGBP gastrojejunal anas-
tomoses presents a potentially hazardous anatomic
configuration for dilatation. The endoscopist must only
pass the end of the dilating balloon just past the anasto-
motic stricture on the first dilation. Once the anastomotic
opening is enlarged enough to see across it further, the
balloon can be positioned in a more advantageous posi-
tion to allow maximal balloon size and pressure to be
exerted on the anastomosis with subsequent balloon
insufflation. Once the flexible endoscope itself can be
passed through the anastomotic opening, the dilatation is
essentially completed. However, a final dilatation may be
performed by passing the balloon into the visible lumen
of the jejunum beyond the anastomosis, and then with-
drawing the scope to position the balloon directly across
the anastomosis for one final insufflation and dilatation.

Symptoms of anastomotic obstruction may be verbal-
ized by the patient, only to find a normal-sized anasto-
mosis on endoscopy. In our first 560 patients undergoing
RYGBP, there were 72 patients with symptoms sugges-
tive of anastomotic stricture postoperatively. Of these, 54
(75%) had that problem (defined as an anastomotic
opening too small to allow passage of the flexible diag-
nostic endoscope). However, 25% did not. These 18
patients underwent 28 flexible upper endoscopies for
false-positive symptoms suggestive of anastomotic stric-
ture. The 54 patients who did have anastomotic stenosis
underwent 80 dilatations to successfully treat their anas-
tomotic stenosis (1).

While initial flexible upper endoscopy facilitates simul-
taneous diagnosis and treatment of stenosis, the limita-
tion of the dilatation is that the maximum size balloon
that will fit down the channel of a therapeutic endoscope
is 20F. Therefore, when we encounter a patient with a
tight stenosis who returns with recurrent symptoms after
one endoscopic dilatation, we often refer the patient to
the radiology department for a fluoroscopic balloon
dilatation with a 30F to 36F balloon, which is routinely
used for the procedure, providing a larger stretch of the
tight area. The technique employed by the radiologist is
to provide topical anesthetic to the hypopharynx,
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followed by passage of an orogastric guidewire, which is
passed through the anastomosis under fluoroscopic guid-
ance. The dilating balloon is passed over this guidewire.
The safety and efficacy of both fluoroscopic and endo-
scopic balloon dilatation is excellent. Of all the patients
with stenosis after RYGBP in our series, only four
patients, all with postoperative marginal ulcer, failed to
be adequately treated with serial balloon dilatations for
postoperative anastomotic stenosis and required reoper-
ation. All other patients were treated with three dilata-
tions or fewer.

Go et al. (12) also reported a 6.8% stenosis rate after
laparoscopic RYGBP, with a mean time to presentation
of 7.7 weeks. The average number of balloon dilatations
required to treat the stenosis in their series was 2.1, with
29% requiring three or more dilatations. Final treatment
was similarly effective in the vast majority of patients, as
in our experience. Goitein et al. (13) reviewed their inci-
dence of postoperative gastrojejunal stenosis following
laparoscopic RYGBP and found an incidence of 5.1%.
Most (90%) of these patients were amenable to endo-
scopic balloon dilatation. Mean time to presentation was
32 days, and most patients in this series required more
than two dilatations. However, all who underwent dilata-
tion were symptom-free at 21-month follow-up.

Schwartz et al. (14) described their experience treating
stenosis of the gastrojejunostomy following RYGBP.
Their technique in performing the anastomosis, however,
involved suturing of a piece of fascia lata around the
anastomosis at the time of surgery. Though the incidence
of stenosis in the series was low (3.3%), perhaps the oper-
ative technique accounted for the fact that in their expe-
rience stenosis presented significantly later (almost half
after 3 months postoperative), was unable to be success-
fully dilated in 25% of cases, and 12.5% of the patients
experienced perforation with dilatation.

Stenosis following VBG is usually a result of progres-
sive stricturing and scarring of the outflow tract of the
proximal stomach through the fixed band. The band can
create a rim of hypertrophic scar that may progressively
thicken with time. In our experience, 17% of patients
after VBG required treatment for gastric outlet obstruc-
tion (15). Balloon dilatation, done either endoscopically
or fluoroscopically or both, was needed for these patients.
In over half of these cases, serial dilatations proved 
ineffective in producing adequate relief of obstruction,
and reoperation was required. Papavramidis et al. (6)
reported a 13.3% incidence of stenosis after VBG, com-
parable to our experience. Others have reported similar
but slightly lower rates: Wayman et al. (16) found 8% of
their patients after VBG developed stomal stenosis, with
all but one responding to balloon dilatation.

The other postoperative symptoms that elicit the use of
flexible endoscopy for diagnostic and therapeutic pur-
poses include bleeding and abdominal pain. At our 

institution, these symptoms were the indications for
another 74 patients from the initial series report undergo-
ing 99 additional flexible upper endoscopic procedures (1).
Of the two symptoms, the more common indication for
these procedures was abdominal pain, suggestive of mar-
ginal ulcer. Often such diagnostic evaluations were nega-
tive for marginal ulcer (over 60% of cases). Actual
life-threatening bleeding following RYGBP has been rare
in our series,and in only one patient in that reported group
was active bleeding seen during endoscopy. When bleed-
ing is encountered early in the postoperative period, it
most often is a result of staple line bleeding at the anasto-
mosis. Standard endoscopic injection technique using epi-
nephrine is the treatment of choice for the problem. The
surgeon endoscopist must be careful about manipulating
the bowel around a fresh anastomosis,but endoscopy is not
contraindicated at any time postoperatively due to con-
cerns of anastomotic disruption. Rather, if performed with
expertise, it can avoid reoperation for the patient.

Overall, patients undergoing bariatric surgery at our
institution had an over 20% incidence of having a flexi-
ble upper endoscopy performed by their surgeon during
the time of their postoperative follow-up. This figure also
emphasizes the significant frequency for which upper
endoscopy may play a helpful diagnostic and therapeutic
role in caring for the patient who has undergone bariatric
surgery.

It should also be noted that the attitude of our patients,
when faced with a postoperative need for flexible upper
endoscopy, is almost uniformly relaxed and relieved, due
to their experience and familiarity with the procedure
from preoperative screening and the knowledge that
reoperation is unlikely to be needed.

Conclusion

Flexible upper endoscopy may be a helpful screening tool
for detecting preoperative upper gastrointestinal patho-
logy in patients undergoing bariatric surgery. In our 
experience with routine use, it changed the operative 
procedure in 4.6% of cases. Others have reported a
higher incidence on routine screening. Selective applica-
tion would likely result in an even higher percentage.

Preoperative screening for and treatment of H. pylori,
when added as a routine step in upper endoscopy, has sig-
nificantly decreased our marginal ulcer rate following
RYGBP from 6.8% to 2.6%. Biopsy for H. pylori should
be strongly considered when performing preoperative
screening endoscopy.

Several high-volume centers of bariatric surgery in the
U.S. routinely use intraoperative flexible endoscopy as
part of their performance of laparoscopic RYGBP.

Postoperative anastomotic stenosis after RYGBP
occurs in from 2% to 15% of patients after RYGBP. This



27. Role of Flexible Endoscopy 417

condition is amenable to endoscopic diagnosis and simul-
taneous balloon dilatation. Endoscopic balloon dilata-
tion, used either alone or in combination with
fluoroscopic balloon dilatation, is highly successful in
treating anastomotic stenosis after RYGBP.

Over 20% of patients undergoing RYGBP have, in our
experience, returned with signs and symptoms for which
flexible upper endoscopy were indicated. The surgeon
who performed the operation is the most knowledgeable
in interpreting postoperative findings at the time of flex-
ible upper endoscopy. Bariatric surgeons should strongly
consider incorporating the practice of flexible upper
endoscopy into their overall treatment program for their
patients.
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bariatric surgery in adolescence, there are currently no
strong, reliable population-based data by which one can
calculate percentile boundaries. This is because children
and adolescents with BMI values in the >40 range are very
poorly represented in the National Health and Nutrition
Examination Survey (NHANES)—the data set that pro-
vides the weight and height information used to create 
the commonly used pediatric growth charts. For example,
there are solid epidemiologic data to determine that a 20-
year-old man with a BMI of 40 has a BMI for age at the
98.5th percentile. While it may be possible in the future to
consider applying this 98.5th percentile (or perhaps a 99th
percentile) definition of morbid obesity to younger age
groups, the scientific basis for this has not yet been estab-
lished. Alternatively, for the present time, most authors
use BMI > 40 as a conservative threshold for defining
morbid obesity in children and adolescents, which is con-
gruent with the World Health Organization’s definition
for adults.

Adopting a BMI threshold as a general guideline for
considering adolescent bariatric surgery is done with 
the understanding that an obese adolescent with an
advanced, severe, and incontrovertibly weight-related
comorbidity also should be considered for weight loss
surgery without the strictest regard for the level of the
BMI. To state this differently, there are some, albeit 
few, obese individuals for whom bariatric surgery may 
be required to relieve an urgent, life-threatening health
problem, and thus they should not be required to meet
an arbitrary BMI threshold to gain access to services.

Risk Factors for Adolescent Obesity

When considering bariatric surgery for adolescents, it
may be useful to identify those patients who are at
highest risk of persistent obesity and its sequelae. Indeed,
recent insights into the developmental origins of obesity
may inform the clinical evaluation of the adolescent 
candidate for bariatric surgery (6). The risk of a child 
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Paralleling the epidemic of adult obesity are increasing
trends in the prevalence and incidence of childhood
obesity. Nearly two-thirds of adults in the United States
are overweight and one-third obese (1), and 17% of chil-
dren and adolescents are overweight or obese (2). The
immediate and long-term health consequences of child-
hood obesity as well as the psychosocial and economic
effects increasingly are cited as compelling arguments to
perform bariatric surgery on adolescents to achieve
aggressive weight loss. To provide a framework for con-
sidering and performing adolescent bariatric surgery, this
chapter discusses the basic concepts of pediatric obesity,
including definitions, risk factors, and consequences of
obesity unique to adolescents. Additionally, we review
the available evidence for the efficacy of bariatric pro-
cedures in the adolescent population and provide the
reader with a suggested guideline and pathway for the
application of bariatric surgery among adolescents.

Definition of Pediatric Obesity

The body mass index (BMI) is a relatively simple means
to define overweight adults who have attained full growth.
Adults with a BMI > 25 are considered overweight,
whereas those with BMI ≥ 30 are considered obese. But in
children and adolescents, we expect physiologic increases
in adiposity,height,and weight during growth,and thus we
cannot simply use a single BMI value to make accurate
predictions about adiposity. Instead, for the vast majority
of children and adolescents, growth charts are used to
assign cutoffs for obesity that are age, race, and sex spe-
cific (3). In this context, some authors have defined pedi-
atric obesity as BMI greater than the 95th percentile for
age and sex. Overweight, or at risk for overweight, has
been defined as a BMI > 85th percentile (4,5). It is impor-
tant to first recognize that these percentile definitions of
obesity and overweight become unreliable at the extreme
categories of obesity. In essence, for the very severe cate-
gories of obesity, which might prompt consideration for
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carrying obesity into adulthood is influenced by genetic,
biologic, psychological, cultural, and environmental
factors (7). There are critical phases in the development
of adolescent obesity in the period between preconcep-
tion and adolescence (8,9). In neonates, lower birth
weight has been linked to higher BMI in childhood and
adulthood (10–14). The phenomenon of adiposity
rebound also significantly affects the risk of chronic
obesity (7). Adiposity rebound is defined as the age at
which the physiologic low point of BMI occurs, typically
around age 6 years. Patients who are at highest risk of
chronic obesity can demonstrate adiposity rebound as
early as age 3 or 4 years. Childhood obesity risks are also
higher for offspring of mothers with diabetes mellitus
(15). Extended duration of breast-feeding in the postna-
tal period reduces the risk of adolescent overweight
(16,17). Conversely, longer duration of bottle feeding,
maternal smoking during pregnancy, and low social status
are risk factors for childhood overweight and adiposity.
In fact, early bottle feeding accelerates the age of obesity
rebound, which predicts obesity in later life (18).

Due in part to the rapid hormonal changes, puberty
also is a critical period for the development of both
insulin resistance (19) and obesity (20). Earlier menarche
is seen in obese children, suggesting that the obese expe-
rience an earlier onset of physiologic maturation com-
pared with children of normal weight (21).

Obesity in family members is an additional and impor-
tant risk factor for adolescent obesity. The risk for per-
sistence of childhood obesity into adulthood is elevated
threefold if one parent and 10-fold if both parents are
obese (22,23). The risk of obesity persisting into adult-
hood is far higher among obese adolescents than among
overweight younger children (24). Finally, there is a pre-
existing racial-ethnic disparity in the risk of obesity (5),
with lower socioeconomic groups being especially vul-
nerable because of poor diet and limited opportunity for
physical activity (25).

In summary, important risk factors for childhood and
adolescent obesity are (1) low birth weight, (2) bottle
feeding, (3) earlier adiposity rebound, (4) a diabetic
mother, and (5) parental obesity. Knowledge of these
important risk factors for adolescent obesity and its per-
sistence into adulthood gives some insight into the phe-
notypes of those individuals who may be least likely to
succeed with nonsurgical management of obesity, and by
inference, those who may benefit most from early appli-
cation of surgical therapy.

Consequences of Obesity Unique 
to Adolescents

Obesity in adolescents is associated with many of the
immediate and long-term consequences seen in adults.
Important complications of obesity in adults include

increased risk of cardiovascular disease (especially
hypertension), dyslipidemia, diabetes mellitus, gallblad-
der disease, increased prevalences and mortality ratios 
of selected types of cancer, lower socioeconomic status,
and psychosocial impairment (26). The magnitude of 
the adverse health consequences of obesity in adults is
underscored by multiple studies that demonstrate an
increased incidence of morbidity, mortality, and in par-
ticular early death in obese adults (27–29). These factors
elevate the level of concern about the significance of
medical consequences of obesity among adolescents.

The incidence of premature disease in obese adoles-
cents is increased, and a wide range of organ systems is
affected (30,31). Risk factors for atherosclerosis and
coronary artery disease coexist in obese adolescents with
hyperlipidemia and are also more common in this group
(32,33). Almost 60% of obese children in the Bogalusa
Heart Study had one risk factor for cardiovascular
disease, with 20% having two or more risk factors (34).

Glucose intolerance is a frequent consequence of adult
obesity as manifested by non–insulin-dependent diabetes
mellitus (NIDDM). Derangements in carbohydrate
metabolism, primarily insulin resistance, are clearly 
associated with childhood obesity (19). In 1996, a group
from Cincinnati Children’s Hospital reported a 10-fold
increased incidence of type 2 diabetes in adolescents (35).
Among new adolescent diagnoses of diabetes, type 2 dia-
betes accounted for one third. From 19% to 27% of
severely obese adults (36,37), and 17% to 25% of obese
children and adolescents (38,39), have impaired glucose
tolerance, while the prevalence of type 2 diabetes is 24%
to 27% for adults and only 4% to 6% in obese youth.
Therefore, both insulin resistance and impaired glucose
tolerance are highly prevalent among obese adults and
children. Insulin resistance may also represent the 
fundamental defect underlying development of the 
cardiometabolic syndrome—a disorder with severe 
consequences, including premature mortality (40). Given
the current increases in childhood diabetes and obesity
prevalence, epidemiologists at the Centers for Disease
Control (CDC) have recently made a sobering predic-
tion: type 2 diabetes is expected to develop in 33% to
50% of all Americans born in the year 2000 (41).

Other health problems associated with pediatric
obesity include reduced sleep efficiency and frank
obstructive sleep apnea. Sleep deprivation and excessive
daytime sleepiness are more common in obese children,
and poor school performance has been associated with
disordered sleep patterns in these children (42,43). Some
data also demonstrate that correction of obstructive sleep
apnea problems improves school performance. Of par-
ticular concern is the fact that children with obstructive
sleep apnea also exhibit early cardiac abnormalities such
as left ventricular hypertrophy and abnormal ventricular
dimensions (44) not ameliorated by modest weight loss
(45).
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Skeletal disorders related to obesity demonstrate the
toll that excessive weight takes over time on developing
bone and cartilaginous structures. In Blount’s disease,
characterized by the abnormal bowing of the tibia (tibia
vara) and resultant overgrowth of the medial aspect of
the proximal tibial metaphysis in children, over two thirds
of affected children are obese (46). Slipped capital
femoral epiphysis stems from the effects of increased
body weight on the cartilaginous growth plate of the hip.
Up to 50% of children with slipped capital femoral epi-
physis are overweight, and recurrence after surgical cor-
rection is likely if weight loss is not achieved (47).

Hypertension, which is less frequently found in chil-
dren overall, occurs at a ninefold increased risk in the
obese (48). Pseudotumor cerebri is a rare childhood dis-
order associated with increased intracranial pressure.
Although pseudotumor presents with headaches and pul-
satile tinnitus, it can progress to papilledema and require
optic nerve fenestration for palliation. As many as 50%
of children with this disorder are obese; however, the
relationship between obesity and symptom onset is
unclear (49).

A consequence of the epidemic of adolescent obesity
is the increasing incidence of polycystic ovarian syn-
drome (PCOS) and hyperandrogenism related to insulin
resistance and hyperinsulinism, which affect ovarian
function (50). Obesity is present in approximately 50%
of adolescents with PCOS; thus sustained weight loss can
ameliorate the clinical manifestations of acne and hir-
sutism, as well as favorably impact insulin resistance (50).

Nonalcoholic fatty liver disease and steatohepatitis
occur more frequently in obese children and adolescents
(51). The most serious consequence of liver injury asso-
ciated with obesity is fibrosis and accelerated cirrhosis,
which can lead to end-stage liver disease. Finally, the risks
of certain cancers, in particular gynecologic malignancies,
have been associated with obesity in adolescents (52–54).

Psychosocial and quality of life issues are among the
most prevalent in obese adolescents. The patterns of dis-

crimination against obese children are established early
in life and become ingrained in a culture in which thin-
ness is admired (16,55). Although young children do not
exhibit negative self-esteem or low self-image (56), ado-
lescents develop a negative self-concept that may persist
into adulthood (57). Moreover, obese individuals report
that their weight has a negative impact on several aspects
of their daily lives including physical function, self-
esteem, sexual function, and employment (58).

Wang and Dietz (59) determined that over the past two
decades (1979–1999), the cost of health care for children
between 6 and 17 years of age with obesity-related diag-
noses had more than tripled from $35 million to $127
million. They attributed increased incidences of diabetes,
complications from gallbladder disease, and obstructive
sleep apnea as responsible for the overall increase.

Bariatric Surgery in Adolescents

The rationale for performing bariatric procedures on
adolescents is to prevent or alter the pattern of adverse
health consequences that potentially impact obesity-
related early mortality, which has been shown to exist in
obese adults. The undeniable health benefits of bariatric
surgery seen in adults will most likely be realized in the
adolescent population as well. Thus, the use of bariatric
surgery for carefully selected adolescents with severe
obesity and comorbidities, who are unable to achieve 
a healthy weight with conventional measures, seems 
reasonable.

Guidelines and recommendations for offering bariatric
surgery to adolescents have been proposed by the
authors in conjunction with a group of pediatric obesity
specialists and surgeons (58). Inclusion and exclusion cri-
teria should be considered for adolescent patients
seeking bariatric surgery (Table 28-1).

An alternative approach to these conservative indica-
tions is to offer bariatric surgery to adolescents earlier in

Table 28-1. Indications and contraindications for bariatric surgery in adolescence

Indications
Patient has failed at least 6 months of organized, medically supervised weight loss attempts; and
Patient has attained physiologic maturity (unless comorbidity is extreme); and
Patient is severely obese (BMI > 40) with obesity related comorbidities or have BMI >50; and
Patient exhibits commitment to comprehensive medical and psychological evaluation both before and after surgery; and
Patient agrees to avoid pregnancy for at least 1 year postoperatively; and
Patient is capable of adhering to and complying with postoperative nutritional guidelines; and
Patient signs informed consent form for surgical management; and
Patient demonstrates decisional capacity; and
Patient has a supportive family environment

Contraindications
Patient has been a substance abuser within the preceding year; or
Patient has a psychiatric diagnosis that would impair ability to adhere to postoperative dietary or medication regimen (e.g., psychosis); or
Patient has medical causes of obesity (endocrine, hypothalamic, or pituitary); or
Patient (or parent) is unable or unwilling to fully comprehend the surgical procedure and its medical consequences; or
Patient is unable or refuses to participate in lifelong medical surveillance
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the course of their disease. Offering bariatric surgery only
to those adolescents who have severe comorbidities or
severe obesity may result in higher complication rates
and potentially less weight loss for these patients. Offer-
ing the procedure to patients with lower BMIs at an
earlier point in the disease process, however, may
decrease their operative risk and optimize results. This
concept of selecting patients based on risk factors analy-
sis rather than BMI has not yet been widely accepted, but
may be applicable to obese adults as well as adolescents.
Further data are required, however, before this concept
can be implemented and the use of arbitrary BMI cutoffs
to select patients abandoned.

The American Society of Bariatric Surgery (ASBS)
does not support a strict BMI cutoff of 40 for morbidly
obese adolescents to qualify for bariatric surgery. Such a
cutoff may prevent access to surgery for adolescents with
lower BMIs and severe comorbidities who are in need of
surgical intervention. Additionally, the ASBS has ques-
tioned the need to include established comorbidities as
an indication for bariatric surgery in the adolescent
group. Given the natural history of obesity, morbidly
obese children will almost certainly develop severe
comorbidities as they progress to adulthood. The ASBS
has emphasized the need to prevent comorbidities by
offering surgery earlier rather than waiting for them to
develop in this patient population. In summary, the ASBS
supports using the same criteria for bariatric surgery in
the adolescent as those set forth by the 1991 National
Institutes of Health (NIH) Consensus Conference for
morbidly obese adults (60).

Adolescent bariatric surgery should be available as an
integral part of comprehensive pediatric weight manage-
ment programs. Expertise in a number of disciplines
should be represented in such comprehensive programs
to ensure optimal outcomes. These specialties include
adolescent medicine, psychology, nutrition, and exercise
physiology. Other specialists may be required, depending
on individuals’ needs. These include pediatric experts in
endocrinology, pulmonology, gastroenterology, cardio-
logy, and orthopedics.

Unique Features of Adolescents
Relevant to Bariatric Surgery

Since adolescence represents an extensive period of sub-
stantial growth and maturation, both physically and emo-
tionally, special attention to developmental issues in
adolescents is critical when considering bariatric proce-
dures that will have marked impact on future growth and
development. For adolescents who have attained the vast
majority (>95%) of linear growth, there is clearly little
reason to believe that growth would be impaired by a
bariatric procedure (61). Based on peak height velocity

measurements in normal weight girls (8 to 9cm/year) and
boys (9 to 10cm/year), girls should achieve >95% linear
growth by 13 years of age and boys by 15 years of age
(62). The onset of menarche is also a marker for physio-
logic maturity in girls, and growth is generally completed
within 2 years after menarche. Bone age can also be
assessed by plain radiography of the hand and wrist if
there is uncertainty about status of physiologic matura-
tion. Nomograms are used by radiologists to accurately
predict the percentile of adult stature that a child has
attained.

The importance of a dedicated pediatric psychologist
and continued postprocedural follow-up cannot be over-
stated. As a corollary to physiologic growth, adolescents
are also rapidly maturing psychologically. As chronologic
age does not accurately correlate with maturity of
thought, adolescents present along a continuum relative
to their ability to understand health and disease and the
implications of treatment decisions. Historically, adoles-
cents with chronic illnesses have demonstrated poor com-
pliance with medical treatment regimens and clinical
follow-up (63,64). Rand and Macgregor (65) reported
that less than one in five adolescent gastric bypass
patients were completely compliant with postoperative
dietary multivitamin and nutrient supplementations.
Conversely, studies have suggested that in this age group,
adherence to medication and dietary regimens can be
improved with family-based behavioral therapy (66–68).
For instance, adolescents with cystic fibrosis, asthma, or
type 1 diabetes have demonstrated significantly enhanced
regimen adherence with defined behavioral interven-
tions. Thus, there is scientifically rigorous evidence from
other chronic disease models that would suggest that
ongoing behavioral therapy offers the best chance at
long-term success with compliance with postoperative
regimens after bariatric procedures in adolescence.

Clinical Pathway for the Management
of the Adolescent Undergoing 
Bariatric Surgery

Gastric bypass surgery reduces the intake and decreases
the absorption of food items rich in essential fatty acids,
vitamins,and other specific nutrients, the long-term results
of which are unknown and are of legitimate concern. This
is particularly relevant given the fact that a majority of
adolescents seeking bariatric surgery are girls who are or
soon will be considering planning families of their own.
Undernutrition of the mother during fetal development
may well result in adverse health consequences or subse-
quent obesity in the offspring, as suggested by the Dutch
famine cohort (11). Therefore, success of adolescent
bariatric surgery should be examined along the life course,
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not only in terms of sustained weight loss but also in terms
of normal progression through adolescence and adult-
hood, and eventually in terms of uncomplicated repro-
duction and normal offspring.

Adolescents should be considered a high-risk popula-
tion, and thus bariatric operations should be performed
only in specialized regional programs and centers that
provide comprehensive and extended preoperative and
postoperative medical surveillance. The potential bene-
fits of regionalizing complex surgical procedures have
been recognized for at least two decades (69–72). Recent
data suggests that nearly 3000 adolescents have under-
gone bariatric surgery over the past decade, representing
<1% of the adult bariatric volume. In addition, a three-
fold increase in adolescent bariatric surgical volume was
seen between 2000 and 2003 (Dr. R. Burd, personal com-
munication, May 2006). These findings suggest that
centers offering adolescent bariatric surgery should be
dedicated to the collection of quality outcome data. The
long-term sequelae of adolescent bariatric surgery are
currently unclear; thus, clinical pathways should have the
goal not only of achieving significant and sustained
weight loss and comorbidity resolution, but also of iden-
tifying potential adverse effects of bariatric procedures
and risk factors for late weight regain, and contributing
to determining which operations are the most effective.

There is good reason to have a heightened concern for
development of postoperative hypovitaminosis syn-
dromes after gastric bypass surgery in adolescents (65).
Obesity is a risk factor for preoperative micronutrient
malnutrition (73), and this could be compounded post-
operatively, since gastric bypass patients are at risk for
noncompliance with supplementation regimens (65).
Indeed, adolescents have developed symptomatic
beriberi requiring a period of parenteral supplementa-
tion for resolution, despite receiving adequate multivi-
tamin supplementation (74).

Postoperative vitamin and mineral supplementation
should mimic best practice used for adult bariatric
patients; unfortunately, there are no evidence-based
guidelines for micronutrient management after bariatric
surgery. However, many agree that at a minimum,
patients should be prescribed two pediatric chewable
multivitamins, in addition to a calcium supplement, and
an iron supplement for menstruating females. Strong con-
sideration should also be given to additional supplemen-
tation of B complex vitamins beyond what is contained
in multivitamin preparations, to augment thiamine sup-
plementation (74). However, the risk of noncompliance
with supplements in the younger age group also provides
the rationale for simplification of the regimen and for
more extensive postoperative surveillance. When there is
any question of compliance with supplement intake, it is
reassuring to document the adequacy of intake by meas-
uring levels (e.g., folate, vitamins A, B1, B6, and B12).

Body composition assessment should also be consid-
ered for adolescents undergoing rapid weight loss. This
can be performed with either bioelectrical impedance
(for patients weighing in excess of 300 pounds) or dual
energy x-ray absorptiometry analysis (DEXA, for
patients weighing less than 300 pounds) preoperatively
and at regular intervals postoperatively. DEXA measures
the rate and relative amounts of fat and lean body mass
loss, and a dedicated lumbar spine study provides a quan-
titative assessment of bone mineral density. Bone density
measurements can be reassuring, given the fact that bone
mineral accretion continues to occur throughout the first
three decades of life and is not complete until the mid-
20s. Evidence suggesting that even as little as a two stan-
dard deviation change in bone mineral content of the
adolescent can significantly increase the risk of osteo-
porosis and bone fractures in later life underscores the
importance of meticulous and extended monitoring of
nutrient, vitamin, and mineral absorption (75,76). Body
composition analysis is also used to modify dietary plans
intended to preserve lean body mass during weight loss.

Outcomes of Bariatric Surgery 
in Adolescents

Bariatric surgery in adolescents has not been evaluated
or compared with nonoperative approaches in a prospec-
tive manner. However, the limited experience accrued in
several small series suggests that gastric bypass and
adjustable gastric banding can be performed safely and
effectively in adolescents (65,77–81).

Whereas most of the published accounts have reported
results of the open Roux-en-Y gastric bypass technique,
laparoscopic gastric bypass has been used successfully in
adolescents with few complications (82,83). Stanford et
al. (83) reported an excess weight loss over 80% in three
of four patients who were followed >20 months follow-
ing laparoscopic gastric bypass surgery. Excess weight
loss following gastric bypass has been satisfactory in most
series, with Strauss et al. (78) reporting nine of 10 patients
who lost over 59% of their initial excess weight, and sim-
ilarly, Sugerman et al. (79) reported a 56% excess weight
loss in 20 patients >10 years after gastric bypass surgery
was performed in their adolescence (ages 12 to 17 years)
(78,79).

There has been an ongoing debate over whether gastric
bypass (open or laparoscopic) versus the laparoscopically
placed adjustable gastric band should be the preferred
procedure for weight loss in severely obese adolescents.
Despite consideration of the Roux-en-Y gastric bypass as
the gold standard for the achievement of sustained
weight loss (36), adjustable gastric banding has been used
with success in the obese adolescent population. The
appeal of adjustable gastric banding for adolescents lies
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in the reversibility, low incidence of morbidity and mor-
tality, and potential avoidance of severe nutritional risks
associated with malabsorptive procedures (84). Dolan et
al. (81) reported on 17 adolescents (ages 12 to 19 years)
who underwent laparoscopic adjustable gastric banding
for obesity (mean preoperative BMI = 44.7) with an
average of 2 years follow-up, who had achieved 59.3%
excess weight loss, and the majority (76.5%) lost at least
50% of their excess weight (postoperative BMI = 30.2).
Many patients in this study experienced marked
improvement in obesity-related comorbidities. Other
authors have observed similar results in adolescents 
following adjustable gastric banding (85). Long-term
follow-up is necessary to determine whether the elimina-
tion of comorbidities and maintenance of weight loss are
sustained, and whether complications related to the
gastric banding approach are acceptable. In the United
States, Food and Drug Administration (FDA) approval
of this device in June 2001 was confined to the adult pop-
ulation. An FDA panel meeting in November 2005 was
dedicated to the design of trials for weight loss devices in
pediatric morbidly obese patients. However, as of yet
there have been no weight loss devices approved for use
in children or adolescents.

There has been no reported procedure-related mortal-
ity in adolescents undergoing gastric bypass. Early com-
plications have included pulmonary embolism, wound
infection, stomal stenoses, and marginal ulcers. Late com-
plications have included small bowel obstructions, inci-
sional hernias, symptomatic cholelithiasis, protein calorie
and micronutrient deficiencies, and late weight regain
(10–15% incidence) (77–80). The predictability of such
complications parallels those of adult series and therefore
necessitates lifelong follow-up. In 2001, the first children’s
hospital-based comprehensive weight management
program including bariatric surgery was developed at
Cincinnati Children’s Hospital Medical Center. Institu-
tional consensus was achieved for a multidisciplinary team
early in the process (86). Modification of a number of
processes was also needed to accommodate care deli-
very to morbidly obese adolescents, most notably, assess-
ment of weight limits for diagnostic equipment used in the
radiology department (87).

Over 70 adolescents have undergone laparoscopic
Roux-en-Y gastric bypass at Cincinnati Children’s Hos-
pital. The average age of adolescent patients was 17 years.
While all patients have had comorbidities of obesity,
more than half have suffered from obstructive sleep
apnea (88). The youngest patient was a 14-year-old girl
with type 2 diabetes mellitus. Most adolescents have
demonstrated some features of metabolic syndrome (89).
Eighty-three percent have evidence of fatty liver disease,
with a quarter of patients demonstrating steatosis alone,
one third with some inflammation and steatosis, and 20%
formally demonstrated nonalcoholic steatohepatitis (90).

Most patients have demonstrated markedly impaired
quality of life, worse on average than patients who suffer
from pediatric cancer (91).

The mean preoperative weight in our patients is 361
pounds (164kg), and the BMI ranged from 44 to 85, with
a mean of 57. After 1 year, the mean weight was 222
pounds (101kg) and BMI ranged from 26 to 58 with a
mean of 35. This represents a 39% reduction in BMI over
the year. The excess weight loss is 63%. By comparison,
BMI in a comparable cohort (n = 12) enrolled for 1 year
in our nonsurgical pediatric weight management program
fell 2.6% from 47.2 to 46 (p = NS). Postoperative
polysomnography (6 months) showed a dramatic reduc-
tion in the severity of obstructive sleep apnea (OSA) in
all patients, with complete resolution of OSA in 90%
(87); similarly, type 2 diabetes resolved at 1 year after sur-
gical weight loss in all six patients with this diagnosis.
Metabolic outcomes have shown that insulin resistance
and hypertriglyceridemia resolve after adolescent gastric
bypass as well (89). Patient and parental satisfaction have
been very good overall. A support group is considered
useful for allowing a frank exchange of information
among families who are considering surgery and those
who have had bariatric surgery, although overall partici-
pation has been less than ideal.

Conclusion

Surgical approaches may be reasonable for clinically
severely obese adolescents who have obesity-related
comorbidities and have been unsuccessful in achieving
sustained weight loss following organized attempts. Sug-
gested indications and contraindications for operative
intervention should not be inflexibly applied to every
patient but rather should be considered guidelines for
performing bariatric surgery in adolescents. Individuals
should be considered based on the degree of obesity, the
severity of comorbid conditions, their physical and emo-
tional maturity level, and the stability of family support.
The benefits of a multidisciplinary approach in adoles-
cent weight management and bariatric surgery cannot be
overemphasized. Families and patients alike must partic-
ipate fully in all aspects of preoperative decision making,
and must fully understand the potential complications
before bariatric interventions are made. Families and
patients must understand that bariatric surgery is a valu-
able weight loss tool, as opposed to a cure for obesity, to
promote continued compliance with lifestyle and dietary
changes postoperatively. Adolescent bariatric surgery
should be conducted only in institutions capable of man-
aging adolescents with complications of severe obesity
and where detailed clinical data collection and outcome
studies can be done. Finally, highly trained and skilled
bariatric surgeons must have an integral role within the



28. Bariatric Surgery in Adolescents 425

multidisciplinary team to guarantee safe and appro-
priate application of bariatric surgical procedures in 
adolescents.
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and perioperative care for this group of bariatric patients.
Until sufficient evidence is obtained from prospective
randomized trials, the decision to operate on the elderly
will be left to the discretion of each individual bariatric
surgeon or practice. We have performed bariatric proce-
dures in our practice on patients into their seventh
decade of life without any significant increase in morbi-
dity or mortality.

How Does Obesity Impact the Elderly?

Most research on obesity is derived from young and
middle-aged patients.There are limited data regarding the
prognostic importance of overweight and obesity in the
elderly. Surprisingly, overweight and mild obesity do not
seem to be associated with any significant increase in car-
diovascular mortality in individuals 65 years of age or
older, as compared with younger cohorts. The data, in fact,
suggest that individuals 65 and older may require a higher
optimum body mass index (BMI) than the ideal weight
currently defined in federal guidelines for all individuals
as a BMI between 18.7 and 24.9 (6). Several studies have
shown that the excess mortality associated with obesity
actually declines with age (7). Therefore, until age-specific
recommendations are made, elderly patients who are
being considered for weight reduction surgery should
meet strict National Institutes of Health (NIH) weight cri-
teria.There are also few data involving medical weight loss
in the elderly. Most studies on supervised diets or med-
ications have been performed in younger patients. Thus, it
is probably prudent that elderly patients have attempted
a serious effort at documented medical weight loss before
undergoing surgical treatment.

Patient Selection and Preoperative
Assessment of Surgical Risk in the Elderly

Due to the lack of any uniform consensus, the onus 
of patient selection falls on the bariatric surgeon.
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Advances in health care enable people to live longer and
healthier lives than ever before. The average life span is
now well into the 70s. This is a dramatic increase since
Roman times, when the average life span was only 25 to
30 years. In 1990, more than 30 million people were above
the age of 65 in the United States. This figure is estimated
to nearly double to 58.9 million, comprising nearly 20%
of the population, by the year 2025 (1). Individuals above
the age of 65 currently undergo more surgical procedures
than any other age group, the incidence of which is only
expected to increase over the next several decades (2).
This raises many potential areas of concern for all sur-
geons, including bariatric surgeons.

Before discussing bariatric surgery in the elderly,
however, one must first define “elderly,” as there is no
standard criterion and little consensus in the surgical 
literature. Publications use different age definitions,
ranging from 50 to above 80 (3–5). For our discussion
purposes, elderly will be defined as individuals of ages 60
or older, based on the federal age classifications that are
currently in place.

Assessing the effect of age on operative risk is also dif-
ficult. Age is relative to the time in question, which is why
there are no absolute standards; for example, a study
from the 1950s regarding age and operative risk may 
not be as relevant today as it once had been. The wide
heterogeneity of operations in question also adds bias.
There are unfortunately few studies specifically address-
ing bariatric surgery in the elderly. Bariatric surgery in
the elderly may entail a risk profile that is inherently dif-
ferent from that for cataract, cancer, or cardiac surgery.
Most analyses of perioperative care in the elderly have
been extrapolated from the literature on younger
patients, making them prone to error. Finally, the
advancement of minimally invasive techniques adds
another parameter that may affect operative risk.

Approximately 20% of obese Americans are elderly.
As this percentage continues to rise it will become
increasingly important that standard guidelines are
created to help facilitate the process of patient selection

Bariatric Surgery in the Elderly
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Chronologic age alone is a poor predictor of outcome.
After establishing fulfillment of the general NIH criteria
for weight reduction surgery, emphasis should be placed
on the evaluation of the functional status of the individ-
ual (8). The impact of age on surgical risk arises from a
decrease in vital organ function. This is attributable to the
normal aging process in conjunction with any preexisting
disease, resulting in a decreased ability to respond opti-
mally to operative stress (1). Age in and of itself,
however, is not the risk. Patients should be stratified into
a high- or low-risk category based on the number of asso-
ciated diseases. The literature suggests that the preoper-
ative condition of the patient is more important than
intraoperative events in predicting adverse outcomes
after surgery. A dramatic increase in perioperative deaths
has been seen in elderly patients with multisystem
disease. Premorbid conditions that may increase periop-
erative risk include congestive heart failure and coronary
artery disease (9). The goal of any bariatric operation
should be to improve the quality of postoperative life,
or at minimum, not impair it. Therefore, preoperative
optimization of the elderly patient’s overall condition,
without undue delay in surgery, is advocated.

There are several normal age-related physiologic
changes that may or may not have any overt clinical find-
ings. These age-related changes result in altered end-
organ function, most importantly cardiac, pulmonary, and
renal function. Cardiac output can be decreased from a
blunted response to catecholamines, which can lead to
increased ectopy that may not be seen in the resting state.
Hypertrophy of the left ventricular mass can add to any
underlying diastolic dysfunction already present. It may
be prudent in elderly patients to evaluate the functional
cardiac status under stressed conditions (using a tread-
mill stress test or a Persantine thallium scan), even in the
presence of a normal electrocardiogram. A transthoracic
echocardiogram should also be considered in any patient
with history of congestive heart failure (CHF).

The changes in the respiratory system include
decreased chest wall compliance, decreased lung
volumes, and decreased strength of the respiratory mus-
culature, resulting in an overall decline of pulmonary
function. Elderly patients, therefore, may be more sus-
ceptible to postoperative respiratory complications. Pul-
monary function tests are not normally required in the
workup of a routine bariatric candidate but may be
informative, particularly if there is a question regarding
pulmonary reserve in a patient with baseline chronic lung
disease (previous episodes of pneumonia, long smoking
history, pulmonary embolus, asthma) or obesity hypoven-
tilation syndrome.

Normal renal changes include decreased renal blood
flow with resultant decreased glomerular filtration rate
and decreased creatinine clearance. Patients who present
with marginal renal function should have close attention

to their perioperative fluid status. Gentle hydration
without large volume shifts is generally better tolerated.
Any potentially nephrotoxic drugs should be discon-
tinued prior to surgery (1).

One postoperative complication that is relatively
unique to the elderly population is delirium. Delirium is
defined as a “clinical syndrome in which there is an acute
disruption of attention and cognition” (10). Delirium has
been associated most commonly with cardiac and ortho-
pedic procedures, but has been reported in all types of
surgery. When delirium occurs postoperatively, it has
been associated with increased morbidity and mortality
(11). Preoperative risk factors include age, history of or
current alcohol abuse, history of depression, dementia,
and the presence of any metabolic derangements (11).
Screening for these risk factors and correction preopera-
tively as necessary should be attempted.

Immobility is a problem associated with morbid
obesity that can become aggravated in elderly patients.
The incidence of degenerative joint disease increases
with age, and many obese elderly patients may be denied
corrective joint repair due to their excess weight. Their
immobility, however, may limit their ability to lose weight
through more conservative measures such as diet and
exercise, leaving surgery as one of the few options for
effective treatment. Immobility can also result in wound
care issues, with the formation of decubitus ulcers.
Elderly bariatric patients requiring long-term intensive
care are at high risk for the development of such ulcers.
For the uncomplicated postoperative patient, early
ambulation is essential, which in the elderly may require
assistance from physiotherapists or the nursing staff.

Outcomes of Bariatric Surgery 
in the Elderly

There are several studies in the literature that suggest an
increased risk of mortality in the elderly after surgery.
Most of these studies, however, have small sample size,
include patients in their eighth and ninth decades of life,
as well as those undergoing cancer operations, cardiac
procedures, or semi-emergent operations (12–15). It is on
the basis of such a wide range of operations that much of
our outcomes data on the elderly has been gathered.
Studies showing poor outcome may have created a bias
that until recently prevented many elderly patients from
undergoing necessary procedures. Although we are still
gaining insight on the safest way to manage elderly
patients, certain trends have been established. Emer-
gency surgery is associated with higher morbidity and
mortality in all age groups, but particularly in the elderly.
Elderly patients often present with more advanced
disease, forcing surgical therapy once complications have
already occurred. Elderly patients are less likely to 
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tolerate complications, if they occur; therefore, preven-
tion is essential (9).

There are unfortunately few studies specifically
addressing outcomes of bariatric surgery in the elderly,
most being limited to retrospective reviews or nonran-
domized prospective studies. Some studies combine a
mixture of procedures, ranging from open procedures
such as vertical banded gastroplasty, Roux-en-Y gastric
bypass, and biliopancreatic diversion to laparoscopic
gastric banding and laparoscopic Roux-en-Y gastric
bypass, limiting their applicability.

Until recently, many bariatric centers refused surgery
to patients over 50. In 1977, Printen et al. (3) reported a
greater than twofold increase in mortality in patients
older than 50 of 8.0%, compared with 2.8% in those
younger than 50 undergoing gastric bypass procedures.
This, however, was an evaluation of only 36 patients
during a time when the overall mortality for gastric
bypass was significantly higher than what is seen today.
In contrast, MacGregor and Rand (4) in 1993 did not find
a statistical difference in mortality (1.1% vs. 0.6%) in
those patients aged 50 or older as compared with younger
patients undergoing a variety of obesity operations.
Similar findings were shown by Murr et al. (5) in 1995.
A later study by Livingston et al. (16) suggested that
increasing age was not associated with increased mor-
bidity after gastric bypass. However, if a complication
were to occur in this population, the incidence of mor-
tality associated with an adverse event was threefold in
older patients.

These data reinforce the concept that elderly patients
may have less physiologic reserve than younger patients
to overcome an adverse event. With a better under-
standing of bariatric medicine and refinements in mini-
mally invasive techniques, the overall mortality and
complication rates have fallen dramatically. Laparo-
scopic gastric bypass seems to result in less operative
stress, earlier postoperative recovery, and reduced post-
operative pain without a concomitant increase in mor-
bidity or mortality (17,18). It has been suggested by
Gonzalez et al. (19) that the laparoscopic gastric bypass
resulted in fewer intensive care unit admissions and
shorter length of hospital stay than the open technique
in patients 50 years or older. Laparoscopic gastric
banding has also been shown to be safe in the elderly and
may prove to be another viable option for the older
patient (20,21). Several other studies of nonbariatric
laparoscopic procedures have shown them to be safe and
effective in the elderly, including laparoscopic cholecys-
tectomies, laparoscopic Nissen fundoplications, and
laparoscopic colectomies (22–25).

An argument against performing bariatric surgery on
the elderly is that it may offer limited benefits with
respect to prolongation of life and provision of quality-
of-life years than in the younger severely obese popula-

tion. At a time when approximately 1% of individuals eli-
gible to undergo bariatric surgery with its expected ben-
efits are actually receiving surgical treatment, one would
pose an argument in favor of continuing to target these
procedures to younger patients or to elderly patients who
by physiologic assessment are low risk for surgery.

Conclusion

Performing bariatric surgery in the elderly remains a con-
troversial issue for which there are currently no standard
guidelines to follow. The elderly comprise the fastest
growing segment of the population in the United States.
The proportion of elderly patients who will be candidates
for weight reduction surgery is likely to increase over the
next several decades. It is therefore an area of serious
concern to all bariatric surgeons. As our understanding of
geriatric physiology and our ability to identify risk factors
increase, we will be better able to select the low-risk
elderly patient. Careful preoperative screening is advo-
cated in elderly patients in hopes of optimizing functional
status and improving outcome. Chronologic age will prob-
ably prove to be less clinically significant than previously
thought. Minimally invasive surgery techniques have rev-
olutionized the field of bariatric surgery.As more surgeons
become skilled in minimally invasive surgery techniques,
the likelihood of performing safe and effective bariatric
procedures in the elderly seems more promising.
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in morbidly obese patients for either bariatric or non-
bariatric surgery. Despite a rapid increase in the number
of bariatric procedures in the United States in the last 5
years and a growing body of bariatric literature, accurate
preoperative risk stratification remains elusive. Risk
stratification for morbidly obese patients not only pro-
vides valuable preoperative information for surgeons and
patients but also provides a tool for accurate comparison
of outcome data among centers (1).

Early mortality in the bariatric patient has been linked
both to preoperative patient characteristics and to 
perioperative complications (2). Adverse events most
common to bariatric surgical patients include pulmonary
embolism, pneumonia, anastomotic leaks, marginal
ulcers, wound dehiscence, and small bowel obstruction.
The complications most predictive of early postoperative
mortality (within 30 days of surgery) include pulmonary
embolism and intestinal leak. Lastly, the greater the BMI
preoperatively, the more likely that a patient will sustain
these poor outcomes.

Known operative risks factors and recommendations
that apply to the general population also should be
applied to bariatric patients, including conditions that are
considered contraindications to surgery. Guidelines spe-
cific to this unique population have not yet been estab-
lished. The identification of the high-risk bariatric patient
provides the necessary step in the development such
guidelines.

Probability analysis has been used to help determine
the relative contribution of individual risk factors to a
patient’s overall outcome after bariatric surgery (Table
30-1). Livingston and Ko (3) performed such an analysis
for 1067 patients who underwent Roux-en-Y gastric
bypass (RYGBP) and found an overall complication rate
of 5.8%. The average patient, a 42-year-old woman who
weighed 334 pounds, had a complication rate of 3.9%. On
the other hand, a 62-year-old diabetic, hypertensive male
smoker with sleep apnea who weighed 646 pounds and
was undergoing revisional surgery had a predicted com-
plication rate of 33.7%. These two examples emphasize
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With the increased incidence of obesity, there has been a
concomitant rise in the number of patients referred for
surgical weight loss, as well as the number of surgeons and
centers offering bariatric surgery. Although surgery offers
the greatest odds for durable weight loss for many of the
most obese individuals, the incidence of perioperative
mortality with these procedures has been reported to be
as high as 1.5%,and morbidity exceeds 10% in most series.

As with all surgery, determining the size of the risk is
critical, not only to guide the physician in the manage-
ment of this special group of patients, but also to help
these surgical candidates make informed decisions about
their own care.

Well-established guidelines regarding preoperative
risk stratification have led to improved surgical outcomes.
These standards remain useful in the appraisal of the
obese patient. Therefore, the current American College
of Cardiology Foundation and the American Heart 
Association recommendations, along with the American
Society of Anesthesia class, should be incorporated into
the preoperative evaluation.

In addition, there is evidence that obesity itself is a surgical
risk factor. Both the predictors of morbidity and mortality
after bariatric surgery and the complications of the surgery
may be unique to the morbidly obese population,that is,those
with a body mass index (BMI) greater than 40. Ironically, it
seems that the very population for whom bariatric surgery is
indicated and beneficial may be at increased risk for having
the surgery because of excessive weight.

Based on the available evidence about postoperative
outcomes,this chapter characterizes the high-risk bariatric
surgical patient and recommends strategies for preopera-
tive risk reduction in the clinically severely obese patient.

Identifying the High-Risk Patient

Who is the high-risk bariatric patient? The definition is
still evolving and is based on limited evidence. Only a few
studies have attempted to define predictors of outcomes

The High-Risk Bariatric Patient
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the importance of risk stratification for individual
bariatric surgery patients as well as for bariatric outcomes
analysis.

The operative risk of the bariatric surgical candidate
may be divided into several categories: patient charac-
teristics; medical conditions (including comorbidities) of
the obese patient; and surgical factors in bariatric surgery.

Patient Characteristics

Age and Gender

As obese patients age, their risk of developing complica-
tions and other poor surgical outcomes increase. Age
greater than 50 years is identified as a risk factor for post-
operative complications (4). A threefold risk of morta-
lity has been noted for patients older than 55 years in 
a multivariate analysis that evaluates causes of mortality
associated with gastric bypass surgery (2). In a review of
over 16,000 Medicare patients who underwent bariatric
surgery from 1997 to 2002, Flum and colleagues (5) found
higher mortality rates for patients aged 65 years or older
compared with younger patients (4.8% vs. 1.7% at 30
days, 6.9% vs. 2.3% at 90 days, and 11.1% vs. 3.9% at 
1 year; p < .001).

An increased risk of morbidity and mortality in the
obese patient is also associated with male gender.
Although males are usually heavier than females, male
gender has been found to be an independent risk factor.

Although gender and age cannot be modified, patients in
these more vulnerable groups can be educated about
their increased risk prior to surgery.

Body Mass Index

A BMI greater than 50 is an independent risk factor for
increased morbidity and mortality (2). It is postulated
that this increased risk is due to both an increase in
comorbidities and the technical difficulty of the surgery
as BMI increases. Initial retrospective studies have
demonstrated that preoperative weight loss of about 5%
can result in technically easier operations with decreased
blood loss (6) as well as shorter operative time and
greater postoperative weight loss (7) compared to
patients who did not lose weight prior to surgery. If
presurgical weight loss is found to be beneficial in larger
prospective studies, further analysis should consider the
percentage of weight loss necessary to confer a risk
reduction.

Sedentary Lifestyle

Most severely obese patients are deconditioned, and it
has been shown that a sedentary lifestyle increases mor-
bidity and mortality. A patient’s activity history should be
included in the preoperative evaluation along with an
assessment of cardiovascular fitness. A clinically appro-
priate exercise prescription should be considered, such as

Table 30-1. Sensitivity analysis of preoperative risk factors predictive of adverse events

Age Sex Weight Smoke HTN OA− DM SA CPAP Redo
Risk factor: Co

a 1.43E−2 0.48 2.08E−3 0.16 0.16 9.71E−2 0.31 0.33 −0.27 0.55 Risk (%)

Avg. patient 42.3 F 334 N N N N N N N 3.9
+CPAP 42.3 F 334 N N N N N Y N 3.0
+OA 42.3 F 334 N N Y N N N N 3.5
+1 SD weight 42.3 F 399 N N N N N N N 4.4
+2 SD weight 42.3 F 464 N N N N N N N 5.0
+1 SD age 52.1 F 334 N N N N N N N 4.4
+2 SD age 61.6 F 334 N N N N N N N 5.0
+HTN 42.3 F 334 N Y N N N N N 4.5
+Smoke 42.3 F 334 Y N N N N N N 4.5
+DM 42.3 F 334 N N N Y N N N 5.2
+SA 42.3 F 334 N N N N Y N N 5.3
+Male 42.3 M 334 N N N N N N N 6.1
+Redo 42.3 F 334 N N N N N N Y 6.5
Male + factors 42.3 M 334 Y Y N Y Y N Y 22.7
Redo/large female 42.3 F 464 N N N N N N Y 8.4
Redo/large male 42.3 M 464 N N N N N N Y 12.9
Old/large + factors 61.6 M 464 Y Y N Y Y N Y 33.7

Note: The first column summarizes addition of individual or combinations of risk factors for the purposes of sensitivity analysis. The first row of
numbers represents the regression equation coefficients. The last column represents the predicted risk of major complications when individual
risk factors were entered into the regression equation. Risk factors denoted in boldface are those that were changed in reference to the average
patient during the sensitivity analysis.
a Coefficient for the logistic regression equation. The intercept value (CO) = −4.52. HTN, hypertension; OA, osteoarthritis; DM, diabetes mellitus;
SA, sleep apnea; CPAP, continuous positive airway pressure.
Source: Livingston and Ko (3), with permission.
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walking daily for 5 to 10 minutes. Improved cardiopul-
monary conditioning preoperatively may favorably affect
surgical outcomes.

Tobacco

Smoking is a modifiable patient characteristic that may
adversely influence outcome. While smoking is not spe-
cific to obesity, it can exacerbate the hypercoagulable
state in an obese person, increase the odds of postopera-
tive atelectasis and pneumonia, and aggravate asthma,
obesity hypoventilation syndrome, and obstructive sleep
apnea. Additionally, smoking has been implicated as a
risk factor for marginal ulceration after gastric bypass.
Therefore, patients should be counseled on smoking ces-
sation prior to bariatric surgery.

Medical Conditions Including
Comorbidities

As with all surgeries, preoperative risk stratification is
dependent on determining cardiopulmonary status.
However, when evaluating a patient for bariatric surgery,
cardiopulmonary risk reduction is only one of several
goals.

Algorithms and scoring systems have proven useful for
stratifying risk and optimizing control of illnesses before,
during, and after surgery. With stabilization of many
chronic illnesses, operative risk can be reduced to accept-
able levels.

Patients seeking bariatric surgery frequently present
with comorbidities (see Table 2-1 in Chapter 2)—medical
conditions that are exacerbated by, or the consequence
of, obesity. These comorbidities may adversely affect out-
comes. Since preventive screening is done less often in
obese patients than in the normal weight population, it is
often the presurgical visit where these conditions are
diagnosed or found to be undertreated (8). Comorbidi-
ties that confer increased operative risk include cardio-
vascular disease (hypertension, congestive heart failure,
cardiomyopathy, unstable angina, myocardial infarction
or revascularization within 12 months, and stroke), pul-
monary disease [obstructive and central sleep apnea,
asthma, chronic obstructive pulmonary disease (COPD),
and restrictive lung disease], hypercoagulable states
(inherited, acquired, or trauma- or medication-induced),
pregnancy, diabetes, renal insufficiency, liver disease
[nonalcoholic steatohepatitis (NASH), and hepatic insuf-
ficiency], vasculitis, and immunodeficiencies.

Hypertension

In a multivariate analysis that examined the risk factors
for mortality following bariatric surgery, hypertension

was an independent risk factor (2). Hypertension was
defined as a sitting blood pressure of ≥150mm Hg sys-
tolic, or ≥90mm Hg diastolic, or the use of antihyperten-
sive medications.

Hypercoagulability

Postoperative pulmonary embolism has been found to be
an independent risk factor for perioperative mortality in
a study of 2000 bariatric patients (2). Patients undergo-
ing bariatric surgery are at increased risk of thromboem-
bolic events because of their obesity, the abdominal
surgery, the high probability of venous stasis disease, and
postoperative immobility. Other factors that contribute
to the hypercoagulable condition include endothelial 
dysfunction secondary to the obesity itself, smoking, and
erythrocytosis from either smoking or the obesity
hypoventilation syndrome, and the existence of underly-
ing hypercoagulable disorders such as hyperhomo-
cystinemia. Preoperative patients should be carefully
screened for a personal or family history of thromboem-
bolic disorders, such as deep venous thrombosis (DVT),
pulmonary embolism, or stroke. Aggressive DVT pro-
phylaxis in the perioperative period is essential to mini-
mize risk.

Diabetes Mellitus

Uncontrolled diabetes mellitus, either type 1 or 2,
increases the risk of postoperative infection and poor
wound healing. Careful screening and management of
diabetes in the bariatric patient is required and is
addressed in more detail in Chapter 33.

Obstructive Sleep Apnea

While often undiagnosed preoperatively, both obstruc-
tive sleep apnea and obesity hypoventilation syndrome
impart significant perioperative risk. In addition to the
increased prevalence of pulmonary hypertension, cardio-
vascular risk, and life-threatening arrhythmias seen in
patients with obstructive sleep apnea, difficulty with extu-
bation and CO2 narcosis with an increased sensitivity to
narcotics are common complications seen postopera-
tively in these patients. Preoperative questionnaires and
sleep studies are recommended with continuous positive
airway pressure (CPAP) treatment prior to and during
hospitalization.

Surgical Factors

In a number of series, predictors of perioperative and
post-operative death have been identified (2). It has been
shown that the procedure performed influences outcome,
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and restrictive procedures have a lower mortality rate
than gastric bypass or malabsorptive procedures (9). In a
pooled analysis of 3464 laparoscopic and 2771 open
gastric bypasses, there was a higher mortality rate in the
open series (0.87 vs. 0.23, p = .001) (10). In three ran-
domized controlled trials comparing open to laparo-
scopic RYGBP, however, mortality rates between the
open and laparoscopic techniques were not significantly
different (11–13). These studies, though, were not ade-
quately powered to detect this relatively small difference.
Patient characteristics often influence the type of surgi-
cal procedure performed. Patients with higher BMIs
(higher risk patients) often undergo more invasive pro-
cedures such as RYGBP or a biliopancreatic diversion to
achieve greater weight loss than they could reasonably
expect with a restrictive operation. In patients with BMI
greater than 65, one-stage bariatric procedures have been
associated with a 38% major complication rate and
6.25% mortality rate, much higher than in most series of
patients undergoing bariatric surgery (14). The risk-
benefit analysis for these super-obese patients should be
different from those for patients with lower BMIs, but
they should not automatically be dismissed as being “too
sick” for bariatric surgery. Careful planning and opti-
mization of their medical conditions preoperatively can
lead to successful outcomes in these patients with accept-
able risk.

The fatty infiltration and increased liver size found in
NASH has not been satisfactorily addressed in terms of
mitigating preoperative risk. However, the size of the
liver has implications regarding the technical aspects of
the surgery. Both visualization of and access to the sur-
gical site may be greatly diminished, thus leading to a
higher conversion rate from laparoscopic procedures to
open procedures, or an increased number of staged pro-
cedures and prolonged operating room time.

Surgeon volume has repeatedly been shown to impact
outcomes in bariatric surgery. When assessing the
patient’s risk, surgeons should consider their own
bariatric experience before taking on high-risk patients.
For all patients undergoing bariatric surgery, mortality is
significantly lower in high-volume hospitals and with
high-volume surgeons (2,15).

Conclusion

If comorbid conditions and risk factors are identified,
they may be modified preoperatively to reduce surgical
risk. An interdisciplinary medical and surgical preopera-
tive evaluation, which includes an extensive history,
physical examination, and diagnostic studies to identify
and assess existing comorbidities, is critical to modify a
patient’s surgical risk. Appropriate clinical management
of the patient’s comorbidities should occur prior to

surgery. The management of many of these medical con-
ditions are discussed in further detail elsewhere in this
book.

It is clear that the most severely obese patients who are
at the highest risk of peri- and postoperative complica-
tions are also at extremely high risk of premature death
because of their excessive weight. Therefore, the risk-
benefit ratio of bariatric surgery must be carefully
assessed on a case-by-case basis. In addition, while prepa-
ration for surgery has been established for many disease
states, the standard of care for the preoperative evalua-
tion and management of the bariatric surgical candidate
is in evolution. While much that is already known about
preoperative risk assessment should be applied to the
bariatric patient, the rapid advances of bariatric surgery,
as well as the increasing population of severely obese
patients, have not been accompanied by clearly defined
preoperative recommendations. As outcomes data accu-
mulate and are analyzed from multiple institutions now
performing bariatric surgery, more comprehensive 
recommendations can be formulated. These recommen-
dations will provide guidance not only for bariatric
surgery but also for all surgical procedures in the obese
population.
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individuals and is proven objectively in 21% (10). The
Bristol Helicobacter project (11), a cross-sectional 
population-based study of 10,537 subjects aged 20 to 59
years, showed that a BMI > 30 confers an adjusted odds
ratio of 1.8 of experiencing at least weekly symptoms of
reflux (11), while the Olmsted County cross-sectional
population-based study of 1524 subjects aged 25 to 76
years showed that a BMI > 30 conferred an adjusted odds
ratio of 2.8 of experiencing reflux symptoms (12). In study
of 65 patients with BMI > 35, heartburn and regurgitation
were found respectively in 79% and 66%, with erosive
esophagitis (49%), short columnar epithelium (18%), and
Barrett’s metaplasia in 9% (13). This study, however, did
not show any significant association between the degree
of obesity and esophageal lesions. However, others have
shown a significant association between degree of obesity
and the frequency of endoscopic esophagitis [odds ratio
(OR), 1.8; 95% confidence interval (CI), 1.4–2.1) (14).
Others have shown greater severity of GERD in those
with higher BMI, accompanied by higher pH scores in the
more obese, but with no differences in lower esophageal
sphincter (LES) length or pressure (15). Notably, LES
pressure and abdominal length were significantly higher
in subjects with a BMI over 50 compared to those with a
BMI between 35 and 39.9, but with no differences in 24-
hour pH monitoring between these two groups (13).
These observations would be consistent with the known
contribution of raised intraabdominal pressure in the eti-
ology of GERD in the obese subject (15).

Obesity is a significant independent risk factor for
hiatal hernia and is significantly associated with esophagi-
tis, attributable in part to the higher incidence of hiatal
hernia in this population (14). Excessive body weight sig-
nificantly increases the probability of a hiatal hernia with
increasing BMI (p < .01).

There are, however, a number of studies suggesting a 
lack of association between morbid obesity and GERD
(16–18). While heartburn and acid regurgitation is
reported respectively in 37% and 28% in subjects with
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The increasing incidence of esophageal and gastric cardia
adenocarcinoma has been paralleled by the rising preva-
lence of obesity in the United States population. Risk
factors for esophageal adenocarcinoma are high body
mass index (BMI) (1–4), gastroesophageal reflux symp-
toms (5,6), hiatal hernia, and esophagitis (7).

Higher BMI is associated with a number of factors that
predispose to gastroesophageal reflux and complicate its
therapy. Furthermore, weight loss surgery substantially
alters the surgical anatomy of the foregut so as to make
conventional antireflux fundoplication procedures unus-
able. For example, a gastric pouch or a sleeve gastrectomy
precludes creation of a gastric pressure transmitting
fundal wrap.

Definition and Presentation

Gastroesophageal reflux disease is a condition character-
ized by pathologic acidification of the esophagus. This
may be symptomatic or asymptomatic and erosive or
nonerosive. Typical reflux symptoms include heartburn,
regurgitation, chest pain, and dysphagia, while atypical
symptoms include hoarseness, wheezing or asthma,
cough, and sinus discharge. Nonerosive reflux disease
(NERD) affects about 5% of patients, and they are a
more challenging group to treat in terms of symptom 
resolution.

Epidemiology and Risk Factors

The prevalence of morbid obesity in the United States has
increased at epidemic proportions (8), with about 66% 
of adults overweight and an additional 32% obese (BMI
> 30) (9). Obesity carries the significant risk of the 
development of multiple diseases. Gastroesophageal
reflux disease (GERD) is a common comorbidity that
symptomatically affects about 58% of morbidly obese
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BMI > 35,neither weight,BMI,nor the waist-hip ratio were
significantly correlated with any of the reflux variables in
a 24-hour pH study when compared to an age- and sex-
matched control (16). This lack of association is said to be
limited to morbidly obese males, unlike females where
estrogenization is thought to increase risk of GERD (17).

Pathophysiology of Gastroesophageal
Reflux Disease in Morbid Obesity

Raised intraabdominal pressures coupled with an
increased frequency of hiatal hernias appears to con-
tribute to the problem of GERD in the morbidly obese.

Increased Intraabdominal Pressure

Obesity disrupts the barrier to gastroesophageal reflux 
in subjects with a structurally intact lower esophageal
sphincter mechanism (15). The principal mechanism for
this appears to be a rise in intraabdominal pressure (Fig.
31-1). In-vitro studies have confirmed the crucial impor-
tance of LES length and pressure in maintaining antire-
flux competency in the face of intraabdominal pressure,
with higher pressures placing higher demands on the LES
in terms of length and pressures in maintaining compe-
tency (Fig. 31-2) (19). This is confirmed by an in-vivo
study demonstrating the higher gastroesophageal pres-
sure gradient in the obese subject (20). Several studies
have confirmed raised intraabdominal pressure in the
morbidly obese, and have further shown its significant
association with some of the comorbidities of obesity,
including GERD (21–23). Urinary bladder pressure, a
reliable indicator of intraabdominal pressure, is higher in
the obese than the nonobese (18 ± 0.7 vs. 7 ± 1.6cm H2O,
p < .001) and also rises with BMI (22) (Fig. 31-3) with a
strong correlation (24). Intraabdominal pressure falls fol-

lowing weight loss surgery and is of relevance to therapy
(Fig. 31-4).

Hiatal Hernia

Lower esophageal sphincter disruption by hiatal hernias
occurs in as many as 13% of subjects with twice the ideal
body weight (25). However, a more recent study by the
same group showed that the prevalence of hiatal hernia
in patients with BMI > 35 (22% of 201 patients) is similar
to that of a group of asymptomatic volunteers (27% of
56) (26). The relevance of this observation is not clear
and remains to be validated in a cross-sectional popula-
tion-based study. The presence of a hiatal hernia has pre-
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Figure 31-1. Elevated body mass disrupts the reflux barrier in
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viously been shown to be the strongest predictor of
esophagitis (27–29).

Esophageal Transit Time

Esophageal body pump function, as measured by peak
velocity, is also adversely affected by raised afterload
created by elevated intraabdominal pressures in the
obese. Radionuclide esophageal transit study shows sig-
nificantly elevated transit time in obese patients with gas-
troesophageal reflux compared to lean subjects with or
without reflux with LES manometry showing prolonged
transit was related to elevated gastroesophageal pressure
gradient (Fig. 31-5), with the latter caused by increased
intraabdominal pressure (30). Prolonged transit time

means delayed esophageal clearance of acid and conse-
quent injury to the mucosa.

Clinical Presentation

Heartburn and regurgitation are present in over 70% of
obese subjects with twice the ideal body weight 25, with
nocturnal aspiration or globus in 4%. About 55% of 
morbidly obese patients have some GERD symptoms.
Among those with chronic GERD, symptoms included
heartburn (87%), water brash (18%), wheezing (40%),
laryngitis (17%), and aspiration (14%) (31).

Hiatal hernias (13%) and low LES pressures (50%)
were found in one series of 55 morbidly obese patients
(25). In patients with BMI >50 and without hiatal hernias,
LES pressure and intraabdominal lengths are signifi-
cantly higher than normal controls (13).

Diagnosis

Diagnosis of GERD is made on the basis of history and
physical examination supplemented by upper gastroin-
testinal endoscopy and selective use of esophageal
manometry and 24-hour ambulatory pH study (32). A
composite score (DeMeester score) of more than 14.8 or
a percentage time pH below 4 and greater than 4% con-
firms pathologic esophageal acidification.

Esophageal impedance studies are useful in determin-
ing acid exposure and clearance times (33–35) and are par-
ticularly useful in the 60% of patients with non–acid reflux
who are not detected with pH monitoring. Multiple biop-
sies from the gastroesophageal junction and cardia are
valuable in assessing mucosal injury including Barrett’s
metaplasia. In considering surgical treatment of GERD, it
is essential to establish the presence or absence of dyspla-
sia, as in such cases an antireflux procedure may have to
be supplemented with resection or close endoscopic sur-
veillance (36). A 24-hour pH study is also strongly rec-
ommended, as a normal study should prompt a search for
an alternative diagnosis (36,37). A video esophagogram is
helpful in identifying an irreducible hiatal hernia. An irre-
ducible hiatal hernia larger than 5cm suggests esophageal
shortening and serves as a warning sign of a high likeli-
hood of failure of the antireflux procedure. Such a situa-
tion would call for extensive esophageal mobilization
through a thoracic access, supplemented if necessary with
a Collis gastroplasty and creation of a transthoracic Nissen
or Belsey fundoplication (38).

Treatment Options

Standard surgical treatment for GERD consists of hiatal
reconstruction and fundoplication. In the general popu-
lation, a Nissen fundoplication carries a 93% actuarial
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success rate at 96 months (39). Obesity adversely affects
long-term outcomes after Nissen fundoplication, with
recurrent GERD in 31% of 224 patients at a mean 37-
month follow-up (40), compared to 4.5% in the nonobese
group. Furthermore, a fundoplication addresses only one
of the several comorbidities present.

The pathophysiology of GERD in the morbidly obese
suggests that therapy for GERD in this group should
include the following elements:

1. Improve esophageal transit by reducing gastroe-
sophageal pressure gradient. This is most effectively
achieved by reducing weight.

2. Repair structural defects of the LES caused by hiatal
hernias.

Weight loss of 5% to 10% can be achieved with dietary
and lifestyle strategies. Weight loss surgery, whether
gastric bypass, adjustable gastric banding, or biliopancre-
atic diversion, is the only proven treatment modality that
causes a significant weight loss of more than 50% excess
body weight that is sustained in 65% of patients for over
10 years (10,41–43).

Gastric bypass effectively reduces GERD symptoms,
with data at 1 year showing complete relief of GERD
symptoms, accompanied by a significant decreases in
urinary bladder pressure (17 ± 2 to 10 ± 1cm H2O), weight
(140 ± 8 to 87 ± 6kg, 69% ± 4% excess weight loss), and
BMI (52 ± 3 to 33 ± 2) (44). Laparoscopic Roux-en-Y
gastric bypass (RYGBP) results in a significant decrease
in heartburn (from 87% to 22%, p < .001), water brash
(from 18% to 7%, p < .05), wheezing (from 40% to 5%,
p < .001), laryngitis (from 17% to 7%, p < .05), and aspi-
ration (from 14% to 2%, p < .01) (31), and is accompa-
nied by improvement in physical and mental function as
recorded by the Short Form (SF-36) and patient satisfac-
tion in 97%. The postoperative use of acid suppressants
also decreases significantly for proton pump inhibitors
(from 44% to 9%, p < .001) and H2 blockers (from 60%
to 10%, p < .01) (31).

There are very few studies reporting on the manage-
ment of hiatal hernias in association with RYGBP. The
addition of an anterior crural repair with a posterior gas-
tropexy to the RYGBP has been shown in one study to
improve the Visick class from a preoperative class IV to
a postoperative class I or II in 94% of 121 patients (45).
Here, anterior crural repair and a gastropexy with 
interrupted silk or braided nylon sutures to anchor the
gastroesophageal junction below the diaphragm was
combined with an RYGBP (45).

This impressive improvement in symptoms is not seen in
the subgroup of morbidly obese patients with GERD symp-
toms who have acid reflux proven by 24-hour pH moni-
toring. In patients with pH-proven GERD undergoing
RYGBP, 42% remained symptomatic and on antisecretory
medication at 13 months after RYGBP despite an average

weight loss equivalent to 18.6 BMI units. Only 41% of 
the 19 patients in this study achieved normalization of
DeMeester scores. Gastric pouch mucosa was Congo red
positive in 84% of patients with biopsies confirming the
presence of parietal cells in 89% of patients. Gastric pouch
length did not influence GERD symptoms,pH scores,or the
presence of parietal cells (46). Surprisingly, the well-
recognized correlation between reflux symptoms and
DeMeester score was absent in this postoperative group,
with no relation between postoperative GERD symptoms
and postoperative DeMeester scores (46).

Laparoscopic gastric banding is also effective in treat-
ing GERD in the morbidly obese, including atypical man-
ifestations such as asthma where significant improvement
in asthma scores occurs in all patients (47). It corrects the
pH abnormality and LES resting pressure (48). At 6
months postoperatively, there is a significant impairment
of LES relaxation (from 16% to 42%) and deterioration
of esophageal transport (in preoperatively 23% to 47%
postoperatively) with dilatation of the esophagus in 28%
(12 of 43) of patients. Although increased outflow resist-
ance is caused by the band, the band did not cause 
dysphagia or necessitate a reoperation (48). Outcomes 
in centers performing fewer gastric bands are poor (49),
with pouch dilatation associated with increased
esophageal acid exposure (50).

There is little data on the effect of malabsorptive pro-
cedures such as biliopancreatic diversion (BPD) on acid
reflux in the morbidly obese (51). Both BPD alone or
with a duodenal switch effectively diverts bile (52) and
may exert a beneficial effect on GERD through its effect
on weight loss.

Prognosis

Roux-en-Y gastric bypass and adjustable gastric banding
are effective treatment options for treatment of gastroe-
sophageal reflux symptoms in morbidly obese patients.
However, GERD outcomes are less satisfactory in the
subgroup of patients with pH-proven acid reflux. These
patients continue to suffer GERD symptoms despite
weight loss surgery and constitute a difficult group to
treat. About 2% have persistent reflux symptoms after
gastric banding (48). The value of malabsorptive proce-
dures in morbidly obese patients with GERD remains
unproven.
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Diagnosis

The diagnosis of diabetes mellitus is based on three cri-
teria: (1) a fasting plasma glucose equal to or greater than
126mg/dL, (2) a random plasma glucose equal to or
greater than 200mg/dL together with classic symptoms 
of diabetes mellitus (polyuria, polydipsia, unexplained
weight loss), or (3) a 2-hour plasma glucose of 200mg/dL
or greater following a 75-g glucose load. A random ele-
vation must be repeated with a separate test on a differ-
ent day, if possible, to confirm the diagnosis (8,9).

Those individuals whose blood glucose is intermediate
between normal and diabetic range have impaired fast-
ing glucose (IFG), which is a fasting plasma glucose 
≥100mg/dL but <126mg/dL, and impaired glucose toler-
ance (IGT), which is a 2-hour plasma glucose of ≥140
mg/dL but <200mg/dL. Both IFG and IGT are not spe-
cific clinical entities but represent risk factors for the
future development of diabetes and cardiovascular
disease (8,9). However, both IFG and IGT individuals
are characterized by the presence of insulin resistance
and the predisposition to an increased risk for athero-
sclerotic cardiovascular disease.

Type 1 Diabetes Mellitus

Type 1 diabetes is caused by loss of insulin secretion
caused by progressive destruction of the pancreatic β
cells (10). It is again divided into two types. Type 1A is
an autoimmune disease characterized by cellular anti-
bodies that may form against islet cells (islet cell anti-
bodies, ICAs), insulin (insulin autoantibodies antibodies,
IAAs), and glutamic acid decarboxylase65 (GAD65).
These antibodies gradually destroy endogenous insulin
production until the patient becomes metabolically
unstable. Type 1B is an idiopathic, nonautoimmune

449

Incidence

According to the recently updated National Diabetes
Statistics Fact Sheet, an estimated 18.2 million people, or
approximately 6.3% of the United States population,
have diabetes. Of those, 13 million are diagnosed with
overt diabetes and 5.2 million are undiagnosed. Each
year, approximately 1.3 million persons aged 20 years or
older are diagnosed with the disease.

Obesity and type 2 diabetes mellitus (T2DM) are two
of the most common chronic, debilitating diseases of
Western society, and both have experienced an alarming
growth in the last few decades. Indeed, the close associ-
ation of the two metabolic disorders has led to the coined
term “diabesity.” Thirty-four percent of the U.S. adult
population is overweight [body mass index (BMI) 25 to
29.9], and another 32% is obese (BMI > 30) (1). The
prevalence of obesity has increased by more than 75%
since 1980 (2). In the U.S. there are 800,000 new cases of
diabetes per year (almost all are type 2), and almost 8%
of the adult population and 19% of the population older
than the age of 65 years have diabetes (3). The under-
standing that obesity is a central feature and an etiologic
factor in the pathophysiologic development of T2DM is
well established (4). There is no medical cure for T2DM,
and despite treatment with antidiabetic medication, the
natural course of the disease is characterized by progres-
sion to microvascular and macrovascular complications,
which include neuropathy, nephropathy, erectile dysfunc-
tion, retinopathy, and accelerated atherosclerotic cardio-
vascular disease (5). Type 2 diabetes mellitus in the U.S.
is the most common cause of blindness, renal failure, and
amputation, and up to 70% of diabetic patients die of car-
diovascular disease (5,6). The cost of treating diabetes
and its complications in the U.S. is estimated to be $100
billion per year (7).
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disease state with loss of β-cell function (11). Type 1
patients demonstrate hyperglycemia and weight loss, and
are prone to ketoacidosis. This acute metabolic syndrome
requires prompt treatment with exogenous insulin and
fluid resuscitation. The mortality rate increases if the aci-
dotic state is not promptly reversed. Following stabiliza-
tion, continuous exogenous insulin therapy is required to
replace the endogenous insulin deficit.

Insulin deficiency is the primary metabolic defect in
type 1 diabetes; however, several studies suggest that a
majority of patients with diabetes of long duration are
characterized by varying degrees of insulin resistance
(12–18). Insulin resistance is strongly related to abdo-
minal fat. In type 1 diabetes, the administration of 
exogenous insulin can produce relative systemic hyper-
insulinemia, which may contribute to abdominal fat dep-
osition. It has been shown that insulin increases the
activity of 11β-hydroxysteroid dehydrogenase, which
enhances the differentiation of adipose stromal cells to
adipocytes from omental fat, but not subcutaneous fat,
and this constant exposure of glucocorticoid in the
omental adipose tissue can promote abdominal obesity
(19,20).

Type 2 Diabetes Mellitus

Type 2 diabetes is a complex metabolic disorder that
results from coexisting defects at multiple organ sites that
progress over many years. Comprehension of these com-
plexities allows a better use of the currently available
therapeutic modalities by clinicians. The Third Report of
the National Cholesterol Education Program Expert
Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (ATP III) defined a cluster
of closely associated metabolic abnormalities, or the
metabolic syndrome, as an individual meeting three or
more of the following criteria:

1. Abdominal obesity: waist circumference >102cm in
men and >88cm in women

2. Hypertriglyceridemia: >150mg/dL
3. Low high-density lipoprotein (HDL) cholesterol:

<40mg/dL in men and <50mg/dL in women
4. High blood pressure: >130/85mmHg
5. High fasting glucose: >110mg/dL

Insulin resistance is believed to be an underlying
feature of metabolic syndrome. Recent studies demon-
strate that dietary modifications and enhanced physical
activity, including the use of metformin, may delay or
prevent the transition from impaired glucose tolerance to
type 2 diabetes mellitus (21).

Type 2 diabetes is a complex, chronic metabolic disease
that results from defects in both insulin secretion and
insulin action. The hallmarks of type 2 diabetes are
fasting and postprandial hyperglycemia. This hyper-

glycemia results from complex interplay between insulin
resistance and relatively decreased pancreatic insulin
secretion. An elevated rate of basal hepatic glucose 
production in the presence of hyperinsulinemia is the
primary cause of fasting hyperglycemia; after a meal,
impaired suppression of hepatic glucose production by
insulin and decreased insulin-mediated glucose uptake by
muscle contribute almost equally to postprandial hyper-
glycemia. In patients with type 2 diabetes and established
fasting hyperglycemia, the rate of basal hepatic glucose
production is excessive, despite two- to fourfold
increased plasma insulin concentrations. These findings
provide evidence for hepatic resistance to insulin, and
these data are substantiated by an impaired ability of
insulin to suppress hepatic glucose production.

Insulin resistance is also demonstrated in the muscles
where higher concentrations of insulin are required to
allow glucose to enter the cells. The presence of insulin
resistance predicts the development of type 2 diabetes
and can be detected in normal first-degree relatives of
patients with diabetes. Insulin resistance results in com-
pensatory hyperinsulinemia to maintain normal glucose
tolerance in obese individuals. However, with progressive
impairment in insulin secretion there is deterioration of
blood glucose levels leading to overt diabetes.

The risk for development of type 2 diabetes is posi-
tively correlated with BMI, and this disease is 20 times
more likely to develop in persons with BMI 35.0 or
greater (22). Therefore, a modest weight loss of 10% in
overweight and obese persons results in significant health
benefits by reducing various comorbid conditions such 
as glucose intolerance, non–insulin-dependent diabetes
mellitus, hypertension, and dyslipidemia (23,24). Diet and
exercise therapy have been the fundamental corner-
stones for the initial treatment of T2DM and have been
shown to reduce the incidence of T2DM by 58% (25).

Medical Versus Surgical Management 
of the Obese T2DM Patient

Given the complexity of the pathophysiology of type 2
diabetes, medical therapy is targeted in a multimodal
fashion to ameliorate the metabolic derangements that
result in T2DM. Therefore, the best medical strategy
should be based on effective reduction of weight coupled
with drug therapy targeting insulin resistance (met-
formin, thiazoledinediones) and restoration of B-cell
function with thiazoledinediones and stimulation of
incretin hormones (exenatide). In obese diabetic patients
microvascular disease is principally related to the pres-
ence of hyperglycemia; consequently, tight glycemic
control is fundamental. The aims for glycemic control
include preprandial glucose of 90 to 130mg/dL, bedtime
glucose of 110 to 150mg/dL, and hemoglobin A1c (HbA1c)
of less than 7% (9). Figure 33-1 delineates the standard
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of care management of type 2 diabetes, featuring a step-
wise increase in pharmacotherapy from oral agents to
insulin as the disease progresses from microvascular com-
plications to end-organ failure. The 2006 American Dia-
betes Association’s (ADA) position on bariatric surgery
for the treatment of T2DM is that “gastric bypass or gas-
troplasty may be appropriate and may allow significant
improvement in glycemic control with reduction or dis-
continuation of medication.” This is the first time that
bariatric surgery has received recognition in the ADA
guidelines as a treatment option for DM. Despite 
ample evidence of the therapeutic benefit of bariatric
surgery in treating T2DM, there still remains a curious
reluctance from medical specialists to recommend
bariatric surgery for their severely obese type 2 diabetic
patients (26).

Two randomized studies (United Kingdom Prospective
Diabetes Study, UKPDS, and Diabetes Control and Com-
plications Trial, DCCT) (27,28) demonstrated that tight
glycemic control with medication decreased the risk of
microvascular complications associated with diabetes.
These studies reported that for every drop of 1% in
HbA1c there was a relative risk reduction of 25% to 45%.
However, in some patients, the insulin dose to achieve
glycemic control (HbA1c ≤ 7%) was as high as 100 units
per day. Furthermore, in community settings where more
than 95% of T2DM patients are treated, HbA1c levels
vary from 8.5% to 9%, demonstrating that tight control
with medication is difficult to accomplish (27).

Physical activity improves insulin sensitivity, inde-
pendent of weight loss, and thus plays an important role
in the achievement of glycemic control in the obese dia-
betic patient (29). Diet and exercise usually needs 
supplementation with oral pharmacotherapy to maintain
glycemic control. Oral agents address two of the main
defects in T2DM, insulin resistance and β-cell dysfunction
(30). Because of the progressive β-cell dysfunction in
T2DM, eventually the insulin secretory capacity is not

enough to overcome the insulin resistance, and a state 
of relative insulin resistance develops. Therefore, when
other therapeutic measures fail, insulin therapy becomes
necessary (31).

Weight control is a key component of diabetes man-
agement. However, despite good success in the short
term, most obese patients are unable to achieve long-
term weight control with conventional treatment even
with the addition of pharmacologic therapy (32).

Table 33-1 summarizes the results of studies using non-
surgical weight loss approaches in patients with obesity
but not morbid obesity (BMI generally <35) (33–40).
Only two studies promoted sustained weight loss
(beyond 1 year) (34,36), and the other studies demon-
strated modest weight loss (3 to 5kg or 2 to 3 BMI units).
Despite the improvement in blood glucose, the mean
HbA1c remained above 7% in most series. Shi et al. (40)
demonstrated a mean HbA1c lower than 7%; however,
the patients studied were newly diagnosed T2DM and
had lower mean HbA1c starting levels (7.3%).

In the severely obese patient (BMI > 40), diet, behav-
ior modification, and drug therapy are often unsuccessful
in the long term. The recidivism rate for diet therapy is
close to 100% at 5 years (41,42). Furthermore, sibu-
tramine and orlistat have limited weight reduction, and
are not acceptable treatment for severely obese patients
who need to lose a larger amount of weight and maintain
the weight loss (43).

Bariatric surgery has proven to promote significant and
long-lasting weight loss, glycemic control, and resolution
of obesity-related comorbidities in the severely obese
patients. Within 2 years of gastric bypass, nearly two
thirds of excess body weight is lost and most of this
weight loss is maintained for up to 14 years (44). Schauer
et al. (45) have demonstrated successful glycemic control
and restoration of HbA1c levels after laparoscopic Roux-
en-Y gastric bypass (LRYGBP), with morbidity and mor-
tality of 13.6% and 0.5%, respectively.

Usual sequence
of interventions

Risk factors for
cardiovascular

disease

Impaired
glucose

tolerance
and insulin
resistance

Development
of diabetes

Diagnosis
of diabetes

Microvascular
complications

More advanced
microvascular and

cardiovascular
disease

More advanced
disease

Death

Year

0 4 7 10 16

InsulinCombination therapy
with oral agents

Oral agentsDiet and
exercise

20

Typical clinical
course

Figure 33-1. The typical clinical course of type 2 diabetes,
including the progression of glycemia and the development 
of complications, and the usual sequence of interventions.

[Nathan (5), with permission. Copyright 2004 Massachusetts
Medical Society. All rights reserved.]
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Antidiabetic Effect of Bariatric Surgery

At present, bariatric surgery is the only therapeutic
modality proven to produce long-term weight loss and
reduce associated comorbidity in morbidly obese patients
(46). One of the dramatic effects of various types of
bariatric surgery, including Roux-en-Y gastric bypass
(RYGBP), biliopancreatic diversion/duodenal switch,
and gastric band, is the amelioration or resolution of type
2 diabetes mellitus, which is traditionally regarded as a
progressive, unrelenting disease.

In five published studies examining a total of 3685
people undergoing RYGBP, diabetic patients experi-
enced complete remission of their disease at rates ranging
from 82% to 98%, with most studies demonstrating res-
olution in approximately 83% of cases (44,45,47–50).

In a study published by Schauer et al., (45) 1160 mor-
bidly obese patients underwent LRYGBP, and 240 (21%)
preoperatively were known to have IFG or T2DM. Follow-
up information was obtained in 191 of 240 patients (80%).
Following gastric bypass surgery, fasting plasma glucose
and glycosylated hemoglobin concentrations returned to
normal levels (83%) or markedly improved (17%) in all
patients. A significant reduction in the use of oral antidia-
betic agents (80%) and insulin (79%) followed surgical
treatment. Patients with the shortest duration (<5 years),
the mildest form of T2DM (diet controlled),and the great-
est weight loss after surgery were most likely to achieve
complete resolution of T2DM.Therefore, it was concluded
that LRYGBP resulted in significant weight loss (60% of
excess body weight loss) and resolution (83%) of T2DM.
Furthermore, early surgical intervention in morbidly
obese patients with T2DM (duration ≤5 years) results in a
higher resolution rate (95%) compared to patients with
T2DM for 6 to 10 years (75%) or more than 10 years (54%)
(p < .001).

The reversal of impaired glucose tolerance without
frank T2DM was nearly universal. Patients whose DM
remitted were able to discontinue all diabetic medica-
tions and manifest normal fasting glucose and glycosy-
lated hemoglobin levels. In a longitudinal study of obese
people with impaired glucose tolerance followed for
approximately 5.5 years, bariatric surgery lowered the
rate of progression to T2DM by more than 30-fold (51).

Recent studies demonstrated significant improvement
in T2DM after major types of bariatric operations, includ-
ing vertical banded gastroplasty, laparoscopic adjustable
silicone gastric banding (LAGB), RYGBP, and biliopan-
creatic diversion (Table 33-2) (45,47,48,50,52–58). Direct
comparison of these studies is problematic because they
are quite variable in terms of the distribution of severity
of T2DM within the study population (e.g., % IFG vs.
diet-controlled T2DM vs. oral agent T2DM vs. insulin
T2DM) and methodology of evaluating improvement by
biochemical or clinical assessment.

Buchwald et al. (58), in a meta-analysis (Table 33-2), sum-
marized the effects on diabetes mellitus of all types of
obesity surgery. When defined as the ability to discontinue
all diabetes-relatedmedications and maintain blood glucose
levels within the normalrange,strong evidence for improve-
ment in type 2 diabetes andimpaired glucose tolerance was
found across all the surgery types. Within studies reporting
resolution of diabetes, 1417 (76.8% [meta-analytic mean,
76.8%; 95% confidence interval (CI), 70.7–82.9%]) of 1846
patients experienced complete resolution. Within studies
reporting both resolution and improvement or only
improvement of diabetes, 414 (85.4% [meta-analytic mean,
86.0%; 95% CI, 78.4–93.7%]) of 485 patients experienced
resolution or improvementof diabetes.

There was a difference in diabetes outcomes analyzed
according to the four categories of operative procedures.
With respect to diabetes resolution, there was a gradation
of effect from 98.9% (95% CI, 96.8–100%) for biliopan-
creatic diversion or duodenal switch to 83.7% (95% 
CI, 77.3–90.1%) for gastric bypass to 71.6% (95% CI,
55.1–88.2%) for gastroplasty, and to 47.9% (95% CI,
29.1–66.7%) for gastric banding. The percentage of
patients with diabetes resolved or improved showed dif-
ferent results; this variation from the trend solely for dia-
betes resolved may be due to the far greater number of
patients assessed for this variable (n = 1846) compared
with the number assessed for the combined variable (n =
485) in the total population (58).

Torquati et al. (50), in a recent study, also showed sig-
nificant resolution of T2DM (74% of patients) and inter-
estingly demonstrated that peripheral fat distribution
(smaller waist circumference) and absence of insulin
treatment were independent and significant predictors of
complete resolution of T2DM.

There are several mechanisms to explain the beneficial
effect of bariatric surgery on amelioration of T2DM.
Weight loss from surgery is associated with dramatic
improvements in insulin sensitivity, and this may lessen
the burden on the pancreas to restore insulin secretion.
Weight loss is also associated with improvement in
glucose (“glucotoxicity”) and lipid levels (e.g., free fatty
acids, adipokines), which can also restore B-cell function
and improve insulin resistance. Indeed, patients who have
lost substantial weight after surgery display increased
levels of an adipocyte-derived hormone known as
adiponectin (which increases muscle insulin sensitivity)
and muscle insulin-receptor concentration, as well 
as reductions in intramyocellular lipids and fatty acyl-
coenzyme A (molecules that are known to cause insulin
resistance from “lipotoxicity”) (59–61). As predicted,
insulin sensitivity, measured by minimal modeling, is
increased approximately four- to fivefold after RYGBP-
induced weight loss (59,61). The beneficial effects of
RYGBP on diabetes mellitus (DM), however, cannot be
accounted for by weight loss alone. Perhaps the most
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impressive observation is that previously diabetic
patients typically discontinue all of their DM medications
at the time of discharge from the hospital after RYGBP
(~1 week), long before major weight loss has occurred
(62).

Other mechanisms for rapid recovery from diabetes
include negative caloric balance. Patients consume very
little food in the immediate postoperative period, so their
pancreatic β cells are not challenged. Alleviation of DM
with starvation is well described. By the time they begin
to eat reasonably normally at home, they are losing
weight and in a state of negative energy balance, a con-
dition that improves glucose tolerance. Eventually, ame-
lioration of DM can be accounted for by the well-known
effect of weight loss to increase insulin sensitivity, thereby
decreasing glucotoxicity and lipotoxicity and improving
β-cell function.

Another important mechanism that may act in concert
with weight loss is favorable alterations in gut hormone
release, which improve insulin secretion or action.
Ghrelin (“hunger hormone”), which decreases after the
RYGBP, exerts several diabetogenic effects. Exogenous
injections of ghrelin in humans increase levels of growth
hormone (GH), cortisol, and epinephrine, three of the
four classical counterregulatory hormones (63). Ghrelin
administration also suppresses insulin levels in humans,
even in the face of ghrelin-induced hyperglycemia (64).
Finally, ghrelin directly antagonizes insulin-mediated
intracellular signaling events pertaining to glucose
metabolism in cultured hepatocytes (65). Thus, at least at
pharmacologic doses, ghrelin hinders insulin secretion
and action, and chronic administration of ghrelin recep-
tor agonists impairs glucose tolerance in human (66). If
these effects are physiologic and ghrelin acts as an anti-
incretin to limit peripheral glucose utilization in the
fasting and preprandial state, then suppression of ghrelin
levels could enhance glucose disposal. Decreased ghrelin
levels also account for the preservation of weight loss in
the bariatric population. Many forms of medical weight
loss including cancer cachexia are characterized by
increased ghrelin levels, which can stimulate weight gain.

An important mediator of the antidiabetic effects of
RYGBP is glucagon-like peptide-1 (GLP-1). Glucose-
dependent insulinotropic peptide (GIP) and GLP-1 are
the classic incretins that stimulate insulin secretion in
response to enteral nutrients. Furthermore, GLP-1 exerts
proliferative and antiapoptotic effects on pancreatic β
cells (67). It may also improve insulin sensitivity, at least
indirectly (68). Accordingly, methods to enhance GLP-1
signaling show great promise for the treatment of T2DM
(63). Moreover, GLP-1 inhibits gastric emptying and can
decrease food intake (69). GLP-1 is secreted primarily by
the hindgut after food ingestion, and part of this response
results from direct contact between enteral nutrients and
the intestinal L cells that produce GLP-1. After RYGBP,

ingested nutrients reach the hindgut more readily,
bypassing part of the foregut. The larger postprandial
bolus of nutrients in the hindgut should increase GLP-1
levels after RYGBP. Several studies of jejunoileal bypass
(JIB), which also expedites nutrient delivery to the
hindgut, show increased GLP-1 levels after surgery, both
within the first year and as late as 20 years postopera-
tively (70–72). Biliopancreatic diversion creates a similar
shortcut to the ileum; this operation also increases
hormone secretion from L cells and is at least as effec-
tive as RYGBP at ameliorating T2DM (73). A recent
study evaluated the gut hormonal responses after
RYGBP. At 1, 3, and 6 months after operation, progres-
sively increasing GLP-1 responses were observed (74).
Le Roux et al. (75) also demonstrated increased post-
prandial plasma GLP-1 in patients following RYGBP.

The secretion of other hindgut hormones, if similarly
enhanced after RYGBP, could also contribute to the
effects of this procedure on glucose homeostasis and
energy balance. Recently, peptide YY3–36 (PYY) was
shown to decrease food intake in humans and body
weight in rodents (76,77); PYY is primarily a hindgut
hormone, and its levels, especially postprandial, increase
after RYGBP (74,75), an effect that might contribute to
weight loss. Fasting and postprandial PYY levels do
increase after other surgeries that expedite nutrient
delivery to the hindgut, including extensive small bowel
resection (78) 9 months and 20 years postoperatively
(70,72).

Role of the Foregut and Hindgut in 
the Effects of Gastric Bypass on 
Diabetes Resolution

Although all bariatric operations promote weight loss
and improve glucose homeostasis, gastric bypass and bil-
iopancreatic diversion (BPD) are the fastest and most
effective procedures for both end points (45,79,80). Both
operations cause durable remissions of DM in more than
80% of cases, typically within a few days after surgery
(46,79,80,81). Because these two procedures exclude the
intestinal foregut from digestive continuity, whereas
other bariatric operations do not, it has been hypothe-
sized that bypass of this hormonally active region is an
important determinant of the effects of bariatric surgery
(79). As mentioned above, suppression or constraint of
ghrelin secretion from the bypassed foregut is one mech-
anism to explain some of the effects of RYGBP on weight
loss and glucose homeostasis. To integrate ghrelin data
into the foregut hypothesis, one would predict that stan-
dard BPD, which leaves the ghrelin-rich gastric fundus 
in digestive continuity, would not significantly impair
ghrelin secretion, whereas the duodenal switch, in which
most ghrelin-producing tissue is either resected or
bypassed, would suppress ghrelin levels.
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Using Goto-Kakizaki rats, a spontaneous, nonobese
model of T2DM, Rubino and Marescaux (82) provided
additional data supporting the foregut hypothesis and iso-
lated the effects of RYGBP that are related to exclusion
of the duodenum and proximal jejunum from those
related to gastric restriction and bypass. The most inter-
esting finding in this study was that gastrojejunal bypass
(GJB) rats showed significant improvement in glucose tol-
erance compared with sham-operated controls, despite
equivalent body weights in the two groups. The GJB
resulted in better glycemic control than did either rosigli-
tazone therapy or substantial weight loss from food
restriction. The implication of these findings is that bypass
of the intestinal foregut and the early arrival of a meal in
the terminal ileum (e.g., as accomplished by RYGBP and
BPD) can ameliorate T2DM independently of weight loss,
through mechanisms that remain unclear. The authors
hypothesize that there are alterations in gut hormones,
but candidate molecules are not obvious. The incretin
hormone glucose-dependent insulinotropic peptide
(GIP), produced primarily by the foregut, is stimulated 
by ingested nutrients and promotes insulin secretion.
Bypass of the foregut theoretically should decrease GIP
levels, and there is little consensus on the actual effect of
intestinal bypass operations on this hormone; various
reports claim decreased postoperative levels (83,84).

An alternative mechanism, called the hindgut hypothe-
sis, claims that the expedited delivery of ingested nutrients
to the hindgut promotes weight loss by accentuating the
ileal brake. In this phenomenon, the presence of nutrients
in the ileum suppresses gastrointestinal motility, gastric
emptying, small intestinal transit, and, thus, food intake.
Neural mechanisms are implicated in this response,as well
as hormones, including PYY, GLP-1, neurotensin, and
enteroglucagon—all of which are increased in response to
meals or at baseline after JIB (70–73,85,86); PYY and
GLP-1 have also demonstrated increased levels after
RYGBP (74,75). Enteroglucagon, a marker of secretion
from the intestinal L cells that produce GLP-1, is also
increased after RYGBP and BPD (81–87). As detailed
previously, enhanced GLP-1 secretion from facilitated
delivery of nutrients to the hindgut could plausibly
account for some of the antidiabetic effects of RYGBP,
JIB, and BPD. In support of the hindgut hypothesis are
intriguing rodent experiments in which a portion of the
ileum was resected and inserted into the mid-duodenum
(88). Without creating any restrictive or malabsorptive
physiology, such ileal interpositions caused major weight
loss, possibly by placing the hormone-rich ileum in close
contact with ingested nutrients and enhancing the ileal
brake. Consistent with this mechanism, ileal interposition
increases levels of PYY, GLP-1, and enteroglucagon, and
it delays gastric motility and emptying (88–90).

The various mechanisms mediating weight loss and
improved glucose tolerance after bariatric surgery may

be summarized as following: (1) gastric restriction,
causing early satiety, small meal size; (2) bypass of the
foregut, impairing ghrelin secretion via unknown mecha-
nisms, and causing mild malabsorption in the case of
long-limb variations only; and (3) increased rate of deliv-
ery of nutrients to the hindgut, enhancing the ileal brake,
and stimulating the release of PYY and GLP-1, which
may decrease food intake and increase insulin secretion
via the incretin effect. Dumping symptoms accom-
panying ingestion of concentrated carbohydrates may
contribute in some people. In addition to the above
hypotheses, there can be numerous gut hormones that
have yet to be examined in the resolution of diabetes.
Clearly, this is an arena rich with opportunities for
research that should ultimately elucidate all of the mech-
anisms underlying the dramatic effects of bariatric oper-
ations. The National Institutes of Health (NIH) has
recently sponsored a six-center program, the Longitudi-
nal Assessment of Bariatric Surgery (LABS), to address
some of these questions over the next 5 years or longer.
It is hoped that insights from this and other studies will
facilitate the development of new medications that can
achieve at least some of the beneficial effects of bariatric
surgery, without the surgery.
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symptoms of OC may be accompanied by abnormal heart
gallops, pulmonary rales, edema, and ascites.

Importantly, the relation between obesity and coronary
artery disease (CAD) has been under considerable
debate. The relationship is less clear when the measure
of adiposity is expressed with a classic anthropometric
variable such as weight and BMI, which may be inade-
quate surrogates for adiposity itself. For example, Gillum
et al. (5) and Hodgson et al. (6) found that the increased
risk for CAD present in abdominal adiposity is indirectly
mediated by the presence of the other classical risk
factors. The Nurses’ Health Study, during an 8-year obser-
vation of 121,700 females, demonstrated that obesity is 
a determinant of CAD. After controlling for cigarette
smoking, which is essential to assess the true effect of
obesity, even mild-to-moderate overweight increased the
risk of CHD (7).

Finally, the Munster Heart Study (PROCAM), in
which 16,288 men aged 40.6 ± 11.3 years and 7328 women
aged 36.0 ± 12.3 years were enrolled between 1979 and
1991 (8). In this study the BMI-associated increase in
congestive heart disease (CHD) death was accounted for
by traditional CAD risk factors.

The association between obesity and CHD becomes
more robust when the distribution of body fat is consid-
ered. In a study of African-American women, Clark et al.
(9) found the strongest predictor of CAD to be a waist
to hip ratio (WHR) of greater than 0.85. Gaudet et al.
(10) also found isolated abdominal obesity to be a pow-
erful predictor of CHD in men in a group of patients with
raised low-density lipoprotein (LDL) cholesterol levels
due to familial hypercholesterolemia.

Hypertension

There is strong evidence that severe obesity is frequently
accompanied by arterial hypertension. Because the
adverse effects of obesity and hypertension on cardiac
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Obesity increases an individual’s risk for cardiovascular
disease by causing a variety of cardiac structural changes,
hemodynamic alterations, and metabolic dyscrasias that
lead to both myocardial and endothelial dysfunction.
Obesity is associated with an increase in both total 
blood volume and cardiac output due to the increased
metabolic demands of excessive fat accumulation. This
increased workload leads to an increased left ventricular
mass and hypertrophy, which predispose to a clinically
significant imbalance between perfusion and metabolic
demand known as the syndrome of obesity cardio-
myopathy (1).

Obesity cardiomyopathy (OC) occurs most frequently
in patients with a body mass index (BMI) of 40 or more
(or greater than 75% ideal body weight). Over 10% of
individuals meeting these criteria, typically for longer
than 10 years, are likely to develop OC. The predominant
causes of death in this syndrome are progressive conges-
tive heart failure and sudden cardiac death (2).

Hemodynamically, Alexander et al. (3) demonstrated
that the increased cardiac output in OC is a result of an
increased left ventricular (LV) stroke volume rather than
increased heart rate alone. Further, De Divitiis et al. (4)
demonstrated that oxygen demand, cardiac output, LV
stroke volume, right ventricular (RV) end diastolic 
pressure, mean pulmonary artery pressure, and mean pul-
monary capillary wedge pressure all exceeded the normal
range in obese individuals. These factors may potentially
lead to LV dilatation, increased LV wall stress, compen-
satory LV hypertrophy, and LV diastolic dysfunction.
Finally, LV systolic dysfunction may occur if inadequate
hypertrophy results in sustained LV wall stress.

Clinically, exertional dyspnea, orthopnea, paroxysmal
nocturnal dyspnea, and edema are typical of early OC fre-
quently occurring in the setting of normal left ventricular
systolic function. Concomitant sleep apnea/hypoventila-
tion syndrome, occurring in at least 10% of such patients,
may exacerbate symptoms of right heart failure. Even in
the absence of such sleep-disordered breathing, however,
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Daniel Edmundowicz
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work are additive, the latter remains one of the major
components of OC. The combination of obesity and
hypertension increases the risk of developing congestive
heart failure, and studies have clearly shown the greatest
heart weight in obese, hypertensive patients (11).

Hypertension, particularly in obese individuals, is the
final manifestation of a complex series of hemodynamic
and metabolic alterations. Many of the latter appear to be
closely linked to the presence of insulin resistance. As pre-
viously mentioned,Alexander’s early work established the
presence of an increased cardiac output in the setting of
obesity, most likely related to the increased metabolic
demand of excessive fat accumulation. Despite an early
compensatory decrease in systemic vascular resistance to
accommodate the increased output, the effect is not sus-
tained. This unexpectedly normal peripheral resistance is
potentially mediated by enhanced adrenergic tone,altered
endothelial function, activation of renin-angiotensin
systems, and increased levels of neuropeptide Y (NPY),
which has been shown to be a potent vasoconstrictor (12).
In most, but not all, obese individuals, these neurohumoral
and hemodynamic alterations, as well as blood pressure
levels, significantly improved after weight loss.

Sodium excess is known to be an initial factor in the
development of hypertension in both obese and lean
individuals. Increased sympathetic activity, perhaps 
exacerbated by insulin resistance in the obese indivi-
dual, leads to the release of renin and, subsequently,
angiotensin. Angiotensin I is converted to angiotensin II,
which stimulates the secretion of aldosterone, a miner-
alocorticoid responsible for a portion of renal retention
of sodium and water. Defective renal excretion of sodium
and transport of sodium across cell membranes provide
the predisposition for sodium excess and lead to an
increase in overall effective circulating blood volume
completing the cycle of higher preload, increased cardiac
output and resultant systemic hypertension.

As has been alluded to so far, hypertension and ather-
osclerotic vascular disease in the obese individual are
closely linked to the concomitant metabolic dyscrasias.
The cluster of metabolic disorders associated with hyper-
tension, atherosclerosis, and resultant increased risk 
for clinically evident CAD in obesity have been well
described (13). Mounting clinical and experimental data
have demonstrated that central obesity, dyslipidemia,
hypertension, and insulin resistance make up a particular
clinical profile predicting the development of type 2 dia-
betes and cardiovascular disease (14–17). The clustering
of these variables clearly occurs simultaneously to a
greater degree than would be expected by chance alone
(18,19), and their expression has been referred to as the
metabolic syndrome (20,21). While not all obese patients
exhibit the metabolic syndrome, the cardiovascular impli-
cations, both in terms of concurrent risks of bariatric
surgery and issues of postoperative management, should
be considered.

Adipose tissue is no longer seen as just an inert storage
for excess fat deposition. In fact, it is now evident that it
is an important source of cytokines (22), and that adipos-
ity in itself contributes to a proinflammatory milieu (23).
Therefore, fat is both a dynamic endocrine organ and a
highly active metabolic tissue that produces and secretes
inflammatory factors collectively called adipocytokines
or adipokines and including tumor necrosis factor-α
(TNF-α), leptin, plasminogen activator inhibitor-1 (PAI-
1), interleukin-6 (IL-6), resistin, and angiotensinogen
(22). The levels of these serum adipokines are elevated in
humans and animals with excess adiposity (23–26). More
importantly, visceral fat that was previously noted to be
worse in terms of clinical outcomes than subcutaneous fat
has been found to be more active in the production of
several of these adipokines than the subcutaneous
adipose tissue (27–30).

Importantly, reduction in fat mass correlates well with
decrease in the serum levels of many of these adipokines
(31–35), implying that approaches designed to promote
fat loss should be useful in attenuating these proinflam-
matory factors associated with obesity.

New evidence also supports an association between
some of these adipokines and insulin metabolism. In par-
ticular, TNF-α is known to inhibit the tyrosine kinase
phosphorylation of the insulin receptor, resulting in
defects in insulin signaling and ultimately leading to
insulin resistance and impaired glucose transport (36),
crucial steps in the development of this syndrome and in
the development of the cardiovascular comorbidities such
as hypertension. In addition, these adipokines have also
been shown to enhance the attachment and migration of
monocytes into the vessel wall and their conversion into
macrophages that are recognized key elements in the
development of vascular atherosclerosis (37). Specifically,
TNF-α activates the transcription factor nuclear factor
(NF)-κB, which facilitates the expression of adhesionmol-
ecules of intracellular adhesion molecule-1 and vascular
cell adhesion molecule-1 (38–41), which enhance mono-
cyte adhesion to the vessel wall (30–34); production of
monocyte chemoattractant protein-1 and macrophage
colony-stimulating factor (M-CSF) (42–44); and activa-
tion of a proinflammatory macrophage state, resulting in
increasedmacrophage expression of inducible nitric oxide
synthase, interleukins, and superoxide dismutase (45–48).
T lymphocytes are also activated and are responsible for
enhancing macrophage atherosclerotic activity (49).

Additionally, leptin is a plasma protein secreted by
adipocytes and involved in the control of body weight (50).
Plasma concentrations of leptin are increased in human
obesity and are positively correlated with body fat mass
(51). More recently, in addition to long-term regulation of
the body weight, a role for leptin has been suggested in
atherosclerosis (52). In this large prospective study, leptin
was noted to be a novel risk factor for coronary artery
disease. It was later noted that leptin-dependent pro-



34. Cardiovascular Disease and Hypertension in the Bariatric Surgery Patient 463

thrombotic properties and a platelet proaggregatory
effect were responsible for this risk factor association (53).
In addition, leptin has been shown to enhance cellular
immune responses (54) as well as to raise blood pressure
(55,56). Leptin has also been reported to stimulate cho-
lesterol accumulation by the macrophage, particularly in
the presence of high glucose (57).

Finally, cardiovascular risk in the obese individual is
perpetuated by the presence of hyperinsulinemia, which
is invariably found in insulin resistance, and stimulates
PAI-1 release from fat and other tissues (58). In fact, the
simple consumption of a high-calorie, high-carbohydrate
meal stimulates insulin release, and this is enough to
increase plasma PAI-1 levels, whereas fasting or admin-
istration of metformin or insulin sensitizers are associ-
ated with decreased circulating insulin and PAI-1 levels
(59,60). Whether PAI-1 is related to diabetes beyond
inflammation or insulin resistance, perhaps through
genetics, adrenal steroids, or other factors, remains to be
investigated. Nevertheless, plasma PAI-1 appears to be a
useful predictor of diabetes, and therapeutic approaches
that lower circulating PAI-1 levels may be associated with
prevention of diabetes (61).

Although insulin resistance is generally accepted as 
the primary underlying abnormality preceding and con-
tributing to most of the observed metabolic derange-
ments seen in the metabolic syndrome, truncal obesity
appears to be a key element in this sequence of events.
It has been proposed that insulin resistance and the meta-
bolic syndrome occur as a result of lipotoxicity in various
organs (62). Furthermore, there is also emerging evi-
dence that suggests that adipocytes are very active and
secrete or influence actions of a variety of cytokines,
including adiponectin, leptin, tissue factor, angiotensino-
gen, lipoprotein lipase, IL-6, PAI-1, and many others, not
only causing vascular damage but also perpetuating this
damage by altering both the oxidative stress balance and
by the proinflammatory actions (62).

Cardiovascular disease is a good example of a disease
process whose phenotypic profile is quite diverse. As
described above, several cardiovascular risk factors tend
to cluster, and this clustering of metabolic risk factors has
been referred to as the insulin resistance syndrome
(63–65). More importantly, a crucial association among
obesity, metabolic syndrome, and adverse cardiovascular
clinical outcomes has raised important questions about
the underlying pathophysiologic processes.

Preoperative Assessment of 
the Obese Patient

The initial evaluation of any patient prior to surgery
requires a detailed history and physical examination,
which can often indicate the potential for serious cardio-
vascular risk. The history and physical exam establish the

pretest probability of significant cardiovascular disease
and provide important information for subsequent inter-
pretation of cardiac tests.

Symptoms and Signs

Symptoms related to underlying cardiovascular disease
or obesity cardiomyopathy are similar in obese and
nonobese patients. Chest pain syndromes should be
ascertained and carefully elicited in obese patients given
the clustering of coronary artery disease risk factors seen
in this population.

Dyspnea is defined as an abnormal uncomfortable
awareness of breathing. Exertional dyspnea has often
been described as an “anginal equivalent,” as it is often
the primary complaint in myocardial ischemia. In the
obese patient, however, it may occur with diastolic or sys-
tolic dysfunction as elevated intracardiac pressures and
pulmonary congestion persist. Dyspnea can also mani-
fest as a deconditioned response to exercise or activity,
making it difficult to separate from the possibility of
underlying cardiomyopathy or coronary artery disease.

As remodeling of the left ventricle progresses, symp-
toms other than angina and dyspnea are seen. Orthop-
nea, paroxysmal nocturnal dyspnea, lower extremity
swelling, and weight gain are frequently experienced.
In obesity, these symptoms are commonly seen with 
diastolic dysfunction alone, and they do not necessarily
herald the presence of systolic dysfunction. These symp-
toms may also be due to sleep apnea and the obesity-
hypoventilation syndrome, as increased chronic arterial
hypertension inevitably leads to right heart failure.

Palpitations with or without light-headedness and
dizziness may occur in the setting of atrial or ventricular
arrhythmias. The incidence of syncope in obese patients
is no greater than that in the general population but, if
present, must be evaluated cautiously.

The clinical exam should be focused on detecting 
signs of underlying cardiomyopathy. Heart gallops, such
as an S3 or S4, suggest that LV remodeling has already
occurred. In addition to gallop rhythms, pulmonary
crackles suggest underlying volume overload or
increased ventricular filling pressures. Jugular venous 
distention, hepatojugular reflex, and lower extremity
swelling are seen in right heart failure, which may be due
to either left ventricular dysfunction or sleep apnea/
obesity-hypoventilation syndrome. Hepatomegaly and
ascites are often present but are more difficult to appre-
ciate with large body mass and central obesity.

Electrocardiogram (ECG)

The ECG is a mainstay in the preoperative evaluation for
cardiovascular risk. It can detect past myocardial infarc-
tion and current myocardial ischemia, perhaps helping to
further identify patients at higher than average risk prior
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to surgery. The ECG in obesity has been long studied
(3,4), and it is abundantly clear that obesity alters the
resting ECG. With increasing body mass index and soft
tissue between the heart and the anterior surface of the
chest wall, low QRS voltage is seen in the precordial leads
(17). Leftward deviation of the P-wave, QRS, and T-wave
axis is seen in obese patients as compared to normals
(18), possibly due to the presence of left ventricular
hypertrophy (LVH) and horizontal displacement of the
heart due to abdominal adiposity. T-wave abnormalities
are also seen in the obese (16). T-wave flattening is far
more common than T-wave inversions, and these changes
are frequently seen in the inferior, lateral, and inferolat-
eral leads (17). These abnormalities are not specific for
ischemia but rather are felt to be due to the horizontal
position of the heart in obese individuals. Left atrial
abnormality is another ECG finding seen in obesity. Its
presence was best predicted with a p-terminal force in
lead V1 greater than 0.04ms (17),

Left ventricular hypertrophy is known to be present in
obese patients given the presence of increased LV mass
and chronic effects of systemic hypertension. The Cornell
voltage criteria for LVH (the sum of the R-wave ampli-
tude in lead aVL plus the S wave amplitude in lead V3)
has been shown to yield a higher sensitivity as compared
to other voltage criteria for LVH, especially when obesity
is taken into account (19). This has been validated when
compared to echocardiographic data (20). However, the
accuracy of the ECG in diagnosing LVH remains poor
and should not be used alone.

Substantial weight reduction produces a variety of
favorable cardiac hemodynamics and structural alter-
ations in morbid obesity (21,66). These structural alter-
ations have been shown to reverse many of the ECG
alterations associated with morbid obesity in a popula-
tion of patients who underwent gastric bypass surgery
(67).
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to the respiratory pump muscles. The negative intratho-
racic and intra-airway pressure that is generated during
inspiration is transmitted to the less stable pharynx,
which, as a consequence of sleep-associated instability, is
narrowed. Thus, there is a normal, sleep-related increase
in upper airway resistance that is generally without
adverse clinical impact. However, in the setting of an
abnormal decrement in pharyngeal dilator muscle activ-
ity during sleep, or an upper airway that is anatomically
susceptible to collapse, there is clinically significant limi-
tation or cessation of airflow with consequent oxyhemo-
globin desaturation and sleep disruption.

A small pharyngeal cross-sectional area is a risk factor
for OSAH. Obesity, particularly central obesity and
increased neck circumference, are well recognized pre-
dispositions for OSAH, possibly due to airway narrowing
by excess adipose tissue in the lateral fat pads of the
pharynx and thickening of the muscles compromising the
lateral pharyngeal walls. In addition, craniofacial abnor-
malities, such as retrognathia and micrognathia, reduce
upper airway size and predispose to OSAH. These fea-
tures do not compromise airflow during wakefulness,
when there is a compensatory increase in upper airway
dilator muscle activation, but do become significant
during the physiologic reduction in upper airway dilator
tone and loss of neural compensation that is normally
associated with sleep.

The immediate physiologic consequences of apneas
and hypopneas include oxyhemoglobin desaturation as
well as arousal from sleep. The rate and degree of desat-
uration is dependent on the baseline oxyhemoglobin sat-
uration as well as the duration of the apnea or hypopnea.
In the morbidly obese patient, oxygen saturation may be
diminished even during wakefulness, because excess
weight on the chest and abdomen decreases the resting
volume of the lungs and may be associated with small
airway closure and ventilation/perfusion inequality. In
addition, the oxygen storage capacity of the lungs may be
diminished by virtue of the reduced lung volume, and this
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Obstructive sleep apnea hypopnea (OSAH) is a chronic
medical condition characterized by repetitive episodes 
of breathing disturbance, characterized by upper airway
obstruction, occurring during sleep. It is extremely
common in patients undergoing bariatric surgery and
may impact perioperative complications. It is also one of
the medical comorbidities of obesity that may be cured
after the weight loss resulting from bariatric surgery. This
chapter reviews the pathophysiology and clinical aspects
of OSAH, emphasizing the relationship with obesity,
bariatric preoperative workup and management, and the
perioperative implications of OSAH.

Pathophysiology and Epidemiology

Obstructive sleep apnea hypopnea is characterized by
repetitive episodes of obstructive apnea (complete upper
airway closure with consequent cessation of airflow; Fig.
35-1) or hypopnea (partial closure of the upper airway
with reduction but not cessation of airflow) during sleep.
Conventional definitions require apneas and hypopneas
to be at least 10 seconds in duration, and both apneas and
hypopneas may be associated with similar physiologic
disturbance. Conventional estimates of disease severity
rely on the number of respiratory events per hour of
sleep (1) (Apnea + Hypopnea Index, AHI; Table 35-1) 
as well as patient symptoms. Obstructive sleep apnea
hypopnea patients may not have any clinically evident
pulmonary compromise during wakefulness. Upper
airway (or pharyngeal) size is determined by the balance
between outward-directed or dilating forces that pro-
mote luminal patency and inward-directed forces that
predispose to collapse. During sleep several factors con-
tribute to airway narrowing. With sleep onset, there is a
physiologic reduction in neural activation of the upper
airway dilator muscles; moreover, the tonic activity of
these muscles (including the genioglossus, geniohyoid,
and tensor palatini) decreases more than the neural drive
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also may accentuate the rate and depth of desaturation
in conjunction with sleep-disordered breathing events
such as apneas and hypopneas. An important subset of
obese patients exhibits alveolar hypoventilation even
during wakefulness (defined by an elevated arterial
carbon dioxide tension, PaCO2 >45mm Hg), further
reducing daytime oxygen saturation and consequent
worsening of sleep-related desaturation. Assuming a
recumbent position accentuates the abnormalities in
oxygenation. A lower baseline saturation places the
patient closer to the steep portion of the oxyhemoglobin
dissociation curve where even small decrements in arte-
rial oxygen tension (PaO2) result in relatively greater
desaturation. Termination of an apnea or hypopnea is
usually associated with arousal from sleep, and repetitive
events lead to sleep fragmentation. During the obstruc-
tive breathing event, heart rate often falls and blood pres-
sure may rise, fall, or remain unchanged. However, as the
obstruction is relieved, there is a surge in sympathetic
nervous system activity with consequent relative hyper-
tension and tachycardia.

Obstructive sleep apnea hypopnea is common in the
general population. Samples drawn from the community
estimate that at least one in five adults aged 20 to 80 has
mild sleep apnea, defined as five or more episodes of

breathing disturbance per hour of sleep, and one in 15
adults has 15 or more of these episodes (2). The preva-
lence of sleep apnea increases from young adulthood to
approximately age 65, and then levels off (3). Men are
more commonly affected than women, although after
menopause the prevalence among women rises to a level
that approximates that in males. Obstructive sleep apnea
hypopnea affects all racial groups, with the rate in African
Americans slightly higher than in Caucasians.

In the general population, OSAH is highly associated
with obesity, with the risk increasing threefold for each
standard deviation increase in body mass index (BMI),
neck circumference, or waist-to-hip ratio (4). Paradoxi-
cally, in the severely obese patients likely to undergo
bariatric surgery, this strong relation is lost, perhaps
because the prevalence of OSAH is so high in this group.
In series of bariatric patients that did not screen all
patients for OSAH, one quarter to one third of the sub-
jects were known to have OSAH at the time of surgery
(5–7), but this probably underestimates the prevalence in
this population. In a series of 170 consecutive patients
undergoing bariatric surgery, sleep data were available in
96%, and the overall prevalence of OSAH was 77% (8),
confirming the findings of smaller studies (9,10). In the
general population and among bariatric surgery patients,
at any given level of obesity men have more severe
OSAH than women. Thus although greater numbers of
women undergo bariatric surgery than men, the women
on average have less severe OSAH (8).

Some patients with OSAH also have daytime hyper-
capnia and chronic respiratory acidosis, known as the
obesity hypoventilation syndrome. Often these patients
will have concomitant chronic obstructive pulmonary
disease (COPD). Patients with resting hypercapnia tend
to be more obese, and have worse nocturnal oxygenation

Figure 35-1. Obstructive apnea in a patient 
with severe obstructive sleep apnea hypopnea
(OSAH). At the arrow, airflow stops while respi-
ratory effort recorded by negative swings in
esophageal pressure and abdominal movement
continues, indicating the airway is occluded.
Resumption of airflow (at the asterisk) is accom-
panied by increased chin muscle tone, heart rate
and EEG frequency indicating arousal from 
sleep. EEG, electroencephalogram, C4–A1; EOG,
electro-oculogram; EMG, electromyogram; EKG,
electrocardiogram; SaO2, oxygen saturation;
Vent, minute ventilation in liters/minute; Pesop,
esophageal pressure; Abd, abdominal movement;
Mic, microphone recording snoring. (Adapted
from Kryger MH, Roth T, Dement WC. Principles
and Practices of Sleep Medicine, 3rd ed. Phila-
delphia: WB Saunders, 2000.)

Table 35-1. Severity of obstructive sleep apnea hypopnea
(OSAH)

Severity Apnea + Hypopnea Index

Mild 5–15 events/hour
Moderate 16–30 events/hour
Severe More than 30 events/hour

Source: Data from American Academy of Sleep Medicine Task Force (1).
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and greater pulmonary hypertension (11,12). The risk 
for perioperative pulmonary and cardiac complications
for subjects with obesity hypoventilation syndrome is
believed to be worse than for OSAH alone, although
prospective clinical data are lacking.

Clinical Features

Patients with OSAH may have nocturnal or diurnal com-
plaints, or both or neither (Table 35-2). Snoring with
resuscitative snorting and witnessed apneas may be
reported by bed partners or roommates of patients.
Patients often complain of nonrestorative sleep, excessive
daytime sleepiness, and less commonly of awakening 
with a sensation of choking or gasping (13). They may
also acknowledge nocturia (14), frequent awakenings for
uncertain reason, and morning headaches (15). Family
members may note changes in mood or increased irri-
tability, and the prevalence of depression is increased
(16). However, epidemiologic studies indicate that most
subjects with OSAH are asymptomatic and have never
sought medical care (4,17).

Many of the prototypical symptoms of OSAH are non-
specific. For example, sleepiness is pervasive in modern
society (18). Further confounding risk assessment for a
diagnosis of sleep apnea, sleepiness and unrefreshing
sleep are common complaints in obese patients even in
the absence of OSAH (19). This has been attributed to
an association between high levels of inflammatory
cytokines, including interleukin-6 (IL-6) and tumor
necrosis factor-α (TNF-α), which have been shown in
animal models to be somnogenic (20). In a series of 313
patients undergoing laparoscopic gastric band place-
ment, 52% of men and 26% of women reported wit-
nessed apneas, and only 25% rated their sleep quality as
good (21). Thus, while daytime sleepiness is neither spe-
cific nor sensitive for OSAH in the bariatric surgery 
population, additional diagnostic investigation is usually
warranted in this high-risk group.

Although the prevalence of sleep-related mortality
attributable to OSAH is not known, it is increasingly
evident that this disorder is associated with significantly
adverse health consequences. Obstructive sleep apnea
hypopnea is an independent risk factor for hypertension
(22), and is associated with cardiovascular disease, con-
gestive heart failure, stroke, diabetes mellitus, and the
metabolic syndrome (23–25). Patients with sleep apnea
are at increased risk of motor vehicle accidents (26).

Diagnosis

Use of Clinical Measures to Predict
Obstructive Sleep Apnea Hypopnea

While OSAH is often suspected based on clinical symp-
toms, these symptoms alone are poorly predictive of the
presence or severity of disease. Women with OSAH are
less likely to report habitual snoring, and more likely to
complain of daytime fatigue than men (27,28). Several
studies have identified witnessed apneas as predictive,
but this historical information is lacking in subjects
without regular bed partners. The Epworth Sleepiness
Scale is an eight-item self-administered questionnaire
that asks patients to rate the chance that they would doze
in everyday situations such as reading a book or after
lunch (29). While it is commonly used in sleep clinics to
screen for sleep apnea, Epworth Sleepiness Scale Score
is a poor predictor of individual risk, particularly in the
bariatric population (10,30). The Multivariable Apnea
Risk Index, which combines questionnaire and demo-
graphic information, has been validated in patients pre-
senting to sleep clinics, but not in patients undergoing
bariatric surgery (31).

Several groups have attempted to create prediction
models for OSAH based on symptoms and physical
examination. All models include measures of obesity,
either body mass index (BMI) or neck circumference, as
well as report of habitual snoring and witnessed apnea.
In general, the positive predictive power of these models
have not been assessed by investigators other than those
who created them, so their use in practice has been
limited. Furthermore, to the extent that these models
have been validated, it has been in general sleep clinic
populations, and they have not been validated in the
bariatric population.

Dixon and colleagues (30) identified predictors of
OSAH in 99 subjects undergoing bariatric surgery. Their
sample included only subjects with symptoms of OSAH,
so virtually all were habitual snorers. Demographic
factors, clinical symptoms, measures of obesity, and bio-
chemical measures were each assessed for the ability to
predict AHI. In multivariate analyses, BMI ≥45, age ≥38
years, observed sleep apnea, hemoglobin A1c ≥6%, fasting

Table 35-2. Common symptoms of OSAH

Symptom Prevalence (%) (28)

Events during sleep >50
Snoring ≥3 nights/wk
Loud snoring >50
Breathing pauses ≥1 night/wk 7–25
Leg kicks ≥1 night/wk 13

Symptoms during wakefulness
Nonrestorative sleep ≥1 time/wk >33
Dozing while watching television ≥1 night/wk 30–50
Difficulty maintaining sleep 10–25
Waking with a headache 5–15
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plasma insulin ≥28 µmol/L, and male sex (BASH ’IM)
were independent predictors of an AHI ≥15. These inde-
pendent predictors were equally weighted in this model
(which is easy to remember, as the acronym BASH ’IM
is often the response of a male subject’s bed partner to
his sleep apnea), yielding a scale from 0 to 6. In their pop-
ulation, a BASH ‘IM score of ≥3 had a sensitivity of 89%
and specificity of 81% for AHI ≥15. Obstructive sleep
apnea hypopnea (defined as an AHI >15) was diagnosed
in none of the 31 subjects with a BASH ‘IM score of 0 or
1 and in only four of 24 subjects with a score of 2. Thus,
this model is potentially very useful in identifying sub-
jects at low risk of OSAH who do not need further
workup. Potential limitations of the model include the
need to measure fasting insulin and hemoglobin A1c

levels and the lack of information on subjects who were
not suspected of OSAH, and so did not undergo
polysomnography. This is problematic given the poor 
predictive value of symptoms for diagnosing OSAH in a
severely obese population. The model has not yet been
validated in another population or at another center.

Objective Testing for Obstructive Sleep 
Apnea Hypopnea

The gold standard for diagnosing OSAH is a polysomno-
gram (PSG) in a sleep laboratory with a trained techni-
cian in attendance to ensure optimal data collection.
A polysomnogram measures electroencephalography,
eye movements, and muscle tone to identify and stage
sleep, oxygen saturation by transcutaneous oximetry,
heart rate, and measures of respiratory effort and airflow.
Polysomnography has several limitations. Patients may
perceive the testing as inconvenient or time consuming.
Demand for PSG exceeds the supply of sleep laboratory
slots in many areas, so testing may be delayed. It requires
both skilled personnel and sophisticated equipment, and
hence is relatively expensive. However, only a PSG can
accurately assess the presence of sleep and gauge sleep
continuity.

Because of the inherent barriers to laboratory PSG,
researchers have attempted to design portable monitors
that can be used in the patient’s home to rule in or rule
out OSAH. The technology ranges from devices that
record only oximetry and heart rate to full PSG done in
the home, but more commonly used are biomonitors 
that assess four or more cardiopulmonary signals (for
example, thoracoabdominal movement to reflect breath-
ing effort, airflow, oxygen saturation, and heart rate).
Unfortunately, no unattended technology has been
studied with enough rigor to recommend clinical use (32),
and their utility has not been proven in the bariatric 
population. In general, portable monitors underestimate
OSAH severity because the denominator for the AHI is
time in bed rather than sleep time, and displaced sensors

cannot be replaced, so missing data are more common
than in the sleep laboratory. In addition, respiratory
events that result in minimal oxygen desaturation may be
missed. Paradoxically, manual scoring of portable moni-
tors may overestimate AHI (33). In the event that OSAH
is strongly suspected based on an unattended portable
sleep study, a laboratory PSG is still required to initiate
therapy with positive airway pressure (see below).

No prospective trials clearly indicate which patients
require preoperative evaluation for OSAH as part of
their workup prior to bariatric surgery. Our practice is to
perform PSG in patients with subjective sleep complaints
including nonrefreshing sleep and excessive daytime
sleepiness, or subjects who have been told by bed part-
ners that they have breathing pauses during sleep. In
addition, subjects with cardiac comorbidity, particularly
congestive heart failure, are at markedly increased risk of
OSAH; therefore, these subjects also undergo mandatory
PSG. Finally, subjects with coexistent pulmonary disease,
low oxygen saturation during wakefulness, or daytime
hypercapnia are likely to have profound nocturnal desat-
uration and should undergo laboratory PSG. In our prac-
tice, portable monitoring is reserved for triage of subjects
who cannot be accommodated promptly in the sleep 
laboratory.

Treatment of Obstructive Sleep 
Apnea Hypopnea

Effective treatment of OSAH must provide upper airway
patency and adequate oxyhemoglobin saturation during
sleep, as well as restore good sleep continuity. The most
common and rapidly acting treatment to achieve these
goals is with positive airway pressure (continuous posi-
tive airway pressure, CPAP) or bilevel positive airway
pressure (BiPAP). Each of these devices deliver pressur-
ized airflow through a nasal or full-face mask interface
into the upper airway (Fig. 35-2). The increased intra-
luminal pressure splints the upper airway open and pre-
vents collapse. Continuous positive airway pressure is a
mode of positive airway pressure therapy in which the
same level of pressure is applied continuously through-
out the ventilatory cycle. Bilevel positive airway pressure
has the capability to provide pressure levels that alter-
nate between a higher pressure during inspiration and a
relatively lower pressure during exhalation, based on the
observation that higher pressures are required to main-
tain upper airway patency during inspiration in sleep
compared to expiration (34). Both modalities permit
patients to initiate inspiration and expiration and thereby
largely determine their own breathing pattern. In
patients with OSAH, CPAP is preferred initially over
BiPAP based on data demonstrating better compliance
with CPAP (35) and the higher costs associated with
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bilevel therapy. However, BiPAP is effective at lower
mean airway pressure and may be more comfortable than 
conventional CPAP (36). In our center, BiPAP is the 
preferred treatment in patients with concomitant
hypoventilation and in those intolerant of CPAP due to
nasal discomfort or mouth leaks, difficulty exhaling
against an expiratory pressure, or chest discomfort arising
from breathing at elevated lung volumes.

Therapeutic positive pressure levels are usually deter-
mined during a PSG, conducted in a sleep laboratory
during which a technician titrates the CPAP or BiPAP
settings to eliminate apneas, hypopneas, oxyhemoglobin
desaturation, and sleep fragmentation. Autotitrating
CPAP units are also commercially available, but there are
no data addressing their efficacy in a bariatric surgery
population. These devices incorporate proprietary algo-
rithms designed to “recognize” impending apneas and
hypopneas and increase the delivered pressure accord-
ingly. When no further apneas or hypopneas detected
over an ensuing time interval, the pressure gradually
decreases until events again are again “recognized,” pre-
cipitating an increase in pressure delivery. These devices
are not currently mainstream therapy for OSAH, and
their use is not recommended in excessively obese
patients, those with obesity hypoventilation syndrome or
lung or cardiac disease, and others in whom its safety and
efficacy have not been validated (37). Moreover, in our
experience, bariatric patients, like most OSAH patients,
may have difficulty accommodating to CPAP or BiPAP
therapy and benefit from an initial laboratory titration.
Positive airway pressure is safe and effective. It is often,
but not always, embraced by patients. Poorly fitting
masks, nasal dryness or stuffiness, and claustrophobia
may interfere with willingness to use positive pressure

therapy. Simple interventions and well-trained sleep
technicians can significantly improve compliance with
CPAP (38).

Upper airway patency may also be maintained with the
use of an oral appliance, fitted by a dentist with experi-
ence in this modality in the treatment of OSAH patients.
There are a wide variety of oral appliance designs that
are intended to stabilize the upper airway during sleep 
by advancing the mandible to increase the size of the
retrolingual airway (Fig. 35-3). Periodontal disease and
inadequate dentition to support retention of these appli-
ances are contraindications. Temporomandibular joint
disease is also an absolute or relative contraindication
(such determinations are usually best made by an appro-
priately trained and experienced dental practitioner).
Although oral appliance therapy is well tolerated and
often preferred by patients to CPAP, it is less effective
than CPAP, particularly in patients with more pro-
nounced oxygen desaturation (39,40). Use in the United
States is limited by lack of insurance coverage. In addi-
tion, fitting and advancing the oral appliance often takes
several weeks to months, which may not be desirable in
a patient planning bariatric surgery. Use of these devices
has not been validated in a bariatric population, and
lower BMI is a predictor of successful oral appliance
therapy (41), suggesting bariatric patients would be sub-
optimal candidates for their use.

Several surgical procedures are used to treat OSAH.
Uvulopalatopharyngoplasty is effective in about 50% of
cases, and may be less efficacious in patients with morbid
obesity who are more likely to have retrolingual than
retropalatal airway obstruction (42–44). Some centers
have reported that maxillomandibular osteotomy and
advancement procedures cure OSAH in 75% to 90% of

A

B

Figure 35-2. Continuous positive airway pressure (CPAP) device (A) with face mask (B). (Courtesy of Invacare, Elyria, OH.)
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selected patients, but these individuals were not exces-
sively obese (45,46). Enthusiasm for surgical interven-
tion in morbidly obese patients is diminished by their
increased anesthesia and perioperative risks, especially
without a high likelihood of successful outcome. Tra-
cheostomy effectively bypasses the site of obstruction in
OSAH and so is highly effective. As may be expected, it
is not well accepted by patients. However, it is indicated
in patients with life-threatening OSAH, especially those
who have failed positive pressure therapy. Furthermore,
tracheostomy may be the safest therapeutic option for
patients with severe OSAH in whom positive pressure
therapy has been unsuccessful, patients with obesity-
hypoventilation, and patients with severe cardiopul-
monary disorders, who are to undergo bariatric surgery.

The decision to treat OSAH is based on a compilation
of symptoms and pathophysiologic derangements.
Patients with excessive daytime sleepiness, bothersome
nocturnal awakenings (especially those associated with
sensations of choking, gasping, or smothering), or other
symptoms warrant a therapeutic trial, even if the AHI is
only moderately increased (AHI >5 but 10 or less). The
benefit of treating patients without sleepiness is less clear
(47). Bariatric patients often have severe oxygen desatu-
ration that is likely to be even worse in the postoperative
period, particularly after receiving narcotics and muscle
relaxants. The impact of treating sleep apnea of any
severity prior to bariatric surgery has not been investi-
gated prospectively. It is intuitively appealing to consider
that effective preoperative treatment will reduce preop-
erative night hypoxemia and cardiovascular stress as well
as decrease upper airway edema with consequently easier
and safer airway and peri- and postoperative manage-
ment. These considerations, as well as the clinical experi-
ence that demonstrates that accommodation of some
patients to CPAP or BiPAP requires an acclimatization

period, suggest that it is prudent to treat these conditions
before surgery. In addition, preoperative assessment of
therapeutic requirements provides guidelines for post-
operative CPAP or BiPAP pressure requirements. The
possibility exists for higher pressure requirements in the
postoperative period mandating careful monitoring of
treatment adequacy (see below).

Effect of Obstructive Sleep Apnea
Hypopnea on Outcomes After 
Bariatric Surgery

Pulmonary and Cardiac Complications 

Patients undergoing bariatric surgery have numerous risk
factors for pulmonary complications even in the absence
of OSAH. Abdominal surgery, particularly upper abdom-
inal surgery, causes reversible impairment in pulmonary
function that persists at least 48 hours (48). Early and late
postoperative hypoxemia has been observed in otherwise
healthy patients undergoing abdominal surgery (49).
However, patients with OSAH are at even greater risk.
The American Academy of Sleep Medicine has published
a short questionnaire to help identify OSAH in patients
in whom the disorder has not been investigated (50)
(Table 35-3).

Anesthetic agents and narcotics adversely affect upper
airway tone, worsening upper airway obstruction, and
leading to hypoxic and hypercapnic respiratory failure.
Therefore, premedication with opiates or sedatives when
the patient is unsupervised prior to intubation should be
avoided, and nonopioid analgesia is preferred postoper-
atively, to the extent possible (51). In addition, patients
with OSAH may have a difficult airway, since excess pha-
ryngeal tissue increases the odds of sleep-related upper

A B

Figure 35-3. Lateral cephalogram in a
patient with sleep apnea without (A)
and with (B) a mandibular reposition-
ing appliance in place. The mandibular
reposition appliance advances the
mandible forward increasing the size of
the retrolingual airway. (Courtesy of 
Dr. Kathleen Ferguson, University of
Western Ontario.)
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airway obstruction. Intubation and extubation, periods
when the potential for loss of airway control is present,
are critical times in the management of patients with
known or suspected OSAH. Patients should demonstrate
return of purposeful movement and recovery from neu-
romuscular blockade by maneuvers such as sustained
head lift for a minimum of 5 seconds before the endo-
tracheal tube is removed. The timing and dose of intra-
operative analgesia and sedation must be carefully
titrated to achieve pain control without excessive seda-
tion or upper airway compromise.

Unexpected and unexplained postoperative deaths in
the first week most commonly occur at night (52), and
hypoxemia has been proposed as the most likely media-
tor of these deaths (53). On the first postoperative night
rapid eye movement (REM) sleep decreases significantly,
with a rebound in the percentage of REM sleep on post-
operative nights 2 and 3. Rapid eye movement sleep is
the most vulnerable sleep period for OSAH because
neural input to respiratory muscles is maximally inhib-
ited; thus the observed nocturnal hypoxemia may be
exacerbated by REM rebound (54).

Most reports of perioperative complications in patients
with OSAH concern upper airway surgery to alleviate
OSAH; however, complications related to OSAH may
occur in any type of surgery. For example, CPAP in the
postoperative period in patients with known OSAH
undergoing CABG is associated with better outcomes
(55). The effect of undiagnosed OSAH on postoperative
complications and length of stay was investigated retro-
spectively in 101 matched pairs of patients with and
without sleep apnea, undergoing hip or knee replacement
(56). In this study, the incidence of orthopedic complica-
tions was the same in both groups; however, the patients
with OSAH had 24% incidence of serious complications,
defined as an acute cardiac event, unplanned intensive
care unit transfer, or need for urgent respiratory support,
compared with only 9% of the matched controls. Hospi-
tal stay was on average 1.7 days longer for the subjects

with OSAH. Patients treated for OSAH with CPAP did
not experience this high rate of cardiac or pulmonary
decompensation, albeit in a nonrandomized study. Thus,
although no randomized controlled trial evidence proves
that therapy for OSAH prevents respiratory complica-
tions after bariatric surgery, theoretical considerations
and the preponderance of data support its use.

Obstructive sleep apnea hypopnea is associated with
cardiac arrhythmias, including atrial fibrillation and
supraventricular and ventricular tachycardia, but severe
sinus bradycardia and atrioventricular block are reported
most commonly (57). The severity of rhythm disturbance
correlates with the severity of OSAH and nocturnal
desaturation (58). Electrophysiologic studies are usually
normal, suggesting that excess vagal tone, generally in the
setting of oxyhemoglobin desaturation, is responsible 
for the bradyarrhythmias (59). Effective treatment for
OSAH abolishes these sleep-related arrhythmias without
specific cardiac therapy (59–62). The experience in the
postoperative period is similar to the findings in patients
with OSAH who are not undergoing surgery. Episodes of
asymptomatic heart block occurring during sleep post-
operatively following weight loss surgery have been
reported in three subjects with proven or suspected sleep
apnea (63). No subject required pacing, and no syncope
was reported even in the absence of therapy for OSAH.

Both OSAH (the Sleep Heart Health Study, SHHS)
and obesity are associated with congestive heart fail-
ure. Subjects with coexisting structural heart disease 
and OSAH are likely at increased risk of cardiac 
complications. Guidelines for intensive care unit or 
step-down unit of telemetry monitoring vary among 
institutions. Our practice is to recommend increased
monitoring for patients with severe OSAH that has not
been adequately treated preoperatively or with OSAH
and cardiac disease, as well as for patients with respira-
tory compromise in the early postoperative period.
While the site of monitoring for these higher risk patients
(intensive care unit versus step-down unit versus teleme-
try floor) depends on the patient’s acuity and the hospi-
tal resources, minimum requirements include continuous
pulse oximetry and cardiac monitoring for arrhythmia.

Anastomotic Complications

Two large series of consecutive patients have identified
OSAH as a risk factor for postoperative complications,
mainly related to the anastomosis. Perugini and col-
leagues (5) reported a series of 188 patients, 22% with
OSAH who underwent laparoscopic Roux-en-Y gastric
bypass (RYGBP). Subjects with sleep apnea had three
times the odds [95% confidence interval (CI), 1.3–7.1] 
of suffering a complication that required an invasive 
therapeutic intervention compared with subjects without
OSAH in a multivariate analysis. The only factor more

Table 35-3. Questionnaire for exploring OSAH symptoms

People tell me that I snore. Y N
I wake up at night with a feeling of shortness of breath Y N

or choking.
People tell me that I gasp, choke, or snort while I am Y N

sleeping.
People tell me that I stop breathing while I am sleeping. Y N
I awake feeling almost as tired as, or more tired than, Y N

when I went to bed.
I often awake with a headache. Y N
I often have difficulty breathing through my nose. Y N
I fight sleepiness during the day. Y N
I fall asleep when I relax before or after dinner. Y N
Friends, colleagues, or family comment on my sleepiness. Y N

Source: Meoli et al. (50), with permission.
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significant than OSAH was the surgeon’s experience. The
majority of complications reported related to stenosis 
at the gastrojejunal anastomosis, but a variety of other
complications including hemorrhage, hernia, leak or
fistula formation, and mortality were also included. The
numbers were too small to permit analysis of association
between particular complication and OSAH or other
comorbidity. The impact of positive pressure therapy for
OSAH was not discussed.

Outcomes and risk factors for complications were
reported in 3073 patients treated with either open or
laparoscopic bariatric procedures at Virginia Common-
wealth University (64). In this sample, 23.4% of patients
without OSAH developed an anastomotic leak while the
rate for patients with OSAH was significantly higher at
34.3% (p = .0037). In a multivariate analysis, OSAH was
no longer a significant risk factor for leak in the whole
sample, while it remained an independent risk in those
patients who underwent an open gastric bypass proce-
dure. Again, the influence of treatment for OSAH with
CPAP was not addressed. In contrast, Livingston and col-
leagues (65) did not associate CPAP with increased risk
for complications, including increased rate of anasto-
motic leak, in patients with OSAH.

None of these series identified OSAH as a risk factor
for mortality. Severe OSAH was associated with in-
creased hospital costs in one study, likely because of an
association with postoperative complications, prolonged
ventilatory support, and intensive care unit admission
(66).

Positive airway pressure therapy, in which pressurized
air is applied to the upper airway via a nasal or oronasal
mask, can transmit positive pressure to the gastrointesti-
nal tract. Gastric distention may occur when CPAP is
used to treat acute respiratory failure, although the dis-
tention tends to be mild and rarely limits therapy. Of
note, CPAP may reduce gastroesophageal reflux by virtue
of mildly increasing intraesophageal pressure (67) (e.g.,
mid-esophageal pressure increasing from –3.5cm to 
–0.9cm while on 8cm of nasal CPAP). Concern has been
raised that postoperative positive airway pressure could
lead to anastomotic breakdown in the setting of a bowel
anastomosis, particularly one that is associated with
bypassing the potentially protective area of the pylorus.
These problems were not observed in the largest prospec-
tive case series to examine the effect of perioperative
CPAP therapy, in which there was no difference in the
risk of anastomotic leak or pulmonary complications
between the 159 subjects treated with CPAP or the 908
subjects not treated with CPAP undergoing RYGBP (68).
However, recently two cases of postoperative bowel dila-
tion and anastomotic leak were reported in patients with
a history of sleep apnea treated with BiPAP (69). It is
uncertain whether these reported cases represent a risk
of BiPAP that is greater than the risk of CPAP, or whether

these complications were unrelated to the BiPAP, as 
the case reports indicated neither the total number of
patients who underwent gastric surgery nor the total
number of patients with postoperative bowel dilation.
Both patients were experienced users of BiPAP, so 
difficulty accommodating to the machine is unlikely to
explain the complications. No studies have examined the
relative risk of anastomotic or other complications in
patients with OSAH treated with CPAP versus untreated
OSAH patients.

Effect of Bariatric Surgery on Severity of
Obstructive Sleep Apnea Hypopnea

Weight loss associated with successful bariatric surgery is
often also associated with improvement or even cure of
OSAH, although the studies to date are limited by incom-
plete follow-up and lack of confirmatory polysomnogra-
phy. In the prelaparoscopic era, respiratory insufficiency
was initially considered a contraindication to bariatric
surgery; however, early case reports and series suggested
that surgically induced weight loss was effective therapy
for sleep apnea and obesity hypoventilation syndrome in
these patients (70–73). Studies that assessed pre– and
post–weight loss arterial blood gases during wakefulness
or polysomnography measures reported improvement,
but not necessarily normalization. Several investigators
have noted that patients generally feel their sleep is
improved even if OSAH persists (74,75), thus highlight-
ing the need for objective follow-up assessment of sleep
and breathing (e.g., PSG), rather than reliance on
improved symptoms as a reflection of improved OSAH.
One series reported initial improvement in OSAH 4.5
months after weight reduction surgery, followed by recur-
rence an average of 7.5 years after surgery without inter-
vening weight gain (76).

More recent studies of larger series of patients have
noted improvements in snoring, sleep apnea, and daytime
sleepiness, although the ability to draw conclusions is
limited by the self-report rather than by the objective
nature of the data (77,78). Dixon and colleagues (21)
reported marked 1-year improvements in self-reported
habitual snoring, witnessed apnea, morning headaches,
Epworth Sleepiness Score, and sleep quality. This sample
included 313 subjects, but only 39% returned for follow-
up with a mean weight loss of 31.2 ± 13.0kg or 48% ±
16% of excess weight loss. Only 10 subjects used CPAP
therapy for OSAH preoperatively, and only three
required positive pressure therapy after 1 year.

Polysomnographic outcomes of bariatric surgery have
been reported in three series of patients. Scheuller et al.
(79) reported a series of 15 patients who underwent bil-
iopancreatic bypass or gastroplasty and had polysomno-
grams preoperatively and at least 1 year after surgery.
These patients lost an average 54.7kg. The average
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number of sleep-disordered breathing events per hour of
sleep fell from 97 to 11 and nocturnal oxygen saturation
improved significantly. However, four of the 15 patients
still had an AHI >20 despite an average weight loss of 
35kg, but none elected to have treatment for OSAH.
Eight subjects had required tracheostomy before weight
loss surgery for prolonged apneas and desaturation, and
all were decannulated postoperatively. Rasheid and col-
leagues (80) reported that BMI decreased from 54 ± 1 to
38 ± 1 and the Epworth Sleepiness Scale decreased from
12 ± 0.1 to 6 ± 1 in 100 patients a median of 6 months
after gastric bypass. Before surgery, 58 subjects were
treated with positive airway pressure therapy, but only 
11 returned for a postoperative polysomnogram. In this
selected group, AHI fell from 56 ± 13 to 23 ± 7, and
oxygen saturation and sleep efficiency improved signifi-
cantly. Regression analysis did not show correlation
between percent of excess weight loss and postoperative
AHI in the small sample. In the most recent publication,
eight of 34 subjects with OSAH returned for a follow-up
sleep study an average of 28 ± 8 months after gastric
bypass (81). In this group, the mean reduction in BMI was
13.4 ± 7.8. AHI improved by at least 50% in all subjects
except one, but three subjects still had enough sleep
apnea to require CPAP therapy.

The data strongly suggests that significant weight loss
occurring after bariatric surgery leads to an improvement
in symptoms of sleepiness and sleep apnea such as 
habitual snoring and nonrefreshing sleep. The data on
objective improvement in OSAH is less clear, but the 
preponderance of evidence suggests most subjects
improve. Unfortunately, some patients who lose weight
still have significant, though perhaps improved, OSAH,
and predictors of patients who are less likely to improve
their sleep apnea are not yet known. Patients who do not
lose weight are unlikely to improve. The substantial loss
to follow-up in the studies with objective outcomes allows
for considerable bias in the estimate of how much sleep
apnea will improve. Patients with the best outcomes who
are feeling well may not want to bother returning for
follow-up. Alternatively, patients with poorer outcomes
may feel discouraged and thus be less likely to comply
with follow-up visits.

Conclusion

Obstructive sleep apnea hypopnea is likely to affect
between one quarter and three quarters of all patients
who undergo bariatric surgery, and the disorder should
influence workup and management. The optimal strategy
for selecting patients to screen for OSAH has not been
determined; however, patients with higher BMI or wit-
nessed apnea are at particularly high risk, and patients
with concomitant cardiac or pulmonary disease may have

more severe oxygen desaturation and physiologic
derangement. Confirmation of clinical prediction rules
like the BASH ‘IM acronym will be helpful in identifying
patients at low risk of OSAH who do not need further
testing. The perioperative period is a time of particular
risk for patients with OSAH, particularly unsuspected
OSAH. Anesthesiologists participating in the care of
bariatric patients should be judicious in the use of seda-
tives and analgesics and vigilant for signs of airway 
compromise before and after surgery. Further studies uti-
lizing objective outcomes with longer-term follow-up are
necessary to confirm the lasting impact of bariatric
surgery on improvement of OSAH, and to identify
subsets of patients likely to have good or poor response.
Finally, the degree to which CPAP use can mitigate any
adverse associations of OSAH with complications fol-
lowing bariatric surgery warrants further study.
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diabetes, sleep apnea, and obesity hypoventilation are
independently associated with increased risk. On the
other hand, preoperative weight, gender, and age do not
appear to be associated with increased risk of incisional
hernia formation (2).

Primary hernias, like umbilical hernias, tend to be an
acquired defect in over 90% of adults (6). About 8% of
these are recurrent, with omental incarceration in 30%.
The average size of the hernia defect in this population
is 25.4cm2 with multiple defects in 5% (7).

Clinical Presentation

While most patients with a ventral hernia present with a
bulge on the abdominal wall, this may not be the case in
a morbidly obese patient where the diagnosis presents a
challenge (8). Morbidly obese patients may present for
the first time with abdominal pain, nausea, or small bowel
obstruction. It should be noted that due to patient body
habitus, it is difficult to feel the hernia defect due to a
thick abdominal wall, and a computed tomography (CT)
scan of the abdomen may be warranted (9). As a matter
of fact, in about 10% of morbidly obese patients, the diag-
nosis is first made intraoperatively.

Treatment

The challenge of managing ventral hernias in the mor-
bidly obese patient arises from the dangers of deferring
surgical repair and the risk of mesh infection where
repair is undertaken concurrently with gastric bypass. In
the authors’ experience, 36% of patients whose hernia
repair was deferred at the time of gastric bypass develop
small bowel obstruction due to incarceration in the post-
operative period. The time interval for this complication
is an average of 63 days (range 10–150 days) from the
gastric bypass. The risk of infecting a prosthetic mesh 
by contamination with enteric contents is also well 
documented.
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Ventral hernia, a collective term for incisional, umbilical,
and other anterior abdominal wall hernias, are common
occurrences in the morbidly obese population. The
correct management of these hernias in the morbidly
obese has an important bearing on the overall outcome
of the surgical management of this group of patients.
Morbidly obese patients who have concurrent ventral
hernias pose a therapeutic dilemma for two reasons: their
weight predisposes them to a high recurrence rate, and
the field contamination that invariably accompanies
opening bowel in the operative field precludes the use of
prosthetic meshes. In addition, new incisional hernias
have been common long-term complications of open
bariatric surgical procedures.

Epidemiology and Risk Factors

Incisional hernias complicate 3% to 13% of laparotomies
in the general surgical population (1) and as many as 20%
of morbidly obese patients undergoing an open gastric
bypass (2). They are more common in the older popula-
tion, mean age 51 (3), with a male-to-female ratio of
1.6 : 1. Umbilical hernias are also relatively common, and
most likely occur in the fifth and sixth decades of life
(3,4). Still, many hernias remain undetected until patients
undergo another procedure; Nassar et al. (5) report a
12% incidence of umbilical or paraumbilical defects in
patients undergoing laparoscopic cholecystectomy.

Etiology

Morbid obesity is a major risk factor for incisional
hernias, with about 20% of patients undergoing open
gastric bypass developing an incisional hernia. It has been
considered to be five times more potent as a risk factor
compared to chronic steroid use (2). Within the morbidly
obese population undergoing gastric bypass surgery, pre-
vious incisional hernia, severe wound infection, type 2
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There have been considerable advances in the surgical
repair of abdominal wall hernias, from the open primary
repair to the laparoscopic approach using prosthetic
meshes. Primary open repair is attended by high recur-
rence rates (49%) (10–12), in large part due to the con-
siderable tension in the repair line with subsequent
ischemic failure of the wound as well as high risk of
wound infection. The development of the concept of
tension-free repair has had a major impact with reduced
recurrence (8% to 17%) with the use of prosthetic mate-
rials (13,14).

However, the use of mesh in open repair is associated
with increased wound complications and infections
(15,16). Prefascial polypropylene mesh repair is compli-
cated by minor wound infection (12%), major wound
infection (5%), seroma (5%), hematoma (3%), and
chronic pain (6%), with a 4% incidence of recurrent
hernia at 20 months (2).

Further advances in the tension-free concept have
come from the understanding of the mechanics of
intraabdominal pressure. By placing the mesh posterior
to the deep fascia, a rise in intraabdominal pressure has
the effect of further bolstering the repair. This underlies
the principle of the open Rives-Stoppa technique, which
has been taken a step further by deploying it through a
transperitoneal laparoscopic approach (11,15) using an
inlay prosthetic mesh, with a resultant reduction in recur-
rence rates to 0% to 5% (17–19). In addition to allowing
a wide overlay of the defect, the laparoscopic view may
identify otherwise unrecognized multiple fascial defects.

The technique we use to place the mesh during the
closing stages of the laparoscopic gastric bypass (LGB)
is based on the modified Rives-Stoppa technique. This
involves reduction of the hernia, and under laparoscopic
vision, outlining the hernia defect on anterior abdominal
wall skin using a marker pen. A further outline adds an
extra 3-cm overlay margin. A rehydrated mesh of bio-
material mesh is placed and then tailored to size using
the outline on the abdominal wall. Nonabsorbable
sutures are placed onto the corners of the mesh, which is
then rolled up and introduced into the abdomen through
a trocar. Using a Carter-Thomason device, the mesh is
anchored into the desired position using the previously
placed sutures. The mesh is further anchored with several
titanium helical tacks placed circumferentially at about 
1-cm intervals. Through several small stab incisions, the
mesh is secured in place using nonabsorbable sutures at
3-cm intervals along its circumference, placed with the
Carter-Thomason device.

The laparoscopic approach with mesh has many advan-
tages over the open technique, especially in a reduced
incidence of wound complications (17,20,21). However,
the laparoscopic approach is complicated by seroma for-
mation (16,22–24) occurring in 21% to 32% of patients.
The seroma typically is an accumulation of serous fluid

in the potential space between the mesh and the anterior
abdominal wall. The natural history of seromas, in a
prospective study using ultrasound (25), showed peak
volumes in 100% of patients on day 7, with 80% resolv-
ing by day 90. The majority of these resolve sponta-
neously or with repeated aspiration and only 0.2% of
patients require reexploration at 6 weeks (26).

The considerations for umbilical hernia repair are
slightly different from the incisional hernia, as the former
tends to be a smaller defect with a healthier muscle and
fascial layer. Open umbilical herniorrhaphy using suture
technique has been widely used over the last century.
Despite attempts to vary suturing techniques, primary
repair of umbilical hernias yielded unfavorable results
with recurrence rates of 10% to 20% (27,28). These rates
have been markedly reduced to 1% with the use of mesh
to achieve a tension-free repair (27). However, the use of
synthetic mesh for repair of umbilical hernias may not be
appropriate when combined with another procedure that
violates a biliary or enteric lumen, because of the poten-
tial risk of contamination and chronic wound infection.

Laparoscopic transfascial suture repair of these
defects, an approach that allows wider fascial closure,
may offer an attractive alternative in these cases. In the
course of the primary operation, if incarcerated omen-
tum was encountered, blunt dissection was performed to
reduce it. A 2-mm stab incision is performed over the
umbilicus to allow for the insertion of the tip of the
Carter-Thomason device (29). Using the device, and
under direct vision, a nonabsorbable suture is introduced
into the abdominal cavity on one side of the defect and
retrieved back on the other side of the defect after once
more passing the Carter-Thomason device, as shown in
Figure 36-1. At least three sutures are placed across the
fascial defect and left untied (Fig. 36-2). After all sutures
are placed, the pneumoperitoneum pressure is released
and the sutures are then tied. The suture knots are buried
under the skin and the incision is closed with a subcuta-
neous suture.

For the patient undergoing an LGB who is incidentally
found to have one or more ventral hernias, every avail-
able option is suboptimal. Primary repair invites well-
known failure rates (22% to 49%) (7,10), while use of
synthetic materials in the contaminated field risks a graft
infection with subsequent failure. Deferring repair until
significant weight loss has been shown to be dangerous,
with 36% of patients developing small bowel obstruction
within a 6-month period (7). The use of absorbable mesh
(e.g., Vicryl mesh) is associated with recurrence rates of
75% (30) and may not be a viable option.

The advent of newer biomaterial mesh may make
ventral hernia repair in this group more successful. They
provide a collagen framework containing several growth
factors (31) that encourages native tissue in-growth into
the collagen matrix that is gradually and completely reab-
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sorbed (30). Its potential to act as a focus of infection is
minimal, making it more suitable for use in contaminated
fields.

In the largest study of ventral hernia management in
patients undergoing LGB (7), the lowest recurrence rate
(0/12 at 13 months) was obtained with biomaterial mesh
compared to a primary repair. Seroma formation is
common, with most resolving without specific interven-
tion. About 8% (1/12) develop wound cellulites that
resolve with antibiotics. With adequate preoperative and
postoperative patient counseling and perseverance, a sat-
isfactory outcome is achieved. Two patients developed

persistent focal wound pain that responded to one or two
local infiltrations with bupivacaine.

In this study, umbilical hernias that were smaller than
3 to 4cm in diameter were closed primarily with trans-
fixion transabdominal suture using a technique similar to
that used for closure of 12-mm trocar sites. Unfortu-
nately, recurrence rate with this method was 22%.
However, in defects smaller than 2cm, there were no
recurrences (0/8) at 36 months’ follow-up (3). This sug-
gests that for defects larger than 2cm, a Rives-Stoppa
type of tension-free repair with a biomaterial graft would
be a preferred option.

Figure 36-1. A Carter-Thomason device is used
to introduce and then retrieve a nonabsorbable
suture into the abdominal cavity on either side of
the defect (arrow).

Figure 36-2. At least three sutures are placed
across the fascial defect (arrow) but only tied
after release of the pneumoperitoneum.
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Clinical Pearls

Hernias still present a therapeutic challenge in the mor-
bidly obese. It is important to make the morbidly obese
patient aware of the potential intraoperative discovery of
incidental hernias and the high risk of recurrence associ-
ated with their repair. It is also essential to repair all 
incisional hernias in the morbidly obese population
undergoing bariatric surgery, especially in the presence of
omental incarceration (7), because of the high risk of
strangulating bowel obstruction in the postoperative
period.

Reinforcing all defects with biomaterial mesh has 
been suggested in an attempt to reduce recurrence. If 
the defects are small (<2cm diameter), these could be
repaired using the Carter-Thomson suture device with
figure-of-8 stitches. If large (≥2cm diameter), the use of
biomaterial mesh can be a viable option for a repair con-
current with the gastric bypass (3). However, for defects
larger than 5cm in diameter, the authors suggest a formal
hernia repair using a dual layer [expanded polytetrafluo-
roethylene (PTFE) polypropylene] mesh as previously
described (32) at least 3 months prior to a gastric bypass.
With the PTFE side facing the peritoneal cavity, adhe-
sions are minimal at reexploration.
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detailed, followed by an evaluation of the surgical out-
comes. From March 2000 to July 2003, the author has 
performed 208 procedures on 54 patients after massive
weight loss. These include abdominoplasty (n = 48),
lower body lift (n = 44), upper body lift (n = 15), medial
thighplasty (n = 34), vertical medial thighplasty (n = 7),
brachioplasty (n = 17), mastopexy/breast reduction 
(n = 19), facelift (n = 8), gynecomastia corrections (n = 8),
and other cosmetic procedures (n = 8). None of the
patients had a body mass index (BMI) over 35. Due to
the high rate of complications, we have not treated
patients with severe obesity (9).

Patient Profile

Obesity is a stigmatizing disorder, especially among
women, which may explain why women predominate in
seeking treatment (2). The increased demand is due to
word of mouth comments on the improved results and
lower morbidity, supported by reports in scientific jour-
nals, the Internet, and the media (10). Eighty-four
percent of the patients in this series seeking body con-
touring after weight loss are women.

Most patients report that the laparoscopic bypass 
operation was brief, followed by easily controlled pain.
Through five or six small incisions their peritoneal cavity
has been inflated to expose intestines for rerouting 
over what has routinely become a 2- to 3-hour session.
They are discharged within days to return to work 
within a week. Those who are converted to open pro-
cedures due to technical considerations tend to have a
slightly more prolonged postoperative course. Delayed
wound healing and incisional hernia are common in the
open group.

With small gastric pouches and a moderately long
Roux-en-Y jejunal bypass [the length varies directly with
the degree of obesity (11)], the patients shed pounds
rapidly due to limited intake, reduced absorption, and
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Minimally invasive gastrointestinal bypass surgery for
morbid obesity is being successfully applied at the Uni-
versity of Pittsburgh Bariatric Center (1). With over 1000
patients treated last year, the demand for body contour-
ing has skyrocketed. Following massive weight loss, these
patients develop disheartening changes in body contour
with repulsive hanging skin and bizarre rolls of skin and
fat. In the course of achieving extraordinary weight loss
and alleviation of comorbidities, successful bariatric
surgery creates these problems that diminish patients’
quality of life. Our Bariatric Center clinical staff antici-
pates these issues and encourages completion of rehabil-
itation through skilled body contouring surgery.

Over the past decade, many plastic surgeons agree that
skin redundancy of the trunk and thigh is best treated by
a circumferential abdominoplasty and a lower body lift
(2–8). However, results vary, and there is no consensus on
technique. There are few reports that include body con-
touring surgery after massive weight loss, and none after
minimally invasive surgery. Hence, I explored a variety of
approaches, procedures, and positioning. An innovative
technique evolved. Consistent patterns of deformity were
discovered, necessitating individualization of procedures.
These are extensive and complex operations over large
portions of the body, running from 6 to 12 hours under
general anesthesia, with significant risks.

By diligent assessment of outcomes and feedback from
numerous presentations at scientific meetings, treatment
for body contouring has been developed that can be 
tailored to the deformities and desires of the patient.
A complete medical evaluation and comprehensive con-
sideration of the total body deformity is essential.
The plan is based on the application of basic plastic 
surgical principles that incorporate artistry, efficiency,
and tight closures, with minimal trauma to tissues 
(Table 37-1).

This chapter presents the patient profile, operative
planning, and a summary of the operative technique, as
well as selected cases. The principles of treatment are
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early satiety. Many experience mild gastrointestinal
dumping after minimal sugar or fat intake. Most become
uninterested in food, which may be a hormonally 
mediated change. All are encouraged to maintain a 
small caloric multiple-meal diet and an active exercise
program, in anticipation of increased gastrointestinal
capacity over time. In general, patients lose weight
because of reduced food intake and increased physical
activity and not intestinal malabsorption. Many become
champions of bariatric surgery and encourage others in
their organized support group meetings. Most have been
introduced to the results of plastic surgery at these group
meetings and individually through the bariatric nurse
coordinators, who have personal experience. A referral
program called Life after Bypass has been instituted at
the University of Pittsburgh. Patients receive automatic
appointments and an informative brochure about body
contouring surgery, shortly after their bypass. Patients
find their way to the Hurwitz Center for Plastic Surgery
through Internet searches, word of mouth referrals, and
national television programs featuring the total body lift
(the author’s signature procedure).

After a steady weight loss to about 70% of their excess
weight over 18 months, most regain about 20% over the
next few years (12). Therefore, if a patient’s weight loss
has plateaued, waiting beyond 18 months before initiat-
ing body contouring surgery is counterproductive.
Commonly, over the next year patients gain much of the
weight removed during body contouring surgery. On the
other hand, in some patients unanticipated further weight
loss occurs, from 20 to 60 pounds, because of partial gas-
trointestinal mechanical obstruction. This causes subclin-
ical malnutrition reflected in low serum prealbumin
fraction and additional skin laxity. The nutritional defi-
ciency may prolong what would otherwise be minor
wound healing problems. Additional weight loss results
in new skin laxity, which will detract from what could
have been an optimal outcome.

The patients who struggle with their layers of hanging
skin and fat and have the courage to do something about
it present to plastic surgeons, When obese, their massive

size presented an unappealing but recognizable shape.
Hanging skin distorts the body shape and patient age and
appearance, and it flaps around during vigorous activity.
Skin beneath folds becomes moist, malodorous, and
inflamed. Clothes fit poorly. Embarrassment of their
hanging pannus, mons pubis, and inner thighs thwarts
sexual intimacy. While many comprehend that plastic
surgery is an anticipated part of their rehabilitation, they
still may resent and even regret the bypass operation. The
plastic surgeon’s empathy is important, especially when
asking the patient to accept the new risks and self-pay
costs of body contouring surgery. If the patient has
limited financial means, we offer national cosmetic
surgery finance plans at reasonable rates for those with
good credit.

With the ease of convalescence, effective weight loss,
improved exercise habits, and encouragement from
others who have gone before them, patients are accept-
ing of the arduous body contouring procedures yet
ahead. The opportune time to perform body contouring
is when the patient has completed the catabolism and 
has reduced comorbidities. These include sleep apnea,
hypertension, gastroesophageal reflux disease (GERD),
cardiomyopathy, diabetes, leg edema, osteoarthritis,
and mental depression. Because of their diseases and 
prolonged postoperative negative nitrogen balance 
(starvation), we avoid panniculectomy coincidental to 
the intestinal bypass. Moreover, the panniculectomy scar
may preclude optimal subsequent surgical planning for
definitive contour correction.

We find most patients understand the goals and limita-
tions and the need for multiple stages and possible 
revisions. We impress upon them that optimal contour
improvement entails a very tight closure with risk of suture
line dehiscence. If that complication is unacceptable, then
less pull will be made. While the scars are generally thin,
they may be thickened and uneven. After revealing the
common and serious risks of their operations, we offer a
detailed consent form for each procedure. We have estab-
lished a Web site (www.usabodycontouring.com) that
patients may visit before the first office appointment.They
learn about the surgery, see results of operations on a
variety of patients,and are cautioned about the risks.There
is a detailed intake form, which is instructive to the patient
and gathers important information for the surgeon. The
Hurwitz Center for Plastic Surgery sends each patient who
seeks a consultation a complimentary copy of a consumer-
friendly book, Total Body Lift: Reshaping the Breasts,
Chest, Arms, Thighs, Hips, Back, Waist, Abdomen, and
Knees After Weight Loss, Aging, and Pregnancies, pub-
lished by MDPublish, New York, New York, 2005. We
attempt to exclude candidates suffering from chronic
medical and psychiatric illnesses and those with unrealis-
tic expectations.

Table 37-1. Plastic surgical principles

1. Analyze deformity and patient.
2. Be efficient in design and execution.
3. Excise excess as much as possible transversely.
4. Position incisions favorably, and respect scars.
5. Focus on the ultimate contour and tissue tension.
6. Preserve healthy dermis and subcutaneous fascia.
7. Remove fat from flaps gently and effectively.
8. Make closure tight and secure.
9. Minimize swelling, infection, phlebitis, and seroma.

10. Analyze your experience.
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Digital imaging is used during the second visit several
weeks before the scheduled surgery. The patient’s preop-
erative photographs are displayed. Electronic pens allow
for drawing anticipated incision lines, indicating the
direction of tissue tensions and final scar placement on
multiple views of their images. Their new silhouette can
be drawn, but no promises are made. Technique and out-
comes vary according to the patient’s basic body habitus.
Oversized people, endomorphs, cannot be transformed
into ectomorphs. During office follow-up, impatient and
disappointed patients, as well as pleased patients, are
graphically reminded of the extent of their original defor-
mity by having a monitor with all possible images avail-
able within view of the examination room.

The surgeon considers the body shape (endomorph,
mesomorph, or ectomorph), extent of deformity, size, sex,
patient priorities, lifestyle, and tolerance for risk. Before
embarking on such lengthy procedures, the surgeon and
the support team and hospital should have experience
working together on less extensive procedures. Three
days of hospital care are essential. The larger the patient
and the longer the procedure, the more likely are 
complications.

The Deformity

The massive weight loss patient is a deflated shape based
on familial and gender specific fat deposition and skin to
fascia adherences. The most susceptible regions are the
anterior neck, upper arms, breasts, lower back, flanks,
abdomen, mons pubis, and thighs. In men there is a ten-
dency to accumulate fat around the flanks, intraabdomi-
nally, and the breasts. In women the fullness lies in the
subcutaneous fat of the abdomen, hips, and thighs.
Patterns of deformity are emerging that seem to be
affected by the magnitude of initial BMI and change in
BMI.

Redundant skin hangs over regions of fibrous adher-
ence to deep fascia (Fig. 37-1). The skin of the trunk is
densely adherent along the inframammary fold, down the
upper midline to the linea alba, and in the groin. Adher-
ence is variably dense across the rectus abdominis trans-
verse tendinous inscriptions (more so in the male), and
along one or two transverse levels across the anterolat-
eral ribs, flanks, and back. Skin flaps undermined beyond
adherences will re-adhere after the operation and have
less tension on the skin, which explains why the epigas-
trium usually maintains an unwanted roll after an
abdominoplasty.

Both anteriorly and posteriorly, there is medial to
lateral staggered sweep of redundant tissue. Thigh skin is
adherent below the anterior superior iliac spine, along the

midlateral and midmedial regions and to a lesser extent
along the entire posterior thigh. By the time the weight
loss plateaus, the amount of fat within this redundant skin
varies considerably. With massive weight loss, there are
extensive layered folds or wrinkling. The skin is like an
oversized suit and in no dimension, vertical or horizon-
tal, is there normal skin turgor. Unlike posttraumatic or
congenital deformity surgery, there is no displaced
normal tissue to relocate. All the skin is disordered and
is treated accordingly.

Etiology of Skin Laxity

The etiology of skin laxity after rapid weight loss is inad-
equately understood. The subdermal to aponeurosis
fibroelastic spans, overflowing with adipocytes in the
obese, has fractured elastin fibers on microscopic study.
The damaged elastin and collagen allow for no skin
retraction after weight loss. With rapid weight loss, there
is no way to prevent sagging of the abdominal skin, skin
of the breasts and buttocks, and the inner portions of the
arms and thighs. It is important to repair the abdomen
with the best quality of skin, usually from the upper por-
tions. Unfortunately, in massive and rapid weight loss
patients there is usually no quality skin. The problem 
is compounded in individuals over 55, who lose con-
siderable skin elasticity without weight loss. Until we 
are able to reverse this complex disorder of subcuta-
neous disease, we are forced to excise the widest possible
areas of skin and then close the skin flaps as tightly as
possible.

Three factors contribute to postoperative skin laxity.
First is the diseased skin collagen and elastin. Second, the
farther the skin is from the line of closure, the less effec-
tive the pull. I refer to this as the law of skin laxity.
Otherwise stated, skin laxity is corrected closest to the
line of closure and is progressively increased farther
away. Third, the adherence of the skin to underlying
fascia prevents tightening beyond the adherence.
Surgical disruption of these customary and unique
adherences mobilizes the flaps, but since perforating
blood supply usually occurs there, flap vitality may be
compromised.

As yet there are no proven means to improve skin and
subcutaneous tissue elasticity. Currently, I am investigat-
ing the applicability of Endermologie (LPG, Miami, FL),
a computer modulated differential vigorous massage and
suction machine, to treat these patients. LPG claims that
significant skin laxity can be reduced with about 20 twice
weekly treatment sessions. We have initiated treatments
to improve our surgical results and substantiate this
claim. We are convinced that if expertly performed,
Endermologie hastens resolution of postoperative
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A B

Figure 37-1. Massive weight loss deformity varies according to
the original fat distribution and pattern of skin adherence. (A)
This 33-year-old, 203-pound woman lost 300 pounds 2 years
after Roux-en-Y gastrointestinal bypass. She has a large
hanging pannus and considerable skin laxity in the mid-torso,
hips, and medial thighs. The redundant skin and fat torso rolls
cascade from midline to lateral. There is an anterior midline
adherence along the linea alba and umbilicus, which is some-
what accentuated in the epigastrium by her vertical surgical
scar. There are paramedian vertical folds reflective of the semi-
lunary lines along the lateral rectus margins extend from the
costal margins to the end of the hanging pannus. Beginning with
the inframammary folds there is an asymmetrical stair-step
array of transverse skin adherences. Immediately superior to
the costal margin the skin is broadly adherent, more on the left
than the right side. Inferiorly, two transverse lines reflecting the
tendinous inscriptions cross from lateral rectus border to the
midline in the epigastrium and at the umbilicus. (B) On lifting
the pannus, one sees the broad adherence along the iliac crests,
to across the suprapubic region, and diverting along each labial-
thigh junction. There is a progressive laterally flowing of rippled
skin from upper medial thigh to the suprapatella region. (C)
Back folds begin inferior to the scapula. The left back has two
oblique lines of back fascial adherence, while the right has a
series of three. The last rolls overlap the pelvic rim. The firmly
adherent central buttock fullness buttock is framed laterally
and inferiorly by numerous thin folds of lax skin. The posterior

and lower lateral thigh skin below the lateral trochanter is
broadly adherent to the fascia lata. The markings for a circum-
ferential abdominoplasty, lower body lift, and medial thigh-
plasty are drawn. Surgical lines for the first stage have been
drawn while the patient reclines, pulls her pannus out of the way
and stands. The vertical lines ensure proper alignment for
closure. The markings begin with the patient reclined and
pulling up on her pannus. A 14-cm transverse line is centered
about 8cm above the labial commissure. With firm oblique
upward pull on the pannis to the opposite costal margin, the
incision line is continued across each groin and over the ante-
rior superior iliac crests. The inferior incision continues across
the hip with the patient in lateral decubitus and abducting the
thigh. With all excisable skin drawn cephalad, the transverse
line extends posteriorly to end immediately superior to the
intergluteal fold. When the patient is standing, as seen here, the
line dips inferiorly to the extent there is lateral thigh skin laxity.
The anterior superior incision is along the umbilicus and is
planned by pulling down the superior flap to the bikini line,
because unraveling upper redundancy will be limited by costal
margin skin adherences. The medial thighplasty has an inner
line along the labial thigh groove extending to border the lateral
mons pubis. The outer line is an estimate of skin removal,
aided by the patient raising her leg while in the supine 
position. The posterior extension of the medial thighplasty
overlies the ischial tuberosities and ends along the inferior
gluteal folds.

C

swelling and induration. It softens most hypertrophic
scars, and reduces scar-related neuralgia. It is Food and
Drug Administration (FDA) approved to temporarily
improve cellulite. We find that minor contour deformities
are smoothed by these treatments. There is experimental
evidence in pigs that subcutaneous organized collagen
can be produced by these treatments over a short period

of time (13). Clinical studies have failed to show a reli-
able improvement for contour deformity, but promising
results for cellulite and as a helpful adjunct to ultrasonic
and traditional liposuction (14–17). The introduction of
advanced electronic technology into the Keymodule
(LPG One, Inc., Miami, FL) is promising to deliver on
improved results sooner. Over the first 6 months of 2006
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we have successfully applied Thermage®, (Thermage,
Inc., Hayward, CA), a radiofrequency energy source, to
correct minor postoperative skin laxity.

Panniculectomy

Many patients request plastic surgery referral from the
bariatric nurses for a panniculectomy. They know that
most insurance companies will reimburse when over-
hanging pannus is symptomatic. Our bariatric nurses
explain that panniculectomy is inadequate to treat their
myriad skin redundancy problems. A panniculectomy is
simply the removal of hanging panniculus by a long ante-
rior transverse excision of skin and fat between the
umbilicus and pubis. There is no undermining of the supe-
rior flap or alteration or reconstruction of the umbilicus.
It is often complemented with liposuction of surround-
ing, nonundermined bulging skin. It satisfies the medical
indications by correcting the inflammatory sequelae of an
overhanging pannus. It is indicated in unusual patients
who have most of their deformity between the umbilicus
and pubis.

Operative Planning and Care

Operative planning and sequencing is based on the defor-
mity and patient priorities. The majority are prepared for
removal of excess tissue of the lower torso and thighs
through a circumferential abdominoplasty and lower
body lift. Unwanted redundancy distal to the mid-thighs
requires long vertical medial excision of skin. Most
patients accept this long scar, which usually heals favor-
ably and is concealed by the thighs, in exchange for the
distasteful skin redundancy. Many want the mid-back
rolls and sagging breasts also corrected, which is usually
performed many months later.

Upper and Total Body Lift

An upper body lift treats epigastric skin, and mid-back
folds and flattened,distorted breasts. Similarly,upper body
lifts treat ptotic gynecomastia in continuity with back rolls.
In women the upper body lift focuses on establishing a
higher and firm inframammary fold. In men the fold
should be obliterated. Abdomens that have defined mid-
level skin adherence resulting in a two-tiered pannus (Fig.
37-1) will not have adequate correction of the epigastrium
without an upper body lift. Due to abdominal flap blood
supply concerns and the magnitude of the operation, the
total body lift is usually staged with the lower preceding
the upper. In three men who were concerned with difficult
gynecomastia, and in several female patients who wanted
as much accomplished as possible in a single operative

session, we have performed a single-stage total body lift
lasting 8 to 12 hours. The single-staged procedure should
be limited to the most experienced operative teams,
including a second experienced plastic surgeon, a physi-
cian assistant, and talented residents in plastic surgery
training for multiple concurrent procedures.

Each of the body contouring procedures takes 2 to 3
hours. Unless medically contraindicated, cosmetic proce-
dures were added to a medically necessary (insurance
reimbursed) procedure. At Magee Women’s Hospital,
which is part of the University of Pittsburgh Medical
Center, facility and anesthesia-related costs and hospital
convalescence costs are considerably reduced this way.

Experienced anesthesiologists will be prepared for the
position change and protection of the face and weight-
bearing surfaces. A foam rubber mask with a cut-out 
for the endotracheal tube has been our preferred ap-
proach (Gentle Touch™ 5″ headrest pillow by Orthope-
dic Systems Inc., Union City, CA). Intravenous fluids are
scaled down in consideration of the use of tumescent 
subcutaneous injections. Intraoperative fluid and medical
management are controlled by the anesthesia team. The
need for colloid and blood replacement is discussed
during the procedure. All patients are continuously mon-
itored, which includes urine output. Larger patients pre-
donate one to two units of blood for later transfusion.
Hespan, colloids, and if necessary blood transfusions are
given toward the end of the procedure.

Intermittent leg pressure pumps are activated and
intravenous antibiotics are given before the induction of
general anesthesia. Additional risk factors for throm-
bophlebitis, a history of phlebitis, thromboembolism,
lower extremity swelling, or localized tenderness prompts
the use of low-molecular-weight heparin.

Patients are hospitalized for about 3 days for fluids,
electrolytes, and pain management. Also their move-
ments are assisted to reduce excessive tension on tight
suture lines.

In this series of patients, there have been no medical
complications or thrombophlebitis. Minor wound dehis-
cence, requiring bedside suture line closure or allowed to
heal secondarily, totaled eight incisions in the 52 patients.
Minor skin necrosis occurred in 10 patients. Skin loss
requiring debridement and grafting occurred in one cig-
arette smoking woman after an upper body lift. Multiple
seroma aspiration was required in eight patients.

Summary of Operative Technique

Our basic operative technique has been reported else-
where (18). In essence, a circumferential abdominoplasty
with a lower body lift removes a wide swath of skin and
fat along the bikini line (Figs. 37-1 to 37-5). The pan-
niculectomy is a small portion of the procedure. This
approach requires at least one turn of the patient. This
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Figure 37-2. The operation was started with the patient in the
prone position. A scalpel cut was made for the inferior incision.
(A) After direct undermining to just beyond the lateral
trochanter, a long blunt underminer designed by Dr. Ted Lock-
wood is used. (B) Pushing against the fascia lata, the surgeon
repeatedly thrusts the underminer down the lateral, posterior,
and anterior thigh. When skin mobilization is complete,
the thigh flap is pulled up to the proposed superior incision.
If appropriate, the superior transverse incision is made.
(C) Then the intervening island of skin and fat is excised,
leaving behind the appropriate amount of large globular fat

along the flank. The wound is very large. (D) To avoid 
persistent thigh skin laxity, the incision should be closed as
tightly as possible. Several maneuvers assist in obtaining a
secure closure. The thigh is fully abducted onto a padded utility
table placed next to the operating room table. The wound
margins are approximated with towel clips. Closely placed large
braided permanent sutures are used to approximate the subcu-
taneous fascial system as the clips are replaced. Before the
patient is turned for the abdominoplasty, the lateral triangular
shape extensions of the medial thighplasties are excised and
closed.

procedure varies according to patterns of truncal skin
adherence and the patient’s BMI.

The full abdominoplasty features removal of all 
the redundant skin of the lower abdomen, central 
undermining to the xiphoid, and minimal lateral under-
mining of the superior flap. Large braided permanent
sutures imbricate the central fascia from xiphoid to 
pubis. The operating table is flexed as the superior flap 

is approximated to the incision over the pubis and 
groins with high lateral oblique tension. That tension
narrows the waist and raises the anterolateral thighs.
The lower body lift, performed with the patient in the
prone position, incorporates extensive undermining dis-
tally along the hips and thighs followed by a very tight
subcutaneous fascial closure, aided by full abduction of
the leg onto a utility table placed next the operating 
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A B

Figure 37-3. (A,B) The result 4 months after the first stage is
seen as well as the surgical markings for the upper body lift,
mastopexy, and vertical thighplasty. (A) The wide vertical resec-
tion of medial thigh skin was performed because of an inade-
quate correction from the high transverse medial thighplasty. A
broad rim of skin is resected from the lower thorax to the infra-

mammary fold. (B) The excision is continued around the back.
Because of the severe skin redundancy a broad oblique exci-
sion of skin crosses the transverse band. The operation was
begun with the patient in the prone position. After the reverse
abdominoplasty is done, a Wise pattern mastopexy completed
the upper body lift. Then the medial thighplasty was performed.

A B

Figure 37-4. (A,B) The result 6 months later than in Figure 37-
3 is seen, and immediately after bilateral brachioplasties. The
patient had a staged total body lift. Prior to her body contour-
ing surgery she weighed 210 pounds and now she weighs 170

pounds. (A) Her breasts are well shaped and symmetrical. All
redundant skin is removed and a natural hip and waist contour
is established. (B) The thighs have a natural tapered contour.
Most of her extensive back scars can be covered by underwear.
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room table. Liposuction is liberally used except through
the distal central flap. A medial thighplasty frequently
accompanies the lower body lift in massive weight 
loss patients. Smaller patients may have additional 
coincidental major procedures, such as mastopexies and
brachioplasties.

Proper preoperative marking of the incisions plans for
the removal of excess skin and estimates the closure
tension, which affects the contour for the surrounding
tissues and final location of the scars. Long abdominal
scars must be respected, to avoid a narrow segment of skin
between the incision and scar. The surgeon can either
include the scar in the incision or leave enough space
between the incision and scar to ensure adequate blood
supply to the intervening skin. Because of the physical dif-
ficulties of marking the hanging tissue while the patient is
standing, many of the surgical lines are made with the
patient reclined, and then reevaluated with the patient
standing. Others have advocated a similar approach (4,6).

Figure 37-5. This is a composite before and after
photograph of a 34-year-old female corporate
executive. After losing 170 pounds, she weighed
160 pounds. A single-stage operation was done,
consisting of a circumferential abdominoplasty, a
lower body lift, medial thighplasties, and 450-mL
silicone gel smooth round implant partial subpec-
toral breast augmentations beneath concentric
ring mastopexies. Her scars lie within brief under-
pants and inconspicuously around the areolas.
While the thighs are still large, they have excel-
lent contour with no redundant and sagging skin.
Her larger, symmetrical, shapely and soft breasts
complement her full-sized hips and lateral thighs.
Her sagging mons pubis has been raised and con-
toured with the lower central abdomen.

Principles of Treatment

These multiple operations are lengthy, envelop large por-
tions of a big body, and require position changes and
high-tension closure of undermined and thinned flaps.
Accordingly, we have listed the relevant plastic surgery
principles for successful results with a low complication
rate. The precise technique varies according to the defor-
mity and surgeon preferences, but the principles are invi-
olate (Table 37-1).

The first principle is to analyze the patient and the
deformity, which has been discussed. We need to empha-
size that the farther from the suture line, the less effec-
tive is the pull. Therefore, following a bikini line closure,
residual laxity is seen in the epigastrium, midlateral
trunk, and distal thighs. This laxity can be treated sec-
ondarily through a reverse abdominoplasty, which we
have developed into the upper body lift and by direct
excisions along the medial thighs. Excessive intraabdom-
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inal girth limits the effectiveness of tight skin closures.
This may be reduced by a month of preoperative abdom-
inal binding, several days of purging, and avoiding nitrous
oxide anesthesia (gaseous distention) during abdominal
wall plication.

Efficiency is the second principle. Inefficiency length-
ens an already long operation, thereby increasing bleed-
ing, medical and wound healing complications, surgeon
fatigue, and costs. The surgeon should develop a consis-
tent procedure so that the surgical assistants can antici-
pate the surgeon’s needs. Unusual equipment or sutures
should be requested ahead of time. With experience,
preoperative assessment of the width of the resection
becomes accurate (especially for the thinner patients),
but does require nearly an hour of vigorous skin 
shoving while the patient lies, sits, and stands for the
markings.

The most effective and efficient positioning and
turning of the patient has not yet been determined. I
believe that by operating with the patient in the prone
and supine positions, including the recent modification of
placing the leg in full abduction onto a nearby utility
table, the best possible results have been achieved (19).

Prone followed by supine requires only one position
change. The flap with the greatest movement is elevated
first. The operation starts with the patient in the prone
position, with the inferior incision of the lower body lift.
Once suctioned and mobilized, the buttock and thigh flap
is pulled superiorly and the intended superior incision
line is confirmed and incised. The intervening low back
and flank skin is removed as an island of skin and fat from
side to side. Appropriate traction and countertraction
permit rapid resection through a potentially bloody and
difficult plane of dissection. Care is taken to leave behind
the ideal amount of fat along the flanks. The central back
closure is not tight; hence, it better tolerates the marked
flexion needed for the abdominal closure later in the
operation. Before the patient is turned, the posterior
portion of the medial thighplasty is performed superfi-
cially along the inferior gluteal fold. Later the patient is
turned and placed in the supine position onto a second
operating room table and sterile sheets for the ab-
dominoplasty. Experienced residents assist or perform
portions of the procedure with both the attending and the
residents suctioning fat or suturing simultaneously.

The third principle is to excise skin transversely. Skin
redundancy is predominantly vertical, and crisscrossing
with vertical excisions leaves compromised flap tips.
Transverse scars are easily placed within underwear areas
and are less likely to hypertrophy. Plan the trunk scar
along the bikini line, which is easily covered, and repre-
sents the greatest circumference of the female torso (Fig.
37-5). When the relatively narrow waist level excess skin
is advanced over the iliac crests, much of the transverse
excess is taken in.

Inverted superior anterior midline V excision is
reserved for removal of widened and depressed surgical
scars. A posterior V-shaped excision is limited to the
midline buttock flap, to help rotate in excessively redun-
dant lateral thigh skin. A broad vertical segment of
midline back skin is invariably adherent, and therefore it
is only excised as the end of a transversely oriented
ellipse. Further exceptions to the rule of transverse exci-
sions are the correction of severe gynecomastia and mid-
back rolls, where obliquely oriented ellipses have been
used.

Proper incision planning, the fourth principle, as dis-
cussed previously, leaves level scars along the bikini line.
Most incisions are made with the patient reclining, but
checked standing. Mid- and upper abdominal transverse
scars are included in the excision, to avoid possible skin
necrosis, whenever possible.

The fifth principle is to focus on the contour and
tension of the tissue left behind, much as in a breast
reduction. When great closure tension is present, some
late thinning of the subcutaneous tissues can be antici-
pated, particularly in the lateral buttock region. Never-
theless, the central buttock assumes a more spherical
shape over time.

We follow the sixth principle, preservation of dermis
and subcutaneous fascia, by preliminary infiltration along
the anticipated incision of hundreds of milliliters of lac-
tated Ringer’s solution with 1mg of epinephrine and 
40cc of 1% Xylocaine per liter. This preparation mini-
mizes bleeding and limits the use of electrocautery. The
incision is slightly beveled along the dermis and perpen-
dicularly through the fat and subcutaneous fascia, as the
flaps are retracted from each other. The use of a vaso-
constrictor follows the second principle, efficiency, requir-
ing interruption to coagulate bleeders only after
considerable tissue is incised.

The seventh principle is gentle fat removal, which is
possible by liposuction with prior infiltration of Xylo-
caine and epinephrine. A brief run with an ultrasound
probe reduces the vigor of the liposuction cannula stokes.
The smaller caliber, low-power multiringed VASER
(Sound Surgical Technologies, Louisville, CO) ultrasound
system has an advantage. Bleeding rarely occurs, and if it
some blood is seen in the cannula, significant vessel
damage is presumed and the liposuction is stopped. Flap
edge direct resection of excess subscarpal fat does not
diminish overlying skin blood supply.

The eighth principle dictates a high-tension skin flap
closure. After massive weight loss the trunk skin flaps are
relatively inelastic. The flap vessels are large, a remnant
of the prior obesity, which appears to increase blood flow,
permitting greater undermining and tension on the flaps
than one would generally consider safe. Correction of the
lateral thigh saddlebag deformity has been improved by
fully abducting the leg onto a side utility table while
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closing with the patient in the prone position (Fig. 37-2)
(19). Preliminary approximation with towel clips keeps
the tension during closure of the wound minimal.
Optimal abdominoplasty closure is achieved by flexing
the trunk, approximating the wound edges with large
towel clamps, and then closing with large subcutaneous
tissue bites with closely placed No. 1 braided nylon. The
reverse abdominoplasty, the central aspect of the upper
body lift, is successful after establishing the new infra-
mammary fold with high-tension advancement of the
upper abdominal skin flap to the rib periosteum.

The ninth principle is that swelling, infection rate,
phlebitis, and seroma are reduced by closing wounds as
expeditiously as possible over long dwelling suction
catheters. Elasticized garments with minimal pressure
over the lower abdomen are comfortable and reassuring
to the patient. Aside from some flap tacking sutures in
the groins, we have not closed the dead space. Our occa-
sional patient with multiple seroma aspirations has been
a self-limiting annoyance.

The tenth principle is that analyzing the aesthetic
results and the patient outcomes a year or more post-
operative is very instructive. Persistent heavy tissues, par-
ticularly of the thighs, lower the transverse scars and
depress the contours. Review of standard photography is
the best gauge of our efforts. We have developed a defor-
mity and outcome grading scale, which we have applied
to our results (19,20).

The Surgical Challenge

The recent presentation of a large number of reasonably
healthy, body-conscious weight-loss patients has offered
me a rare surgical opportunity and challenge. Complex
planning based on clinical experience and artistic skills,
followed by a physically demanding and tedious proce-
dure, is rewarded by incredible body transformations.
The metamorphosis is greeted with patient elation and
gratitude. This is plastic surgery that melds reconstruc-
tive and cosmetic procedures for eagerly anticipating
patients. Effective, reliable, and reduced risk procedures
are evolving so that future contributions are available to
the legion of surgeons who want to commit their talents
to this needy population (21–23).
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United States. The prevalence of obesity among women
is estimated at 33% to 49% (5), which represents approx-
imately 35 million women or more. Obesity is associated
with a number of well-known risks including cardiovas-
cular disease, hypertension, diabetes mellitus, sleep
apnea, osteoarthritis, dysfunctional uterine bleeding,
and endometrial carcinoma. When compared to their
nonobese PCOS counterparts or to obese women
without PCOS, women with PCOS and obesity have an
even higher risk of developing the comorbidities that
overlap between the two conditions. In other words, the
risks are additive (6).

As mentioned above, the etiology of PCOS is
unknown. However, there is agreement regarding the
manifestations of PCOS. In addition to the controversial
role of obesity discussed above, two other common com-
ponents of PCOS include hyperandrogenism and hyper-
insulinemia. While there is agreement that each of these
biochemical anomalies is frequently present in PCOS,
which is the cause of the other remains controversial. As
a result, there are treatments aimed at hyperinsulinemia,
treatments that target hyperandrogenism, and treatments
directed at obesity.

Insulin-sensitizing agents are one of the options aimed
at hyperinsulinemia to treat PCOS. Advocates of their
use believe that high insulin levels trigger the cascade of
endocrinopathies that lead to anovulation and hyper-
androgenism. Metformin has been shown to have an
overall favorable effect on women with PCOS. It has
proven effective in lowering serum insulin and glucose,
decreasing hyperandrogenism, assisting in weight loss,
and improving menstrual regularity. However, the reduc-
tion in serum androgens is often not enough to produce
an improvement in clinical symptoms (7).

Hyperandrogenism is another target in the treatment
of PCOS. One way to treat hyperandrogenism is to give
antiandrogen medication. Proponents of antiandrogen
therapy suggest that reducing serum androgen produc-
tion not only restores normal ovulatory cycles but also
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Polycystic Ovary Syndrome and
Morbidly Obese Women

Polycystic ovary syndrome (PCOS) affects nearly 7% of
reproductive age females (1). The syndrome was initially
named Stein-Leventhal syndrome for the physicians who
recognized in 1935 a clinical triad of hirsutism, amenor-
rhea, and obesity. Since then, the National Institutes of
Health (NIH) has updated this definition to: “amenor-
rhea and hyperandrogenism, existing after the exclusion
of all the secondary causes.” The etiology of PCOS
remains unclear, although there are a number of theories,
including obesity as a prominent hypothesis. One theory
suggests increased gonadotropin-releasing hormone
(GnRH) pulsatility as the culprit, and another theory
points to ovarian dysfunction and dysregulation of andro-
gen synthesis (2). The role of genetics in PCOS is simi-
larly uncertain.

Polycystic ovary syndrome is primarily a disorder of
ovarian function, resulting in menstrual irregularities,
infertility, and hyperandrogenism. Hyperandrogenism is
manifested in a number of ways, including hirsutism and
acne. In addition, PCOS is associated with metabolic
abnormalities such as dyslipidemia and glucose intoler-
ance (3). As a result of these endocrinopathies and meta-
bolic aberrations, women with PCOS have an increased
incidence of hypertension, diabetes mellitus, coronary
artery disease, and endometrial cancer (4).

The role of obesity in PCOS is controversial. Whether
it is a cause or manifestation of the disease remains
unclear. Nonetheless, it is undoubtedly a significant com-
ponent of the syndrome for many women. The reported
incidence of obesity among women with PCOS ranges
from 35% to 80%, depending on the population studied
(3). Some investigators believe that obesity is the primary
metabolic insult in women with PCOS. Others describe a
subphenotype of obesity within PCOS (5). In the general
population, obesity is fast becoming an epidemic in the
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treats insulin resistance. However, most studies of anti-
androgen therapy point only to its treatment of hyper-
androgenism and specifically hirsutism (8). Antiandro-
gens used to treat PCOS include cyproterone acetate,
spironolactone, and flutamide.

Oral contraceptive pills are yet another treatment for
PCOS that is aimed at reducing hyperandrogenism. They
are useful in regulating menstrual cycles and improving
hyperandrogenism, but generally cause no improvement
in insulin resistance or obesity.

Currently, there is no ideal treatment for PCOS, as
none of the treatments described can remedy all of the
biochemical aberrations, signs, and symptoms of the
disease. Rather, most treatments tend to target only one
or a few components of PCOS. An exception to this ten-
dency is weight loss, which commonly results in amelio-
ration of most aspects of PCOS. The evidence supporting
weight loss as an effective treatment for PCOS is abun-
dant. Numerous studies report that weight loss improves
many components of PCOS, including insulin resistance,
menstrual dysfunction, and hyperandrogenism (9,10).
Weight loss was also associated with a concomitant
decrease in serum testosterone (11). In addition to these
changes, weight loss has long been known to reduce the
risk of cardiovascular disease, diabetes, and arthritis. It is
well known that weight loss is difficult to achieve, par-
ticularly in the morbidly obese with PCOS (11). Current
recommendations include nutritionist consultation,
physician encouragement, hypocaloric diet, and initiation
of an exercise program. Although weight loss is recom-
mended as the first-line treatment for PCOS, patients are
frequently unsuccessful in doing so with lifestyle modifi-
cation alone (11).

Surgical weight loss has been proven to be an effective
treatment of morbid obesity (12,13). The phenomenon of
resumed menstruation after surgically induced weight

loss has also been observed in patients who underwent
the jejunoileal bypass operation (13). This procedure,
while an effective form of weight loss, was associated with
high rates of complications such as hepatic failure, renal
stones, vitamin deficiencies, and other metabolic and hor-
monal problems, and thus has been condemned. More
recent procedures such as the gastric band (adjustable 
silicone, Inamed, Santa Barbara, CA) (12,14) and the
Roux-en-Y gastric bypass (13,15) have far fewer side
effects. Additionally, these procedures can now be done
laparoscopically, which dramatically reduces both mor-
bidity and mortality (12,16).

Preliminary data from our institution showed a dra-
matic improvement of PCOS manifestations following
gastric bypass. In this study of 24 women diagnosed with
PCOS who underwent Roux-en-Y gastrojejunostomy at
the University of Pittsburgh between 1997 and 2001, we
looked at changes in menstrual cycles, hirsutism, infertil-
ity, and diabetes mellitus type 2 (17). Significant improve-
ments were noted in each (Table 38-1). The mean weight
was 306 lb with a corresponding mean body mass index
(BMI) of 50. The mean follow-up was 27.5 months, and
81% of patients with menstrual irregularities developed
normal menstrual cycles after an average of 3.4 months
postoperatively. One third of the patients with hirsutism
reported improvement or resolution, and one quarter of
patients with infertility became pregnant 2 years postop-
eratively after losing 80% of their excess body weight.The
11 patients with type 2 diabetes no longer had the disease.
While this retrospective study is evidence that gastric
bypass can be an effective treatment for obese women
with PCOS, it lacks the biochemical testing for diagnosis
of PCOS. A prospective study is currently underway that,
it is hoped, will provide more compelling evidence that
gastric bypass leads to relief of many, if not all, of the signs,
symptoms, and hormonal aberrations of PCOS.

Table 38-1. Patient characteristics pregastric bypass and postgastric bypass

Preoperative Postoperative % change

Age (yr) 34 ± 9.7 N/A N/A
Weight (lb) 306 ± 44 201 ± 30 —
BMI 50 ± 7.5 30 ± 4.5 —
HTN 9 2 77
DM 11 0 100
HbA1c (%) 8.2 5.14 62*
GERD 12 0 100
Dyslipidemia 12 1 92
Hirsutism 23 5 79
Depression 10 0 100
Menstrual dysfunction 24 0 100
Medications per hypertensive 1.3 (9 patients on 12 medications) 0.67 (2 patients on 3 medications) N/A
Diabetic medications 1.1 (11 patients on 12 medications) 0 100
Medications per patient 2.5 0.6 75

BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; HbA1c, hemoglobin A1c; GERD, gastroesophageal reflux disease.
* Based on five patients who had preoperative HbA1c levels and postoperative HbA1c levels.
Source: From Eid et al. (17).
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Pregnancy After Bariatric Surgery

A common question among women of reproductive age
who are potential candidates for bariatric surgery con-
cerns the safety and optimal timing of subsequent child-
bearing. Because preoperative menstrual irregularities
frequently resolve following bariatric surgery, female
patients of reproductive age are more fertile and there-
fore are at increased risk of becoming pregnant.

Obesity confers risks to the pregnancy, including
preeclampsia, gestational diabetes, hypertension, macro-
somia, postdatism, meconium staining, complications of
labor, and cesarean delivery (18). However, rapid weight
loss and the state of relative malnutrition following
bariatric surgery may have deleterious effects on a fetus.
Therefore, it is critical to discuss the importance of using
birth control for up to 18 to 24 months following bariatric
surgery. A urine pregnancy test should be performed pre-
operatively as well as on the day of surgery for women
of reproductive age.

Pregnancy Following Gastric Bypass

The period of rapid weight loss following gastric bypass
surgery is a vulnerable time period for a pregnancy.
Printen and Scott (19) reported on 45 women having 54
pregnancies following gastric bypass, with 46 deliveries.
Most delivered 24 months or less after gastric bypass.
Twenty mothers gained weight while five lost weight.
Eight spontaneous abortions occurred. Seven infants
were premature at delivery and one was microcephalic.
When the mothers of premature infants were analyzed,
all but one were older than 30 years of age, and two had
significant gynecologic histories that made previous preg-
nancies unsuccessful. Despite these premature births,
however, the majority of infants were heavier at birth
than their siblings who were delivered prior to gastric
bypass. The authors advised that pregnancy should be
avoided during the period of rapid weight loss.

Other authors have noted a lower rate of pregnancy-
related complications because of the weight loss follow-
ing gastric bypass surgery. Richards et al. (20) reported
on 57 pregnancies in postoperative gastric bypass
patients that were compared with morbidly obese con-
trols. The gastric bypass group had a lower incidence of
hypertension and large-for-gestational-age infants. No
significant difference was found in complications of 
pregnancy. Wittgrove et al. (21) published a study of 
41 women who reported their pregnancies out of 2000
bariatric surgery patients. A lower rate of pregnancy-
related complications were noted, including gestational
diabetes, macrosomia, and cesarean section, compared to
the previous pregnancies while the patients were still
morbidly obese.

Pregnancy Following Restrictive
Procedures

A low rate of pregnancy-related complications has been
noted among patients having purely restrictive proce-
dures. In a study by Bilenka and colleagues (22), nine
women who had previous undergone vertical banded gas-
troplasty (VBG) had 14 pregnancies. While seven of 18
pregnancies ended in miscarriage prior to VBG, only one
of 14 pregnancies resulted in miscarriage from toxemia.
Prior to VBG, five of six women had complications 
of pregnancy compared to three of nine women 
postoperatively.

An advantage of adjustable gastric banding is that the
band may be deflated during pregnancy to decelerate
weight loss or for hyperemesis. Martin and colleagues
(23) studied 20 women with 23 pregnancies who had pre-
viously undergone adjustable gastric banding. Eighteen
pregnancies were carried to term, with one ectopic preg-
nancy and four abortions (two elective and two sponta-
neous). Four out of the 18 full-term pregnancies were
delivered by cesarean section. The mean birth weight 
was 3676g. During pregnancy, five women lost 1.8 to 
17.6kg of body weight. Three women required band fluid
removal because of nausea and vomiting. Two women
without fluid in the bands experienced weight gain during
pregnancy. In an Austrian study from Weiss et al. (24),
seven unexpected pregnancies occurred in 215 morbidly
obese women. Five were carried to term, while two
women miscarried during the first trimester. All bands
were decompressed for nausea and vomiting. In two
patients, band-related complications required reopera-
tion (one intragastric band migration and one balloon
defect).

Dixon and colleagues (25) cite the adjustability of the
gastric restriction of the Lap-Band (BioEnterics, Inamed
Health, Santa Barbara, CA) as an ideal method to control
the weight of pregnant bariatric patients (25). Of 1382
Lap-Band patients, 79 pregnancies were compared with
the patients’ previous pregnancies and with matched
obese subjects and community outcomes data. Birth
weights were comparable to the community birth
weights. Gestational diabetes and pregnancy-induced
hypertension were comparable to the community inci-
dence and were more frequent compared to the obese
cohort. Stillbirths, preterm deliveries, and abnormal birth
weights were concordant with the community data.

Aggressive nutritional surveillance may be required if
fetal abnormalities are noted in the prenatal period.
A report of a 35-year-old Swedish gastric banding patient
who became pregnant 15 months postoperatively was
published by Granstrom and colleagues (26). She had lost
55kg. During her third trimester, she suffered from severe
emesis and lost an additional 6kg. Oligohydramnios 
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and fetal growth retardation of 38% was diagnosed by
ultrasound. Normalization of the oligohydramnios and
weight gain was achieved by enteral nutrition. A 2470-g
infant was delivered by cesarean section.

Pregnancy Following Biliopancreatic
Diversion

One study with 18-year follow-up has addressed preg-
nancy following biliopancreatic diversion (BPD) (27);
239 pregnancies occurred in 1136 women who had previ-
ously undergone BPD. Fourteen pregnancies were
present at the time of publication. Seventy-three abor-
tions occurred. Eighty-five percent delivered at term and
28% were small for gestational age. Total parenteral
nutrition was required in 21%. Two birth malformations
were observed and three fetal deaths occurred. Thirty-
five women experienced improvement in fertility follow-
ing surgically induced weight loss.

In another study of pregnancy in BPD patients, a
survey of 783 women showed an improvement in fertil-
ity in 47% of patients who were unable to conceive pre-
operatively (28). Although fetal macrosomia improved
after the BPD, the miscarriage rate remained elevated at
26%. The authors supported delaying pregnancy until
weight stabilization.

Internal Hernia During Pregnancy

Internal herniation is a potentially catastrophic compli-
cation that may result in mortality for both mother and
fetus (28–31). The gravid uterus displaces the intestines
cephalad, and a closed-loop obstruction may occur,
leading to infarction or perforation. In the pregnant
bariatric patient presenting with abdominal pain, clinical
manifestations and imaging studies may be vague and
nondiagnostic. Therefore, in the patient with unexplained
abdominal pain, exploratory laparotomy or diagnostic
laparoscopy warrants consideration.

Nutritional Issues

Several essential micronutrients are malabsorbed in
patients with gastric bypass. Therefore, compliance with
vitamin and mineral supplementation is of utmost impor-
tance in pregnant patients following gastric bypass surgery.

Premenopausal women are already at risk of iron-defi-
ciency anemia because of menstrual losses; following
gastric bypass, these women are even more predisposed to
iron deficiency. Gastric acid is required for release of iron
and cobalamin from food. Iron is maximally absorbed in
the duodenum, while cobalamin is absorbed in the termi-

nal ileum. Following gastric bypass, the parietal cells in the
distal stomach are bypassed, thereby reducing gastric
acidity and subsequent absorption of iron and cobalamin.
Therefore, daily iron supplementation is mandatory in
gastric bypass patients. Prenatal vitamins or multivitamin
supplements containing additional iron are generally
inadequate to meet the needs of the gastric bypass patient;
a separate iron supplement is required.

Calcium is another divalent cation that is maximally
absorbed in the duodenum. The anatomy of the gastric
bypass therefore reduces the absorption of calcium.
Metabolic bone disease has been reported in patients
who have undergone bariatric surgery (32,33).

Neural Tube Defects

A common congenital malformation, neural tube defects
(NTDs) are related to folate deficiency and obesity. The
risk of neural tube defects is related to prepregnancy
weight and BMI (34).

Several studies demonstrate the importance of vitamin
supplementation and close surveillance in pregnant women
following gastric bypass. Haddow and colleagues (35)
reported on three women who delivered three NTD births
from 2 to 7 years after gastric bypass. All three had vitamin
B12 or folate deficiencies. None of the women was taking
vitamin supplements at the beginning of the pregnancy,and
one drank excessive amounts of alcohol, which may have
affected folate metabolism.The latter had two miscarriages
and the other two women had anencephalic fetuses.

In a study of discharge and birth registries in Sweden
and Denmark, 77 infants born to mothers who had pre-
vious intestinal bypass had no NTDs (36). However, an
increased proportion of low birthweight and growth
retardation was found among the singleton infants com-
pared to the total population of singleton births. There-
fore, pregnant women who have had intestinal bypass or
gastric bypass surgery should be observed closely for
nutritional deficiencies.

In a study from the University of Iowa, three cases of
NTDs were present in 110 pregnancies greater than 4
years after gastric bypass (37). Although all women had
been advised to use vitamin supplementation, they failed
to comply. The authors recommended pregnancy coun-
seling for gastric bypass patients who are considering
pregnancy because of an increased risk for NTDs.

Urinary Stress Incontinence in the
Morbidly Obese

Urinary stress incontinence affects 15% of all women
between the ages of 30 to 39 years and is significantly
associated with elevated BMI (38). Epidemiologic data
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show prevalence of stress incontinence rising from 10%
in patients with BMI <25 to 18% with BMI >40 (39) and
is an independent risk factor for stress incontinence [odds
ratio (OR), 4.2; 95% confidence interval (CI), 2.2–7.9].

This increased predisposition arises from an increase
in intraabdominal pressure (40,41), while the bladder
(detrusor muscles) itself remains stable (42). The intra-
abdominal pressure raises intravesical pressure to a 
point higher than the maximum urethral closing pressure,
precipitating incontinence (43).

Achieving weight loss appears to be an essential element
in sustained improvement in stress incontinence.The effect
of nonsurgical weight reduction (44) resulting in weight
loss of ≥5% had a ≥50% reduction in incontinence fre-
quency compared to only 25% of women with <5% weight
loss (p < .03),demonstrating an association between weight
reduction and improved urinary incontinence.

There are very few publications specifically addressing
the effect of weight loss surgery on urinary stress incon-
tinence. Deitel et al. (45) showed that surgical weight loss
effectively reduces the incidence of stress incontinence.
Among 138 women, a 50% or greater excess weight loss
was associated with a decrease in incidence of urinary
stress incontinence from 61.2% to 11.6% (p < .001).

The effectiveness of the tension-free vaginal tape in
obese women (46) with genuine stress incontinence (GSI)
had been demonstrated where almost 90% of the obese
women with GSI were cured, while the remaining 10%
noted a considerable improvement in their symptoms,with
a significant improvement in quality of life in all groups 
(p < .001). Obesity is sometimes considered a relative con-
traindication to traditional surgical treatment with Burch
colposuspension and slings or injectable agents (47), but
others (48) have not found this to be the case.

Conclusion

Obesity and PCOS are closely related; surgically induced
weight loss improves menstrual irregularities, hirsutism,
and infertility. Postoperative bariatric patients are at
increased risk of becoming pregnant. Bariatric surgeons
should counsel patients about using birth control during
the period of rapid weight loss. During pregnancy, com-
pliance with vitamin supplementation is of utmost im-
portance. Close surveillance should be instituted by an
obstetrician with experience in high-risk pregnancies, if
possible. Elevated BMI is a risk factor for urinary stress
incontinence, which improves with surgically induced
weight loss.
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18th century; however, lawsuits alleging medical mal-
practice were filed sparingly in the United States until the
middle of the 19th century (7). By 1850, medical mal-
practice litigation as we know it today was entrenched in
the American legal landscape. Historians have attributed
the precipitous increase in professional negligence
actions in the United States to the cultural decline in
fatalist philosophical thought and the marked increase in
religious perfectionism, both concepts having grown out
of the Christian revivals of the 1820s and 1830s (8). The
increase in the number of suits filed in later decades of
the 19th century has been attributed to the birth of what
has been called “marketplace professionalism” (9). The
concept of marketplace professionalism, unique to the
United States during this stage in the country’s develop-
ment, illustrates the most dramatic American divergence
from traditional European models of professional evolu-
tion (10). Historically, the learned professions of Western
Europe were granted authority by the ruling class. In the
United States, however, this sanction was not embraced
by American society and became most evident in the
1830s when concepts of social status, economic class,
monopoly, and elitism garnered great public criticism
(11). The professions, including law and medicine, were
thrust into the marketplace to fend for themselves in an
environment of Darwinian competition. Consequently,
the medical profession expanded to include those who
were trained and untrained, alternative and traditional,
with little quality control. At the same time, lawyers
found themselves in an equally hostile culture of compe-
tition, and medical malpractice became an area of growth
for the legal profession (12).

The result of this fight for professional survival was 
an unprecedented increase in the number of medical 
malpractice suits filed in the United States. Between 
1840 and 1860, the number of lawsuits alleging medical
negligence grew by 950% (13). Although medical mal-
practice litigation exploded onto the scene in the middle
of the 19th century as a result of a cultural shift, the 
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With extraordinary gains in medical technology comes
the increase in medical malpractice litigation. In no area
of medicine has the increase in both been more evident
than in the surgical management of obesity. The increase
in litigation involving bariatric surgery has been attri-
buted to several factors, including an increase in the
number of bariatric procedures performed generally (1),
inexperience of the operator (2), the inherent risk of
these complicated surgical procedures, and the complex
nature of the patient population. The consequences of
this quantum leap include negative impacts on the cost
of professional liability insurance (3,4), the physician cre-
dentialing process, and the regulation and discipline of
licensed health care practitioners nationwide.

The American Society for Bariatric Surgery (ASBS)
estimates that 140,600 bariatric procedures were per-
formed in 2004. This estimate is eight times the number
of procedures performed a decade ago (5). With the
number of procedures performed annually on the rise
and patient demand continuing to grow, this highly spe-
cialized area of practice will continue to thrive. However,
with any growth spurt comes growing pains; among the
most painful are the legal pitfalls and implications of
obesity surgery.

Historical Perspective

There has been an explosion in the number of medical
malpractice lawsuits filed in recent years, and general sur-
geons have experienced the effects of this boom in and
out of the operating room. While medical negligence law-
suits have been recognized for over two centuries, the
modern-day impact of this type of litigation in the United
States has been simmering for decades. It has become
manifest that we are now entering a period of crisis pro-
portions, a period last observed in the mid-1980s (6).

The legal theory behind medical malpractice claims
originates in English jurisprudence dating back to the

Medicolegal Issues: The Pitfalls and Pratfalls of
the Bariatric Surgery Practice
Kathleen M. McCauley
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phenomenon has perpetuated in response to both scien-
tific innovation and the call for professional regulation.
Historically, with every new era of medical innovation or
expansion came an increase in claims for negligence.
Once the innovation became passé, the wave of litigation
abated but it never fell back to zero (14).

Despite the recognition that medicine is not perfection
and physicians are fallible, our culture demanded a stan-
dard by which mistakes could be measured. Accordingly,
the mid-19th century saw the advent of various profes-
sional organizations, including the American Medical
Association. As a result of this self-regulation, unquali-
fied physicians were identified and driven from the pro-
fession. However, the impact on those who remained 
was the creation of uniform standards by which medical
professionals would be judged. In the wake of these new
licensing requirements and standards of care, the profes-
sion was exposed to more litigation as lawyers now
judged physicians by the profession’s own standards (15).

Finally, the introduction of professional liability insur-
ance in the late 19th century proved to be both a cham-
pion and an enemy of the physician. Insurance virtually
erased risk to the financial survival of the individual prac-
titioner, but at the same time it guaranteed resources to
the malpractice plaintiff (16). As a result, the introduc-
tion of insurance to the profession effectively guaranteed
the survival of medical malpractice litigation into the 20th
century and beyond (17). Today, medical malpractice 
litigation is pervasive. One economic study by the Joint
Economic Committee of the U.S. Congress suggests that
the current state of the medical malpractice litigation
system has had a negative impact on the access to and 
the cost of professional liability insurance, the quality of
health care, and the cost of and access to health care in
this country (18). While the future of the current medical
liability system in the United States is unknown, the
prudent bariatric surgeon must be able to identify poten-
tial risks associated with litigation and how best to 
avoid it.

Medical Negligence Litigation and 
the Bariatric Surgeon

What is medical malpractice? How does a plaintiff prove
medical malpractice? Why the surge in medical malprac-
tice claims involving bariatric surgery? Why do people
sue their physician? What is the impact of a medical 
malpractice lawsuit on the physician’s career? What is 
the impact on the physician’s job satisfaction and per-
sonal happiness? These are the questions that cause the
medical profession angst, despair, and insomnia. For
some, the topic inspires only ire and frustration.

The word malpractice has been defined as “any pro-
fessional misconduct, unreasonable lack of skill or fidelity

in the profession or fiduciary duties, evil practice or illegal
or immoral conduct” (19). The term medical malpractice
is derived from the Latin mala praxis—bad practice—and
was first applied to the profession of medicine by Sir
William Blackstone in 1768 (20). To prevail in a medical
negligence suit, the plaintiff must prove by the greater
weight of the evidence, all four elements of the cause of
action. That is, to prove a prima facie case of medical neg-
ligence, the plaintiff must establish:

1. A duty to the patient;
2. A breach of that duty or standard of care;
3. A compensable injury; and
4. Proximate causation to the injury or damages (21,22)

Once the physician–patient relationship is established,
the physician owes his patient the duty of due care. “Due
care” is defined as the care required of a reasonably
prudent physician in the same field of practice under the
same or similar circumstances (23). In most cases, the
duty of due care—or the standard of care—must be
proved through expert testimony. Likewise, any alleged
breach of the standard of care and proximate causation
must be proved through the introduction of expert testi-
mony. The plaintiff often uses documents such as medical
records, medical literature, and demonstrative aids such
as models, charts, medical chronologies, and diagrams at
trial as well.

Physicians are sued for myriad reasons, from the
sublime to the ridiculous. That said, most suits for mal-
practice allege the following:

• Failure to communicate or miscommunication
• Failure to diagnose
• Failure to treat
• Failure to document appropriately
• Failure to perform a procedure appropriately
• Failure to get appropriate consultations
• Inappropriate orders or delegation of duties
• Breach of confidentiality
• Failure to admit a patient to the hospital or premature

discharge
• Failure to order appropriate diagnostic tests or studies
• Misinterpreted diagnostic tests or studies
• Bad outcomes and unreasonable expectations
• Complications and failure to timely address recognized

complications
• Inadequate informed consent or no informed consent
• Failure to follow up or patient abandonment

However, patients and their families also sue because
they are angry, offended, or grieving. As well, we know
anecdotally that plaintiffs often use the litigation process
to apportion blame, shift accountability, manage guilt or
grief, and seek closure.

Bariatric surgeons see increasing claims of malpractice
for similar reasons, although weight loss procedures 
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and morbidly obese patients are unique in the medical
litigation mise-en-scẽne. Cases against bariatric surgeons
include many of those claims delineated above, but also
may include the following allegations:

• Inexperience of the operator
• Inadequate facilities or equipment for the bariatric

patient
• Failure to monitor or inadequate postoperative 

monitoring
• Failure to diagnose or to timely diagnose a lethal 

complication
• Inadequate preoperative workup or substandard

patient selection
• Contraindications to surgery, including history of gall-

stones or cholecystitis
• Poor follow-up support after surgery
• Unrecognized or unaddressed psychiatric issues
• Misguided motivation for surgery

Today, the lion’s share of litigation involving weight loss
procedures concentrates on allegations of negligence
during the postoperative period, immediate postopera-
tive inpatient care, and follow-up once the patient is dis-
charged to home (24). Regardless of the theory of liability
against the bariatric surgeon, the claims are increasing as
the numbers of procedures performed keep growing.

Informed Consent

Informed consent is a process, not a piece of paper. It is
a common misconception that one proves informed
consent with a signed “consent for treatment” form. To
the contrary, the signed consent form is merely one piece
of evidence that the attending physician completed the
informed consent process. The doctrine of informed
consent is based on the premise that people have a right
to decide what happens to their own bodies and minds.
It is based on the concept of autonomy—a concept firmly
grounded in philosophy, not law. Autonomy—or self-
determination—embraces the notion that people have
the right to choose the course of their own medical treat-
ment in accordance with their own values, mores, reli-
gious beliefs, and life goals. The principle is also grounded
on the premise that no other person, institution, or other
entity should be permitted to intervene to overrule an
individual’s wishes, whether or not those wishes are
“right,” as long as the decision does not negatively affect
another individual (25). That choice, however, must be
based on information regarding diagnosis, prognosis, risks
and benefits of the procedure or course of therapy, as well
as the consequences of refusing treatment.

The doctrine of informed consent is composed of 
two discrete components: permission and knowledge. A
patient is entitled to give express permission for any

touching by another and that permission is to be based
on information that is deemed to be important by the
patient’s physician. That is, it is incumbent on the medical
practitioner to impart all information necessary for the
patient to make a well-reasoned, educated choice regard-
ing treatment. Informed consent is of paramount impor-
tance when dealing with elective procedures, as consent
is implied in the case of an emergency. As bariatric
surgery is a high-risk elective procedure by its very
nature, the informed consent process must be well
planned and well executed.

Causes of action involving issues of informed consent
fall into two categories: the tort of battery (no consent)
or negligence (inadequate consent). Battery—or unau-
thorized touching—occurs when the physician fails to
obtain informed consent or if the touching exceeds the
scope of the informed consent. Negligent informed
consent is consent that is based on inadequate informa-
tion. In most jurisdictions, informed consent is based 
on the “reasonable” man standard; that is, consent is
informed when it is based on the information that a rea-
sonably prudent surgeon would convey to his patient
during the informed consent process. Suits alleging neg-
ligent informed consent usually require expert testimony
on the subject; cases alleging battery do not.

Generally, the informed consent process should
include the following:

1. A discussion in laymen terms regarding the descrip-
tion of the surgical procedure to be performed;

2. A discussion of the significant risks and benefits of the
procedure to be performed;

3. A discussion of the alternatives to the proposed sur-
gical procedure;

4. A discussion of the consequences of the procedure
being declined by the patient; and

5. Documentation of the informed consent process and
the actual consent, including a signed consent form, a
note in the Physicians Progress Notes, in the patient’s
clinic chart, and in the operative report.

It is important to be sensitive to false or unrealistic 
expectations in the patient population and to dispel any
misconceptions about the procedures of anticipated out-
come. It is reasonable to assume that any representation
about obesity surgery made on a Web site, in promotional
materials, or in informational pamphlets or videotapes 
will be relied upon by patients and their families. Surgeons
should be wary of making promises and predictions.

Documentation

The most credible piece of evidence in litigation is
medical record documentation. Accordingly, the medical
record must be complete, concise, accurate, legible, timely,
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and authentic. While this may seem a daunting task, physi-
cians may be asked to interpret or rely upon a medical
record several years after the provided care and treat-
ment to a patient. In the busy practice, particularly one in
the academic milieu, it is of paramount importance to
maintain an accurate and comprehensive medical record.

Why document in the medical record? Is the docu-
mentation strictly used to defend the surgeon who finds
himself embroiled in litigation? No. The medical record
memorializes care and treatment contemporaneously in
an effort to promote continuity of care, accurate com-
munication among the care team members, data for ret-
rospective review and analysis, and to defend surgeons
who find themselves embroiled in litigation.

Accurate and complete documentation may prove to
be the most important tool in management of the
bariatric patient. In this highly specialized practice of
surgery, both the pre- and postsurgical phases of treat-
ment require effective communication among various
disciplines (i.e., medicine, surgery, nutrition, psychology,
and occupational and physical therapy) and adequate
data to provide comprehensive, timely, and safe treat-
ment to this unique patient population. In general, effec-
tive inpatient documentation describes in an objective
manner all noteworthy data regarding a patient’s pres-
entation, history and physical, recommendations for
treatment, actual ongoing care and treatment, and follow-
up. It is important to include the most current informa-
tion available, which will ensure that the patient’s chart
will be the most reliable resource for ongoing patient care
and the best evidence that appropriate and timely care
was provided. As the medical record is the primary
conduit for continuing care and communication among a
patient’s care providers, it should include all pertinent
clinical information, including the physician’s assessment
and reaction to laboratory reports, radiology, and other
studies. Surgeons often fail to include their rationale for
clinical decisions, including data to support the differen-
tial diagnosis; however, this information is critical. Physi-
cians should be sure to document a differential diagnosis
when the facts permit a reasonable inference that some-
thing other than the primary diagnosis may be valid. It is
far more difficult to allege that a surgeon failed to 
consider all of the options when faced with clinically 
pertinent data if it is documented in the medical record,
especially in an area of medicine where potential com-
plications are many, potentially lethal, and often occur
quickly.

Regardless of the procedure, the operative note should
be dictated expeditiously—ideally on the same day—and
should include all findings and complications encoun-
tered and the related management of those findings.
Operative notes dictated weeks or months after the 
procedure are a “red flag” in litigation, particularly in 
situations where complications were encountered by the

surgical team. Despite the routine nature of some surgi-
cal procedures, the prudent surgeon should avoid using
“boilerplate” language, rather endeavoring to personal-
ize the operative note to the individual patient. Further-
more, all dictation should be reviewed, corrected, and
signed promptly and include the results of the sponge and
instrument counts. Likewise, postoperative orders should
be legible and signed by the operating surgeon, and
follow-up and discharge instructions should be signed by
the patient or his or her responsible party.

In the bariatric clinic setting, it is important to docu-
ment all preoperative patient encounters, referrals, and
consultations. Preoperative screening should be compre-
hensive and noted in the patient’s chart, as well as all 
relevant discussions with the patient and family and any
consultants. All consultation reports should be contained
in the record, as well as preoperative laboratory results,
radiology, and other screening exams pertinent to the
bariatric patient headed for surgery. When documenting
the informed consent process, include the risks, benefits,
and alternatives discussed, as well as whether additional
information was provided to the patient and family 
(e.g., videotape, brochure, pamphlets, referral to support
groups, or other forms of patient education). In most
cases, the informed consent process for bariatric proce-
dures is lengthy, candid, and may be included in the
patient screening mechanism. That being said, it should
be well documented to protect the care team from claims
alleging inadequate consent after a bad outcome.

Postoperative follow-up is arguably the most important
phase in caring for the bariatric patient. Accordingly, the
surgeon or professional staff should document clearly all
follow-up instructions, appointments, referrals, prescrip-
tions and refills, and the plan of care going forward. As
the medical record is used as a communication tool and
for documentation of continuing care, it is critical that all
telephone communications are entered in the chart, as
well as missed, canceled, and rescheduled appointments.
Above all, document and include all correspondence
related to the physician’s decision to terminate the 
physician–patient relationship or when the patient
informs the physician that the physician’s services are no
longer necessary.

Do’s of Effective Charting

• Do use precise, concise, specific language.
• Do use objective, factual statements.
• Do document a patient’s verbatim statements.
• Do date and time each entry in the medical record.
• Do make sure the patient’s name appears on the page

before writing.
• Do draw diagonal lines through all blank space after

an entry.
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• Do document adverse reactions to medications or
therapy.

• Do “red flag” all allergies.
• Do ensure that all procedure notes and chart entries

are timely and accurate.
• Do be sure to read a medical record entry before 

co-signing.
• Do include time and specific action in all discharge

instructions.
• Do include all pertinent communications with resi-

dents, attending physicians, nursing staff, and consults.
• Do include an addendum or late entry if necessary.
• Do include the words “addendum” or “late entry”; time

and date the note.

Don’ts of Effective Charting

• Do not alter the medical record . . . ever. This is a crim-
inal act.

• Do not obliterate errors or remove pages from the
chart.

• Do not use personal abbreviations, initials, or ditto
marks.

• Do not include derogatory or discriminatory remarks.
• Do not document conflicts with other physicians or

nursing staff.
• Do not use subjective statements about prior treat-

ment or poor outcomes.
• Do not include a late entry after an adverse event.
• Do not include non–patient care information.
• Do not perpetuate incorrect information.
• Do not write any finger-pointing or self-serving 

statements.
• Do not alter existing documentation or withhold por-

tions of the chart once a claim has been made or after
the record has been copied.

• Do not use phrases that imply a risk.
• Do not include incident reports, quality assurance

information, or documents involving the legal process
in the patient chart . . . ever.

While the patient chart is first and foremost a medical
document, it is also a legal document. It is the best
defense to any claim of medical malpractice and should
reflect the attention to detail required of the prudent
bariatric surgeon.

Confidentiality

Since the Clinton Administration, patient privacy and
medical record confidentiality have garnered much pub-
lic and political attention. Congress passed the Health
Insurance Portability and Accountability Act (HIPAA),
historically known as the Kassebaum-Kennedy Law, in

1996 (26). Its primary purpose was to improve continuity
and portability in the delivery of health care while pre-
serving the privacy of certain sensitive health information
(27). Furthermore, it seeks to “combat waste, fraud and
abuse in health insurance and health care delivery . . .
[and] simplify the administration of health insurance”
(28). In an effort to carry out these purposes in the age
of technology, HIPAA targets three areas of the health
care industry: (1) insurance portability, (2) fraud enforce-
ment, and (3) administrative simplification (29). It is the
administrative simplification section of HIPAA that con-
centrates on patient privacy and that is of most interest
to health care professionals and their staff (30).

The privacy regulations (Privacy Rule) of HIPAA are
designed to provide patients a process by which to main-
tain the confidential nature of certain protected health
information (PHI). The final Privacy Rule was published
in December 2000, to be effective in April 2001 (31). It
applies to specific “covered” entities including health
plans, health care clearinghouses, and health care
providers who transmit health information in electronic
form related to a transaction covered by the federal reg-
ulations (32). The final modifications to the Privacy Rule
were published in August 2002 (33), and the previously
specified entities were required to comply with the
Privacy Rule by April 14, 2003 (34).

The Privacy Rule protects individually identifiable
health information (the PHI) that is maintained or trans-
mitted by a covered entity, whether oral or written (35).
Individually identifiable health information includes
even the most basic demographic information collected
from an individual patient (36). It also includes any infor-
mation created by or received by a health plan, a patient’s
employer, a health care clearinghouse, or health care
provider that relates to past, present, or future physical
or mental health condition of an individual (37). Further,
the Privacy Rule relates to information regarding the
past, present, or future payment for health care by the
individual, if the information identifies the individual
patient (38).

The Privacy Rule does not prohibit disclosure of PHI;
rather, it requires that the information be disclosed only
in accordance with the provisions of HIPAA (39). That
is, when a covered entity discloses PHI or when it is
requesting protected information from another covered
entity, it must make reasonable efforts to limit the 
transmission of protected information to the minimum
disclosure necessary to meet the requirements of the
request (40). However, the Privacy Rule requirement
does not apply to the release of PHI in the following 
scenarios:

1. Requests from or disclosure to a health care provider
for the purpose of medical treatment;

2. Release of PHI to the patient himself;
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3. Disclosure of PHI to the U.S. Department of Health
and Human Services;

4. Disclosures or requests required by law; or
5. Release of or request for information in accordance

with the Privacy Rule (41).

The Privacy Rule requires that a covered entity not dis-
close or use PHI without an authorization, unless the dis-
closure is contemplated by the regulations (42). For an
authorization to be valid under HIPAA, it must include
the following:

1. A description of the information to be disclosed;
2. Identification of the persons or class of persons

authorized to use or disclose the PHI;
3. Identification of the persons or class of persons to

whom disclosure will be made;
4. A description of the purpose of the use of disclosure;
5. An expiration date certain or precipitating event;
6. The individual’s signature and date; and
7. A description of the authority of the signatory to act

on behalf of the individual, if signed by a personal rep-
resentative (43).

The authorization for disclosure under HIPAA must
also include the following:

1. A statement that the individual may revoke author-
ization and instructions regarding how to do so;

2. A statement that medical treatment, payment,
enrollment in a plan, or eligibility for benefits may not be
predicated on obtaining the authorization from the indi-
vidual if such a condition is prohibited by the Privacy
Rule. To the degree it is not prohibited, the authorization
must include a statement about the consequences of not
authorizing use and/or disclosure; and

3. A statement about the likelihood that the recipient
will disclose the PHI (44).

Patient authorization is not required for disclosure in
accordance with public health activities; reporting victims
of abuse, neglect, or domestic violence; health oversight
activities; judicial and administrative proceedings; or law
enforcement purposes (i.e., pursuant to court order or
subpoena) (45).

As one would expect, patients are granted rights to
their own PHI under HIPAA’s Privacy Rule. Specifically,
patients may request certain restrictions be placed on the
disclosure of their PHI (46), the right to review and copy
their PHI (47), the right to amend their PHI (48), the
right to receive a copy of the HIPAA notice from the
covered entity (49), and the right to receive an account-
ing of disclosures of PHI (50).

It is important to note that any provision of the HIPAA
Privacy Rule that is contrary to individual state law pre-

empts that provision of state law (51). That being said,
federal law will not preempt state law if the state law is
promulgated to prevent fraud and abuse related to
payment for medical services; to ensure state regula-
tion of the insurance industry and health care plans;
to report on the delivery of health care and related 
costs; to serve a compelling need related to public 
health, safety, or welfare; or to regulate controlled sub-
stances (52). Furthermore, HIPAA will not preempt state
law if the state law is more restrictive than the federal
statute (53). It is extremely important for physicians to
be aware of their state’s confidentiality statutes that
control when and how private health information may be
disclosed.

With this recent attention to patient privacy, surgeons
and their professional staff have become increasingly
more sensitive to the requirements of HIPAA; however,
the principles behind the law have been part and parcel
of good medicine for centuries. The concept of patient
privacy is based on the principles of fidelity and confi-
dentiality; two ideals articulated in the Oath of Hip-
pocrates and the Prayer of Maimonides. Accordingly, the
ethics of HIPAA and the requirements to keep private
that information imparted to the surgeon for purposes of
treatment shall remain tantamount to the prudent prac-
tice of medicine.

Risk Management and Prevention

Physicians in modern American society cannot control
whether or not they are sued; they can, however, control
how they defend themselves. The best defense in litiga-
tion amounts to the best practices of the profession.

The Physician

While an excellent education is imperative to the prac-
tice of surgery, experience is the keystone to a successful
bariatric surgery practice. Because obesity surgery has
been in the media spotlight in recent years, dozens of sur-
geons have broadened their practices by adding weight
loss procedures. By the surgical community’s own admis-
sion, the procedures generate revenue and the practice
area has proven to be lucrative. It has also provided hope
and recovery to a large portion of the population for
whom other weight-loss programs have proven to be a
miserable failure. It saves lives. However, a fact that must
not be ignored is that bariatric surgery is extraordinarily
dangerous at the hand of the inexperienced or under-
experienced surgeon. Obesity surgery was not included
in the general surgery residency training as a matter of
course until recent years and is not widely available even
today. Accordingly, many surgeons learn the procedures
in weekend classes and mini-fellowships. This training,
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while provided by the professional community’s finest
bariatric surgeons, is inadequate to arm the general prac-
titioner with the skills and experience necessary to main-
tain a safe surgical weight loss practice.

The American Society of Bariatric Surgeons (ASBS)
has prescribed guidelines for the credentialing of bar-
iatric surgeons. While not a credentialing body itself, the
ASBS in 2003 published guidelines for granting privi-
leges in bariatric surgery (54). The guidelines are divided
into five categories for various levels of experience and
expertise: (1) surgeons who have established credentials
to perform open bariatric procedures, (2) surgeons who
have established credentials to perform open and laparo-
scopic procedures, (3) surgeons who can demonstrate 
25 completed open and laparoscopic during the general
surgery residency within the last 3 years, (4) surgeons
trained in an approved fellowship and as a first assistant
to an experienced bariatric surgeon, and (5) surgeons
who do not meet the criterion of any category.

The guidelines contemplate four categories of hospital
admitting privileges: (1) global bariatric surgery privi-
leges, (2) provisional bariatric surgery privileges, (3) open
bariatric surgery privileges, and (4) open and laparo-
scopic bariatric surgery privileges. Each level of creden-
tials requires specific satisfaction of certain criteria. More
importantly, these categories speak to the importance of
experience when assessing the safety and ethics of per-
forming these complicated procedures.

Global credentials require that the surgeon

(1) have surgery credentials at an accredited institution
to perform gastrointestinal and biliary procedures;

(2) document that he or she is working within an inte-
grated framework for the care and treatment of the
morbidly obese patient with the appropriate ancillary
services;

(3) document that there is a program to prevent,
monitor, and manage the complications associated
with bariatric procedures, and

(4) document that there is a program in place for follow-
up of all patients for a period of at least 5 years.

Provisional credentials are conferred on surgeons with
the understanding that they will go on to obtain global
bariatric privileges. The provisional credential in bariatric
surgery requires the surgeon to

(1) successfully complete bariatric surgery training of at
least 2 days in a course that includes both didactic
lecture and hands on cadaver work,

(2) document three proctored cases in which the assis-
tant was a fully trained bariatric surgeon, or

(3) document completion of an approved preceptorship.

Open bariatric surgery credentials are conferred on the
surgeon who meets the criteria of global credentials and
documents

(1) three proctored cases in which the assistant was a
fully trained bariatric surgeon, and

(2) successful outcomes for 10 open bariatric cases 
performed.

Laparoscopic bariatric credentials require that the
surgeon meet the criteria for global privileges and

(1) have existing open bariatric credentials,
(2) have existing privileges to perform advanced laparo-

scopic surgery,
(3) document the completion of three proctored cases 

in which the assistant was a fully trained bariatric
surgeon, and

(4) document outcomes in 15 laparoscopic bariatric
cases performed as the primary surgeon with accept-
able perioperative complication rates.

It is important for physicians to be aware of these 
recommendations even if the hospital at which they seek
privileges has not adopted the ASBS guidelines, as the
recommendations were crafted and endorsed by the
leaders in bariatrics. In the current litigation climate
where the experience of the operator increasingly has
been called into question, expertise may be the best
defense to such allegations at trial.

As discussed earlier in the chapter, the physician’s best
line of defense in litigation is documentation. The physi-
cian should be concise, clear, and complete, as mal-
practice litigation is often won or lost on the content and
quality of the medical record. The documentation the
physician creates today may be used years later in litiga-
tion; therefore, good record keeping should be an inte-
gral part of the bariatric surgeon’s daily routine. Because
meticulous medical records constitute the very best evi-
dence at trial, this aspect of malpractice litigation remains
in the exclusive control of the practitioner: Document,
document, document . . . and document well.

Patients and their families sue for a variety of reasons,
some that are within the control of the surgeon and some
that are not. The most important human relationship 
in bariatric surgery exists between the patient and 
the surgeon, not between the surgeon and his or her
attorney. Accordingly, surgeons should treat the 
physician–patient relationship with as much care as they
treat the actual patient. This interpersonal relationship is
becoming more important in the increasingly more
hostile health care environment. Patients who are treated
with compassion and respect are less likely to resolve
their feelings or disagreements in court. Physicians must
give the patient their time and their undivided attention.

While bad outcomes are not always preventable, it has
been suggested that physicians who apologize for bad
outcomes are less likely to be the subject of a malprac-
tice claim. Because anger is often the driving force in a
lawsuit, contrition and honesty have been shown to dispel
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anger long before litigation is ever contemplated (55).
Good communication between physician and patient has
been linked to a decrease in physician shopping, non-
compliance, and malpractice claims as well (56). Not only
have communication and honesty been shown to posi-
tively impact the physician–patient relationship, but the
manner in which the information is communicated may
dictate the likelihood of a lawsuit resulting from a bad
outcome (57).

The Facility

With the unprecedented growth in obesity surgery pro-
grams nationwide, more and more hospitals are provid-
ing the surgical venue, but without the appropriate
facilities and equipment for the bariatric patient popula-
tion. The key to a successful and safe surgical weight-loss
program is strategic planning for this unique population,
adequate spending to retrofit or build the appropriate
facilities, and appropriate staffing and staff education.

While bariatric procedures are elective, they are not
cosmetic surgery. Because bariatric patients are often
very ill and require complex care, hospitals and staff must
be prepared and equipped to manage their preoperative,
perioperative, and postoperative courses. Accordingly,
facilities should be equipped with appropriately sized
surgical instruments, blood pressure cuffs, endotracheal
and nasogastric tubes, and adequate imaging equipment
including computed tomography and magnetic resonance
imaging. Further, surgical weight loss patients require
specialty beds, chairs, and intensive care unit facilities.

Outpatient facilities should include large examination
tables and enough chairs to accommodate patients and
their families. It is important to be aware of the needs of
this patient population and to respect their unique per-
spective. Every detail should be taken into consideration
down to the magazines available in the waiting room.

In 2000, the American College of Surgeons published
recommendations for facilities caring for the morbidly
obese (58). These comprehensive guidelines provide
facilities with recommendations for equipping and 
managing a safe and appropriate venue for weight-loss
surgery and for the even more important follow-up
period.

Staff education is as important as having the appropri-
ate equipment. As the bariatric surgeon cannot be at the
bedside 24 hours a day, well-trained staff must be the eyes
and ears of the surgical team. Precious time is lost when
postoperative complications manifest if the condition is
not diagnosed and treated immediately. Accordingly,
nursing staff must be attuned to the special needs of the
bariatric population and must be quick to recognize and
react to pertinent clinical information. The best solution
is to have a devoted bariatric service and floor of the facil-
ity. When such a solution is unavailable, specialized train-

ing and education of hospital medical-surgical staff is the
best defense to allegations of missed postoperative com-
plications and negligent nursing care.

The Program

Bariatric surgeons treat the most complex patient popula-
tion in the general surgery community—the morbidly
obese. Bariatric surgical candidates often have multiple
and varied comorbidities, which make the care and treat-
ment of these special patients challenging. Patients who
meet the criteria for weight-loss surgery present with
myriad health problems,including asthma and sleep apnea,
gout, heart disease, stroke, diabetes, gallbladder disease,
hypertension, hypercholesterolemia, osteoarthritis, and a
higher incidence of cancer. As a result, many of these
patients have low reserves and a profoundly compromised
ability to recover from the many complications associated
with surgical weight-loss procedures. A comprehensive
preoperative screening process, detailed informed consent
discussions, and an appropriate and a well-supported long-
term follow-up program are of paramount importance to
the successful bariatric practice.

The safest and most successful bariatric surgery pro-
grams are built on an interdisciplinary approach to health
care. This interdisciplinary approach contemplates the
special needs of the morbidly obese and the health con-
cerns with which they present. A successful program
includes a comprehensive introduction to weight loss
surgery, patient/family education, and sensitivity to the
patients served.

The program should include a thorough preoperative
workup and a well-documented informed consent
process based on the interdisciplinary approach. Mor-
bidly obese patients come with myriad diagnoses,
which require attention and management throughout the
patient’s journey from surgery to follow-up. Therefore,
preoperative and postoperative care should include con-
sultations with various subspecialties of internal medicine
(including cardiology, endocrinology, pulmonology, etc.),
psychiatry, nutrition, and physical and occupational
therapy. The program should include a process for 
choosing the appropriate weight-loss procedure for the
individual patient, based on the patient’s diagnoses, risk
factors, and other needs. This decision should be well
documented, including the thought process employed by
the surgeon in formulating the patient’s plan of care.

The prudent program should also include long-term
follow-up with appropriate specialists, support staff, and
a mechanism to ensure the continuity of care. Patients
who are provided quality care and treatment in a friendly
and respectful environment, by compassionate and
patient practitioners, are likely to be happy and health-
ier. Likewise, a deliberate program designed to care for
the morbidly obese protects the surgical professional



39. Medicolegal Issues 509

from allegations involving poor planning, inadequate
facilities, inappropriate equipment, and inadequately
trained staff.

Conclusion

It is safe to expect that the bariatric surgical community
will continue to grow as the demand for weight loss
surgery continues to rise. As we move toward the future
of bariatric medicine, it is important to recognize the risks
of practicing in this exciting and rewarding field. With
education, conscientious bariatric surgeons can avoid
many of the legal pitfalls, despite the fact that it is im-
possible to insulate your practice from lawsuits. Never-
theless, prudent practices, complete medical record 
documentation, appropriate informed consent, and a
healthy physician–patient relationship will provide the
best defense for surgeons who find themselves exposed
to the litigation process.
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