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Obesity rates continue to increase throughout the world and are more often 
found in industrialized societies and countries influenced by Western culture. 
Interventions to counteract this chronic disease epidemic have focused on 
population-based education, early identification of at-risk groups, prevention 
through better education, and both medical and surgical treatments. 
Treatments vary but are more often patient directed and less medically super-
vised. Obesity is now recognized as a disease and has various degrees and 
forms, ultimately leading to impaired quality of life and increased morbidity, 
mortality, and healthcare costs. Studies have shown that with an increasing 
body mass index, successful amelioration of obesity and comorbid conditions 
is often better achieved through multidisciplinary obesity-focused programs. 
To date, programs focusing on diet alone have had limited success. Medically 
supervised programs emphasize behavior modification, dietary counseling, 
and the use of various pharmacological agents. Medically supervised pro-
gram success is often best achieved in overweight and lower classes of obese 
individuals.

Bariatric and metabolic surgery has provided decades of effective and sus-
tained weight loss for many individuals with morbid obesity. Most weight 
loss procedures are performed laparoscopically in accredited centers with 
increasing standardization in technique and pathways. Each individual seek-
ing obesity treatment should have a goal, in terms of both the amount of 
weight loss and improvement in obesity-related comorbidities. Expectations 
from patients, the medical community, and the obesity program must be in 
alignment with the planned therapy or procedure. Success must also be 
weighed against the risk for each individual, as well as the risks associated 
with each procedure. Currently, most surgical procedures have inherent risks 
and are associated with unique challenges and complications. It is imperative 
that clinicians caring for obese patients are knowledgeable about the history 
of therapy, treatment options, and endoscopic management.

Endoscopy is currently used in the diagnosis and treatment of preoperative 
conditions in patients seeking surgery and postoperative complications from 
surgery. This textbook covers the full spectrum of endoluminal obesity care. 
Chapters will cover the background of bariatric surgery, indications for 
endoscopy, and anesthesia considerations in the obese patient. The anatomy 
of common and uncommon bariatric procedures will be discussed, as well as 
the management of acute and chronic complications. Endoscopic therapy 
may also become the mainstay for surgical revisions to optimize postsurgical 

Preface



vi

anatomy and provide the means of reestablishing the anatomy of the primary 
obesity surgery.

Finally, this textbook will allow the endoscopist to establish the founda-
tion for future endoluminal therapy, including primary endoscopic obesity 
procedures.

Maywood, IL, USA Bipan Chand
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History of Bariatric Surgery

Leonard K. Welsh, Jr. and Kenric M. Murayama

 Introduction

The journey of the surgical treatment of morbid 
obesity largely stemmed from observations of 
secondary effects of other operations for unre-
lated pathology. The problem of incapacitating 
obesity found its primary treatment from the 
effects observed in individuals that underwent 
resection of a portion of their small intestine or 
stomach and the resulting weight loss, even if the 
individual was of normal weight at the outset.

Recognition of an obesity health crisis and its 
many comorbidities is only a few decades old. 
For many centuries, as a consequence of chronic 
scarcity of food, obesity was associated with 
affluence, power, health, and prosperity. It was 
only after the technologic advances of the eigh-
teenth century that food became more affordable 
and readily available. As the world exited the 
Second World War, farming in many areas 
became increasingly mechanized and industrial-
ized. Manpower was more available resulting in 
decreased costs and food commodities became 
more affordable. The birth of the fast-food indus-
try emerged and thrived, as did the urbanization 

of not only the United States, but also the world. 
This environment established conditions in which 
the prevalence of obesity skyrocketed. Late in the 
nineteenth century, obesity was recognized only 
as an aesthetic issue, and it was not until the 
twentieth century that it was later accepted as a 
significant health problem [1].

Early attempts to curtail obesity were trivial. 
Surgical limitation of oral intake with jaw wiring 
was one of the earliest attempts to alleviate obe-
sity [2]. Historical reports claim that the earliest 
bariatric surgery was performed in Spain in the 
tenth century. Accounts report that Sancho I, 
King of León, was so obese that he could not 
walk, ride a horse, or pick up a sword. He eventu-
ally lost his throne and was escorted by his grand-
mother to Cordoba to see the famous Jewish 
doctor Hasdai Ibn Shaprut where he sutured the 
king’s lips, limiting him to a liquid diet. King 
Sancho lost half his body weight, returned to 
León on his horse, and triumphantly retook his 
throne [3, 4].

Other jaw wiring techniques proved to be 
unsuccessful, as patients would continue to con-
sume high calorie liquids only to lead to weight 
regain. In addition, patients had difficulty main-
taining oral hygiene and suffered from dental 
complications. Emesis and aspiration with result-
ing respiratory tract infections were also signifi-
cant concerns [5]. Jaw wiring was abandoned, 
but an important concept in bariatric manage-
ment was recognized: caloric restriction coupled 
with the need to provide permanent results.
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Department of Surgery, John A. Burns School of 
Medicine, University of Hawaii at Manoa,  
1356 Lusitana Street, 6th floor, Honolulu, HI 96817, 
USA
e-mail: lkwelsh@hawaii.edu; kenricm@hawaii.edu

1

mailto:lkwelsh@hawaii.edu
mailto:kenricm@hawaii.edu


2

Weight loss operations and interventions were 
sparsely reported in the literature during the early 
twentieth century and largely remained in obscu-
rity until the 1980s. It was not until the obesity 
epidemic was finally recognized that the medical 
community started considering surgical 
approaches, bringing surgery to the forefront as a 
durable and respected treatment [6, 7].

 Obesity Epidemic

At present, obesity is recognized as a major pub-
lic health crisis and many improvements in pub-
lic health have come to a halt due to its effects. 
For the first time in decades, the life span of the 
next generation is predicted to be shorter than 
their parents [8]. Morbidly obese patients (body 
mass index, BMI > 40 kg/m2) are clearly disad-
vantaged in our society. Not only are they 
afflicted by health conditions associated with 
morbid obesity, e.g., diabetes, sleep apnea, and 
cardiovascular diseases, but also struggle with 
many of life’s simple activities, such as sitting in 
a chair or walking normal distances. A great deal 
of social marginalization is placed on the obese 
creating complex social and psychological 
burdens.

Obesity is an increasing public health chal-
lenge in both economically developed and devel-
oping regions of the world. 33.0% of the world’s 
adult population is overweight or obese [9]. In 
2008, more than 1.4 billion adults and more than 
40 million children under the age of 5 were over-
weight. If current trends continue, by 2030 over 
half of the world’s adult population (nearly 3.3 
billion people) will be either overweight or obese 
[10]. While the prevalence of obesity is higher in 
economically developed countries compared 
with economically developing countries [10], the 
absolute number of obese children is greater in 
the developing world [9]. This represents a sig-
nificant current and future burden on the develop-
ing world and the prevalence of obesity only 
continues to rise in developing countries, particu-
larly in urban settings where unhealthy “fast 
food” has become common. Additionally, urban-
ization and mechanization, coupled with an 

increased sedentary lifestyle, results in sharp 
increases in obesity and metabolic syndrome.

 Obesity in the United States

Some of the most compelling data on obesity 
prevalence rates over time in the United States 
come from figures released by the National 
Health and Nutrition Examination Surveys 
(NHANES) program of the National Center for 
Health Statistics of the Centers for Disease 
Control and Prevention. These surveys contain 
data from a national cross-section beginning in 
1960 [11–15] in which representative samples of 
the US population were selected. Adult data sug-
gested a steady prevalence of obesity from the 
1960s through the 1980s, with a noticeable 
increase in beginning in the late 1980s from 
23.0% in 1988 to 36.0% in 2010 [14, 15]. 
Interestingly, the rate of those classified as over-
weight has been relatively stable, but there has a 
significant increase in the rate of obesity. 
Projections based on NHANES data predict that 
more than half of US adults are likely to be obese 
and 86.3% are likely to be overweight or obese 
by 2030 [16]. Similar dramatic projections have 
been made for children, creating a critical out-
look for this progressive epidemic. The global 
dilemma of obesity requires multiple actions, but 
for the already affected, bariatric surgery has 
become a valid option.

 Early Pioneers

Soon after World War II, many young physicians 
returned from the call of duty to complete their 
training. Several institutions channeled a large 
part of this workforce into research, including 
investigating the mysteries of the gastrointestinal 
tract. It was in this setting that A.J. Kremen and 
John Linner at the University of Minnesota 
examined transposing segments of the small 
intestine to understand the physiology of the jeju-
num as compared to the ileum. They performed 
the first metabolic surgery by creating a jejunoil-
eal bypass of various lengths in dogs [17]. They 
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discovered that the animals were not only able to 
survive with a significant portion of the intestine 
bypassed, but also that lipid absorption was 
greatly impacted leading to weight loss. Their 
canine studies were of such high quality that they 
were presented at the American Surgical 
Association Spring Meeting in 1954 [17]. During 
their presentation, a member of the audience 
commented that a woman had undergone a simi-
lar operation to bypass the majority of her small 
intestine. She had lost a significant amount of 
weight and interestingly her cardiac disease had 
improved [18]. Around the same time, the 
Swedish surgeon Viktor Henriksson had been 
performing an intestinal bypass procedure in a 
small group of patients resulting in notable 
weight loss; however, each had experienced “dif-
ficult situations of nutritional balance” [18]. In 
the groups operated upon by Linner and 
Henriksson, it was noticed that patients had expe-
rienced long-term control of obesity and associ-
ated conditions. Several surgeons would later 
adapt these intestinal bypass procedures in the 
1960s and initiated the birth of the surgical treat-
ment of obesity.

 Boom in Surgical Techniques

In 1963, Payne, DeWind, and Commons formed 
a multidisciplinary group that conducted a large 
study on morbidly obese patients. Payne even 
coined the term “morbid obesity” to help per-
suade insurance providers to pay for the opera-
tion. They performed an end-to-side jejunocolic 
shunt in ten patients [19]. This purely malab-
sorptive procedure involved dividing the jeju-
num 35–50 cm distal to the ligament of Treitz 
and creating an end-to-side anastomosis to the 
proximal transverse colon. The distal end was 
simply closed leaving a long blind loop. The pro-
cedure was later modified by moving the anasto-
mosis to the proximal ascending colon to help 
decrease the degree of diarrhea. Weight loss 
occurred in each of the patients after surgery, 
with the majority of weight loss observed in the 
first postoperative year. Decreased absorption of 
fats and resultant decreased serum cholesterol 

and lipoprotein levels were also noted in each 
patient [20].

Their protocol called for the reestablishment 
of continuity of the gastrointestinal tract when 
optimal weight had been achieved. In the six 
patients in whom continuity of the gastrointesti-
nal tract was restored, all regained their previous 
obese state. Three patients had their jejunocolic 
shunt revised to an end-to-side jejunoileal shunt 
and one patient died from complications related 
to a pulmonary embolism [19].

The patients were plagued with many postop-
erative complications including poor absorption 
of essential vitamins and minerals, which 
required arduous continuous replacement [19, 
20]. All experienced fatty stools, significant diar-
rhea, and anal excoriations [20]. Other complica-
tions included dehydration, electrolyte imbalance, 
postural hypotension, tetany, anemia, cholelithia-
sis, nephrolithiasis, fatty infiltration of the liver, 
hepatic cirrhosis, and hepatic failure [21]. The 
authors concluded that if a reasonable amount of 
jejunum, around 14 in., and a smaller portion of 
about 4 in. of terminal ileum were left in continu-
ity with ingested food, weight loss could be bet-
ter maintained. Other surgeons found similar 
results with intestinal bypass operations. In 1964, 
Henry Buchwald demonstrated that a similar 
ileal bypass with a jejunocolic anastomosis 
would lower the lipid levels in those with familial 
hypercholesterolemia and that the effect was sus-
tainable for many years [22, 23]. These benefits 
were overshadowed by the severe complications, 
and the jejunocolic bypass was ultimately aban-
doned, and many patients were later converted to 
alternative operations [21].

In 1969, Payne and DeWind [24] reported the 
effects of another intestinal bypass operation—a 
jejunoileostomy bypass. This procedure again 
involved dividing the small intestine 35 cm distal 
to the ligament of Treitz, but was altered with an 
anastomosis at the terminal ileum, 10 cm proxi-
mal to the ileocecal valve rather than to the colon. 
These operations provided acceptable weight 
loss results in a large number of patients in addi-
tion to other favorable physiologic effects, while 
limiting some of the side effects seen in jejuno-
colic bypasses [24].

1 History of Bariatric Surgery
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By the late 1960s and early 1970s, additional 
reports of successful weight loss from jejunoileal 
or jejunocolic shunt were being published. These 
studies were quick to identify complications 
directly associated with the intestinal bypass pro-
cedure and allowed researchers fertile ground to 
investigate the mechanisms of action that pro-
duced the aberrations. In Payne’s original proto-
col, all of the patients had liver biopsies and the 
vast majority demonstrated steatosis of the liver 
with pathology that looked identical to alcohol- 
induced cirrhosis. Interestingly, if the excluded 
limb of intestine was resected, liver failure did 
not occur. Certain investigators demonstrated 
bacterial overgrowth of gram-negatives and 
anaerobic bacteria in the excluded limb of intes-
tine along with morphological changes in the 
intestinal wall [25]. These investigators coined 
the term “enterohepatic syndrome” to describe 
this phenomenon.

Although the benefits of these intestinal 
bypass operations were profound, they continued 
to be limited by severe complications. The sec-
ond National Institutes of Health (NIH) 
Consensus Development Conference was held in 
1978 [26] with a primary focus on the treatment 
of morbid obesity, including investigations into 
surgical interventions. Although the recommen-
dations were favorable for certain operative pro-
cedures, it was felt that the risk–benefit ratio for 
intestinal shunting was too high to recommend its 
routine use. This conclusion was combined with 
a sentiment that surgeons investigating weight 
loss operations were outsiders merely involved in 
the treatment of a condition not recognized as a 
disease, but simply the result of poor self-control. 
This prejudice intensified discrimination against 
the patients, their disease, and the surgeons dedi-
cated to treating them. Continued pursuits in sur-
gical obesity treatments were often viewed as a 
waste of resources that could be better used in the 
treatment of “real” surgical problems like cancer 
and ulcer disease [18].

In the following years, many surgeons became 
sensitive to the complications of malabsorptive 
procedures and started to look for alternatives. In 
1967, Edward Mason, a surgeon from the 
University of Iowa with strong connections to 

Linner at the University of Minnesota, published 
a paper in which he observed that patients with 
subtotal gastrectomy for cancer and peptic ulcer 
disease lost a considerable amount of weight 
after resection. From this observation he pro-
posed the first true “bariatric surgery,” the gastric 
bypass [27]. Working with Chikashi “Chick” Ito, 
Mason was routinely performing a side-to-side 
anastomosis between the upper third of the 
divided stomach and a loop of jejunum to treat 
duodenal ulcer disease. A number of their patients 
were obese and it was noticed that although the 
procedure did not effectively control the ulcers, it 
was associated with significant weight loss [27]. 
His findings came at the peak of popularity for 
the jejunoileal bypass [27]and represented a fresh 
approach. The procedure was later optimized 
with a smaller gastric pouch and stoma size [28] 
and due to severe bile reflux, the reconstruction 
was adapted by Alden with a “Roux-en-Y” gas-
trojejunostomy [29]. Compared to the earlier 
jejunoileal bypass operation, gastric bypass 
resulted in less diarrhea, kidney stones and gall-
stones, and improvements in liver fat content 
[30].

The procedure was not without its own chal-
lenges. It required operating high in the abdomen 
and therefore was technically demanding and 
often the enlarged left lobe of the liver proved 
problematic. Staplers were not available and two 
hand-sewn anastomoses were technically chal-
lenging and time consuming. Postoperative com-
plications often included dumping syndrome, 
anastomotic failure, marginal ulcers, bile reflux, 
and various nutritional deficiencies.

Several modifications to this technique were 
implemented to improve weight loss, such as the 
Fobi-Capella banded gastric bypass, which con-
sisted of the application of a ring to the gastric 
pouch in order to limit its enlargement and pos-
sible weight regain [31, 32]. Mason himself con-
tinued to modify his procedure and explore 
alternatives and by the mid-1970s he performed a 
gastric partitioning procedure in which he stapled 
the stomach transversely toward the greater cur-
vature, leaving a small orifice of communication 
between the two gastric channels [33]. This pro-
cedure was later modified by several surgeons to 
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various configurations. Over then following year, 
vertical gastric partitioning along the lesser cur-
vature in conjunction with controlling the outlet 
using a variety of devices grew in popularity [34]. 
Mason further modified this approach by placing 
an end-to-end anastomosis stapler through the 
stomach at the distal end of the lesser curvature 
and placing a piece of mesh through the hole and 
back up through an aperture at the stomach [35]. 
This variation of vertical banded gastroplasty 
rapidly gained popularity and was arguably the 
most commonly performed bariatric operation in 
the United States in the 1980s.

Ironically, the same NIH Consensus 
Conference that led to the fall of the jejunoileal 
bypass also provided a new life for gastric restric-
tive procedures [18]. Various pioneers began to 
tirelessly work on adapting the operative tech-
niques surrounding the gastric bypass proce-
dures. Investigators published many comparison 
studies between the intestinal bypass procedure 
and gastric bypass [30, 36], demonstrating that 
complications were clearly less in the gastric pro-
cedures and weight loss was equivalent. During 
the 1980s, Mason continued to champion gastric 
restriction with variations of the banded 
gastroplasty.

In an ingenious modification of gastroplasty, 
in the 1980s Kuzmak invented a silastic ring with 
a small balloon embedded on the inner aspect of 
the ring that could be accessed from a subcutane-
ously placed reservoir [37]. This allowed calibra-
tion and adjustment of the outflow obstruction, 
and thus adjustable gastric banding was born. At 
this time gastric restrictive procedures, including 
gastric bypass, which was classified as a primar-
ily restrictive procedure, and banding were com-
monly associated with less postoperative 
complications compared to previous shunts while 
providing satisfactory weight loss. These restric-
tive procedures benefited enormously from 
advances in technology, especially with improved 
stapling devices.

Investigations into obesity and bariatric sur-
gery were not unique to North America as the 
field was becoming more recognized in Europe, 
Latin America, and to a lesser degree in Asia. In 
1979, Italian surgeon Nicola Scopinaro devised 

an operation he termed the biliopancreatic diver-
sion [38]. This operation consisted of a generous 
distal gastrectomy combined with dividing the 
small intestine near the midpoint. The distal end 
of the divided ileum is anastomosed to the proxi-
mal stomach remnant and the proximal biliopan-
creatic limb channeling the digestive excretions 
was anastomosed to the side of the ileum 
50–120 cm proximal from the ileocecal valve 
[39]. This produced a shortened common channel 
for ingested food contact with digestive juices 
resulting in further decreased absorption. 
Scopinaro reported excellent weight loss results 
and his patients underwent a battery of metabolic 
studies that demonstrated resolution of many 
comorbidities associated with morbid obe-
sity [40, 41]. As with previous operations, bilio-
pancreatic diversion was not without many of the 
side effects observed in other malabsorptive pro-
cedures, especially related to iron and fat-soluble 
vitamin absorption. Many patients experienced 
frequent voluminous and malodorous stools and 
flatus in addition to postgastrectomy syndrome 
symptoms such as dumping. Regardless of these 
effects, Scopinaro reported excellent long-term 
results and the procedure remains popular out-
side the United States today, commonly resulting 
in 70% long-term weight loss in more than 90% 
of patients.

The high incidence of postgastrectomy syn-
drome after biliopancreatic diversion lead to sev-
eral modifications and alterations of the operation. 
In 1986, Hess and Hess devised an alteration by 
changing to a pylorus-sparing gastrectomy to the 
original biliopancreatic bypass procedure and 
modified the anastomosis to a duodenojejunal 
configuration [42]. A similar operation was later 
described by Marceau in 1993 combining a 
pylorus- sparing gastrectomy along the greater 
curvature of the stomach, leaving a tube-like gas-
tric remnant in order to preserve pyloric function 
and its innervation [43]. Similar to Scopinaro’s 
reconstruction, the jejunum was divided approxi-
mately 250 cm distal to the ligament of Treitz; 
however, the Roux limb was anastomosed to the 
postpyloric duodenum. The long biliopancreatic 
limb was attached to the distal bowel 50 cm prox-
imal to the ileocecal valve [39]. This operation, 
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aptly named a “duodenal switch,” was and still is 
an effective surgery for weight loss, often 
reserved for super-obese patients [44]. It also 
allows patients to lose weight without signifi-
cantly altering their eating habits, resulting in 
durable long-term weight loss [45]. Although the 
incidence of postgastrectomy syndrome 
decreased with the duodenal switch modification, 
other complications and postoperative effects are 
similar to those seen in patients with a biliopan-
creatic diversion [39].

Interest and investment in developing safer 
and more effective procedures continued and in 
1987 Johnston performed an operation described 
as the Magenstrasse and Mill procedure in search 
for a safe and simple alternative to gastric bypass 
and vertical banded gastroplasty [46]. Similar to 
Marceau, the “Magenstrasse” referred to a thin 
tube created from the lesser curvature of the 
stomach while the “Mill” referred to the antrum; 
however, the operation performed using a circu-
lar stapler to create a defect in the antrum and 
then creating a narrow tube along the lesser cur-
vature initially over a bougie. The technique was 
later modified by resecting the greater curvature 
of the stomach in same fashion as Hess in the 
duodenal switch and also Marceau in his series 
[42, 43]. This created a shift in thought as the 
sleeve gastrectomy was initially used as part of a 
two-step procedure in high-risk (BMI > 60) 
patients. Follow-up of these patients demon-
strated substantial weight loss and resolution of 
comorbidities with the sleeve gastrectomy alone 
[47] eventually leading to popularity of sleeve 
gastrectomy as a stand-alone procedure, further 
aided with the progression of laparoscopy [48].

 Minimally Invasive Revolution

On a second front, many pivotal technological 
advancements in general surgery found fertile 
ground in bariatric surgery. From the time 
Bozzini developed the Lichtleiter in the late eigh-
teenth century, light conductors offered improved 
illumination allowing improved exploration and 
illumination of internal cavities. Initially these 
devices were limited to urologic and gynecologic 

procedures, the Lichtleiter and other viewing 
devices had limited application for the next 
100 years until Edison’s invention of the incan-
descent light, igniting a new chapter of minimally 
invasive surgery.

In 1901, Kelling used light and rudimentary 
optical technology to examine the abdominal 
cavity of dogs [49]. This was quickly followed by 
a report by Jacobeus, a surgeon from Stockholm, 
who coined the phrases laparoscopie and thora-
coscopie, and who was the first to publish a series 
of abdominal and thoracic examination in humans 
using minimally invasive techniques [50]. 
Berheim at Johns Hopkins was the first in 1911 to 
perform laparoscopy in the United States [49]. 
These events were followed by numerous 
advancements in fiberoptics and insufflation over 
the next 70 years until this surgical approach 
would become a standard treatment and chisel 
the role of minimally invasive techniques into the 
surgical world. Surgeons committed to the treat-
ment of obesity had also begun to explore the 
application of laparoscopic approaches to 
procedures.

The first laparoscopic gastric bypass operation 
in the United States was performed by Wittgrove 
and Clark in October 1993 after developing their 
technique in the laboratory. With a six-trocar 
technique, they created a retrocolic Roux limb 
using a circular stapler anastomosis for the gas-
trojejunostomy [51]. The anvil of the circular sta-
pler was passed transorally, using a proprietary 
technique. The procedure was principally the 
same as its open counterpart with three common 
key components: creation of a small gastric 
pouch, a restrictive gastrojejunal anastomosis, 
and the creation of a long Roux limb for malab-
sorption. Their initial results were excellent, and 
the authors reported on 500 patients who main-
tained 73% excess body weight loss at 54 months 
[52]. The leak rate was low (2.2%) and compa-
rable to open procedures at that time. The overall 
complication rate was less than 10%, which indi-
cated that the laparoscopic approach was indeed 
feasible and safe.

Swedish surgeon Lönroth pioneered a manual 
suturing technique to connect an antecolic jejunal 
loop to the proximal stomach pouch [53] and in 
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2003, the Gothenburg group reported comparable 
long-term weight loss in laparoscopic gastric 
bypass patients compared to open [54]. In a large 
series of 400 patients, Higa et al. reported favor-
able complication rates with no leakages at the 
gastrojejunal anastomosis in addition to impres-
sive long-term weight loss [55, 56].

The technical constraints of laparoscopy 
proved these operations very difficult, but as 
experience and more advanced devices became 
available, the learning curve proved manageable. 
The popularity of laparoscopic gastric bypass 
increased rapidly and by the late 1990s almost 
every major center had devoted a division for 
minimally invasive bariatric procedures. This era 
of minimally invasive surgery truly revolution-
ized the surgical treatment of obesity. 
Laparoscopy allowed surgeons to perform com-
plex gastrointestinal operations with an improved 
level of safety. Operative mortality for many 
open bariatric operations had been around 1%, 
only to fall to less than 0.2% with a laparoscopic 
approach and complication rates fell by two- 
thirds [57]. Other benefits including decreased 
hospital length of stay, improved pulmonary 
function, less blood loss, decreased wound infec-
tions, and fewer incisional hernias were reported 
[58, 59].

Gastric bypass was not the only operation to 
benefit from laparoscopy. Although various 
reports date back to 1992 by Forsell and Cadière 
[60, 61], the first successful laparoscopic banding 
procedure is commonly credited to Broadbent in 
1993 with the placement of a nonadjustable gas-
tric band in a 16-year-old female [62]. Catona 
also published a series of patients who underwent 
nonadjustable gastric banding using a laparo-
scopic approach at around the same time [63]. 
During the same time, Belachew designed an 
adjustable gastric band that could be placed using 
laparoscopic techniques in a porcine model using 
a device similar to the band patented by Kuzmak 
a decade earlier [64]. Banding operations pre-
sented a favorable option for many patients and 
surgeons as an alternative to more dramatic 
bypass operations. In the 1990s and 2000s, a 
large number of bands were placed worldwide 
prior to FDA approval in the United States. In 

clinical practice, laparoscopic adjustable gastric 
banding boomed during the decade, yet eventu-
ally fell out of favor due to technical problems 
with slippage and pouch dilatation as well as 
reflux problems and disappointing long-term 
results [65].

Other operations found life in minimally inva-
sive approaches. The first laparoscopic duodenal 
switch was performed by Ren and Gagner in 
1999, as a modification of the original Scopinaro 
procedure [66]. A laparoscopic biliopancreatic 
diversion-duodenal switch is a technically 
demanding operation even for laparoscopic 
experts, but has been associated with larger 
weight loss when compared to other bariatric 
procedures and often remains reserved for 
patients with a BMI of 60 or greater. The opera-
tive mortality for open biliopancreatic diversion 
with duodenal switch was approximately 1% and 
the rate is slightly higher (2.5%) with a laparo-
scopic approach. This mortality rate may decrease 
as the surgeon gains expertise with the technical 
aspects of this procedure and overcomes the 
associated learning curve [44]. Due to technical 
difficulty as well as concerns for nutritional defi-
ciency, the procedure has not been widely 
adopted in the United States. In 2003, the possi-
bility of a two-stage procedure in super-super 
obese patients was suggested to overcome techni-
cal difficulties [67]. The idea was to first perform 
a sleeve gastrectomy, leading to sufficient weight 
loss to later facilitate to second stage division of 
the duodenum. Many patients elected not to pro-
ceed to the planned second stage, satisfied by 
their initial weight loss after the gastrectomy 
alone. From this a new stand-alone procedure 
was born, the laparoscopic sleeve gastrectomy. 
The number of laparoscopic sleeve gastrectomies 
continues to increase dramatically in the United 
States; however, long-term studies on effective-
ness and difficult to treat complications, such as 
leak, require further evaluation.

In the end of the 1990s and into the 2000s, 
several high-profile celebrities underwent laparo-
scopic bariatric surgery. In 1999, singer Carnie 
Wilson famously under laparoscopic gastric 
bypass broadcasted live on the Internet, exposing 
the public to the operation [68]. This acceptance 
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and publicity was in great contrast to what the 
pioneers had endured in prior years and conse-
quently the number of bariatric procedures dra-
matically increased. In consecutive reviews, 
Buchwald et al. presented fascinating worldwide 
data on all bariatric surgery performed in nations 
belonging to the International Federation for the 
Surgery of Obesity, IFSO. The proportion of lap-
aroscopic bariatric surgery increased from 63% 
in 2003 to over 90% in 2008 [69, 70]. During the 
same time frame, the annual number of bariatric 
procedures worldwide increased from 146,000 to 
340,000 with nearly 200,000 operations annually 
in the United States alone [70].

Laparoscopy adds many advantages to bariat-
ric surgery including but not limited to reduced 
wound-related complications and improved 
patient recovery [71] with adverse event rates 
comparable to common procedures such as lapa-
roscopic cholecystectomy and appendectomy 
[72]. In a systematic review of fast-track laparo-
scopic bariatric surgery, next-day discharge was 
possible in 81–100% of patients after laparo-
scopic gastric bypass [73], an impossible idea 
only a decade earlier in the area of open bariatric 
surgery when postoperative complications and 
prolonged hospital stays were the norm.

 Metabolic Discoveries

Throughout the late twentieth century as the field 
of bariatric surgery reached new heights and 
knowledge about the disease had advanced sub-
stantially, the understanding of hormonal mecha-
nisms and physiology grew. The majority of 
procedures focused on some variation of a gastric 
restrictive operation and the benefits of weight 
loss were clearly apparent and well documented 
on a macroscopic level. Microscopically, the 
effects remained largely unknown. In a report 
MacDonald and Pories published in 1995, the 
beneficial effects on type II diabetes in patients 
who had undergone a Roux-en-Y gastric bypass 
were examined [74]. The positive effects of 
weight loss on diabetes was already well known, 
but the metabolic effects of surgery had only 
occurred as an anecdotal observation until sev-

eral authors reported decreases in insulin resis-
tance and improved glucose metabolism after 
intestinal shunting procedures, often well before 
any weight loss had occurred [75]. Unfortunately 
these reports did not gain much notoriety partly 
because intestinal shunting procedures were fall-
ing out of favor. Decades later, Schauer reported 
similar results in a large cohort of gastric bypass 
patients who had either impaired testing glucose 
levels or type 2 diabetes [76]. Subsequent studies 
confirmed the positive effects of Roux-en-Y gas-
tric bypass on treating type 2 diabetes, establish-
ing the role of surgery in the treatment of diabetes 
and metabolic syndrome [77, 78].

A summit was convened in 2010 in Rome by a 
multidisciplinary group with an interest in type 2 
diabetes where a consensus was reached and pub-
lished outlining the creation of a research agenda 
in order to focus attention and efforts into under-
standing the mechanisms by which diabetes can 
be controlled with surgical intervention [79]. It 
was observed that something intrinsic was occur-
ring physiologically that surpasses simply divert-
ing and bypassing the flow of food in the 
intestines. Greater emphasis was placed on the 
distinction of “metabolic” surgery [80]. A third 
NIH consensus conference on obesity was held in 
1991 that concluded that surgical intervention of 
morbid obesity significantly treated or resolved 
many of the comorbidities associated with obe-
sity [81]. As further evidence of this shift in 
understanding, the American Society of Bariatric 
Surgery elected at the 2008 annual business 
meeting to change the name of the society by 
adding “Metabolic” to the organization’s title. 
This change stressed the efforts on understanding 
how these procedures worked on a metabolic 
level and in many ways validated the work of ear-
lier surgeons who had recommended that patients 
be followed long term to track metabolic param-
eters of success.

 Conclusion

As demonstrated, bariatric surgery has come a 
long way from a king unfit to mount a horse to 
complex operations with significant metabolic 
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impact. Several operations born out of observa-
tion have paved the way to a more thorough 
knowledge and understanding of digestive physi-
ology. The growth of laparoscopic surgery with 
reduced morbidity and mortality has ushered bar-
iatric surgery to the forefront of innovation and 
treatment to combat the growing obesity epi-
demic. Today’s surgeons are indebted to the pio-
neers that have sought for an ideal procedure in 
order to relieve morbidly obese patients from 
comorbid conditions, and to increase life expec-
tancy and quality of life. In only a matter of a 
couple decades, laparoscopic techniques have 
revolutionized bariatric surgery and further tech-
nological advancements by the way of robotics 
await. The number of bariatric procedures per-
formed worldwide continues to rise and will con-
tinue to increase as the indications and benefits 
for metabolic operations are further understood.
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Indications of Endoscopy 
in the Obese Patient

Jawad Tahir Ali and Aaron D. Carr

 General Endoscopic Indications

Screening colonoscopy, for average-risk individu-
als, is recommended at age 50 and every 10 years 
thereafter unless pathology is discovered that 
increases the need for more frequent screening 
(i.e., adenomatous polyps). If an individual has a 
first-degree relative that was diagnosed with colon 
cancer when younger than 60 years old, then that 
person should be screened at age 40 or 10 years 
younger than the age of diagnosis of that first-
degree relative. Patients with familial adenoma-
tous polyposis (FAP), hereditary nonpolyposis 
colorectal cancer, and inflammatory bowel disease 
should also be screened much earlier and more fre-
quent than the average- risk individual [1].

Upper endoscopy in the general population is 
indicated for patients with dyspepsia and gastro-

esophageal reflux disease (GERD) with high-risk 
features or in patients with increased risk factors 
for Barrett’s esophagus (BE). Generally recom-
mended surveillance for BE includes repeat upper 
endoscopy in 6 months for low grade dysplasia 
(LGD), then annual surveillance thereafter using a 
standard screening protocol. Some experts advo-
cate ablative therapy for LGD, which is more typi-
cally used for flat high grade dysplasia [2].

Dyspepsia defined by the Rome IV criteria 
consists of one or more of the following features: 
epigastric pain or burning, postprandial fullness, 
and early satiety. These symptoms must occur 3 
or more days per week for the past 3 months with 
onset at least 6 months prior to diagnosis [3]. 
Dyspepsia high-risk features include the follow-
ing (Table 2.1): age > 50 years, family history of 
gastrointestinal (GI) malignancy in first-degree 
relative, unintended weight loss, GI bleeding or 
anemia, dysphagia, odynophagia, and persistent 
vomiting [4].

The Montreal definition of GERD defines it 
as a chronic condition caused by the reflux of 
stomach contents that adversely affects an 
individual’s well-being. This must occur more 
than twice a week with symptoms of heartburn 
or regurgitation [5]. GERD high-risk features 
include the following (see Table 2.1): symp-
toms that are persistent or progressive despite 
medical therapy, multiple risk factors for BE, 
dysphagia,  odynophagia, unintended weight 
loss, GI bleeding or anemia, and persistent 
vomiting [6].
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Barrett’s esophagus is defined as intestinal 
metaplastic change in the tubular esophagus, which 
is known to increase the risk for esophageal adeno-
carcinoma. BE confers a relative risk of 11.3 over 
the general population in the development of 
esophageal adenocarcinoma [7]. Risk factors for 
BE include the following (Table 2.2): Caucasian 
race, men, age > 50 years old, body mass index 
(BMI) >25 kg/m2, GERD symptoms present for 
more than 5 years, nocturnal reflux, hiatal hernia, 
tobacco use, and family history of BE or adenocar-
cinoma of the esophagus [6]. Non-steroidal anti-
inflammatory drug (NSAID) use and old age are 
also considered independent risk factors for foregut 
pathology as well [8–10].

 Obesity: A Risk Factor for Pathology

There is good observational data that obesity 
increases the risk of gastroesophageal pathology 
and colorectal cancer (Table 2.3). We will define 

obesity based on body mass index (BMI) criteria 
used by the Centers for Disease Control and 
World Health Organization. Obesity is defined as 
BMI >30 kg/m2, with class I ranging from 30.0 to 
34.9 kg/m2; class II from 35.0 to 39.9 kg/m2; and 
class III greater than 40 kg/m2. One meta- analysis 
of studies done between 1966 and 2004 found that 
obesity was associated with an odds ratio (OR) of 
2 for GERD symptoms and 1.8 for erosive esoph-
agitis when compared to normal weight people. 
Furthermore, the odds ratio for esophageal adeno-
carcinoma was increased to 2.1 for BMI > 25 kg/
m2 and 2.78 for BMI > 30 kg/m2. Adenocarcinoma 
of the gastric cardia was also increased in obese 
patients with OR of 1.68 [10]. Obesity has also 
been linked to hiatal hernia with an OR of 4.2 
[11]. Some studies have noted an increased rate of 
gastritis and ulcers in obese patients, leading 
some to propose a new subtype of gastritis, “obe-
sity-related gastritis” [12, 13]. The Kalixanda 
study randomly surveyed and performed endos-
copy on 1001 people in Northern Sweden, and 
they found that obesity was an independent risk 
factor for gastric ulcer with an OR of 4.15. The 
study also found smoking and aspirin use to be 
independent risk factors as well, OR 3.12 and 
7.44, respectively [14].

In addition to foregut pathology, overweight 
and obese individuals are known to have an 
increased risk of colorectal cancer. In overweight 
individuals (BMI 25–29.9 kg/m2), the relative 
risk is 1.5 for men and 1.2 for women. Obesity 
increases the relative risk to 2.0 for men and 1.5 
for women [15]. Obesity has also been linked to 
increased mortality in all types of cancer. The 
relative risk (RR) of death from colorectal cancer 
with BMI 30–34.9 kg/m2 is 1.47 and for BMI 

Table 2.1 High-risk features of dyspepsia and GERD 
that should prompt upper endoscopic screening

Dyspepsia GERD

Age > 50 Persistent symptoms 
on medications

Family history of malignancy 
(first-degree relative)

Multiple risk factors 
for Barrett’s esophagus

Weight loss Weight loss

GI bleeding or anemia GI bleeding or anemia

Dysphagia or odynophagia Dysphagia or 
odynophagia

Persistent vomiting Persistent vomiting

GERD gastroesophageal reflux disease, GI gastrointestinal

Table 2.2 Barrett’s esophagus risk factors

Caucasian race

Men

Age > 50

BMI > 25 kg/m2

GERD > 5 years

Nocturnal reflux

Hiatal hernia

Tobacco use

Family history of BE or adenocarcinoma

BMI body mass index, GERD gastroesophageal reflux 
disease, BE Barrett’s esophagus

Table 2.3 Obesity risk for gastrointestinal pathology

Conditions Odds ratio

GERD 2.0

Hiatal hernia 4.2

Esophagitis 1.8

Gastric ulcer 4.1

Esophageal cancer 2.8

Gastric cancer 1.7

Colorectal cancer 1.5 in women

2.0 in men

GERD gastroesophageal reflux disease

J.T. Ali and A.D. Carr
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35–39.9 kg/m2 it is 1.85. Death from esophageal 
cancer follows a similar pattern with RR 1.28 and 
1.63, for BMI 30–34.9 and 35–39.9 kg/m2, 
respectively. Gastric cancer death carries a RR of 
1.2 and 1.94 for the same BMI distributions [16].

The increased risk of reflux and hiatal hernia 
in obese patients is one likely mechanism for 
their increased risk of esophageal cancer. Wu 
et al. found that the risk of esophageal adenocar-
cinoma was three times higher in those with 
reflux symptoms, six times higher in those with 
hiatal hernia, and eight times higher in those that 
had both when compared to control subjects [17]. 
There is also a correlation with between obesity 
and gastritis. As previously described, a Japanese 
study looking at routine health records found that 
serum adiponectin, an anti-inflammatory cyto-
kine protective against erosive gastritis, was 
found in reduced concentrations in the obese 
population, leading to increased rate of ulcers 
[13]. A related factor may also be higher rates of 
Helicobacter pylori (H. pylori) found in obese 
patients. A study of 103 obese people that com-
pared them to 111 healthy controls found the rate 
of H. pylori seropositivity to be 57.2% in the 
obese population and 27.0% in the control group 
[18]. A US study also found increased positive 
serologies for H. pylori in obese patients, 61.3%, 
as compared to 48.2% in their control group [19].

 Endoscopy in Bariatric Surgery

 Preoperative Indications

Even with the increased risk for upper gastroin-
testinal disease, there is debate on routine versus 
selective preoperative endoscopy prior to bariat-
ric surgery with data for each position. Proponents 
for routine endoscopy cite high rates of patho-
logic findings that require additional preoperative 
treatment and sometimes, although rarely, change 
the surgery to be performed or even contraindi-
cate a bariatric operation. Proponents for selec-
tive endoscopy cite the low rates of significant 
pathology that would change a bariatric opera-
tion. In this vein, H. pylori prevalence has been 
shown to be more variable in this population 
(Class II and III obesity). One study found a 

22.4% rate of seropositivity in 259 obese patients 
scheduled to undergo gastric bypass [20]. They 
also performed an analysis of selected studies 
between 1996 and 2006 measuring prevalence of 
H. pylori in patients undergoing weight loss sur-
gery and found a combined prevalence of 30.3% 
in 2,717 patients, which is comparable to the gen-
eral population in industrialized countries [20]. 
Another study found a 30.1% rate of H. pylori in 
their bariatric patients, and were able to decrease 
the rate of marginal ulcer to 2.4% in the 206 
patients that were tested and treated for H. pylori, 
versus 6.8% in the 354 patients that were not 
treated [21]. One study of 159 patients undergo-
ing laparoscopic Roux-en-Y gastric bypass 
(LRYGB)  found that routine upper endoscopy 
either delayed surgery, mostly to treat H. pylori, 
or altered the management in 9.4% of those 
patients [22]. DeMoura et al. concurred with this 
conclusion after analysis of their 162 patient 
series showing a 77% rate of positive findings, 
primarily gastritis and esophagitis [23]. Another 
review article concurred with the importance of 
preoperative endoscopy, due to the fact that it is 
difficult to examine the bypassed portion of the 
stomach, duodenum, and small bowel after pro-
cedures such as the LRYGB or duodenal switch 
[24]. Lee et al., in their series of 268 Chinese 
patients, found a 51.1% rate of pathology with 
significant risk factors identified as NSAID use, 
old age, and reflux symptoms. They concluded 
that routine preoperative endoscopy was war-
ranted in the Asian population [8]. Proponents for 
selective endoscopy cite data that show, although 
it is likely to have a positive finding, the inci-
dence of clinically significant findings is low. 
One clinical review of 448 preoperative endosco-
pies found that while 18% resulted in additional 
medical management, less than 1% actually 
changed the technique or timing of surgery [25]. 
A review of 523 patients that underwent routine 
endoscopy before RYGB or sleeve gastrectomy 
in the Netherlands in which they classified 
pathology based on the need for intervention or 
change in treatment. In this study they found 
17.2% had abnormalities without treatment con-
sequence, 26.8% were positive for H. pylori, 
14.3% needed preoperative treatment with pro-
ton pump inhibitors, and 1.1% needed an addi-
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tional endoscopy before surgery. Only one 
patient, 0.2%, actually required cancelling the 
operation due to BE with carcinoma [26]. Another 
study examined 272 preoperative endoscopy 
records for the purpose of assessing the utility of 
the procedure; they found only a 12% rate of 
pathology. Their conclusion was that although 
incidence of significant findings was low, 12% in 
their series, the findings are still useful and the 
practice improves the skillset of the operator, 
which sets the stage for more advanced endo-
scopic procedures [27]. A study looking specifi-
cally at the population receiving laparoscopic 
adjustable gastric banding (LAGB) that under-
went routine endoscopy on 145 patients found 
that only 10% had abnormal findings, with the 
majority being hiatal hernia. Patients reporting 
symptoms had a higher likelihood of having an 
abnormality. The 18 patients who reported gas-
troesophageal symptoms were more likely to 
have abnormal findings with a sensitivity of 80% 
and a specificity of 98% in the preoperative his-
tory and physical [28].

 Intraoperative Indications

Intraoperative endoscopy has been used to recog-
nize and address sources of postoperative morbid-
ity. The most common application is to use the 
endoscope across the gastrojejunostomy to evalu-
ate, and possibly prevent narrowing, and to test 
whether the anastomosis is airtight. Other appli-
cations have been to check hemostasis and align-
ment in sleeve gastrectomy. No data has 
conclusively shown better outcomes with the use 
of intraoperative endoscopy, but its application is 
self-evident in specific clinical scenarios. What 
follows in this chapter is a review of the available 
literature regarding the utility and effectiveness of 
intraoperative endoscopy (IOE). Laparoscopic 
Roux-en-Y gastric bypass is the most common 
anastomotic bariatric operation performed today. 
There are several opportunities for problems 
including stricture, leak, marginal ulcer, twisting 
of the Roux limb, internal hernia, and bleeding 
from any of the transection sites. Though the inci-
dence of complications is low, some advocate 

IOE as a means to prevent or lower the incidence 
of these complications. The Scandinavian Obesity 
Surgery Registry database was analyzed for early 
(<30 days) complications after LRYGB between 
2007 and 2012. Out of 26,173 patients, the overall 
risk of serious complication was 3.4% and the 
leak rate was 1.8% [29]. In the United States, 
large series have reported leak rates between 0.1 
and 8.3% [30]. The position statement from the 
American Society for Metabolic and Bariatric 
Surgery in 2015 states that intraoperative leak 
tests, including via endoscopy, have not been 
found to reduce the incidence of leak after gastric 
bypass or sleeve gastrectomy [30]. Though the 
position statement is clear and well reasoned, 
many surgeons continue to perform intraoperative 
leak tests, claiming that their low leak rates are 
due to addressing positive leak tests intraopera-
tively. One series of 825 procedures reported 
identification of 29 positive intraoperative leak 
tests, all of which were repaired, and resulted in 
only three postoperative leaks (0.36%) [31]. 
Haddad et al. proposed the same hypothesis, 
when they reported their series of 2,311 patients 
with a leak rate of 0.2% and a stricture rate of 
1.1% [32]. Similarly, a series of 340 patients with-
out a single incidence of postoperative leak, but 
with 56 patients (16.4%) having a positive leak 
test during IOE [33]. One paper included bleeding 
from the gastric pouch as another modifiable risk 
that is able to be detected with IOE and addressed 
intraoperative. In their series of 290 patients, 11 
(3.7%) had positive leak tests that were repaired 
intraoperatively and 10 patients (3.4%) developed 
intraoperative pouch bleeding that was controlled 
laparoscopically. No documented postoperative 
leak or bleeding was noted in this series of patients 
[34]. Overall, routine endoscopy for LRYGB has 
been proposed by many as a means to decrease 
leaks, detect bleeding, and examine the construc-
tion of the gastric pouch and gastrojejunostomy. 
Whether it definitively improves outcomes is dif-
ficult to state conclusively. The literature regard-
ing intraoperative endoscopy during sleeve 
gastrectomy (SG) is not as large as for LRYGB. 
Frezza et al. reported on SG with endoscopic 
guidance in 2008 using a 29French endoscope 
instead of a bougie to size the stapling of the 
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stomach. The endoscope was used during stapling 
and then to perform a leak test with air insuffla-
tion as well as to visualize the “sleeved” stomach. 
In their series of 20 patients, they had no signifi-
cant nausea, stenosis, or leaks [35]. A larger, more 
recent series in 2015 with 100 patients undergo-
ing SG under endoscopic guidance found only 2 
patients (2%) had stenosis that was successfully 
treated with dilation [36]. The use of smaller bou-
gies has been theorized to create higher-pressure 
sleeves that may predispose to increased leak [37, 
38]. Again, they did not have any leaks in their 
series. They concluded that endoscopic guidance 
is at least as safe and effective as using bougies of 
larger diameter. A recent, multicenter series from 
Israel reported on 3,284 patients. They had 44 
patients (1.5%) with gastric leaks, of these 33 had 
positive intraoperative leak tests. Therefore, they 
recommended that intraoperative leak testing is 
not sensitive for leak after SG and should perhaps 
be reserved for cases in which a technical issue is 
suspected that is amenable to intraoperative repair 
[39]. Another paper reported on 1550 sleeve gas-
trectomy patients [40]. Of these, 1,329 had an 
intraoperative leak test, of which none were posi-
tive. There was no difference in leak rate (1% in 
each group) or complication rate [40]. They noted 
an increased operative time of 7.6 min for the leak 
test group and concluded that intraoperative leak 
test does not have a correlation with ensuing leak 
and concurred with Sakran et al. that it should be 
reserved for cases with technical concerns. There 
may be a role for endoscopic guidance for stapler 
placement during sleeve gastrectomy as well as to 
identify stenosis intraoperatively as this can be 
difficult to address postoperatively. Others have 
had success without endoscopic guidance and 
using larger bougie sizes (>32F) and not stapling 
close to the incisura [37].

 Postoperative Indications

The indication for postoperative endoscopy often 
varies by the type of operation. For example, 
after Roux-en-Y gastric bypass (RYGB), patients 
can have leaks, marginal ulcers, gastro-gastric 
fistula, and gastrojejunal stenosis among other 

pathologies. Sleeve gastrectomy (SG) has rap-
idly gained popularity and prevalence in bariat-
ric surgical practice patterns. While SG was 
17.8% of a total 158,000 bariatric operations in 
2011, it had grown to 53.8% of a total 196,000 
operations by 2015 [41]. Reasons for postopera-
tive endoscopy after SG include stenosis or lumi-
nal twisting, leak, ulcers, and staple line bleeding. 
After sleeve gastrectomy, the type of pathology 
may not be as numerous, but are notoriously 
more difficult to treat. Although adjustable gas-
tric band (AGB) placement is not as frequently 
performed, only 5.7% of bariatric cases in 2015, 
there are still many existing patients that have 
had them placed. A recent meta-analysis showed 
mean rates of erosion and slippage at 1.03% and 
4.93%, respectively [42]. Some series report 
complication rates as high as 32.1% [43]. 
Endoscopy is an excellent tool to evaluate for 
both of these possible complications. Band ero-
sion can present with abdominal pain, nausea/
vomiting, port site infection, weight gain, and 
even bleeding [44]. Endoscopy is sensitive in 
detecting erosion and, in cases of at least 50% 
erosion of the circumference into the gastric 
lumen, can be used to remove the band [45].

The most common use for stents after gastric 
bypass has been to treat anastomotic leaks [46–
49]. In the past, treatment options consisted of 
drain placement and surgical revision. Endoscopic 
stenting using covered self-expanding metal 
stents (SEMS) is a promising alternative that has 
shown efficacy in several series with closure rates 
as high as 80%, though some of those patients 
also required additional procedures like percuta-
neous drain placement or additional stents. The 
major concern with stents is migration, which 
can occur from 8 to 66% of the time, depending 
on the type of stent [49–51].

Sleeve gastrectomy leaks can be more chal-
lenging to treat with stents due to the anatomy [52, 
53]. Of those that are amenable to stents, closure 
rates of 55–76% have been reported using stent 
placement with external drainage [39, 53, 54]. 
Endoscopic internal drainage has also been pro-
posed as a method to drain the fluid collection that 
forms as a result of the leak and to close the enter-
otomy. Early results in 67 patients show a 98.5% 
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success in placing a double pigtail stent across the 
orifice leak and a 78.2% cure rate at a mean time 
of 57.5 days [55].

Stricture or stenosis at the gastrojejunostomy 
is another known complication after 
RYGB. Smaller circular staplers (21 mm or 
less) have stricture rates as high as 27% com-
pared to 4–6% with the linear staple technique 
[56–58]. Endoscopy is the recommended diag-
nostic and therapeutic approach. Balloon dila-
tion has a near 100% success rate for relief of 
symptoms in many series, though multiple dila-
tions are often required [59–61]. One study 
found that a balloon of at least 11 mm in diam-
eter might decrease the need for repeat dilation 
without an increase in perforation rate [62]. 
This is contrasted to the esophagus where most 
patients with an esophageal lumen less than 
13 mm will have dysphagia [63]. Perforation is 
the most serious complication after dilation, 
although the risk is relatively low, around 2.2% 
[61]. Savary-Gilliard dilators were used with 
success in a series of 71 procedures, up to a size 
of #11. They were advanced over an endoscopi-
cally placed guidewire with 75.5% of patients 
experiencing relief of symptoms with one dila-
tion and no clinically significant perforations 
[64]. Refractory strictures have usually been 
treated with surgical revision of the gastrojeju-
nostomy [65]. Recently, expandable stents have 
been proposed as adjunct in treating refractory 
strictures [66–68]. Post-SG stenosis is a rela-
tively rare complication with an incidence of 
0.5–4% [69, 70]. It is notoriously difficult to 
treat and the classic dictum was to revise the 
operation to a gastric bypass. A recent study pre-
sented 18 patients with mid-sleeve stricture and 
had a 94.4% success rate in endoscopic manage-
ment with a combination of dilation and stent-
ing [69]. In their algorithm, “functional” 
stenosis that allowed the passage of the endo-
scope was treated with an achalasia balloon 
inflated to a pressure of 25 psi while “mechani-
cal” stenosis that restricted the scope passage 
was treated with 18 mm stent placement. Both 
groups were re-scoped at 3 weeks for possible 
repeat dilation. If there was no improvement, 
the patient was treated with surgical revision 

[38]. Other studies have shown reasonable suc-
cess (60%) with dilation alone [70].

Marginal ulcer is a known long-term compli-
cation of LRYGB. It is defined as ulceration on 
the jejunal aspect of the gastrojejunal anastomo-
sis [71]. While the true incidence is difficult to 
know, reported rates vary from <1 to 16% [71]. 
Symptoms most commonly consist of epigastric 
pain followed by dysphagia and nausea [71]. 
Endoscopy is considered a very reliable means of 
diagnosis [72]. Fortunately, most respond to 
medical therapy and the surgical intervention rate 
has been reported between 0 and 44% [71–74]. 
Bleeding from ulcers can be treated endoscopi-
cally with injection of epinephrine, clipping, or 
thermocoagulation [75]. Initial hemostasis is 
obtained in almost all cases although the rebleed-
ing rate can be as high as 33%, with one study 
showing a 5% rate of recurrent bleeding with 
clips and 33% with epinephrine injection and 
thermocoagulation [75]. Dual therapy is still rec-
ommended when bleeding from ulcers is 
encountered.

A less common complication after LRYGB is 
gastro-gastric fistula (GGF). These can be found 
in the setting of marginal ulcer and they can be 
difficult to detect endoscopically as the opening 
may be very small. If bile is encountered in the 
gastric pouch, a high suspicion for a fistula should 
be entertained. Oral contrast enhanced imaging is 
also often used as a diagnostic test. As with fistu-
lae in other GI locations, various methods to 
attempt closure have been proposed. Various 
endoscopic techniques have been utilized, includ-
ing hemostatic clips, suture closure, and over the 
scope clips. The available series are small obser-
vational studies with a successful closure rate 
between 32 and 44% [76–78].

Weight recidivism occurs in up to 20% of 
patients in the first 10 years after bariatric surgery 
and long-term rates reported as high as 34.9% 
[79, 80]. Initial therapy should focus on ruling 
out pathology, like gastro-gastric fistulae, along 
with diet and lifestyle management. For those 
that do not have pathology and do not respond to 
non-interventional attempts, various endoscopic 
techniques to decrease pouch volume or diameter 
of gastrojejunostomy have been proposed in 
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order to avoid the morbidity of revisional surgery. 
One randomized, blinded, sham controlled trial 
compared transoral outlet reduction (TORe), in 
50 patients, with a sham procedure, in 27 patients. 
The TORe was performed with superficial sutures 
placed with the aid of suction to achieve partial 
closure of the gastrojejunostomy. In the TORe 
group, there was greater mean percentage weight 
loss (3.9%) as compared to the sham group 
(0.2%) [81]. Another method of using argon 
plasma coagulation (APC) to cause reduction in 
the gastrojejunostomy was reported by Baretta 
et al. and showed an average weight loss of 
15.48 kg in 30 patients with an average BMI of 
45.63 [82]. One study demonstrated the effec-
tiveness of combining sclerotherapy with suture 
tightening of the gastrojejunostomy [83]. When 
compared suturing had improved results as com-
pared to sclerotherapy alone with those patients 
losing 10.4% of total body weight (TBW) as 
compared to 2.7%, respectively [84].

Due to the anatomical changes after RYGB, it 
is difficult to access the remnant stomach or the 
duodenum. Solutions have included trans- 
gastrostomy tube access and double balloon enter-
oscopy [85, 86]. A more direct approach is 
transgastric endoscopy. One group described the 
technique of establishing pneumoperitoneum, 
placing ports, performing a purse-string suture 
with a gastrotomy laparoscopically and then plac-
ing a 15 mm trocar into the bypassed stomach 
through which the endoscope can pass. This access 
allows for evaluating the remnant, duodenum and 
biliopancreatic limb. It also allows for performing 
ERCP (endoscopic retrograde cholangiopancrea-
togram) or EUS (endoscopic ultrasound) to evalu-
ate the pancreas and ductal system of the pancreas 
and bile duct. The gastrotomy is stapled closed at 
the end of the procedure [87].

 Conclusion

Endoscopy is critical in the evaluation of the 
obese patient. Obesity should be considered a 
high-risk feature for patients with GERD, dys-
pepsia, and BE. Most studies show increased 
prevalence of gastritis, reflux, hiatal hernia, 

esophageal, gastric and colorectal cancer, and 
possibly H. pylori. In bariatric patients with Class 
II and III obesity, the incidence of significant 
pathology is variable, but patients undergoing 
bariatric surgery should have endoscopic evalua-
tion if they have symptoms of dyspepsia, GERD, 
consume NSAIDs or have other risk factors for 
BE. These same patients should also undergo 
screening colonoscopy. Obesity should cause 
medical and surgical professionals to have a 
lower threshold to screen for GI pathology. 
Endoscopy continues to play a vital role in the 
postsurgical patient, both intraoperatively and 
more importantly after surgery. In the operating 
room, endoscopy can allow for the detection of 
bleeding, leaks from staple and suture lines, and 
poor anatomic configuration. Postoperatively, 
endoscopy plays a crucial role in functional gas-
trointestinal symptoms, detecting anatomic 
abnormalities that may be leading to poor oral 
intake, dysphagia, abdominal pain, anemia, and 
weight recidivism.
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 Initial Assessment and Pre- 
procedure Preparation

Obesity is increasingly prevalent in the world 
and especially in the United States where 34.9% 
of adults are obese [1]. In 2014, the World 
Health Organization reported that 13% of adults 
worldwide were obese [2]. There is also an 
increased prevalence of gastrointestinal disor-
ders in obesity such as gallbladder disease and 
esophageal and colon cancer [3]. This means 
that endoscopists are going to increasingly 
encounter obese patients, thus a thorough under-
standing of the implications of sedation in obe-
sity is warranted.

Patient safety should always be the priority 
and pre-procedure risk assessment and planning 

are key components for success. It also involves 
appropriate informed consent and education 
regarding expectations.

 Consent

Appropriate informed consent is an extremely 
important part of any procedural planning. It 
addresses the ethical principle of patient auton-
omy. It allows patients to be involved in the 
decision- making process and allows then to ask 
appropriate questions. This discussion should 
involve sedation-related risks as well and not be 
limited to the endoscopic procedure. Sedation 
can help increase patient comfort and allow bet-
ter performance of the procedure. The risks of 
cardiopulmonary complications and reactions to 
medications should also be discussed. Even if the 
endoscopist is not the one administering the seda-
tion, a discussion should be held. Ideally, it 
should be done in a quiet environment where the 
patient has an opportunity to ask questions and 
the discussion should not be rushed [4].

 History and Physical Exam

A detailed history and physical exam are crucial 
for initial risk assessment. The history should be 
focused especially on eliciting any history of 
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 current GI disorder that may affect sedation/pro-
cedure such as gastrointestinal obstruction or 
gastroparesis. These clinical scenarios can lead 
to a risk of aspiration if the stomach is full of 
content and the patient cannot protect their air-
way. It also needs to elucidate if there is any 
major organ dysfunction, and a screening for 
obstructive sleep apnea should be performed. 
Information should be gathered regarding cur-
rent medications, any allergies, or prior reactions 
to anesthesia or sedation. Social history regard-
ing substance abuse, alcohol, or narcotic depen-
dence can affect the amount of sedation as well. 
Time and type of oral intake should also be 
asked. Women of childbearing age should be 
asked about pregnancy and a pregnancy test 
obtained.

A complete physical examination should be 
done with emphasis on the cardiopulmonary sys-
tem, the neck, and the airway. A common compo-
nent of this exam is determining the Mallampati 
score [3, 5, 6]. This score was developed in 1985 
to predict the difficulty of endotracheal intuba-
tion. It is a visual assessment of the distance from 
the base of the tongue to the roof of the mouth. It 
is defined as follows: Class I - Soft palate, uvula, 
fauces, pillars visible, Class II - Soft palate, 
uvula, fauces visible, Class III - Soft palate, base 
of uvula visible, Class IV - Only hard palate vis-
ible (From UpToDate [5]). A higher body mass 
index (BMI) has been associated with a higher 
Mallampati score; however, no studies to date 
demonstrate an increased risk of sedation with an 
increased score. However, the Mallampati score 
is used as a predictor of a difficult airway in cases 
of rescue.

 Risk Assessment

With a good history and physical exam, the 
patient should be able to be risk stratified for bet-
ter sedation planning. A commonly used method 
is the American Society of Anesthesiologists 
(ASA) score. The ASA score is a subjective 

assessment of a patient’s overall health and is 
based on six classes [7, 8]:

 I. A normal healthy patient
 II. A patient with mild systemic disease
 III. A patient with severe systemic disease
 IV. A patient with severe systemic disease that is 

a constant threat to life
 V. A moribund patient who is not expected to 

survive without the operation
 VI. A declared brain-dead patient whose organs 

are being removed for donor purposes

Specific cardiopulmonary risk stratification 
with respect to obstructive sleep apnea (OSA), 
pulmonary hypertension, and other cardiac con-
ditions can determine the sedation plan and even 
the location of where to perform the procedure. 
Procedures can be performed in a hospital setting 
as opposed to an ambulatory surgery center. 
Levels of sedation planned include moderate 
sedation or deep sedation and are described 
below.

 Timeout

The timeout is not just an institutional or Joint 
Commission requirement, but also a very impor-
tant aspect of patient safety. It is done before seda-
tion is started with patient participation. Sedation 
plan, any relevant comorbidities, patient allergies, 
anticipated length of procedure, equipment needed, 
or any other concerns are just some of the vital 
issues to be touched upon during this portion of the 
procedure. This is especially important when sev-
eral back-to-back endoscopies are planned, on 
multiple patients with similar conditions.

 Intra-procedure Monitoring

Intra-procedure monitoring can detect changes 
in blood pressure, pulse, oxygenation, cardiac 
electrical activity, and neurological status 
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before clinically significant events occur. A 
trained healthcare professional other than the 
endoscopist should be monitoring the patient 
throughout the entire procedure. This person 
should be trained to monitor and interpret phys-
iological changes and be able to initiate appro-
priate countermeasures. They should be 
certified in advanced cardiac life support 
(ACLS). In the USA, when an anesthesia pro-
vider is not being used, the majority of sites use 
a registered nurse for this purpose. During 
moderate sedation, this person can perform 
brief interruptible tasks. If deep sedation is 
administered, another person in the room, such 
as the endoscopist, should also be ACLS certi-
fied and be able to bag-mask ventilate and 
secure an airway [9].

 Electrocardiogram Monitoring

In the USA, electrocardiogram (ECG) monitor-
ing is routinely used during an endoscopic pro-
cedure. The American Society of Anesthesiology 
(ASA) guidelines recommend ECG monitoring 
of all patients undergoing deep sedation. In 
moderate sedation, it is recommended for those 
with significant cardiopulmonary disease, 
elderly individuals, and when a prolonged pro-
cedure is anticipated [8]. Though there may not 
be significant data supporting routine ECG 
monitoring in young, healthy patients undergo-
ing moderate sedation, it seems prudent to use it 
routinely, especially in obese patients where 
there may be underlying cardiopulmonary 
disease.

 Blood Pressure Monitoring

Blood pressure and heart rate monitoring is an 
essential component of ensuring hemodynamic 
stability throughout the procedure. This is rec-
ommended for all patients. Blood pressure 
should be measured every 3–5 min if not more 

frequently. Appropriate bariatric sized cuffs or 
thigh cuffs may have to be used in obese patients 
for accurate measurements and should be 
available.

 Pulse Oximetry

Pulse oximetry is a good indicator of arterial 
oxygen saturation but an insensitive marker for 
ventilation. Arterial oxygen saturation may not 
drop for several minutes after inadequate venti-
lation sets in, especially if a high amount of sup-
plemental oxygen is being administered. 
Hypercapnia can set in before significant desatu-
ration. Risk factors for significant desaturations 
include emergency procedures, procedures of 
prolonged duration, presence of preexisting car-
diopulmonary disease, difficulty with esopha-
geal intubation, and baseline saturations of less 
than 95% [8]. Although it seems intuitive that 
pulse oximetry monitoring should decrease 
adverse events, this has been hard to demon-
strate. A Cochrane review and a large random-
ized trial with over 20,000 patients failed to 
demonstrate improved outcomes with continu-
ous pulse oximetry [10, 11].

However, it seems that knowing any desatura-
tion events as soon as possible may certainly ini-
tiate corrective maneuvers early. This is 
especially important in morbidly obese patients 
in whom rescue maneuvers can be difficult and 
can take longer. That is why the ASA and the 
American Society of Gastrointestinal Endoscopy 
(ASGE) recommend using it for all endoscopy 
procedures [12].

The ASA recommends supplemental oxygen 
for all deep sedation cases and that it be consid-
ered for moderate sedation cases.

 Capnography

Capnography is a noninvasive way of detecting 
the adequacy of ventilation by measuring 
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exhaled carbon dioxide. It may detect ventila-
tion problems sooner, resulting in less hypox-
emic episodes. This is especially true with 
procedures requiring deep sedation like endo-
scopic retrograde cholangiopancreatography 
(ERCP) [13]. It can also be very useful in obese 
patients with OSA in whom pulmonary ventila-
tor reserve may be low and significant respira-
tory acidosis can occur. The ASA recommends 
capnography for all patients receiving deep 
sedation, for patients undergoing moderate 
sedation whose ventilation can be difficult to 
assess, and for those with OSA [14].

 BIS Monitoring

In bispectral index monitoring (BIS), electroen-
cephalographic (EEG) waveforms from a fore-
head adhesive probe are captured and analyzed 
using a complex algorithm. This results in dis-
play of an index that ranges from 0 to 100. A 
fully awake person correlates with a score of 
100. Moderate sedation can result in a BIS of 
70–90, deep sedation with 60–69, and general 
anesthesia 40–59 [15]. Though the concept 
seems appropriate, the results of using BIS 
monitoring to titrate sedation, when compared 
to clinical assessment, have been equivocal 
[15–18]. It may end up becoming more useful if 
there is an increase in the use of propofol by 
non-anesthesia providers. It may also have 
value in some of the closed loop automated 
sedation systems that are being developed [15].

 Sedation

Sedation is a drug-induced state of depressed 
consciousness that provides relief of discomfort 
and anxiety for the patient and allows the endos-
copist to focus on the procedure. Four levels have 
been described:

 Minimal

A drug-induced state in which the patient responds 
to verbal commands. Coordination and cognitive 
function can be impaired; however, cardiovascu-
lar and respiratory functions are unaffected.

 Moderate

A drug-induced depression of consciousness dur-
ing which the patient can respond purposefully to 
verbal commands, either alone or accompanied 
by light stimulation. Cardiovascular and sponta-
neous ventilation is usually maintained.

 Deep

A drug-induced depression of consciousness dur-
ing which a patient cannot be easily aroused but 
may respond purposefully to painful stimulation. 
Patients may require assistance to maintain a pat-
ent airway. Spontaneous ventilation is depressed; 
however, cardiovascular function is not affected.

 General Anesthesia

Patients are not arousable, even with painful stim-
ulation, and require assistance in maintaining pat-
ent airway. Positive pressure ventilation may be 
required secondary to neuromuscular blockade 
and respiratory depression. Cardiovascular func-
tion may be impaired.

Sedation can be evaluated using several tools 
(Tables 3.1, 3.2, and 3.3) [19, 20].

In a study by Consales et al. [21], the Ramsey 
level of 6 corresponded to a BIS value ranging 
from 32 to 68. Previous studies demonstrated that 
BIS scores of 90–100 correspond to the awake 
state, 80–70 to light sedation, 60 to moderate 
sedation, while BIS values of less than 40 indi-
cate progressively deeper levels of sedation [22].
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 Recovery from Sedation

Once the procedure is completed, the patient is 
taken to the recovery area. Specialized nurses 
monitor the patient during recovery from seda-
tion. Prior to discharge, the patient should attain 
an Aldrete Recovery Scale Score of 9–10 
(Table 3.4) [23].

 Drugs Used for Sedation (Table 3.5) 
[24]

Propofol. Propofol is an anesthetic agent that is 
FDA approved for the induction and maintenance 
of general anesthesia and for sedation [25]. It is 
classified as an ultrashort-acting hypnotic agent. 
Propofol possesses sedative, amnestic, and hyp-
notic properties with minimal analgesia [26].

Table 3.1 Definition of general anesthesia and levels of sedation/analgesia (From the American Society of 
Anesthesiologists [19])

Minimal sedation/ 
anxiolysis

Moderate sedation/
analgesia (“conscious 
sedation”) Deep sedation/analgesia General anesthesia

Responsiveness Normal response 
to verbal 
stimulation

Purposeful response to 
verbal or tactile 
stimulation

Purposeful response 
following repeated or 
painful stimulation

Unarousable even 
with painful 
stimulus

Airway Unaffected No intervention 
required

Intervention may be 
required

Intervention often 
required

Spontaneous 
ventilation

Unaffected Adequate May be inadequate Frequently 
inadequate

Cardiovascular 
function

Unaffected Usually maintained May be inadequate May be impaired

Table 3.2 Inova sedation scale (From Nisbet and 
Mooney-Cotter [20], with permission)

1 Alert

2 Occasionally drowsy, easy to rouse

3 Dozing intermittently

4 Asleep, easy to waken

5 Difficult to awaken

6 Unresponsive

Table 3.3 Ramsey sedation scale

Sedation 
level Description

1 Anxious patient, agitated or restless or 
both

2 Cooperative patient, oriented, and 
tranquil

3 Responds to commands only

4 Patient responds to light glabellar tap or 
loud auditory stimulus

5 Patient exhibits sluggish response to 
light glabellar tap or loud auditory 
stimulus

6 No response

Table 3.4 Aldrete recovery scale score (From Hasanein 
and El-Sayed [23], with permission)

Activity: able to move voluntarily or on command

4 extremities 2

2 extremities 1

0 extremities 0

Respiration

Able to deep breathe and cough freely 2

Dyspnea, shallow or limited breathing 1

Apnea 0

Circulation

BP ± 20 mmHg of preanesthetic level 2

BP ± 20–50 mmHg of preanesthetic level 1

BP > 50 mmHg of preanesthetic level 0

Consciousness

Fully awake 2

Arousable on calling 1

Not responding 0

Oxygen saturation

Able to maintain O2 saturation > 92% on room air 2

Needs O2 inhalation to maintain O2 saturation > 90% 1

O2 saturation < 90% even with O2 supplementation 0

BP blood pressure
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Propofol is 98% plasma-protein bound, and is 
metabolized primarily by the liver. The drug is 
lipophilic and is prepared as an oil/water emulsion 
consisting of 1% propofol, 10% soybean oil, 2.25% 
glycerol, and 1.2% egg lecithin. Propofol is contra-
indicated in patients with  hypersensitivity to eggs 
or soybean. A generic formulation can contain 
sodium metabisulfite and is therefore also contrain-
dicated in patients with sulfite allergies [27, 28].

Propofol increases the likelihood of satisfac-
tory deep sedation. In addition, the risk of rapid 
and profound decrease in the level of conscious-
ness and cardiorespiratory function can occur, 
which may culminate in general anesthesia. 
Propofol crosses the blood–brain barrier and 
causes a depression in consciousness that is 
thought to be related to potentiation of the 
gamma-aminobutyric acid (GABA) activity in 
the brain. Typically, the time from injection to the 
onset of sedation is 30–60 s. The plasma half-life 
ranges from 1.3 to 4.13 min.

Propofol potentiates the effects of benzodiaze-
pines, barbiturates, and opioids [26, 29]. The phar-
macokinetic properties do not significantly change 
in patients with chronic liver disease or renal failure 
[26, 30]. Dose reduction is required in patients with 
cardiac dysfunction and in the elderly due to 
decreased clearance of the drug [31]. The narrow 
therapeutic window of propofol separates it from 
“conventional” sedation used in endoscopy and 
increases the risk for complications if it is not 
administered appropriately. Hence, additional train-
ing and monitoring may be needed to allow the safe 
administration of propofol (Table 3.6) [32–35].

Midazolam. Midazolam is a water-soluble, 
short-acting benzodiazepine central nervous sys-
tem (CNS) depressant for intravenous or intra-
muscular injection. The effects of midazolam on 
the CNS are dependent on the dose administered, 
the route of administration, and the presence or 
absence of additional medications. Onset time of 

Table 3.5 The pharmacologic profile of common sedation drugs (From Da and Buxbaum [24], with permission)

Drug
Onset of 
action (min)

Peak effect 
(min)

Duration of 
effect (min) Side effects Antagonism

Midazolam 1–2 3–4 15–80 Respiratory depression Flumazenil

Disinhibition reactions

Cardiac dysrhythmia

Diazepam 2–3 3–5 360 Respiratory depression Flumazenil

Disinhibition reactions

Propofol <1 1–2 4–8 Hypoxemia None

Apnea

Hypotension

Bradycardia

Upper airway 
obstruction

Injection site pain

Propofol infusion 
syndrome

Meperidine 3–6 5–7 60–180 Synergistic respiratory 
depression

Naloxone

Cardiovascular 
instability

Nausea and vomiting

Neurotoxicity with renal 
failure

Fentanyl 1–2 3–5 30–60 Synergistic respiratory 
depression

Naloxone

Chest wall rigidity

Skeletal muscle 
hypertonicity
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sedation effects after intramuscular administra-
tion in adults is 15 min, with peak sedation occur-
ring 30–60 min following injection. As an 
anesthetic induction agent, induction of anesthe-
sia occurs in approximately 1.5 min when nar-
cotic premedication has been administered and in 
2–2.5 min without narcotic premedication or 
another sedative premedication.

Midazolam’s activity is primarily due to the 
parent drug. Elimination of the parent drug takes 
place via hepatic metabolism of midazolam to 
hydroxylated metabolites that are conjugated and 
excreted in the urine. Elimination half-life is 1.8–
6.4 h (mean approximately 3 h); total clearance 
(Cl), 0.25 to 0.54 L/h/kg.

Sedation with IV midazolam does not 
adversely affect the mechanics of respiration; 
total lung capacity and peak expiratory flow 
decrease significantly, but static compliance and 
maximum expiratory flow at 50% of awake total 
lung capacity (Vmax) increase. Impairment of ven-
tilatory response to carbon dioxide is more 
marked in adult patients with chronic obstructive 
pulmonary disease (COPD).

Intravenous induction of general anesthesia 
with midazolam hydrochloride was associated 
with a slight to moderate decrease in mean arte-
rial pressure, cardiac output, stroke volume, and 
systemic vascular resistance. Slow heart rates 
(less than 65/min), particularly in patients taking 
propranolol for angina, tended to rise slightly; 
faster heart rates (e.g., 85/min) tended to slow 
slightly.

Benzodiazepines are contraindicated in patients 
with acute narrow-angle glaucoma. Benzodiazepines 
may be used in patients with open-angle glaucoma 
only if they are receiving appropriate therapy. 
Intravenous doses of midazolam hydrochloride 
should be decreased for both elderly and debilitated 
patients. These patients will also take longer recov-
ery times after midazolam administration for the 
induction of anesthesia.

Fentanyl. Fentanyl is a synthetic opioid with rapid 
onset and short duration of action. It is a potent 
μ-opioid agonist. Fentanyl is 50–100 times more 
potent than morphine; however, response to paren-
teral fentanyl is variable. Fentanyl’s lipophilic 
structure allows it to cross the blood–brain barrier 
and results in delta wave appearance on 
EEG. Fentanyl is used during general anesthesia to 
dampen cardiovascular response to noxious stimu-
lation from laryngoscopy, intubation, skin incision, 
and surgical stress. When combining fentanyl with 
propofol, the required amount of both drugs is 
reduced to prevent movement and hemodynamic 
changes to surgical stress and laryngoscopy. Dosing 
should be repeated at regular intervals to maintain a 
comfortable analgesic state; however, continuous 
infusion can result in accumulation of the drug, as 
its 50% context sensitive half-time increases rapidly 
with the duration of infusion. Frequent dosing also 
causes accumulation. Rapid administration can 
rarely be associated with chest wall rigidity and 
compromised ventilation. The exact mechanism is 
not known but is thought to be centrally mediated. 
Bag-mask ventilation, even with an oral or nasal 
airway, can be difficult. It needs to be rapidly treated 
with administration of naloxone or even neuromus-
cular blockers if needed.

 Emerging Sedation Technologies

Patient-controlled sedation and analgesia (PCSA) 
allows for a tailored approach to procedural seda-
tion. A pump delivers a preset bolus dose and a 
lockout interval is used to prevent oversedation. 
Prerequisites include both a cooperative patient 
and a planned moderate level of sedation. Deep 
sedation or general anesthesia disqualifies 
patients from this approach.

Table 3.6 Dosing recommendations for propofol

Author
Loading 
dose (mg)

Subsequent 
dosing (mg)

Minimum 
dosing 
frequency (min)

Walker 
et al. [33]

30–50 10–20 0.5–1.0

Vargo 
et al. [34]

40 (<60 
kg)

10–20 Not mentioned

50 (>60 
kg)

Rex et al. 
[35]

20–40 10–20 Not mentioned

Heuss 
et al. [36]

20 10–20 (Asa 
I–ii)

0.33 min

10 (if ASA 
III–IV)
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PCSA usually involves the administration of a 
rapidly acting narcotic coupled with propofol. 
Initial results have focused on patients undergo-
ing colonoscopy. Currently, there are no studies of 
the obese patient for either upper or lower endos-
copy. Recovery time is usually improved when 
compared with standard sedation, with equivalent 
to improved satisfaction and no appreciable dif-
ference in cardiopulmonary parameters [36, 37].

Target-controlled infusion (TCI)  typically 
involves a computer-aided infusion of sedation 
agents that is designed to achieve a steady-state 
effect of drug concentration and is based on phar-
macologic modeling. Since this is population- 
based, variances in the response can be expected, 
and adjustments in infusion rates are accomplished 
by some type of physiologic feedback. Feedback 
can be from bispectral index monitoring (closed 
loop) or via physician (open loop). As opposed to 
patient-controlled sedation, TCI can be cut targeted 
to deeper levels of sedation for extended intervals. 
A case series by Gillham and colleagues exhibited 
a 15% rate of undersedation and a 20% rate of 
oversedation using TCI [37]. A much larger study 
by Fanti and colleagues used target-controlled pro-
pofol infusion during monitored anesthesia in 
patients undergoing ERCP [38]. Excellent sedation 
was seen in 201 of the 205 patients. Stonell et al. 
compared anesthesiologist- administered propofol 
sedation with patient-controlled sedation using 
propofol [39]. Endoscopist and patient satisfaction 
were similar between the two sedation arms.

Computer-assisted personalized sedation 
(CAPS) is a form of target-controlled infusion that 
enables the non-anesthesiologist administration of 
propofol with a target of moderate sedation. This 
platform utilizes both an infusion and bolus admin-
istration of propofol. Physiologic feedback includes 
capnography, pulse oximetry, electrocardiography, 
and blood pressure monitoring. In addition, auto-
mated responsiveness monitoring is employed, 
which measures the patient’s ability to respond to 
tactile and/or auditory stimulation. A multicenter 
study involving 1000 patients undergoing elective 
upper endoscopy and colonoscopy has recently been 
published [40]. Subjects were randomized to receive 
either standard sedation with the combination of an 
opioid and benzodiazepine or sedation with the 
CAPS device. Patients with a BMI between 30 and 

35 kg/m2 were enrolled but not targeted for a  specific 
analysis. Subjects in the CAPS arm exhibited sig-
nificantly less hypoxemia and improved recovery 
times when compared with standard sedation.

 Challenges and Risks of Sedation 
in Obesity

Data are sparse on the actual risk of sedation on 
obese patients. In recent studies, BMI was found 
to be an independent risk factor for sedation- 
related adverse events and was significantly cor-
related with the number of hypoxemic episodes 
during a variety of procedures with endoscopist- 
directed sedation [41–44].

The risk of sedation in obese patients can be 
attributed to one of the following factors:

 Sleep Apnea

Definition. Sleep apnea is defined by pauses in 
breathing during sleep lasting for a few seconds 
to several minutes many times a night [45].

There are three forms of sleep apnea: obstruc-
tive (OSA), central (CSA), and a combination of 
the two, or mixed. OSA is the most common type 
and is caused by complete or partial obstructions 
of the upper airway and is usually associated with 
a reduction in blood oxygen saturation [46].

Prevalence of OSA in obese patients. Studies 
estimate 1–5% of the Western adult population 
experiences OSA [47]. It is estimated that 80–90% 
of patients with moderate to severe sleep apnea are 
undiagnosed [48]. The prevalence of OSA is 
39–71% in bariatric patients [49, 50]. Initial 
screening for OSA in bariatric patients is done 
with a history and physical examination and a day-
time sleepiness evaluation, such as the Epworth 
sleepiness scale or the STOP-BANG (SB) ques-
tionnaire; many patients end up being referred for 
polysomnography or a formal sleep study. Almost 
80% of those who are referred for a sleep study are 
diagnosed with sleep apnea [49].

How to screen for OSA. Many screening tools 
are available to screen for OSA. One screening 
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tool that is simple and has a high sensitivity is the 
SB questionnaire. The SB (see Table 3.4) utilizes 
four questions and four clinical characteristics to 
stratify patients into high- and low-risk groups 
for OSA. A positive SB (score R3) has a sensitiv-
ity of almost 80% in predicting mild sleep apnea 
and 90% in predicting moderate to severe apnea 
on full polysomnography [51].

In patients undergoing advanced endoscopic 
procedures, who are high risk on the SB score, 
the frequency of hypoxemia and the rate of 
advanced airway maneuvers (chin lift, modified 
mask ventilation, nasal airway, bag-mask venti-
lation, and endotracheal intubation) are signifi-
cantly higher than among patients with low-risk 
SB score [52]. Validity of the SB questionnaire 
has not been duplicated in routine esophagogas-
troduodenoscopy (EGD) and colonoscopy 
(Table 3.7) [3, 41, 53].

OSA, sedation and post-op complications. 
Several studies were evaluated in a recent pub-
lished guidelines from the Society of Anesthesia 
and Sleep Medicine on preoperative screening 
and assessment of adult patients with obstructive 
sleep apnea [54]. Some studies showed worse 
outcomes with OSA and others showed no differ-
ence (Table 3.8).

 Pulmonary Hypertension

Pulmonary hypertension (PH) is formally defined 
by a mean pulmonary artery pressure of 25 
mmHg on right heart catheterization. However 
echocardiography, given its noninvasive nature, 
is usually used to screen for PH. Echocardiography 
provides estimates of peak pulmonary artery sys-
tolic pressure (PASP). PASP greater than 40 
mmHg is considered abnormal [55].

Obesity/pulmonary hypertension association. 
The prevalence of PH is about 15 individuals per 
million [56]. There are limited data on the preva-
lence of PH in the obese population, but there is 
a significant overall association between BMI 
and mean PASP. A PASP >40 mmHg is found in 
5% of those with a BMI >30 kg/m2 [57].

Pulmonary hypertension/perioperative morbid-
ity correlation. Data are sparse on the actual risk of 
sedation in patients with pulmonary hypertension. 
Still the presence of underlying PH can have a sig-
nificant negative impact on perioperative outcomes 
[58, 59]. Given the correlation between obesity and 
PH, special consideration should be paid to the clin-
ical symptoms and signs of PH, including fatigue, 

Table 3.7 STOP-BANG questions and scoringa (From 
Jirapinyo and Thompson [3], with permission)

S

Snoring: Do you snore loudly (louder 
than talking or loud enough to be heard 
through closed doors)? Yes/no

T Tired: Do you often feel tired, 
fatigued, or sleepy during the daytime

Yes/no

O Observed: Has anyone observed you 
stop breathing during your sleep?

Yes/no

P Blood pressure: Have you been or are 
you being treated for high blood 
pressure?

Yes/no

B BMI: >35 kg/m2 Yes/no

A Age: Older than 50 years Yes/no

N Neck circumference: >40 cm Yes/no

G Gender: Male Yes/no
aHigh risk of OSA: yes to three or more questions; low 
risk of OSA: yes to less than three questions

Table 3.8 Studies evaluating the association of obstructive sleep apnea and postoperative complications, resource 
utilization and mortality in cases utilizing sedation only (From Chung et al. [54], with permission)

Impact of OSA on 
outcomes

Studies 
(no.) OSA (n)

Non- 
OSA (n)

Detrimental 
impact of OSA 
(no. studies)

Beneficial 
impact of 
OSA (no. 
studies)

No significant 
impact of 
OSA (no. 
studies)

GRADE 
quality of 
evidence

Oxygen 
desaturation

7 610 713 3 0 4 Moderate

Airway maneuvers 7 263 297 1 0 2 Very low

Combined 
complications

3 978 808 0 0 3 Low

GRADE grading of recommendation, assessment, development, and evaluation, OSA obstructive sleep apnea
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dyspnea on exertion, chest pain, palpitations, syn-
cope, and lower extremity edema. Common physi-
cal exam findings include a pulsatile liver, sternal 
lift, right- sided S4, loud P2, and a murmur of tricus-
pid regurgitation with giant v-waves [60].

 Restrictive Lung Disease

The excess fat externally and internally in obese 
patients compresses the thoracic cavity, and the 
fatty infiltration of the accessory muscles can 
decrease compliance of the chest wall. Central 
adiposity causes increased intra-abdominal 
pressure leading to cephalad displacement of 
the diaphragm causing a chronic abdominal 
compartment syndrome and resulting in dimin-
ished lung volumes. The increased pulmonary 
blood volume in obese patients competes for 
space in the chest cavity, further decreasing 
lung volumes [61].

There is an established link between the dose- 
dependent depression of muscle activity and 
increased collapsibility of the upper airway with 
increasing dosages of propofol [62]. Using opi-
oids in combination with propofol causes further 
respiratory depression, and opioids may impair 
respiratory function in the postoperative period, 
leading to obstructive apnea and oxygen desatu-
ration [63].

 Difficult Bag-Mask Ventilation

Mask ventilation is an essential component of 
airway management and is commonly used as a 
rescue technique during unsuccessful attempts 
at laryngoscopy and unanticipated difficult air-
way situations. The data are limited on mask 
ventilation in obese patients, but some studies 
have shown that obese patients are more diffi-
cult to mask ventilate [64–66]. Ventilation is 
often difficult due to increased mass of tissue 
around the face and jaw, poor mask fit, 
increased pharyngeal and palatal tissue, and 
decreased chest wall compliance due to 
increased chest wall mass.

 Difficult Airway

Obese patients have many anatomic limitations 
that make intubation potentially difficult. Many 
obese patients have a small mouth opening, 
increased submental fat, increased pharyngeal tis-
sue, and a large tongue. All of these cause a nar-
rowing of the airway. The increased cervical and 
thoracic fat pads cause limitations in neck exten-
sion. Also obese patients have increased preva-
lence of OSA and decreased functional residual 
capacity. This decreases the time that an obese 
patient can be apneic or hypoventilating prior to 
becoming hypoxic [67]. The incidence of difficult 
intubation in normal patients is around 6% [64, 
68], whereas in obese patients, it varies between 10 
to 15% [64, 69–71] with a higher risk of desatura-
tion with difficult intubation [69]. Difficult tracheal 
intubation contributes to significant morbidity and 
mortality. Nearly 30% of anesthesia deaths can be 
attributed to a compromised airway [72].

Difficult intra-procedure monitoring. Body 
habitus in obese patients can make intraoperative 
monitoring very challenging. Most commonly, 
providers have problems with blood pressure 
cuffs frequently not fitting well, which might lead 
to inaccurate readings. If the arm circumference is 
very large, an alternative approach is to place the 
cuff on the forearm. Providers should pay atten-
tion that forearm measurement might overesti-
mate both systolic and diastolic pressure [73].

Nonresponse to usual rescue. Obese patients 
are at increased risk of adverse airway events. 
Reasons include mechanical difficulty in secur-
ing the airway, as discussed earlier in this chapter 
(mask ventilation, tracheal intubation, and emer-
gency surgical airway), increased risk of aspira-
tion, and accelerated speed and extent of oxygen 
desaturation [69].

There is limited information on the effect of 
obesity on the pharmacology of commonly used 
anesthetic drugs. Much of the excess weight is 
fat, which has relatively low blood flow. While 
lipophilic drugs will have a larger volume of dis-
tribution than hydrophilic ones, the current evi-
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dence indicates that changes in volume of 
distribution in the obese are drug-specific, so 
generalizations are difficult. Besides the more 
complicated airway management, obese patients 
might have drug-specific changes in volume of 
distribution. Also elimination half-life for some 
of the medications can be longer in obese patients 
[74]. In addition to having adequate experience in 
airway support techniques like jaw-thrust, chin- 
lift, and bag-valve-mask ventilation, providers 
should have a good understanding of the pharma-
cology of agents administered, as well as their 
antagonists. All should be trained in ACLS [69].

 When to Involve Anesthesia/Rescue 
Maneuvers in the Obese Patient

Most institutions identify risk factors that can 
serve as triggers for getting anesthesia providers 
involved early in the process. Table 3.9 provides 
a nonevidence-based list of potential factors that 
may increase the risk for moderate sedation in the 
obese [75].

Given that many studies have suggested that 
BMI is an independent risk factor for sedation- 
related adverse events [41–44], providers should 
be very familiar with airway/rescue techniques 
and management of complications (Table 3.10) 
[24, 76, 77]. All providers should be prepared to 
rescue patients from deeper levels of sedation 
than planned.

The most common complications during 
endoscopic sedation are hypoxemia and hypoten-
sion. Avoidance of these possible complications 
can be largely achieved by slow titration of seda-
tion doses to the minimal depth of sedation 
needed to complete the procedure.

Hypotension during endoscopy very rarely 
results in permanent complications and can be 
reversed by a fluid bolus and possibly catechol-
amine infusion.

There are various airway management tech-
niques. Nasal trumpet, or nasopharyngeal airway, 
is one of the most commonly used approaches, 
especially with the previously described diffi-
culty to bag-mask ventilate obese patients; see 
“Inserting a Nasal Airway” in the online brochure 
from the American National Red Cross [78]. 
Nasal trumpet sizes range from 20 to 36 French 
on the internal diameter and 10–17 cm in length. 
Commonly used sizes are 24–28FR in females 

Table 3.9 Possible risk factors for endoscopist- 
administered sedation in obese patients and triggers for 
using anesthesia providers (From Vargo [75], with 
permission)

American Society of Anesthesiologists physiologic 
classification IV or V

Sleep apnea requiring CPAP

Previous problems with procedural sedation or 
anesthesia

The use of sedatives and analgesics

Procedures that will require deep sedation (at a 
minimum), such as ERCP or EUS

Problematic or altered oropharyngeal anatomy

Mallampati grade III or IV

Dysmorphic facial features

Neck mass

Tracheal deviation

Micrognathia or retrognathia

Trismus

<3 cm mouth opening

CPAP continuous positive airway pressure, ERCP endo-
scopic retrograde cholangiopancreatography, EUS endo-
scopic ultrasound

Table 3.10 Useful countermeasures and rescue tech-
niques for adverse events during sedation (From Da and 
Buxbaum [24], with permission)

Adverse effects 
associated with sedation Countermeasure

Hypoxemia Stop infusion of sedatives

Increase oxygen 
supplementation

Maintain airway

  Jaw-thrust maneuver

  Suctioning

  Mask ventilation

  Nasal airway

  Endotracheal intubation

Advanced cardiac life 
support

Hypotension Electrolyte solution

Catecholamine infusion

Bradycardia Atropine
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and 28–32FR in males. The device should reach 
from the patient’s nostril to the earlobe. A laryn-
geal mask airway is sometimes needed. 
Administration of propofol is at times required to 
facilitate tolerance of the laryngeal mask airway.

Measure the nasopharyngeal airway from the 
patient’s earlobe to the tip of the nostril. Ensure 
that the diameter of the nasal trumpet is not larger 
than the nostril. Lubricate the nasal trumpet. 
Insert the trumpet with the bevel towards the sep-
tum (center of the nose) and advance it gently, 
along the floor of the nose. Try the other nostril if 
not advancing easily. The flange comes to rest on 
the nostril.

As the prevalence of obesity is increasing 
across the world, the exposure of clinicians to 
obese patients will continue to rise, especially as 
the obese population ages. With the potential for 
increased obesity associated cardiopulmonary 
comorbidities in them, especially OSA, it is 
imperative that endoscopists are familiar with 
nuances of sedation in the obese, its adverse 
effects and rescue manoeuvers.
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Anatomy of Historic 
and Uncommon Bariatric 
Procedures

Mojdeh S. Kappus, Natan Zundel, 
and Diego R. Camacho

 Jejunocolic Bypass

The jejunocolic bypass or shunt was first 
described by Payne, Dewind, and Commons in 
1963 [1]. Using the knowledge they had gleaned 
from patients who had undergone major small 
bowel resections for various reasons as well as 
reports from Kremen, Linner, and Nelson in 1954 
[2], who studied small intestinal bypass in dogs, 
Payne, Dewind, and Commons performed the 
first iteration of intestinal bypass for the treat-
ment of morbid obesity in 1956. They hypothe-
sized that in bypassing the majority of the small 
intestine fat absorption would decrease resulting 
in weight loss.

In their landmark study in 1963, they describe 
the creation of a jejunocolic shunt in ten female 
patients with “uncontrolled obesity.” Patient 
selection criteria were as follows: (1) patients 
must be at least 125 pounds overweight; (2) 
patients must have exhausted alternative weight 
loss methods without success; and (3) patients 
must have obesity-related comorbidities such as 
cardiopulmonary failure, diabetes, hypertension, 
or liver disease. Patients who met these criteria 
underwent various psychological and medical 
evaluations not unlike patients undergoing bariat-
ric surgery today [1].

 Surgical Procedure

Payne et al. describe entry into the abdomen via a 
transverse incision. In all cases, an exploratory 
laparotomy was first performed to detect any pre-
viously unidentified pathology. If the appendix 
was present, an appendectomy was performed, 
biopsies were taken of the liver, kidney, and jeju-
num, any noted umbilical hernias were repaired, 
and in some patients, a panniculectomy was per-
formed. The jejunum was divided 15 in. from the 
ligament of Treitz (except in one case during 
which it was divided at 20 in. from the ligament 
of Treitz). The distal end of jejunum was closed 
and left as a blind end. The proximal end of jeju-
num was anastomosed to the proximal transverse 
colon in an end-to-side fashion. All procedures 
were performed using spinal anesthesia except 

M.S. Kappus, M.D. 
Department of Surgery, Montefiore Medical Center, 
6285 Jockey Rd, Bronx, NY 10467, USA
e-mail: mojdeh.kappus@gmail.com 

N. Zundel, M.D. 
Department of General Surgery, Herbert Wertheim 
College of Medicine, Florida International University,  
17038 West Dixie Hwy #210, Miami,  
FL 33160, USA
e-mail: drnazuma99@yahoo.com 

D.R. Camacho, M.D., F.A.C.S. (*) 
Department of Surgery, Minimally Invasive and 
Laparoscopic General Surgery, Montefiore Medical 
Center, Montefiore Greene Medical Arts Pavilion, 
3400 Bainbridge Ave, 4th Floor, Bronx,  
NY 10467, USA
e-mail: dicamach@montefiore.org

4

mailto:mojdeh.kappus@gmail.com
mailto:drnazuma99@yahoo.com
mailto:dicamach@montefiore.org


40

one that was performed under a general anes-
thetic. After patients had achieved their calcu-
lated ideal body weight, they underwent a 
“revision” of their bypass. Six patients were 
restored to normal intestinal continuity, three 
received jejunoileal anastomoses, and one patient 
died of pulmonary embolism shortly after her ini-
tial operation. In two patients, intestinal continu-
ity was re-established before ideal body weight 
could be achieved due to severe hypokalemia and 
hypocalcemia requiring prolonged hospitaliza-
tion. Jejunocolic bypass was also described by 
Lewis et al. in 1966 [3]. In these procedures, the 
abdomen was entered via a right paramedian 
incision and the jejunum was divided either 20 or 
30 in. from the ligament of Treitz. Once again the 
distal jejunum was closed and left as a blind end. 
The proximal jejunum was anastomosed to either 
the transverse colon or cecum in an end-to-side 
fashion. As Payne et al. had demonstrated that 
after reconstitution of intestinal continuity almost 
all patients had regained all of their previously 
lost weight, Lewis et al. elected not to restore 
intestinal continuity [1, 3]. Shibata et al. pub-
lished a similar case series in which patients 
underwent end-to-side anastomosis of the proxi-
mal jejunum to the ascending colon with compa-
rable results [4].

 Outcomes

Across multiple early trials, patients experienced 
early weight loss in the first year following sur-
gery. Additionally, they enjoyed resolution of 
multiple comorbidities including hypertension, 
hypercholesterolemia, diabetes, and cardiopul-
monary failure. The majority of patients devel-
oped significant diarrhea and related anal 
discomfort and disease from their chronic diar-
rhea. Electrolyte and vitamin deficiencies were 
also demonstrated in all postoperative patients 
requiring continuous repletion. Vitamin B12, A, 
D, magnesium, potassium, and calcium were 
most notably depleted in these patients. Numerous 
additional complications have also been reported 
including chronic fatigue, joint disease [5], anemia, 
gall bladder disease, nephrolithiasis, fatty liver 

disease, and cirrhosis. Ultimately, the jejunocolic 
bypass procedure was abandoned owing to these 
severe complications and many patients under-
went revision to jejunoileal bypass [1, 3, 4].

 Follow-Up

It is unlikely that an endoscopist today would 
encounter a postoperative patient with a jejuno-
colic bypass, although rare instances of patho-
logic jejunocolic or gastrojejunocolic fistulas 
have been reported [6]. Nevertheless, the invalu-
able lessons gained from this first foray into the 
world of intestinal bypass for the treatment of 
morbid obesity should not be forgotten.

 Jejunoileal Bypass

The jejunoileal bypass procedure was first 
described by Payne and Dewind as a revisional 
procedure performed in patients who had previ-
ously undergone jejunocolic bypass [1]. Using the 
knowledge they had gleaned from their work on 
the jejunocolic bypass, they set out to perform the 
jejunoileal bypass as a primary procedure that 
would allow for more long-term weight loss with 
fewer detrimental side effects from severe malab-
sorption. In 1969, they published a case series of 
70 patients on whom they had performed a jeju-
noileal bypass for the treatment of obesity [7]. 
Patients studied were both male and female, aged 
21–56, greater than 100 lb overweight with asso-
ciated comorbidities of obesity. Patients under-
went an extensive preoperative medical and 
psychiatric evaluation. Interestingly, based on 
their experience with those patients who under-
went jejunocolic bypass, Payne and Dewind made 
attempts to screen out patients who appeared 
“despondent” or “hostile” towards the physician 
as they felt that those patients would generally be 
unsuccessful in coping with the physical toll of 
such an extensive surgery on the body. 
Additionally, they felt that patients with a “rea-
sonably successful education, employment, and 
marital history” would be more motivated and 
successful in maintaining their weight loss [7].

M.S. Kappus et al.



41

 Surgical Procedure

Payne and Dewind describe entry into the abdo-
men via a supraumbilical transverse incision. 
When the liver was easily accessible, a biopsy 
was first taken. Attention was then placed on divi-
sion of the jejunum. Although there were some 
early variations in the length of jejunum divided 
and bypassed, Payne and Dewind ultimately set-
tled on dividing the jejunum 14 in. from the liga-
ment of Treitz. The distal end of jejunum was 
closed and left as a blind end. It was then fixed to 
the mesentery so as to help prevent intussuscep-
tion. The proximal end of jejunum was anasto-
mosed to the ileum 4 in. proximal to the ileocecal 
valve in an end-to-side fashion (Fig. 4.1). 
Following this, the remainder of the abdomen was 
inspected and an appendectomy, cholecystec-
tomy, hysterectomy, and umbilical herniorrhaphy 
were performed when indicated. All procedures 
were performed under general anesthesia [7].

In 1971, building on the experience of Payne 
and Dewind, Scott et al. described their suc-

cesses with a slight variation on the original 
jejunoileal bypass [8]. A handful of patients 
who had undergone jejunoileal bypass suffered 
from a failure to lose a satisfactory amount of 
weight. Radiologic studies were undertaken 
that demonstrated “hypertrophy, dilation, and 
elongation” of the jejunoileal bypass, as well as 
reflux of barium into the bypassed ileum. With 
this in mind, Scott et al. determined that by 
completely dividing the ileum, reflux would no 
longer occur resulting in an adequate amount of 
malabsorption to allow for further weight loss. 
Thus the jejunum was divided 12 in. from the 
ligament of Treitz with the distal end of jeju-
num closed and left as a blind end. The ileum 
was then divided 12 in. proximal to the ileoce-
cal valve. The proximal end of jejunum was 
anastomosed to the distal end of ileum in an 
end-to-end fashion. Finally, the proximal end of 
transected ileum was anastomosed to either the 
transverse or sigmoid colon to allow for drain-
age of the bypassed segment of small intestine 
(Fig. 4.2).

Fig. 4.1 Jejunoileal 
bypass (Payne 
technique). (Courtesy of 
Mojdeh S. Kappus, 
M.D.)
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 Outcomes

The jejunoileal bypass procedure was performed 
throughout the 1960s and 1970s for the treat-
ment of morbid obesity with great success in 
helping patients achieve their ideal body weight 
and resolution of many comorbid conditions; 
however, many patients also suffered severe 
side effects. Similar to those who underwent 
jejunocolic bypass, patients suffered gastroin-
testinal symptoms including chronic diarrhea, 
anal excoriation, and flatulence [9–11]. They 
also suffered from electrolyte and vitamin defi-
ciencies [12], dehydration, gall bladder disease, 
arthropathy, nephrolithiasis and in some cases 
renal failure secondary to hyperoxaluria and 
increased absorption of oxalate in the colon 
[13]. Patients also suffered from bacterial over-
growth or “bypass enteritis” in the long segment 
of bypassed small intestine [14]. Endotoxins 
released from these bacteria led to acute liver 
failure, cirrhosis, and even death in some 
patients [15].

 Follow-Up

It is estimated that approximately 25,000 patients 
underwent jejunoileal bypass from the late 1960s 
to early 1980s [16]. Although many of these 
patients have had revisional surgery to restore 
intestinal continuity or to undergo gastric bypass, 
in rare circumstances, patients who have main-
tained their jejunoileal bypass may be encoun-
tered [17].

In a 20-year follow-up study of 141 patients 
who underwent jejunoileal bypass from 1973 to 
1979, approximately 25% of patients had under-
gone reconstitution of bowel continuity due to vari-
ous side effects and 5% had died. Of those 
remaining patients who had not been lost to follow-
 up the majority had maintained a relatively stable 
weight, typically having reached a plateau 2 years 
postoperatively. On average, patients who under-
went jejunoileal bypass lost approximately 50 kg 
and maintained a weight of approximately 85 kg. 
Seventy percent of patients surveyed said they 
were satisfied with the results of their surgery [18].

Fig. 4.2 Jejunoileal 
bypass (Scott 
technique). (Courtesy of 
Mojdeh S. Kappus, 
M.D.)
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Physicians caring for these patients must be 
aware of the numerous side effects of jejunoileal 
bypass [19]. Routine liver biopsy should be per-
formed at regular intervals. Electrolytes and vita-
min levels must be monitored and repleted as 
indicated. Patients should be monitored for signs 
of osteomalacia, nephrolithiasis, and renal fail-
ure. Chronic diarrhea may require pharmacologic 
treatment. Additionally, antibiotics may be 
administered intermittently for treatment of 
bypass enteritis or bacterial overgrowth.

It has been postulated that due to the 
increased exposure of the colonic mucosa to 
increased bile acids after jejunoileal bypass, 
risk of colorectal cancer may be increased in 
these patients. Animal models [20, 21] have 
demonstrated increased dysplasia and tumor 
formation in the colon following jejunoileal 
bypass; however, this has not been substanti-
ated in follow-up of human subjects [22]. 
Interestingly, the jejunoileal bypass anatomy 
proved to be useful in one patient who on 
workup for anemia was unable to undergo a full 
colonoscopy due to tortuosity of the colon at 
the hepatic flexure. In this case, peroral small 
bowel enteroscopy was performed through the 
bypass, traversing the ileocecal valve and 
revealing an ulcerated mass in the cecum with 
biopsies consistent with adenocarcinoma [23].

Patients who have maintained their jejunoil-
eal bypass should be counseled to consider revi-
sion to a safer procedure such as gastric bypass 
[24]. This however may also present challenges, 
especially in patients with severe malnutrition 
and electrolytes disturbances [25]. In one case 
report, a patient undergoing revision from jeju-
noileal bypass to sleeve gastrectomy was found 
to have brown bowel syndrome, a rare condition 
in which the bowel becomes atrophied and 
brown due to lipofuscin pigment deposition into 
the smooth muscle cells [26]. The likely patho-
genesis of this condition is related to severe 
malnutrition. Reports such as this serve as a 
reminder of how little is truly known about the 
long-term effects of jejunoileal bypass and the 
implications for further surgical management of 
these patients.

 Loop Gastric Bypass

The loop gastric bypass or loop gastrojejunos-
tomy was first described by Mason and Ito in 
1967 [27]. Using the knowledge they had gleaned 
from patients who had undergone hemigastrec-
tomy and antral exclusions in the treatment of 
peptic ulcer disease, Mason and Ito determined 
that the “ideal operation” for obese patients 
should be restrictive but not as devastatingly mal-
absorptive as the alternatively described bariatric 
procedures of the time. They also found that by 
retaining the antrum and duodenum and either 
bypassing or excluding them rather than remov-
ing them from the body, they also maintained 
their inhibitory effects on gastric secretion. After 
confirming their suspicions with multiple animal 
studies, Mason and Ito performed the first loop 
gastrojejunostomy for morbid obesity in a 
50-year-old woman with hypertension and a 
body mass index of 43. Notably, the operation 
was largely undertaken so as to reduce her body 
mass to improve her chances of eventually under-
going a successful hernia repair [27].

 Surgical Procedure

Mason and Ito eventually performed a loop gas-
trojejunostomy on eight patients. They 
approached the abdominal cavity via either a 
midline or subcostal incision. They divided the 
gastric body horizontally leaving an estimated 
20%of volume to accommodate food intake. A 
loop of jejunum was then brought up approxi-
mately 24 in. from the ligament of Treitz and 
anastomosed to the gastric pouch (Fig. 4.3). Over 
time, this procedure eventually evolved into the 
modern-day gastric bypass, now considered the 
gold standard of bariatric surgery [28, 29]. In 
1997, a slight variation of this procedure was 
developed, known as the mini-gastric bypass or 
omega-loop gastric bypass [30]. In 2001, 
Rutledge reported a series of over a 1000 patients 
who had undergone the procedure with weight 
loss results comparable to the Roux-en-Y gastric 
bypass and sleeve gastrectomy. Entry into the 
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abdomen was gained laparoscopically after 
which the stomach was divided at the junction of 
the body and antrum. The stomach is then further 
divided vertically along an Ewald tube. Following 
this, the jejunum is measured approximately 
200 cm from the ligament of Treitz. It is then 
brought up anterior to the colon and the side of 
the small bowel is anastomosed to the gastric 
pouch. In comparison to Mason and Ito’s origi-
nally described loop gastrojejunostomy, the 
length of the biliopancreatic limb is greater in the 
mini-gastric bypass and the gastric pouch is sta-
pled vertically rather than horizontally, thus 
excluding the fundus [27]. According to Rutledge, 
eliminating the fundus from the gastric pouch 
prevents future dilation and weight regain. 
Additionally, Rutledge felt that horizontal divi-
sion of the stomach caused increased bile reflux 
through the gastroesophageal junction. This was 
thought to be lessened by vertical division of the 
stomach [30].

 Outcomes

Mason’s loop gastrojejunostomy has been revised 
over time and is considered the predecessor of 
the modern gastric bypass. This procedure has 
successfully helped hundreds of thousands mor-
bidly obese patients lose weight with resolution 
of their comorbidities [31, 32]. Follow-up of 

mini-gastric bypass patients by Rutledge et al. 
has revealed similar early successes with the pro-
cedure. The mini-gastric bypass can now be per-
formed at an average operating time of a little 
over 30 min, with a typical 1–2 day hospital 
length of stay. According to Rutledge, 30-day 
mortality and complications rates are nearly 
equivalent to the gastric bypass procedure. The 
most common complications following mini- 
gastric bypass were dyspepsia and ulcers at 
approximately 5% [33].

 Follow-Up

There are now thousands of reported cases of 
patients who have undergone the mini-gastric 
bypass. The procedure is performed in some cen-
ters in the United States, but has gained more 
popularity in Europe [34]. Proponents of the 
mini-gastric bypass have noted that the risks are 
comparable to the Roux-en-Y gastric bypass and 
include vitamin deficiencies, pouch and stoma 
dilation leading to weight regain, internal hernia, 
anastomotic leak, and gall bladder disease. In 
terms of weight reduction, mini-gastric bypass 
may result in equal or more weight loss than the 
Roux-en-Y gastric bypass and has been success-
ful in achieving resolution of many comorbid 
conditions [35]. One notable advantage of the 
mini-gastric bypass is that it only requires one 

Fig. 4.3 Loop gastric 
bypass (Mason 
technique). (Courtesy of 
S. Mojdeh Kappus, 
M.D.)
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anastomosis. Widespread implementation of the 
procedure has been slow due to concerns regard-
ing bile reflux, afferent limb obstruction,  potential 
for increased risk of gastritis, esophagitis, and 
possibly gastroesophageal cancer, marginal ulcer 
formation, and a higher degree of malabsorption 
than is seen in gastric bypass [36–38]. The major-
ity of patients who have undergone this proce-
dure, however, report success with their weight 
loss with few complications.

 Horizontal Gastroplasty

Printen and Mason first described horizontal 
gastroplasty for the treatment of morbid obesity 
in 1973. Rather than achieving weight loss 
through malabsorption as in the jejunoileal 
bypass, gastroplasty restricted the intake of food 
by decreasing the functional size of the stomach 
without completely closing off the upper gastro-
intestinal tract.

Horizontal gastroplasty consisted of stapling 
across the upper portion of the stomach into a 
small pouch leaving only a small communicating 
stoma at the greater curvature (Fig. 4.4). Printen 
and Mason originally considered patients for hor-
izontal gastroplasty who were under 40 years old 

with a weight that equaled or exceeded twice 
their ideal body weight. Patients must have 
attempted and failed weight loss with strict 
dietary control.

 Surgical Procedure

The original horizontal gastroplasty involved 
division of the upper portion of the stomach 
from the lesser curvature towards the greater 
curvature leaving only a 1.0–1.5 cm channel 
between the upper and lower gastric pouches. A 
gastrostomy tube was placed in the antrum for 
feeding in case of postoperative edema causing 
obstruction.

 Outcomes

Printen and Mason cited a lower mortality rate in 
their study group of 56 horizontal gastroplasties 
performed over a 7-year period in comparison to 
the gastric bypass, however, openly acknowl-
edged inherent difficulties with the surgery and 
postoperative course [39]. Although designed to 
promote weight loss, the horizontal staple line 
was based on operations for peptic ulcer disease 
designed to facilitate postoperative weight gain. 
Accordingly, the fundal pouch was prone to 
stretching and many patients were ultimately 
able to regain weight by consuming high calorie 
beverages, emphasizing the importance of patient 
compliance and understanding with restrictive 
procedures. In 1987, Knol et al. reported less 
than a quarter of patients achieved a weight less 
than 50% above ideal body weight after 2–3 years. 
Twenty-five percent of patients experienced sto-
mal dilatation resulting in no weight loss at all or 
even excess weight gain, and stomal stenosis was 
seen in four patients [40].

 Follow-Up

Over the next decade, surgeons sought to improve 
the horizontal gastroplasty. Gomez proposed 
stabilizing the greater curvature stoma with 

Fig. 4.4 Horizontal gastroplasty. (Courtesy of Mojdeh 
S. Kappus, M.D.)
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circumferential nonabsorbable sutures to create a 
“pseudo-pylorus” [41]. This modification limited 
fundal distention, however led to early obstruc-
tion, suture migration, and difficulty visualizing 
the stoma via endoscopy. Long and Collins main-
tained the horizontal staple line, but placed the 
stoma along the lesser curvature [42]. Pace et al. 
described a “gastric partition” procedure with 
division of the stomach medially and laterally, 
leaving a central stoma [43] (Fig. 4.5).

 Vertical Banded Gastroplasty

Experiences gleaned from the horizontal gastro-
plasty led to the realization that the fundus was 
too placid to achieve long-term restriction of 
food intake [44]. Tretbar and Sifers described a 
gastroplasty in which they migrated the staple 
line to the angle of His, extending inferiorly into 
the gastric body, a procedure described as a fun-
dal exclusion [45]. In 1980, Mason introduced 
the vertical banded gastroplasty as it is known 
today. In addition to a vertical staple line, he 
placed a polypropylene mesh collar, traversing 
both stomach walls, around the outlet [46]. 
Later procedures replaced the mesh collar with 
an external silastic ring [47].

 Surgical Procedure

After years of perfecting the vertical banded 
gastroplasty, Mason published a comprehensive 
review of the procedure and its evolution in 1998, 
16 years after he had originally described it [48]. 
Ultimately, the procedure he recommended 
begins with folding the lesser curvature of the 
stomach around either a 28 French nasogastric 
tube or 32 French Ewald tube. The circular staple 
is then fired adjacent to the tube to create a win-
dow in the stomach, with careful attention paid to 
avoiding tension on the staple line or lesser curve. 
A linear staple is then used to create the gastric 
pouch. Although the original gastric pouch length 
was 9 cm, reflecting the full length of the linear 
stapler, Mason noted better outcomes with a sta-
ple line 4–6 cm in length, with a pouch volume of 
20 mL. He found that the smaller, cylindrical 
pouch created less wall tension in accordance 
with the law of LaPlace. Mason preferred sta-
pling in continuity rather than transecting the 
stomach, which, he felt, would increase the 
potential for infection of the Marlex mesh [49]. 
Others have argued however that transection of 
the stomach prevents staple line degradation that 
could subsequently lead to gastro-gastric fistula 
(GGF) [50]. After pouch construction, the Marlex 

Fig. 4.5 Horizontal gastroplasty (“gastric partition”). 
(Courtesy of Mojdeh S. Kappus, M.D.)

Fig. 4.6 Vertical banded gastroplasty. (Courtesy of 
Mojdeh S. Kappus, M.D.)
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mesh collar was placed, forming the outlet of the 
pouch (Fig. 4.6). Marlex mesh was chosen based 
on prior studies by Kroyer and Grace, who exper-
imented with suture fixation on the greater curva-
ture during the early years of the horizontal 
gastric bypass [51, 52]. Mason preferred Marlex 
mesh to silastic rings because he felt it to be less 
prone to slippage and obstruction [53, 54].

 Outcomes

Initial outcomes of vertical gastroplasty varied 
greatly depending on surgical approach to pouch 
size and the material and technique chosen for 
outlet fixation. Mason emphasized the need to 
educate patients on proper eating habits and 
imparting on them and understanding of the size 
of their gastric pouch in increasing their chances 
of success [55]. Long-term follow-up of vertical 
banded gastroplasty patients revealed moderate 
to high success rates in helping morbidly obese 
patients achieve significant weight loss. At 2-year 
follow-up, approximately 70% of patients 
achieved at least 50% excess weight loss. Many 
patients, however, began to demonstrate slight 
increases in their weight at 5- and 10-year fol-
low- up [55]. Side effects of gastroplasty in par-
ticular included vomiting, bezoar obstruction, 
outlet stenosis and obstruction, staple line break-
down, band erosion, mesh erosion or migration, 
mega-esophagus, and gastroesophageal reflux 
disease, in addition to staple line leaks, and fis-
tula formation [56–59].

 Follow-Up

Vertical banded gastroplasty faded from the 
armamentarium of the bariatric surgeon in the 
1990s as patients with initially promising weight 
loss began to lose their momentum [60–62]. 
These patients may still be encountered and may 
require revisional bariatric surgery or therapeutic 
endoscopic procedures. Balsiger et al. described 
successful conversion from vertical banded gas-
troplasty to Roux-en-Y gastric bypass in 25 
patients suffering from symptomatic gastro-

esophageal reflux disease. Approximately 3 years 
later, 96% reported no reflux symptoms and 
achieved an average decrease in body mass index 
from 33 to 28 kg/m2 [63]. Revisional procedures 
however must be performed with caution as com-
plication rates have been reported to be as high as 
40% [64]. In addition to gastroesophageal reflux, 
vertical banded gastroplasty patients may also 
present with outlet stenosis requiring endoscopic 
dilation [65]. Success of endoscopic dilation was 
temporary as the foreign body of the band still 
remained. Band erosion may also require endo-
scopic or laparoscopic removal.

 Conclusion

The surgical treatment of morbid obesity has 
continued to evolve since the first jejunocolic 
bypass was described by Payne and Dewind [1] 
in 1963. It is important for physicians caring for 
patients that had undergone these early bariatric 
surgeries to understand their potential metabolic 
side effects and surgical complications. Although 
the majority of these procedures have been aban-
doned or revised, the principles on which they 
were developed have become the bedrock of the 
field of bariatric surgery.
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Anatomy of Commonly Performed 
Bariatric Procedures

Matthew T. Allemang and Kevin M. El-Hayek

 Introduction

With the growing number of patients undergo-
ing bariatric procedures, there is an added 
importance for the endoscopist to comprehend 
the complex issues surrounding this patient pop-
ulation. Endoscopy is a necessary tool for the 
evaluation and treatment of these patients and 
considerations must be made regarding safe 
sedation and expected findings in obese patients 
during the preoperative, intraoperative, and 
postoperative periods. Many bariatric patients 
have diagnosed and undiagnosed obstructive 
sleep apnea (OSA) for which there are a number 
of tools to help identify and modify periproce-
dural risks [1–4]. The current American Society 
for Gastrointestinal Endoscopy (ASGE) guide-

lines currently recommend consideration of 
anesthesia assistance for patients with obesity 
or OSA [5]. The use of preoperative endoscopic 
assessment of the bariatric surgery candidate 
has undergone a dramatic evolution. Many sur-
geons previously recommended routine preop-
erative upper endoscopy for all patients. 
However, studies over the years have revealed 
minimal benefit to this practice. Some societies, 
including the American Association of Clinical 
Endocrinologists (AACE), The Obesity Society 
(TOS), and American Society of Metabolic and 
Bariatric Surgery (ASMBS), recommend to per-
form preoperative upper endoscopy in the set-
ting of significant gastrointestinal symptoms 
[6–8]. The remainder of this chapter will add to 
the endoscopists’ understanding of this expand-
ing population of patients in both the intraopera-
tive and postoperative setting and cover the 
common anatomic findings of the adjustable 
gastric banding (AGB),  Roux-en-Y gastric 
bypass (RYGB), vertical sleeve gastrectomy 
(VSG), and biliopancreatic diversion with duo-
denal switch (BPD-DS).

 Intraoperative Endoscopy

The evidence for intraoperative endoscopy, 
much like that for preoperative endoscopy in the 
obese patient population, consists mostly of 
cohort studies and personal experience in both 
RYGB and sleeve gastrectomy. The potential 
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advantages for intraoperative endoscopy are as 
follows: direct inspection of anatomic configura-
tion, ability to identify endoluminal bleeding or 
stenosis, and in some cases to perform endo-
scopic leak testing of the proximal intestinal 
reconstruction. There are a few studies encom-
passing the use of intraoperative endoscopy dur-
ing bariatric surgery. Shin et al. reported a 326 
consecutive laparoscopic RYGB (LRYGB)  
experience with intraoperative saline emersion 
and endoscopic pneumatic testing and reported 
no gastrojejunal (GJ) leaks [9]. Haddad et al. 
describe their experience with intraoperative 
endoscopic leak testing in 2311 patients under-
going LRYGB. A positive leak was detected in 
80 patients (3.5%) though only 46 were repro-
ducible or sustained air leak that required suture 
line reinforcement. Of these reinforced anasto-
moses, two patients went on to have clinical 
leaks that were managed conservatively. The 
cohort also resulted in two patients with false 
negative intraoperative leak tests that were dis-
covered later [10]. This concept of non-repro-
ducible air leaks was corroborated by Kligman 
at the University of Maryland, who reported a 
257 consecutive LRYGB experience with 13 
(5.1%) having persistent air leaks and 12 (4.7%) 
having non-reproducible air leaks during pneu-
matic endoscopic testing [11]. The difference 
between these two results was speculated to 
relate to laparoscopic air trapping behind loops 
of bowel or other organs that temporarily caused 
air bubbling during the endoscopic pneumatic 
leak testing. Finally amongst the LRYGB data, 
Al Hadad et al. had a positive intraoperative 
endoscopic air leak test in 1.75% of 342 LRYGB. 
Of these 46 underwent attempts at intraoperative 
location and reinforcement that still resulted in 
two postoperative leaks. They simultaneously 
reported two clinical leaks occurring in patients 
with negative intraoperative testing. This 
resulted in a 75% positive predictive value and 
75% negative predictive value [12].

Intraoperative endoscopy during sleeve gas-
trectomy has been less well studied. Nimeri et al. 
looked at their experience with intraoperative 
endoscopy for laparoscopic sleeve gastrectomy 
and found a clinically significant stenosis in 

3.2% requiring removal of imbricating sutures, 
though they did not report any long-term results 
of sleeve stenosis [13]. In 2008, Frezza et al. 
reported use of a 29Fr endoscope during con-
struction of 20 laparoscopic sleeve gastrecto-
mies [14]. A similar work by Diamantis et al. 
reported a series of 25 patients that had a sleeve 
gastrectomy with the aid of an endoscope instead 
of bougie [15].

 Technical Considerations 
During Intraoperative Endoscopy

Intraoperative endoscopy is often more challeng-
ing than outpatient endoscopy for a number of 
reasons. First, patients will typically be in a 
supine position and intubated at the time of the 
evaluation, versus in a left lateral decubitus posi-
tion when performed under moderate sedation in 
the preoperative setting. Also, depending on the 
severity of the obesity, esophageal intubation 
may be hindered at the cricopharyngeus due to 
obesity at the neck level. Several simple maneu-
vers will aid in the successful intraoperative eval-
uation during all bariatric operations. Initial 
consideration should be made to appropriately 
set up the room with the endoscopic tower or 
boom situated close to the patient’s mouth. 
Typically a standard front-viewing endoscope is 
sufficient to perform the endoscopy and will give 
adequate detail during the evaluation. Excellent 
communication between the endoscopist and 
anesthesiologist is paramount. An initial request 
should be made to remove orogastric tubes, 
esophageal temperature probes, and other oral/
nasal devices. Following complete removal of all 
extra tubes, a bite block can be placed around the 
endotracheal tube. If an upper body-warming 
blanket is on, this should be turned off and the 
drapes around the patient’s face loosened so the 
endoscopist can access the mouth easily. Finally, 
during initial passage of the endoscope, a gener-
ous jaw thrust and lubrication on the endoscope 
shaft is extremely helpful. Head and neck posi-
tion should be in the neutral or somewhat 
extended position and avoidance of extensive 
neck flexion will aid in access to the oral cavity 
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and passage through the upper esophageal 
sphincter. Performing endoscopy with the patient 
in a supine position may disorient the endosco-
pist who is more familiar with outpatient endos-
copy, so it is critical to position the monitor in 
front of the proceduralist.

 Postoperative Upper Endoscopy

Endoscopy after bariatric surgery should begin 
with a thorough history and physical and clinical 
evaluation, which is often augmented by a high 
quality upper gastrointestinal series. Routine 
upper endoscopy after surgery, much like preop-
erative endoscopy, is not indicated and should be 
dictated by the patient’s symptoms. Several 
authors have shown that postoperative endoscopy 
is safe even in the first 30 days after the bariatric 
procedure [16]. Expected findings and possible 
interventions should be discussed with the patient 
such as biopsy, hemostasis, clipping, suturing, or 
balloon dilation in the event of positive findings. 
These therapeutic maneuvers are discussed in 
greater detail in later chapters.

 Laparoscopic Adjustable Gastric 
Band (AGB)

The AGB is a fluid-filled adjustable band that is 
laparoscopically placed in the upper portion of 
the stomach as a restrictive procedure. An access 
port is secured to the anterior abdominal wall for 
adjustment of the band and can be accessed with 
any large caliber needle using proper sterile tech-
nique. Fluoroscopy is employed to aid in locating 
the port (Fig. 5.1). Previously popular, the long- 
term results of LAGB have caused this particular 
procedure to fall out of favor and therefore these 
are becoming less commonly encountered [17].

A patient with an AGB will have relatively 
normal endoscopic esophageal anatomy, though 
one should be aware that complications of pouch 
dilation or band slippage can occur and appear 
similar to a hiatal hernia [18]. Band slippage has 
also been hypothesized to share a common patho-
physiology with that of band erosion [19]. The 

normal and expected finding of a successfully 
placed AGB is extrinsic compression several cen-
timeters distal to the Z-line. There may also be an 
anterior/lateral folding of the stomach seen in the 
retroflexed position due to the surgeon’s anterior 
gastropexy of the band. This configuration looks 
much like what is seen in patients with prior 
Nissen fundoplication (see Fig. 5.1). The ability 
of the endoscopist to access the abdominal port 
with or without fluoroscopy is helpful for patients 
complaining of dysphagia in order to endoscopi-
cally prove whether a stenosis is alleviated with 
saline removal from the AGB system. Other find-
ings specific to AGB include erosion of the band 
or buckle through the stomach or esophagus or 
herniation of the stomach through the band with 
migration or slippage that usually be seen on 
plain abdominal films prior to endoscopy. Foreign 
body erosions are described elsewhere in this 
book.

 Roux-en-Y Gastric Bypass (RYGB)

The RYGB is a very popular restrictive and mal-
absorptive procedure that can be completed open 
or laparoscopically [20, 21]. The fundamental 
portions are a small gastric pouch with gastroje-
junostomy (GJ) to the enteric (Roux) limb. This 
limb is passed anterior to the colon (antecolic) or 
through transverse colon mesentery (retrocolic) 
and then anastomosed to the biliopancreatic limb 
of jejunum to form a common channel where the 
bile and pancreatic enzymes meet the restricted 
oral intake (Fig. 5.2).

During endoscopic evaluation, a normal 
esophagus is encountered but once through the 
gastroesophageal junction (GEJ) a small gastric 
pouch is identified. The length of the gastric 
pouch is typically measured from the z-line to the 
GJ. The enteric anastomosis is carefully inspected 
for signs of inflammation, stenosis, or ulceration 
[22, 23]. A marginal ulceration is usually seen on 
the jejunal side of the anastomosis and can range 
from small and subtle (with the primary com-
plaint of pain) to nearly circumferential causing 
stenosis and dysphagia. Because some marginal 
ulcers can be obscured by the anastomosis, it is 
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Fig. 5.1 Adjustable 
gastric band with 
retroflexed endoscopic 
view (reprinted with 
permission, Cleveland 
Clinic Center for 
Medical Art & 
Photography ©2005–
2017. All rights 
reserved)

Fig. 5.2 Roux-en-Y 
gastric bypass with 
endoscopic view from 
(a) Z-line, (b) 
gastrojejunal 
anastomosis, (c) 
jejunojejunostomy 
(reprinted with 
permission, Cleveland 
Clinic Center for 
Medical Art & 
Photography ©2005–
2017. All rights 
reserved)
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valuable to perform a retroflexion maneuver in 
the Roux limb to view the jejunum just distal to 
the anastomosis. The diameter and conformation 
of the GJ can vary slightly depending on the type 
of construction of the anastomosis (circular sta-
pler, linear stapler, or hand sewn). The anasto-
motic stoma size can also change over time and 
should be clearly documented, as gastrojejunal 
stoma diameter has been implicated in weight 
regain for some patients [24]. Finally, a gastro- 
gastric fistula may be encountered [25]. This 
abnormal connection between the gastric pouch 
and the remnant stomach was more common 
when an undivided stapling technique was used 
to create the gastric pouch. The size of the fistula 
can range from small and endoscopically unde-
tectable to large enough for the endoscope to pass 
into the remnant stomach from the pouch. Hints 
of a fistula include bile within the gastric pouch. 
Common location of such a fistula is often at the 
angle of His. If suspected and not found, the 
upper endoscopy can be complimented with a 
contrasted upper gastrointestinal evaluation.

Due to the length of the Roux limb, the jejuno-
jejunostomy is not routinely encountered on 
postoperative upper endoscopy without either 
push technique or through a remnant gastrostomy 
site (see Fig. 5.2), though one should always 
entertain the configuration of the Roux limb as it 
can be antecolic or retrocolic. In the latter con-
figuration, the Roux limb is brought through 
mesentery of the transverse colon which has the 
possibility of an additional site for stenosis and 
herniation into the lesser sac that can be seen 
using a typical gastroscope [26].

 Sleeve Gastrectomy

The laparoscopic vertical sleeve gastrectomy 
(VSG)  has quickly gained in popularity for both 
patients and bariatric surgeons. This relatively 
short procedure offers fairly reliable and durable 
weight loss, as well as improvement in the related 
comorbidities [21, 27, 28]. The procedure con-
sists of resecting the lateral portion of the proxi-
mal greater curve of the stomach to create a linear 
tube (Fig. 5.3).

The endoscopic evaluation will have normal 
esophageal anatomy and through the GEJ but 
immediately upon entering the stomach a linear, 
more restrictive stomach will be seen. It is impor-
tant to assess the amount of fundus in the sleeve. 
Ideally this should be small to none. Further 
down the body of the stomach the interface of 
stomach incisura will be seen as the narrowest 
portion during the exam. This area is probably 
most important to evaluate as it can cause dys-
phagia and lead to gastroesophageal reflux dis-
ease in the postoperative patient. Once past the 
incisura, the endoscopist will enter a relatively 
normal antrum and pylorus. Again, in patients 
where a gastric twist is expected, this can often 
be seen well when the endoscope is retroflexed 
within the antrum. Mechanical obstructions and 
functional twists may lead to proximal dilation 
and stasis within the stomach and esophagus. 
Functional twists will often allow passage of the 
endoscope, but will certainly require the endos-
copists to overexaggerate tip deflection and 
torque of the scope shaft. In addition to stenosis, 
the endoscopist should evaluate for linear staple 
line dehiscence with or without an associated 
abscess cavity.

 Biliopancreatic Diversion 
with Duodenal Switch

The biliopancreatic diversion with duodenal 
switch (BPD-DS) is a much less common oper-
ation than those previously described but con-
tinues to be used at selected centers for patients 
with higher degrees of morbid obesity and 
many times is completed in two stages [29]. 
The weight loss is excellent but has a higher 
perioperative risk and long-term risk of pro-
tein–calorie malnutrition and vitamin defi-
ciency. The first stage is often a vertical sleeve 
gastrectomy as previously described. The sec-
ond stage proceeds with the dissection and divi-
sion of the proximal duodenum. This is 
followed by creation of an alimentary limb con-
structed in similar fashion to the RYGB with a 
shorter common channel by measuring retro-
grade from the ileocecal valve.
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Due to the similar proximal construction as the 
LSG, this endoscopic evaluation is the same and 
should emphasize inspection of the staple line and 
incisura. The difference on upper endoscopy is 
the duodenal-jejunal anastomosis created just past 
the pylorus (Fig. 5.4). Endoscopic evaluation is 
similar to that of the GJ in the RYGB evaluating 
for stenosis and ulceration. Finally, the enteroen-
terostomy is difficult to evaluate endoscopically 
without push techniques and is rarely necessary.

 Conclusion

With the growing popularity of bariatric proce-
dures, more and more endoscopists will encoun-
ter these patients and be asked to evaluate their 
postoperative anatomy. It is important to 
 understand both the normal and pathologic 
evaluation of these patients. Further pathologic 
findings subsequent to therapeutic techniques 
are provided in later chapters.

Fig. 5.3 Vertical sleeve gastrectomy with endoscopic view from (a) body, (b) incisura, (c) antrum (reprinted with per-
mission, Cleveland Clinic Center for Medical Art & Photography ©2005–2017. All rights reserved)
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Management of Acute Bleeding 
After Bariatric Surgery

Adil Haleem Khan and Leena Khaitan

 Introduction

Gastrointestinal bleeding after bariatric surgery is 
a rare but potentially devastating complication of 
the weight loss surgery [1–10]. With improve-
ment in technique and introduction of newer 
materials and methods, the incidence of bleeding 
has decreased, but continues to be clinically rele-
vant. Most bleeding cases respond to conservative 
management. The altered anatomy and different 
possible sources of bleeding can make diagnosis 
and management of these bleeds a challenging 
task. Both bariatric surgeons and general surgeons 
need to be familiar with these sources of bleeding, 
and also with the acute management of this com-
plication. Delay in diagnosis and management 
can have serious consequences in these patients.

 Epidemiology

Bleeding after bariatric surgery is divided into 
luminal and intra-abdominal bleeds. Studies have 
shown that the majority of these postoperative 
bleeds are intra-abdominal bleeds. The incidence 

of postoperative bleeding varies among different 
bariatric surgical procedures and different tech-
niques used. Incidence of bleeding after Roux- 
en- Y gastric bypass (RYGB) is 1–5% [6–10]. The 
incidence is reported to be higher in laparoscopic 
compared to open procedures. Also the circular 
stapler technique has been described to have a 
higher incidence of bleeding compared with lin-
ear stapler anastomoses (2.9% vs. 1.2%) [11].

The incidence of acute bleeding after laparo-
scopic sleeve gastrectomy (SG) is about 1–2% 
[1–3]. Laparoscopic gastric banding has the low-
est incidence of bleeding and is reported to be 
0.1% [12].

 Risk Factors

Various risk factors for postoperative bleeding have 
been assessed. These include advanced age, use of 
anti-inflammatories (NSAIDs), history of antiplate-
let medication use, and patient comorbidities. Rabl 
et al. looked at their experience and found that the 
only statistically significant factor indicating a 
higher bleeding risk was presence of diabetes [13]. 
Some other studies report advanced age as a risk 
factor for higher bleeding risk. Laparoscopic proce-
dures have also been shown to have higher rate of 
bleeding compared to open procedures. Janik et al. 
recently published a  predictive model of bleeding 
after sleeve  gastrectomy and attributed obstructive 
sleep apnea,  hypertension, surgeon expertise, and 
staple line reinforcement as important contributors 
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to risk of postoperative bleeding [14]. Use of hepa-
rin or lovenox postoperatively, to reduce risk of 
DVT, has shown variable risk for bleeding after bar-
iatric surgery with no consensus as to choice of anti-
coagulation. Ketorolac is commonly used for pain 
control after bariatric procedures. No strong clinical 
data exists to show that it increases the risk of bleed-
ing postoperatively in bariatric patients.

 Clinical Presentation and Diagnosis

The clinical presentation of a patient’s bleeding 
depends on the source and degree. Patients will 
have hematemesis if the source of bleeding is the 
gastro-jejunostomy or luminal bleeding after 
sleeve gastrectomy. On the other hand if the 
patient has bleeding from the remnant stomach 
or jejuno-jejunostomy, the patient will more 
likely present with melanotic stools and minimal 
nausea or pain symptoms. With free intra-
abdominal bleeding, nonspecific abdominal dis-
tention, hypotension, and/or pain can be the 
presenting symptoms. If a surgical drain was left 
in place, a large amount of sanguinous drainage 
can be seen, if the drain is in vicinity to the 
source. However, the drainage can also be mini-
mal if the patient is clotting well or the bleed is 
slow. In all these bleeding scenarios, patients 
will likely exhibit signs of shock with tachycar-
dia, hypotension, pallor, and a drop in hemato-
crit. Imaging has a limited role in patients with 
acute bleeding. CT scan can be performed in 
patients if cause of tachycardia is not certain and 
patient is otherwise hemodynamically stable. 
Tagged red blood cell scan can be helpful if the 
source is not clear. However, the anastomoses 
and staple lines should always be the first con-
cern early in the postoperative period (Table 6.1).

 Management

 Initial Stabilization

Most cases of postoperative bariatric surgery 
bleeding are self-limiting and respond to conser-
vative measures. Studies have shown a success 

rate of more than 80% in managing these bleeds 
non-operatively. The initial approach to all these 
scenarios is similar to any patient who presents 
with acute gastrointestinal hemorrhage [15]. Two 
large bore IVs must be placed if not already done 
during the initial operation. Fluid boluses should 
be given to help restore loss of intravascular vol-
ume. Labs including hematocrit, electrolytes and 
renal panel, type and cross and coagulation pro-
file should be sent. Patient should be placed on 
continuous monitoring to ensure prompt recogni-
tion of any change in vital signs. Patients may 

require a higher level of care, and be transferred 
to an intensive care unit. All blood thinners 
should be stopped. In case of large volume 
hematemesis, airway protection is of paramount 

importance to protect the airway.
The next step is to locate the site of bleeding. 

If the patient has hematemesis, bleeding from 
gastric pouch or internal bleeding from the sleeve 
gastrectomy is suspected. These patients should 
be taken promptly to the operating room for man-
agement as discussed later. If the patient has 
melena, bleeding is suspected to be from jejuno- 
jejunostomy or excluded stomach. These patients 
should be managed non-operatively if clinically 
stable and bleeding is not profuse. If the patient is 
not responding to fluid resuscitation or continues 

Table 6.1 Sources of bleeding after bariatric surgery

Procedure
Intraluminal 
sources

Extraluminal 
sources

Sleeve 
gastrectomy

Internal bleeding 
from staple line

External 
bleeding from 
staple line
Omental 
bleeding
Abdominal 
wall trocar site 
bleeding

Roux-en-Y 
gastric bypass

Gastro- 
jejunostomy
Pouch staple line 
internally
Jejuno- 
jejunostomy
Remnant 
stomach

Pouch staple 
line externally
Gastric remnant 
staple line
Small bowel 
mesentery
Omental 
bleeding
Abdominal 
wall trocar site 
bleeding
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to require blood transfusion, strong consideration 
needs to be given to take the patient back to oper-
ating room for intervention. In some of these 
cases, imaging may be helpful to localize bleed-
ing. Most of the time early operative intervention 
works best. Finally, patients with intraperitoneal 
bleeding are managed conservatively as patients 
with melena if clinically stable. If the patient 
continues to show signs of hemodynamic insta-
bility or requires more than 6 units in 24 h, they 
need to return to the operating room.

 Bleeding from Sleeve Gastrectomy or 
Gastro-jejunostomy

Once a patient with hematemesis is suspected to 
have bleeding from the gastric pouch or gastroje-
junal anastomosis, the patient is taken back to the 
operating room. We prefer to perform simultane-
ous endoscopy and laparoscopy using the same 
trocar sites as the initial operation. Anesthesia is 
advised to keep patient well resuscitated to ensure 
stable blood pressure on initiating pneumoperito-
neum; however, some patients will require initia-
tion of vasopressor therapy. Once all trocars are 
in place and pneumoperitoneum established, the 
Roux limb or distal stomach is clamped so that 
insufflation does not obscure visualization. Then 
upper endoscopy is performed with carbon diox-
ide to avoid prolonged bowel distention. All clots 
are suctioned out or flushed with sterile saline 
flushes. The site of bleeding is recognized. The 
bleeding can be managed endoscopically or with 
externally placed sutures. For external repair 
with sutures, a blunt grasper is used to locate the 
exact site of bleeding by pushing on the stomach 
externally. Once the bleeding site is recognized, 
it is oversewn with full thickness sutures around 
the area. Blood is suctioned again to ensure 
hemostasis. It is important to ensure that the 
patient’s blood pressure is adequate at this point 
and that bleeding sites are not obscured due to 
vasoconstriction resulting from hypotension. The 
bleeding site can also be managed with clips 
placed endoscopically or injection with epineph-
rine. In a fresh anastomosis, injection and cautery 
are discouraged.

 Role of Endoscopy
Endoscopic only control of bleeding from gastro-
jejunal anastomosis has been described in the lit-
erature [16–22]. Initial concerns were about the 
safety of endoscopy and endoscopic interven-
tions in the immediate postoperative period in a 
fresh staple line. Jamil et al. described 80% suc-
cess rate of control of bleeding using heater 
probe, endoclips, and epinephrine injection. 
However, a significant number of patients (17%) 
required re-intervention due to a second bleeding 
episode [23]. One patient died due to aspiration 
in this study. Therefore it is suggested that endos-
copy should be performed after airway control to 
prevent this complication. Most commonly, early 
in the postoperative period, a combined endo-
scopic and laparoscopic approach is 
recommended.

 Bleeding from Remnant Stomach

In patients presenting with melena with contin-
ued hemodynamic instability or requirement of 6 
or more units of blood in less than 24 h, opera-
tive exploration is warranted. If the bleeding is in 
the remnant, distention in the left upper quadrant 
may be seen on physical exam. Patients should 
be adequately resuscitated to ensure hemody-
namic stability with initiation of pneumoperito-
neum. The previous port sites can be reused for 
entry into the abdomen. When bleeding is from 
the remnant stomach, it will often be distended 
with retained clots. A gastrotomy should be 
made along the greater curvature. All of the clots 
should be evacuated. Once decompression is 
accomplished, the gastrotomy can be closed 
with stapling or suturing. The causative staple 
line should be oversewn. The gastrotomy site 
can also be used for placement of a gastrostomy 
tube that is held in place with a balloon and 
purse-string suture. We prefer to leave a gastros-
tomy tube in the remnant to monitor for ongoing 
bleeding and for decompression if the patient 
develops a postoperative ileus. This tube also 
allows feeding access to ensure adequate nutri-
tion in the postoperative period if needed to 
 supplement the oral intake.
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 Role of Endoscopy
RYGB changes the intestinal anatomy, making 
the remnant stomach inaccessible to routine 
endoscopy. Hence endoscopic management of 
these bleeds has been a challenging task. While 
intraoperative endoscopy can be performed by 
making a gastrostomy for access, this is associ-
ated with additional morbidity. Double balloon 
endoscopy (DBE) is a technique that can be uti-
lized to manage these cases. While performing 
this procedure requires expertise, successful 
management of gastric remnant bleeds using 
DBE has been described in literature [24–26]. 
Caution must be taken in early postoperative 
period as excessive insufflation can lead to anas-
tomotic dehiscence and result in a leak. If bleed-
ing is not controlled with these measures, 
completion gastrectomy can be considered.

 Bleeding from Jejuno-jejunostomy

Clinically these patients are indistinguishable 
from patients with bleeding from the remnant 
stomach as both will present with melena. 
Attempts at conservative measures with resusci-
tation and transfusion are successful in the major-
ity of patients. Imaging can be used for bleeding 
localization. If patients are taken back to the 
operating room, it still may not be clear if the 
source of bleeding is the remnant stomach or 
jejunojejunal anastomosis. The jejuno- 
jejunostomy is best accessed through the blind 
end of the biliopancreatic limb or at the common 
channel suture line. The blood can be evacuated 
and staple lines can be oversewn or undergo 
mechanical clipping to stop the bleeding. A revi-
sion of the entire anastomosis can be considered 
in extreme cases, but rarely required. Case reports 
of bowel obstruction from clots at this distal 
anastomosis have also been described and there-
fore complete evacuation of the clot and possible 
gastric remnant tube placement be considered.

 Role of Endoscopy
While data is lacking, double balloon  enteroscopy 
or other form of deep bowel enteroscopy can be 

utilized in diagnosis and management of  bleeding 
from the jejuno-jejunostomy.

 Free Intraperitoneal Bleeding

If the patient with postoperative bleeding has no 
melena or hematemesis, and shows signs of bleed-
ing with tachycardia and dropping hematocrit 
and/or sanguinous output from an intraperitoneal 
drain, intra-abdominal bleeding should be sus-
pected. Initial attempt is made with close moni-
toring and resuscitation, as most bleeding will 
stop spontaneously. In case of ongoing blood 
transfusion requirement or hemodynamic insta-
bility, the patient will be taken to the operating 
room for exploration. All clots will be evacuated. 
All staple lines, mesenteric edges, and omental 
edges will be inspected. All trocar sites should be 
investigated. Abdomen will be washed and two 
large drains left in place to monitor for ongoing 
bleeding. Conversion to open should be  considered 
if not manageable laparoscopically.

 Prevention

Use of buttress material has been an area of great 
interest. Multiple trials have shown its benefit in 
reducing bleeding rate. Angrisani et al. showed 
that bleeding from gastric pouch was lower if 
bovine pericardium was used to buttress the sta-
ple line [27]. Dapri et al. compared buttressing 
with oversewing and no reinforcement. The 
results showed that blood loss using bioabsorb-
able buttressing material was significantly lower 
compared to oversewing or using no 
 reinforcement [28]. D’ugo et al. showed reduc-
tion in bleeding with staple line reinforcement 
(SLR) but no difference in bleeding rates among 
the various methods of reinforcement used [29]. 
Shikora et al. also showed a benefit of staple line 
reinforcement in reducing bleeding risk. His 
study showed differences in outcome with the 
various reinforcement materials with bovine 
pericardium having the best results [30]. A recent 
report from the Metabolic and Bariatric Surgery 
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Accreditation and Quality Improvement Program 
showed decreased rate of bleeding with SLR 
[31]. However, the overall bleeding rate was low 
in all groups accounting for clinically small dif-
ference in outcomes. Table 6.2 summarizes 
results showing the effects of SLR on the risk of 
bleeding [31].

Staple height has been another factor shown to 
effect rate of bleeding. Nguyen et al. published a 
randomized controlled multicenter trial that showed 
that rate of bleeding was significantly lower with 
3.5 mm staple height compared to 4.8 mm when 
constructing the gastro- jejunostomy [32].

Fibrin glue is another method described as a 
method to reduce bleeding. Different types of 
fibrin glue products have been studied yet none 
have shown significant promise in reducing the 
incidence of bleeding complications. Sroka et al. 
showed higher bleeding rates with the use of 
fibrin glue when compared to suturing the staple 
line [33]. However, more recently, Coskun et al. 
reported on 1000 consecutive sleeve gastrectomy 
patients. In all these patients, fibrin glue was 
used. He reported a very low bleeding rate of 
0.3% with no patient developing a leak or stric-
ture  suggesting possible benefit of using fibrin 
glue [34].

Perioperative blood pressure control is also an 
easily ignored but very important step in decreas-
ing incidence of postoperative bleeding. While 
low blood pressure is not desired, maintaining sys-
tolic blood pressure in the range of 110–160 mmHg 
helps decrease risk of bleeding from fresh staple 
lines. Patient should be closely monitored and 
adequate pain control provided to help prevent rise 
in blood pressure. If the blood pressure continues 

to remain high despite good pain control, adequate 
antihypertensive medications should be used to 
control blood pressure.

 Role of Endoscopy
Intraoperative endoscopy plays a very important 
role in preventing postoperative intraluminal 
bleeds in sleeve gastrectomy and in RYGB. We 
recommend the routine use of endoscopy at the 
end of the bariatric procedure to rule out bleed-
ing from these sources. Endoscopy will provide 
the added benefit of viewing the anatomy inter-
nally and performing the leak test. If bleeding is 
seen, it can be easily controlled by placing a 
suture under laparoscopic and endoscopic guid-
ance. This can help prevent a trip back to the 
operating room from bleeding resulting from 
these sources.

Figure 6.1 shows our proposed protocol to 
manage bleeding after bariatric surgery.

 Conclusion

Extensive literature has described chronic gastro-
intestinal bleeding after bariatric surgery mostly 
resulting from marginal ulceration or peptic ulcer 
disease. Acute gastrointestinal hemorrhage after 
laparoscopic bariatric surgery is a potentially rare 
complication. While newer techniques are being 
devised to decrease this complication, it contin-
ues to be clinically relevant with associated sig-
nificant morbidity and mortality if not promptly 
diagnosed and managed. Clinicians should be 
aware of signs and symptoms that indicate 
 bleeding. Prompt resuscitation and close moni-
toring are key in all patients with bleeding. 
Timing of intervention will be based on potential 
site of bleeding and clinical status of the patient. 
In most patients, intraluminal bleeding can be 
identified endoscopically and controlled laparo-
scopically. If the particular site of bleeding is not 
recognized, clot evacuation and oversewing of 
staple lines can be accomplished surgically. 
Endoscopy plays an important role in localizing 
and controlling upper gastrointestinal bleeds in 
this population.

Table 6.2 Effect of surgical technique on bleeding risk 
after sleeve gastrectomy

Technique used Frequency of bleeding (%)

No SLR 0.95

  Routine oversew 0.89

  Selective oversew 1.29

SLR 0.78

  Routine SLR 0.75

  Selective SLR 0.96

SLR Staple line reinforcement
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Management of Leaks 
with Endoluminal Stents

Salvatore Docimo, Jr. and Aurora D. Pryor

 Introduction

Obesity is the second leading cause of prevent-
able death in the United States, second only to 
smoking [1]. Surgery has demonstrated better 
long-term results compared to lifestyle modifica-
tions [2]. Laparoscopic sleeve gastrectomy (LSG) 
and laparoscopic Roux-en-Y gastric bypass 
(RYGB) are the most frequently performed bar-
iatric procedures today [3]. With an increase in 
the volume of bariatric surgery being performed 
over the last decades, the incidence of complica-
tions, such as anastomotic and staple line leaks, 
has increased [4]. The occurrence of anastomotic 
leakage, a major morbidity, is 1.6–4.8% after 
LRYGB and 1.7–2.4% after LSG, respectively 
[5–8].

Options for management of bariatric leaks 
include a combination of surgical or percutane-
ous drainage and leak repair. Surgical options for 
leak management include anastomotic revision, 
primary repair, and bowel, gastric or omental 
patching [9]. Considering surgical re-exploration 
for bariatric leaks carries an increased morbidity 

(15–50%) and mortality (2–10%) [10, 11], less 
invasive treatment modalities have gained popu-
larity. Flexible endoscopy has emerged as both a 
diagnostic and therapeutic option due to its lower 
morbidity and mortality [9]. This chapter focuses 
on the use of endoscopically placed stents as a 
means to treat bariatric leak.

 Laparoscopic Sleeve 
Gastrectomy Leak

A variety of causes are believed to be the source 
of anastomotic or staple line leaks: wrong staple 
size for tissue thickness, staple line malforma-
tion, tissue trauma, and tissue ischemia [12]. 
Most LSG leaks appear in the proximal third of 
the stomach (75–89%) near the gastroesophageal 
junction [5], carry a mortality rate of 0.11–9% 
and occur at a mean of 7 days postoperatively 
[13, 14]. Leaks after LSG can be classified based 
on observed occurrence following an index pro-
cedure. Table 7.1 demonstrates the classification 
system put forth by an international sleeve gas-
trectomy expert panel [15]. Sleeve gastrectomy 
leaks are also often associated with distal stric-
ture, usually narrowing at the angularis, or “func-
tional twist” of the stomach. This distal narrowing 
can create a proximal high-pressure zone, poten-
tially causing leak, or impairing leak healing. 
Diagnostic modalities for LSG leaks include an 
upper gastrointestinal contrast study with a 
water-soluble contrast material or a computed 
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tomography (CT) scan with oral and intravenous 
contrast. Computed tomography offers improved 
sensitivity and additional radiographic informa-
tion, such as fluid collections in left upper quad-
rant or free intraperitoneal air [16].

Treatment strategies for LSG leaks include 
CT guided drainage, endoscopic stenting, and 
operative exploration, which may include drain-
age, repair of the acute perforation, or Roux-en-Y 
reconstruction [17]. The most common leak site 
is at the angle of His or the gastroesophageal 
junction. Risk factors for a leak include ischemia 
at the proximal portion of the staple line, previ-
ous gastric surgery (gastric banding), or an area 
of stenosis within the gastric sleeve which results 
in an increase of proximal intraluminal pressure 
[18]. Ligation of the short gastric arteries further 
increases susceptibility to ischemia and perfora-
tion at the former angle of His.

An increased pressure gradient found within a 
newly created tubular stomach also plays a role in 
leak formation. A functional pylorus may con-
tribute to leaks by creating a large pressure gradi-
ent within the newly created tubular stomach 
[19]. An assessment of the volume and intralumi-
nal pressure of the stomach after LSG demon-
strated the volume of the sleeve to be less than 
10% of a whole stomach. The mean intraluminal 
pressure of a sleeve gastrectomy was noted to be 
higher compared to a whole stomach 
(43 ± 8 mmHg vs. 34 ± 6 mmHg, P < 0.005) [20].

Any patient suspected of having a LSG leak 
should undergo radiographic evaluation with an 
UGI or CT scan of the abdomen and pelvis with 
oral and intravenous contrast. Any LSG leak 
patient undergoing endoscopic stent management 
should have any abscess or intra-abdominal col-
lection drained (either surgically or percutane-
ous) prior to or soon thereafter stent placement 

[17, 21]. Peritonitis or septic shock excludes stent 
management and warrants surgical exploration, 
drainage, and enteral access. Leaks located in the 
proximal or mid-portion of the sleeve are the 
most amenable to treatment with stents [15, 22–
24]. Distal staple line leaks are often not amena-
ble to stent treatments due to the stent’s smaller 
diameter, which limits its ability to adequately 
seal the defect [25].

 Laparoscopic Roux-En-Y Gastric 
Bypass Leaks 

The development of a leak following a RYGB 
can lead to significant morbidity and mortality 
[26]. A higher incidence of leaks have been asso-
ciated with risk factors, such as male sex, 
BMI > 50, age > 55 years of age, and revisional 
procedures [27]. Approximately 70–80% of leaks 
occur at the gastrojejunal anastomosis, 10–15% 
at the gastric pouch, 5% at the jejuno-jejunal 
anastomosis, and 3–5% at the gastric remnant 
[28]. Technical factors during surgery that may 
lead to anastomotic breakdown include excess 
tension, staple line malformation, inappropriate 
staple height for tissue thickness, and ischemia. 
Ischemia, or inadequate oxygenation of the anas-
tomosis, may be a direct result of tension, exces-
sive dissection leading to poor blood flow, or 
comorbidities such as atherosclerosis, diabetes 
mellitus, or coronary artery disease that limit 
oxygenation of the anastomotic site [29].

Csendes et al. [30] evaluated 60 leaks follow-
ing 1762 RYGB surgeries and proposed a classi-
fication system based on the postoperative day of 
occurrence, severity of the leaks based on two 
types, and location. Classification of leaks aims 
to improve description and treatment planning. 
Table 7.2 provides the classification system for 
RYGB leaks.

Diagnostic modalities for the evaluation of 
a leak following a RYGB include an upper 
gastrointestinal series or a CT scan. Upper 
gastrointestinal contrast studies have demon-
strated a sensitivity of 79.4% and a specificity 
of 95% in the setting of leak [31]. Whereas, a 
contrast CT scan in the same setting has dem-

Table 7.1 Classification system for sleeve gastrectomy 
leaks (from Rosenthal [15], with permission) 

Classification Time from index procedure

Acute leak ≤7 days

Early leak Within 1–6 weeks

Late leak ≥6 weeks

Chronic leak ≥12 weeks

S. Docimo, Jr. and A.D. Pryor



69

onstrated a  sensitivity of 95% and a specificity 
of 100% [31]. A CT scan also offers additional 
information beyond contrast extravasation, 
such as fluid collection, inflammatory 
changes, intraperitoneal free air, and pleural 
effusions [28].

 Evolution of Endoluminal Stents 
and Bariatric Leaks

In 1885, Sir Charles James Symonds (1852–
1932) successfully placed the first esophageal 
stent at Guy’s Hospital in London [32]. The stent, 
a 6-in., rigid, esophageal tube was placed across 
a malignant stricture via a conical bougie or cop-
per wire introducer. To prevent migration, a silk 
suture was attached to the proximal end of the 
tube, brought out of the patient’s mouth and tied 
to the patient’s ear. Enteral feeding consisting of 
a liquid diet was allowed. The tube was removed 
every 10 days for cleaning and then replaced 
[33]. Frimberger [34] later developed and 
deployed the first self-expandable metal stent 
(SEMS) for gastrointestinal strictures. The 
Frimberger stent consisted of a metal spiral coil 
that was tightly wound around a pediatric gastro-
scope. The pediatric gastroscope was inserted 
distal to the stricture site and the stent deployed. 
Radial expansion of the stent and tumor expan-
sion in-between the metal coil held the stent in 
place. However, a 30% migration was also noted 
in this early stent design [33, 34].

In 1993, Knyrim et al. [35] published results 
of his randomized controlled trial comparing the 
use of SEMS to rigid prostheses for the palliation 
of malignant dysphagia. Significantly higher 
complications related to stent insertion were 
noted among the rigid prosthesis group. These 
findings led to the replacement of rigid prosthesis 
with SEMS for palliation of malignant dysphagia 
[35].

Historically, SEMS were designed and FDA 
approved for use in the palliation of obstructive 
lesions, such as esophageal and colorectal 
masses. The application of SEMS was later 
expanded to include esophageal leak. The earliest 
published data regarding the use of endoscopi-
cally placed stents across an anastomotic leak 
was described in thoracic patients who under-
went esophageal resections [12]. In 1990, 
Domschke et al. [36] placed a 20-mm uncovered 
SEMS in a patient with unresectable esophageal 
cancer. In 1991, Song et al. [37] first described 
the placement of a covered SEMS for malignant 
esophageal strictures. Song further improved 
SEMS by allowing for removability of the stent 
via two drawstrings attached to the upper, inner 
margin of the stent [38].

Considering the complication rates for laparo-
scopic revisional bariatric surgery are reported to 
be 39%, [39] with a conversion rate of 47.6%, 
[40] the need for less invasive methods of inter-
vention is evident. Conservative management of 
bariatric leaks, prior to the introduction of endo-
luminal stents, included percutaneous drainage, 

Table 7.2 Classification system for Roux-en-Y gastric bypass leaks (from Csendes et al. [30], with permission)

Classification Criteria Type Description

Timing Early 1–4 days post-op

Intermediate 5–9 days post-op

Late ≥10 days post-op

Severity Type I Small localized leak; amenable to percutaneous drainage

Type II Systemic repercussion; need for aggressive surgical drainage

Leak location Type I Gastric pouch

Type II Gastrojejunal anastomosis

Type III Jejunal stump

Type IV Jejuno-jejunal anastomosis

Type V Excluded stomach

Type VI Duodenal stump (resectional bypass)

Type VII Blind end biliary jejunal limb after laparoscopic surgery
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nil-per-os, and parenteral feeding. Although not 
approved by the FDA for gastrojejunal or gastric 
leak, endoluminal stents became a hallmark of 
conservative management for bariatric leaks con-
sidering it offered both diversion of enteric con-
tents and the option for early enteral feeding. The 
stent itself does not heal the dehiscence, but 
allows local sepsis diversion and hopefully allows 
the body to heal the defect.

The treatment of anastomotic leak in bariatric 
surgery with SEMS has increased in the past 
decade in conjunction with advancements in 
endoscopic technology [41]. Due to the low fre-
quency of bariatric leaks, much of the published 
data consists of low volume case series, which 
inhibits our ability to draw significant conclu-
sions regarding the most appropriate indications 
for SEMS in bariatric leak.

The treatment of leak in the setting of bariatric 
surgery should be determined by the clinical sta-
tus upon presentation. Current consensus states 
an unstable patient with a contained or uncon-

tained leak should undergo immediate surgical 
intervention [15]. Therefore, patients who pres-
ent with peritonitis and signs of sepsis will bene-
fit from immediate surgical intervention with 
laparoscopic washout, drain placement, and feed-
ing access, as needed [42]. In hemodynamically 
stable patients, treatment with nonsurgical drain-
age (CT or ultrasound [US] guided) and stent 
placement is an option. Intra-abdominal collec-
tions noted on previous radiography should be 
drained, whether via CT or US guidance or lapa-
roscopic intervention, prior to placement of a 
stent [21]. Figure 7.1 demonstrates an algorithm 
for decision-making regarding the use of SEMS 
after a bariatric leak.

A meta-analysis of seven studies demon-
strated a radiographically confirmed closure rate 
of 87.7% (95% CI: 79.4–94.2%) [43] post- 
bariatric leaks. The benefit of deploying stents to 
treat leaks is twofold: they act as a barrier between 
the intraperitoneal cavity and the endoluminal 
bacteria and they allow for anastomotic patency 

Suspicion of Bariatric Surgery Leak

Abscess or Fluid Collection

Stent DeploymentSurgical Exploration

Hemodynamically
Unstable or
Peritonitis Percutaneous or

Laparoscopic Drainage

Stent removal
after 6-8 Weeks

Difficult Removal Due to
Mucosal Hypertrophy

Stent in Stent Technique

Removal of Both Stents after 2 Weeks

Leak Noted on Abdominal CT Scan with PO/IV
Contrast Or Upper Gastrointestinal Series

Fig. 7.1 Algorithm for self-expanding stent placement after bariatric surgery leak
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to prevent stenosis [12]. Early enteral feeding is 
also an advantage of stent placement. We typi-
cally begin enteral feeds consisting of a liquid 
diet following confirmation of successful stent 
placement, usually with an upper gastrointestinal 
series (UGI) as early as post-procedure day 1. 
The UGI should confirm no continued leakage 
from the area of dehiscence. Early enteral feed-
ing reduces the need for parenteral nutrition and 
the potential morbidity associated with it, thus 
improving recovery times and shortening length 
of stay [43].

 Types of Endoluminal Stents

The most common types of stents are self- 
expandable plastic stents (SEPS) and self- 
expandable metal stents (SEMS). Covered SEMS 
(C-SEMS) are typically the most utilized in the 
setting of post-bariatric surgery leak. A few of 
the more commonly available stents include the 
WallFlex esophageal stent (Boston Scientific, 
Marlborough, MA, USA), the Mega esophageal 

stent (Taewoong Medical Industries, 
Gyeonggi-do, South Korea), and EndoMaXX 
stent (Merit Medical Endotek, South Jordan, UT, 
USA) and the Evolution stent (Cook Medical). 
Table 7.3 (need to add Cook to table) describes 
characteristics of commonly used stents.

Most metal stents are produced from NiTiNOL 
(Nickel Titanium Naval Ordinance Laboratory), 
an alloy developed by the United States Navy 
[44]. Nitinol exhibits two unique properties: 
Shape memory and Super-Elasticity. Shape mem-
ory allows a particular atomic structure (austenite 
shape) to be imprinted on nitinol by having it 
heated to 500 °C. After cooling, the nitinol can be 
deformed (compressed for deployment) into a 
more complex atomic structure (martens-
ite shape). On rewarming to body temperature, 
the atoms attempt to regain the original austenite 
structure. Medical grade nitinol can be rewarmed 
at body temperature. Nitinol’s super- elasticity 
allows for deformation of the metal 20–30 times 
more than most other metals before a permanent 
change occurs [45]. Figure 7.2 demonstrates com-
monly used SEMS. Most plastic stents are pro-

Table 7.3 Commonly utilized stents for the treatment of bariatric leaks

Name Type Coverage Length (mm)
Stent flare diameter 
(OD) mm

WallFlex stent SEMS Partially 150 23

Mega stent SEMS Fully 230 24–28

EndoMaXX stent SEMS Fully 150 24

Evolution esophageal 
stent

SEMS Fully 120 23–25

SEMS self-expanding metal stent, OD outside diameter

Fig. 7.2 (a) Fully covered Endomaxx stent (Merit Medical Endotek, South Jordan, UT, USA) and (b) partially covered 
WallFlex esophageal stent (Boston Scientific, Marlborough, MA, USA)
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duced from polyester. Regardless of construction, 
most stents have some design element to help 
minimize post-deployment migration as well.

Stents used for leak management are either 
fully or partially covered. Partially covered 
SEMS offer the luxury of less migration 
 compared to fully covered SEMS and SEPS [46]. 
The uncovered ends allow for mucosal prolifera-
tion into the stent matrix, which provides an 
anchoring effect. Fully covered SEMS won’t 
allow for mucosal ingrowth and anchoring, 
allowing for less difficulty during stent removal. 
However, fully covered SEMS are more prone to 
migration [47, 48]. We generally prefer the use of 
fully covered stents in our practice.

The endoscopist should also be aware of the 
variability in stent delivery systems. Some deliv-
ery systems allow for either proximal or distal 
stent deployment, with several SEMS having the 
ability to be recaptured if the initial position of 
the stent is not correct [9]. Delivery systems of 
SEPS tend to be the larger and stiffer, making 
SEPS more ideal for proximal leaks, which tend 
to have less angulation of the distal landing sites. 
Self-expanding metal stent delivery systems are 
more flexible with smaller diameters, making 
SEMS ideal for leaks found in more angulated 
lumens, such as in the setting of a sleeve gastrec-
tomy leak [9]. Figure 7.3 demonstrates an unde-
ployed SEMS and the delivery system.

Typically, an upper gastrointestinal endoscope 
is used to evaluate and confirm a leak if not done 
previously with radiographic modalities. 
Intraoperative fluoroscopy with intraluminal 
injection of water-soluble contrast via the upper 
gastrointestinal endoscope may be utilized to 
confirm the area of leak. A Multi-3 V Plus extrac-
tion balloon (Olympus, Center Valley, PA, USA) 
catheter may be used for definitive localization 
and injection of contrast within the perforation. 
Adequate landing zones above and below the 
leak must be confirmed endoscopically. 
Obstructions (strictures or postoperative intralu-
minal twists) at the distal landing zone must be 
dealt with accordingly prior to deployment of the 
stent. Failure to recognize a distal obstruction 
will inhibit healing of the leak due to a buildup of 
intraluminal pressure distal to the stent.

 Endoluminal Stent Deployment

In most instances, esophageal stents can be 
placed with moderate sedation. Patients with 
multiple medical comorbidities (ASA III and IV) 
or presenting with an acute perforation or anasto-
motic breakdown (following bariatric surgery) 
may be better suited to undergo endotracheal 
intubation [49] in order to protect the airway. An 
upper endoscopy to determine the proximal and 
distal landing zones of the stent is required. 
Placement of intraluminal clips or radiopaque 
markers on the patient (such as a paper clip or 
clamp) can help define these sites for radio-
graphic deployment. Fig. 7.4 demonstrates a 
deployed endoluminal stent and radiographic 
evaluation.

Stent deployment may occur under fluoro-
scopic or endoscopic guidance. Endoscopic guid-
ance requires the positioning of a guidewire well 
beyond the leak site. The endoscope is removed 
(leaving the guidewire in place) and the stent 
deployment system is inserted over the guide-
wire. The endoscope is reinserted down to the 
level of the proximal landing zone alongside the 
guidewire and stent system. Deployment occurs 
under direct endoscopic visualization to ensure 

Fig. 7.3 Stent deployment system: a deployment system 
handle (top) and an undeployed Endomaxx Stent (bottom) 
(Merit Medical Endotek, South Jordan, UT, USA)
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proper proximal landing zone positioning. This 
can be aided with fluoroscopy as well.

For radiologic placement, radiopaque endo-
scopic clips or external markers, such as a paper-
clip, are utilized to identify the location of the 
leak and landing zones (Fig. 7.5) [49]. A guide-
wire is endoscopically placed distal to the leak 
and its position is confirmed with fluoroscopy. 
The endoscope is removed. The stent deployment 
system is then passed over the guidewire, utiliz-
ing the external radiopaque markers and those 
found on the stent itself for proper positioning. 
The stent is then deployed under fluoroscopic 
guidance. Post-deployment repositioning of the 
stent to its final resting position with the aid of 
the endoscope may be necessary. Water-soluble 

contrast injected via the endoscope through the 
stent may be used to confirm the correct position, 
patency, and diversion of fluids from the site of 
the leak.

Regardless of deployment technique, the cho-
sen stent should be long enough to cover the 
defect. Braided or knitted SEMS foreshorten by 
30–40% with deployment [49]. Foreshortening 
typically occurs at the distal end of the stent. For 
most bariatric cases, the endoscopist should err 
on the side of a longer stent in order to ensure 
adequate proximal and distal coverage. Figure 7.6 
[44] demonstrates foreshortening of braided/
knitted stents.

It is essential that any area of distal narrowing 
be treated with a stent as well. We prefer larger 

Fig. 7.4 Endoscopic view of a deployed esophageal stent and radiographic evaluation

Fig. 7.5 (a) Fluoroscopy demonstrating radiographic positioning using various radiopaque markers; (b) paperclip and 
(arrow) endoscopic clip (from Ross and Kozarek [49], with permission)
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diameter stents to minimize any post-removal 
stricture. Full coverage (leak site and distal 
obstruction) will occasionally require placement 
of nested stents to maximize coverage. For these 
cases the distal stent is placed first, and subse-
quently the more proximal stent. For most sleeve 
leaks, stents should begin in the esophagus and 
terminate just proximal to the pylorus. For bypass 
leaks, the entire pouch is usually excluded with 
the stent extending from esophagus to jejunum. 
To minimize post-deployment migration, there 
are several techniques that have been employed. 

Stents are designed with antimigration struts or 
ribs, and many endoscopists find these adequate. 
Options to limit stent migration include securing 
the proximal end with through the scope clips or 
with an endoluminal suturing device, such as the 
Overstitch device (Apollo Endosurgery, Austin, 
TX, USA). Wilcox et al. [50] evaluated the pull-
out force of SEMS in a porcine explant model in 
which SEMS were secured with an endoscopic 
suturing device fixation and through the scope 
clips. Self-expanding metal stent fixation with an 
endoscopic suturing device resulted in a statisti-

Fig. 7.6 Demonstration of stent lengthening and foreshortening (from Laasch [44], with permission)
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cally significant change in pullout force. Self- 
expanding metal stent fixation with clips did not 
demonstrate a significantly increased pullout 
force compared to no fixation [50]. When a distal 
stricture is present, we have found that most 
stents do not require additional fixation. However, 
if repositioning is required for early migration we 
then augment fixation.

 Post-Placement Management

We typically start patients on a liquid diet follow-
ing upper gastrointestinal series confirming no 
leak. Stents are left in place for at least 2 weeks 
and replaced if necessary. If the patient has a 
change in symptoms while the stent is indwell-
ing, a radiograph should be obtained to confirm 
that the stent has not migrated. Migration can 
typically be managed with endoscopic reposi-
tioning. Occasionally, surgical retrieval may be 
indicated. A dedicated post-stent protocol should 
be in place to prevent complications from stent 
placement. This may include weekly plain films 
to assess location of the stent and comparison to 
prior images.

Removal of endoluminal stents is facilitated 
by design which includes a drawstring along the 
proximal edge of the stent. Figure 7.7 demon-
strates a retrievable WallFlex stent. Grasping and 
pulling of the drawstring causes a collapse and 
decrease in the diameter of the stent, facilitating 
its removal. The interval between stent placement 
and removal is not well defined. A longer dura-
tion of stent placement leads to an increased level 

of difficulty during removal. A short stent place-
ment period may be not allow for adequate heal-
ing of the leak, but a second stent can be placed if 
necessary. A meta-analysis by Puli et al. [43] 
demonstrated the majority of studies removed the 
stents 1–2 months after placement. The authors 
proposed 6–8 weeks as the ideal timeframe for 
leak closure and avoidance of mucosal hypertro-
phy, which may lead to increased difficulty dur-
ing stent removal [43]. We have had excellent 
results with 2–4 weeks stent duration time.

 Complications of Endoluminal 
Stents and their Management

A meta-analysis by Puli et al. found stents are 
overall well tolerated with reported symptoms 
being nausea, dysphagia, and retrosternal dis-
comfort that resolves within a few days [43]. 
Stent migration is a common complication often 
noted in published data with an occurrence rate 
of 5–62% [51–55]. Stent migration has been 
attributed to failure of direct contact between the 
mucosa of the esophagus, gastric pouch or sleeve 
and stent design which was intended for esopha-
geal leaks [43]. Stent migration can add to 
increased hospital costs by delaying recovery, or 
requiring additional endoscopic or surgical pro-
cedures. Migration may even cause intestinal 
obstruction or even transmural erosion [50, 56]. 
One study described the need for surgical removal 
of three stents due to migration into the small 
bowel with failure to pass the stent via the rectum 
[57]. Therefore a stent protocol must be in place 
in order to quickly identify a potential migration 
and allow for endoscopic repositioning.

Complications during stent removal can also 
occur. Embedding of both ends of a partially cov-
ered SEMS may present a challenging removal 
depending on the amount of granulation tissue 
formation. Granulation tissue formation depends 
on the type and size of the stent, radial and axial 
forces, and the duration of stent placement [58]. 
Self-expanding metal stent removal can be asso-
ciated with both bleeding and mucosal tears [59].

Options for removal of a well-embedded stent 
include argon plasma coagulation (APC) and a 

Fig. 7.7 Demonstration of a retrievable WallFlex esopha-
geal stent (Boston Scientific, Marlborough, MA, USA)
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“stent-in-stent” technique. Argon plasma coagu-
lation of the hyperplastic mucosa can be 
 technically difficult and time consuming [46]. 
The stent-in-stent technique involves placement 
of a new stent with the same diameter and length 
within the lumen of an embedded stent. The 
radial force of the second stent against the first 
stent causes pressure ischemia, necrosis of the 
hyperplastic granulation tissue, and improved 
mobilization and removal of both stents [58]. 
Aiolfi et al. [58] described a 100% success rate of 
removal using the stent-in-stent technique for 
SEMS left in place for a median of 40 days after 
placement of a second stent for a median of 
9 days. Vasilikostas et al. [60] described their 
experience with the stent-in-stent technique for 
successful removal of partially covered SEMS 
with fully covered SEMS in the setting of five 
sleeve gastrectomy leaks. The initial stents 
remained in place for 1 month with the second 
stent remaining in position for 2 weeks prior to 
successful removal of both stents. We suggest 
leaving the second stent in place for at least 
5 days. See the algorithm in Fig. 7.1 describing 
options for a difficult stent removal.

 Endoluminal Stents and Sleeve 
Gastrectomy Leaks

In a study of 17 LSG leaks with endoscopic 
placement of SEMS, the median duration of stent 
placement was 42 days with a successful closure 
in 13 (76%) of 17 cases [61]. Garofalo et al. [62] 
described the successful closure of 90.9% (10/11) 
of LSG leaks with the average time for closure 
being 9.9 (range: 4–24) weeks. Treatment with a 
Wallstent failed in three of five patients with 
these three patients undergoing successful re- 
stenting with a Mega stent [62]. Southwell et al. 
[53] described their experience with management 
of 21 LSG leaks. An average of 1.6 therapeutic 
stents per patient were required with an average 
of five upper endoscopies. Primary resolution 
was noted in 15/21 (71%) patients with con-
firmed leak closure after a mean of 55 days. For 
the remaining six patients, five achieved leak 
resolution at a mean of 128 days. Overall, 20/21 
(95%) patients achieved leak resolution with a 
mean duration of 128 days [53]. Table 7.4 dem-
onstrates recent data on stents and LSG leaks, 
specifically [14, 53, 61–63].

Table 7.4 Success rate of stent management in laparoscopic sleeve gastrectomy leaks

Study (year)

n 
(received 
stents)

Time from 
surgery to 
leak 
presentation Type of stent

Indwelling 
stent time 
(days)

Success 
rate (%)

Migration 
(%)

Average 
time for 
closure 
(weeks)

Garofalo 
(2016) [62]

11 2 acute leak, 
8 early leak, 
1 late leak

Wallstent and mega 
stent

n/a 90.9 n/a 9.9

Southwell 
(2016) [53]

21 6 acute 
(29%), 12 
early (57%), 
1 late leak 
(5%), 2 
chronic leak 
(9%)

Niti-S; Ultraflex n/a 95 n/a 10.7

Moon 
(2015) [63]

6 27.2 days 23 × 100 and 
23 × 150 mm

n/a 66.6 50 n/a

Alazmi 
(2014) [61]

17 n/a UltraFlex 
(SEMS) + polyFlex
18 × 150 mm SEPS

42 76 UGI 
1 week 
post-stent 
removal

n/a

Sakran 
(2013) [14]

9 7 days n/a n/a 55 n/a n/a

n/a Not applicable
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 Endoluminal Stents and Roux-En-Y 
Gastric Bypass Leaks

The data evaluating the use of stents in the RYGB 
leaks, specifically, is limited. In a retrospective 
review of 69 of gastrojejunal anastomosis leaks 
occurring in 2214 patients, 35 patients received 
stents. Eight patients required additional endo-
scopic repositioning of their stent. The stent was 
removed at approximately 14 days or less in 80% 
of cases, with four patients requiring 4 weeks and 
three patients requiring 6 weeks of stent place-
ment. Thirty patients were considered completely 
healed or had a shallow blind fistula on contrast 
studies. The remaining five patients were noted 
to have a “thin fistula in the drain tract” from pre-
viously placed drains [52].

Edwards et al. described their experience with 
six leaks after Roux-en-Y gastric bypass. Their 
leaks were managed with endoscopic SEPS 
placement. Three patients received a stent fol-
lowing surgical control of their intra-abdominal 
collection. The stents remained in place for a 
mean of 35 days. Stent migration was noted in 5 
(83%) of the patients. Successful closure was 
confirmed with an UGI study in 5 (83%) patients. 
One patient developed a chronic fistula which 
failed several episodes of stent placement 
and Tisseel fibrin glue (Baxter, Deerfield, IL, 
USA) injections and required surgical interven-
tion [64]. Table 7.5 demonstrates recent data on 
stents and RYGB leaks, specifically.

 Meta-Analysis of Leaks 
and Endoluminal Stents

Due to the low frequency of leaks following bar-
iatric surgery, meta-analyses of previously pub-
lished data have been performed. Puli et al. [43] 
included seven studies and evaluated 67 patients 
with leaks due to a variety of bariatric surgeries: 
RYGB, sleeve gastrectomy, duodenal switch 
alone, biliopancreatic diversion, sleeve 
 gastrectomy with duodenal switch, and vertical 
banded gastroplasty. The pooled proportion of 
successful leak closures with SESs was 87.77% 
(95% CI, 79.39–94.19%). Stent migration was 
noted in 16.94% (95 CI, 9.32–26.27%). However, 
no information regarding the type of stent used or 
duration of stent placement was provided [43].

An analysis of 91 patients who developed a 
leak following a Roux-en-Y gastric bypass or a 
sleeve gastrectomy was performed by Murino 
et al. [55]. A partially covered Ultraflex stent 
(Boston Scientific Corp, Marlborough, MA, 
USA) or partially covered Cremer nitinol stent 
(Endoflex GmbH, Voerde, Germany) was placed. 
The median delay between bariatric surgery and 
placement of a SEMS was 25 days (range 2–308) 
with a duration of stenting for 69.5 days (range 
5–346). Complete closure was noted in 74 (81%) 
patients using SEMS. Stent-related complications 
were noted in 23 patients: 5 (5%) hemorrhages, 2 
(2%) perforations, 7 (8%) SEMS migrations, and 
13 (14%) esophageal strictures [55].

Table 7.5 Success rate of stent management in Roux-en-Y gastric bypass leaks

Study (year) n

Time from 
surgery to leak 
presentation 
(days) Type of stent

Indwelling stent 
time (days)

Success rate 
(%) Migration (%)

Freedman 
(2013) [52]

35 n/a Danis (ELLA-CS, 
s.r.o., Czech 
Republic)

14 85.5 23

Edwards 
(2008) [64]

6 20 PolyFlex (Boston 
Scientific, 
Marlborough MA, 
USA)

35 83 83
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 Conclusion

Endoscopic management of bariatric leaks utiliz-
ing endoluminal stents currently remains a prom-
ising option. Patient stability is critical when 
determining patient selection for stent manage-
ment. In stable, non-septic patients, endoluminal 
stents remain a viable treatment option in the 
endoscopic surgeon’s armamentarium. However, 
determining methods of best practice for bariatric 
leaks remains difficult due to their low incidence 
rates. Definitive conclusions regarding the length 
of insertion time for endoluminal stents and 
options for preventing stent migration remain 
elusive. Once stents are deployed, a stent surveil-
lance protocol must be in place to prevent com-
plications including early migration and 
inadvertent long-term dwell times.
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 Introduction

The development of an anastomotic stricture is 
one of the most frequent complications of bariat-
ric surgery and is associated with substantial 
morbidity. Although both Roux-en-y gastric 
bypass (RYGB) and sleeve gastrectomy may 
result in stenosis, this complication is more com-
monly observed after RYGB. In the bariatric sur-
gery patient, gastrojejunostomy strictures are the 
most common gastric anastomotic strictures seen 
by general surgeons and gastroenterologists and 
will become increasingly more common with the 
rise of bariatric surgery (Fig. 8.1) [1, 2]. Recently, 
the incidence of anastomotic gastrojejunostomy 
strictures post gastric bypass has been reported as 
3.7–7.8% at the gastrojejunal anastomosis site 
[3–6] with no difference between open versus 
laparoscopic approaches [1, 2, 7]. However, sev-
eral previous studies that included the early 
period of RYGB surgery cases (2000–2005) 

reported a relatively high incidence of postopera-
tive stricture, ranging from 11% to 17% [8, 9]. 
Less frequent stricture locations include the jeju-
nojejunal anastomosis and sites of passage 
through the mesocolon or intestinal adhesions. 
Although obstruction at the jejunojejunal anasto-
mosis is occasionally referred to as a “distal stric-
ture,” these obstructions are most likely due to 
kinking of the anastomosis or excessive narrow-
ing of the common enterotomy closure due to 
technical error. True stricture formation along a 
stapled small bowel anastomosis is uncommon.

 Etiology

The etiology of gastrojejunal strictures is not 
well understood. These strictures are thought 
to be the result of fibrosis and an inflammatory 
response secondary to a number of plausible fac-
tors including those related to the patient (female 
gender [1], healing capacity [2], presence of 
diabetes, chronic ingestion of non-steroidal anti-
inflammatory drugs (NSAIDs), alcohol, or smok-
ing), surgical technique (type of anastomosis [1, 
2, 3], anastomotic tension [2], suture materials or 
staples, large volume gastric pouch [7], surgeon 
inexperience [10]), and postoperative complica-
tions (anastomotic ischemia [1, 2], anastomotic 
leak [3, 7], gastric acid secretion from the neo-
pouch [3, 7], marginal ulcerations [3, 7]). The 
development of a stricture seems to be related to 
the initial size of the anastomosis; a 2003 study 
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showed that switching from a 21-mm circular 
stapler to a 25-mm circular stapler reduced the 
rate of stricture formation by a factor of 3, from 
27 to 9% [2]. For stapled anastomosis, firm appo-
sition or compression of the tissue edges may be 
helpful in reducing stricture rate. A recent study 
demonstrated that a circular stapler with 3.5-mm 
stapler height resulted in a lower stricture rate 
than one with 4.5-mm staples [11]. The use of 
staple line reinforcement materials has also been 
shown to reduce stricture rate [12]. Some sur-
geons feel that hand-sewn anastomoses are less 
likely to stricture, while others prefer linear sta-
pled or circular anastomosis; no single study has 
convincingly supported one of these approaches 
as superior.

Gastric stenosis is also seen following sleeve 
gastrectomy. Although laparoscopic sleeve gas-
trectomy is generally considered a straightfor-
ward procedure, surgical technique is one of the 
major determinants of postoperative complica-
tions. The incisura angularis in sleeve gastrec-
tomy is most vulnerable to postoperative stricture, 
and its incidence has been reported as 3–3.5% 
[13, 14]. A 2011 review of 230 sleeve patients 
from University of Texas San Antonio revealed 
symptomatic stenosis in eight patients (3.5%) 
[13]. When a stenosis occurs, it is usually one of 
two types: functional (the passage of the endo-
scope is possible, but the sleeve is twisted with 
various degrees of rotation needed to pass the 

scope through the gastric lumen) or mechanical 
(the passage of the endoscope is very difficult or 
impossible). The mechanisms of stenosis after 
laparoscopic sleeve gastrectomy could involve 
either a misalignment of the staple line or result 
from an anatomic stricture of the gastric sleeve.

 Diagnosis

The diagnosis of a post-bariatric surgery gastro-
intestinal stricture can usually be made based on 
history alone. Stomal stenosis should be sus-
pected in patients who present with nausea, vom-
iting, and/or dysphagia [15–17]. However, the 
positive predictive value of these symptoms for 
stomal stenosis is only 40% [15]. The absence of 
these symptoms essentially rules out the diagno-
sis. While a significant majority of gastrojejunal 
strictures present between 3 and 6 months fol-
lowing surgery [4, 8, 16, 18, 19], some patients 
may present much later, even a year or more post-
operatively [20]. The time course was illustrated 
in a prospective study of 400 RYGB patients who 
underwent routine endoscopy (i.e., regardless of 
symptoms) following surgery at 1 month and 
again after a mean of 17 months [21]. Stomal ste-
nosis were diagnosed and treated in 25% of 
patients at 1 month and in none of the patients at 
the second examination. The majority of stenosis 
were mild (stomal diameter of 7–9 mm), and 
nearly 30% of patients with stomal stenosis were 
asymptomatic. The typical stricture patient pres-
ents with solid food intolerance progressing to 
liquid intolerance as the stricture narrows. In 
severe cases, the patients may be unable to swal-
low their own oral secretions. Radiographic con-
trast studies are not usually helpful; they are not 
very sensitive in detecting strictures and pose the 
risk of contrast aspiration. Upper endoscopy is 
the primary diagnostic modality of choice. It is 
difficult to precisely measure a stricture and no 
formal definition of stricture exists, but most 
endoscopists consider an anastomosis that is too 
narrow to permit passage of a standard upper 
endoscope (approximately 9.5 mm in diameter) 
to represent a stricture. This is also in the setting 
of dysphagic symptoms.

Fig. 8.1 Gastrojejunal anastomotic stricture (photo cour-
tesy of Kevin Reavis, MD)
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 Dilation Therapy

After being diagnosed endoscopically, and ide-
ally, once the root cause of the stricture has been 
resolved, this complication can be treated endo-
scopically with dilation. Dilation is accomplished 
by application of expansible forces against a 
lumenal stenosis. Dilation can be performed with 
fixed-diameter push-type dilators (bougie dila-
tors) or radial expanding balloon dilators, with or 
without a guide wire to help positioning, and 
with or without endoscopy or fluoroscopy. The 
optimal technique remains to be determined.

 Rigid Dilators

Rigid dilators have been the traditional treat-
ment for esophageal strictures, applying both 
axial and radial forces as they are advanced 
through a stenosis [15]. Bougie dilators come in 
a variety of designs, calibers, and lengths. Hurts 
and Maloney dilators are flexible push-type 
dilators that do not accommodate a guide wire 
(Fig. 8.2). They are internally weighted with 
tungsten for gravity assistance when passed 
with the patient in the upright position. Wire-
guided bougie dilators, like the Savary-Gilliard 
dilators, do have a central channel to accommo-
date a guide wire, which is typically placed 
through the endoscope’s instrument channel and 
advanced beyond the stricture site. The endo-

scope is then withdrawn and the wire position 
maintained. The wire is grasped at the patient’s 
mouth and its length noted. The initial choice of 
dilator depends on the estimated diameter of the 
stricture. A general rule is that a 24 Fr, 30 Fr, 
and 36 Fr are trialed for strictures <6 mm, 
7–10 mm, and >10 mm, respectively. The dila-
tor is lubricated and loaded onto the guide wire 
and passed with a fingertip grasp through the 
stricture and then subsequently removed. The 
guide wire length at the patient’s mouth is then 
noted again and further dilation can take place 
with larger diameter bougies. The first dilator to 
be used is estimated endoscopically by compar-
ing the lumen with the diameter of the endo-
scope. The “Rules of Threes” should be 
employed, stating that: during any one dilation 
session, a maximum of three consecutive dila-
tors of progressively increasing size (a total of 
3 mm) should be passed after the first one that 
meets moderate resistance [1]. Endoscopic eval-
uation after dilation can be performed to assess 
any damage to the mucosa. Fluoroscopy is an 
aid to help determine that the bougie has passed 
the strictured segment, being advantageous in 
situations where direct visualization with the 
endoscope cannot be performed. Direct visual-
ization throughout the procedure is possible 
with newer, transparent bougies that fit over a 
standard endoscope. Fluoroscopy can also be 
used with these dilators, as there is a radiopaque 
marker often on the dilators.

Fig. 8.2 (a) Tapered tip, 
blunt tip and wire-
guided dilators, and (b) 
close up (photos 
courtesy of Kevin 
Reavis, MD)
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 Through-the-Scope Dilators

While rigid dilators have been reported to be suc-
cessful after gastric bypass surgery [6, 16], 
through-the-scope (TTS) balloon dilation gener-
ally is the preferred method due to the long dis-
tance from the mouth to the anastomosis and the 
presence of a potentially difficult curvature of the 
roux limb (Fig. 8.3) [1, 6]. First introduced by 
London et al. in 1981 for two patients who failed 
the conventional, bougie rigid dilator technique 
[17], balloon dilation has gained widespread pop-
ularity in anastomotic strictures for its less trau-
matic effect on tissue. Contrary to rigid dilators, 
balloon dilators exert only radial forces when 
expanded within a stenosis. There is tremendous 
variability in the type of balloon dilators that 
exist, such as single diameter, multi-diameter, 
and hydrostatic or pneumatic balloons [18]. At 
this time, through-the-scope balloon dilators are 
generally preferred to rigid dilators given their 
ease of use, safety, and the ability to perform 
multiple dilations under direct endoscopic visual-
ization without the need to repeatedly intubate 
the esophagus.

TTS balloon dilation, as a procedure, begins 
with an initial evaluation of the stricture via 
endoscopy or a barium study. The balloon diam-
eter used is dependent on the diameter size of the 
stricture [1]. A general rule is that 10-mm, 
12-mm, and 15-mm balloons are used for stric-
tures of <6 mm, 7–10 mm, and >10 mm, respec-
tively. The endoscope is placed in the stomach, 
distal to the stricture if possible, and the balloon 
is passed through the scope to the end of the 
endoscope. The endoscope is then withdrawn 
through the stricture and the balloon is inflated 
with radio-contrast or water for 30–60 s. The 
endoscope remains in the esophagus allowing the 
operator to directly visualize the dilation through 
the balloon, an advantage of balloon dilators over 
nontransparent bougies. If fluoroscopy is used, 
the balloon is inflated until the waste deformity 
from the stricture disappears. Fluoroscopic con-
trol has the advantages of visualizing both the 
proximal and distal ends of the stricture, not sim-
ply the entrance as in endoscopy, and allows 
visual control of the whole balloon catheter. The 

goal of dilation is to achieve a diameter at least 
2.5 times the original stricture diameter or at least 
12 mm, with repeated dilations as necessary with 
progressively larger balloon sizes and repeated 
sessions reserved for recurrences [1, 6].

The primary goal of dilation therapy is symp-
tom resolution, which can usually be attained at a 
stomal diameter of 10–12 mm [19]. The size of 
the balloon or bougie used to perform dilation 
therapy should be guided by factors such as the 
severity of the stenosis, the time since surgery, 
the size of the initial anastomosis, and the pres-
ence of marginal ulceration. Most recent studies 
describing the use of balloon dilators in this set-
ting have utilized balloons ranging from 10 to 
18 mm [4, 5, 8, 19–23], with some suggesting an 
optimal goal of 15 mm [4, 21, 24].

Very tight stenosis should be gradually dilated 
over multiple sessions using progressively larger 
dilators and generally adhering to the “rule of 
threes” (i.e., dilating no more than 3 mm sizes in 
a single session) [1]. Endoscopists should exer-
cise caution when attempting to pass a balloon 
dilator beyond a tight stenosis after RYGB 
because of the short blind stump of jejunum 
immediately (and sometimes directly) beyond 
the gastrojejunal anastomosis. In these situations, 
guide wire assisted dilation under fluoroscopic 
guidance may be necessary.

Gastrojejunal strictures respond favorably to 
dilation with efficacy rates reaching 100% and 
require less dilation sessions compared to esoph-
ageal anastomotic strictures, with 55–90% of 
patients requiring only one session [2, 6, 25]. 
While most patients respond to a single dilation, 
some will require a second or third; up to 13% 
may require four to five treatments with or with-
out the addition of directly injected steroids to 
reduce post-dilation fibrosis [5]. Extrapolating 
for the esophageal stricture data, predictive fac-
tors that determine the success of dilation include 
stricture diameter >13 mm [26], stricture length 
<12 mm [27], and strictures without prior history 
of leakage [27]. Predictors of failure of dilation 
include interval from surgery to the first initial 
intervention <90 days [26] and balloon dilation to 
12 mm or less [26]. Through-the-scope balloon 
dilation has very few complications and an 
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acceptable perforation rate of 2–3% of patients 
undergoing dilation for stomal stenosis [5, 6, 23]. 
In a 2008 study of 61 patients who underwent 
128 dilations, 3 patients experienced radio-
graphic evidence of perforation afterwards [28]. 
These patients were immediately taken to the 

operating room for laparoscopic exploration; 
although the site of the perforation was not found 
in any of the 3, all of the patients in this series 
responded well to surgical drainage, bowel rest, 
and intravenous antibiotics. Alternative strategies 
including the use of endoscopically placed fully 

Fig. 8.3 (a) CRE™ Balloon dilatation catheters (photo 
courtesy of Boston Scientific, Marlborough MA, USA, 
with permission). (b) Balloon dilator insertion through a 

stricture, with “through the balloon” view (c), “outside the 
balloon” view (d), and post-dilation view (e) (latter pho-
tos courtesy of Kevin Reavis, MD)
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covered esophageal stents to allow for nonsurgi-
cal management of the perforation can also be 
considered. Recent data have indicated that the 
number of dilation session and ischemic seg-
ments in the stricture are significant risk factors 
for perforation, while the ischemic segment and 
fistula have been positively associated with dila-
tion failure [29]. The risk can be minimized by 
starting with a dilator that is only slightly larger 
than the diameter of the stoma and increasing the 
size gradually. Avoidance of overly aggressive 
dilation will also reduce the risk of creating an 
excessively large stoma, which can potentially 
contribute to weight regain and dumping 
syndrome.

Strictures can also occur following sleeve gas-
trectomy. When obstructive symptoms are pres-
ent post-sleeve gastrectomy, and if an upper GI 
series demonstrates true stricture, endoscopic or 
surgical intervention is required. A 2011 review 
of 230 sleeve patients from University of Texas 
San Antonio revealed symptomatic stenosis in 
eight patients (3.5%) [13]. The location of the 
stenosis in all but one of these patients was the 
mid-body of the sleeve near the incisura angula-
ris. Patients in this cohort were all treated with 
endoscopic balloon dilatation with a 15–18 mm 
balloon. All patients were successfully treated 
with one or two balloon dilatations (mean 1.6) 
and were ultimately able to tolerate a regular diet 
by 50 days after first treatment. Scheffel and 
Weiner reported three cases of sleeve obstruction 
managed with different approaches [30]. One 
patient was found to have kinking of her sleeve 
due to adhesions and was successfully treated 
with laparoscopic adhesiolysis. A second patient 
required conversion to gastric bypass. A third 
patient presented with long-segment stenosis and 
required laparoscopic adhesiolysis coupled with 
stent implantation for 3 weeks. Ogra et al. 
reported successful treatment of fixed stenosis at 
the incisor angularis after sleeve gastrectomy 
with conventional balloon dilation followed by 
use of a 30-mm achalasia balloon [14]. According 
to Shnell et al. [31], balloon dilation has an over-
all modest success rate of 44%; they used either 
TTS balloon dilation (3 cases) or pneumatic bal-
loon dilations (14 cases) for treatment of sleeve 

stenosis. More often than not, a stricture at the 
mid-body of the sleeve gastrectomy has both a 
mechanical and rotational technical failure. 
Conventional balloons are not successful and 
larger diameter achalasia balloons are required.

 Additional Techniques

For symptomatic strictures following either 
sleeve gastrectomy or RYGB, the role for other 
treatments is usually reserved for refractory stric-
tures, defined as clinical dysphagia despite dila-
tion, in strictures that are unable to be 
mechanically dilated to 14 mm or to remain at 
least 14 mm dilated [20, 32] despite 3–5 balloon 
dilation attempts [6, 33]. Additional techniques 
that may improve the effectiveness and durability 
of dilation therapy for stomal stenosis include 
glucocorticoid injection and the removal of 
suture material at the site of the stenosis, although 
the benefit of these maneuvers has not been stud-
ied rigorously [19, 34]. Occasionally, serial dila-
tion every couple of weeks for a period of time is 
necessary. Short-term stenting has also been used 
to successfully treat stomal stenosis that is refrac-
tory to repeated dilation sessions, but complica-
tions such as pain and stent migration are 
common [33]. In rare instances, needle-knife 
electrocautery incision can be used to cut open a 
completely obstructed stoma [20]. When endo-
scopic management of strictures fails, operative 
revision of the anastomosis or stricturoplasty is 
appropriate. The enteroenterostomy, when stric-
tured, is more difficult to manage endoscopically 
due to its location. A stricture in this location 
often requires surgical revision.

 Conclusions

Endoscopic management is generally one of the 
best methods to identify the characteristics of a 
stenosis and simultaneously treat this complica-
tion. The majority of bariatric centers recom-
mend early management of stenosis using EGD 
balloon dilation as the first therapeutic option. 
Since the introduction of through-the-scope 
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 technology, endoscopic balloon dilation of post-
operative strictures has become generally 
accepted as an effective and safe therapeutic tool. 
The clinical success rate of balloon dilation, 
which indicates resolution of obstructive symp-
toms and passage of the endoscope without dis-
turbance, exceeds 90%. Clearly, endoscopy plays 
a pivotal role in the management of post-bariatric 
strictures, and close cooperation between bariat-
ric interventionalists of medical and surgical 
backgrounds may further increase the success 
rate of endoscopic procedures.
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Identification and Treatment 
of Fistulas and Chronic Cavities

Andrew T. Strong and Matthew D. Kroh

Introduction

Chapter 8 “Management of Leaks with 
Endoluminal Stents” serves as a prologue to 
this chapter. Numerous techniques and studies 
point to the advantage of endoscopic stenting 
as a salvage or rescue procedure in the setting 
of a perioperative leak or perforation [1, 2]. 
Some leaks that fail endoscopic management 
continue to be amenable to early surgical revi-
sion, though evidence points to this being most 
effective in the first 120 days after an operation 
[3]. Failure of these techniques sets the stage 
for a chronic fistula, and indeed perioperative 
leak is the most common underlying pathology 
of chronic fistulae (Fig. 9.1). The other two 
common underlying conditions to chronic fis-
tulae are foreign body erosions and chronic 

ulceration. Endoscopic identification and man-
agement of all types of fistulae will be the focus 
of this chapter.

There is no consensus definition of a fistula 
following bariatric surgery. In particular, there is 
no clear differentiation between a postoperative 
leak and a chronic fistula [4]. As such, accurate 
estimates of the incidence of postoperative fistula 
is challenging, beyond stating it is an uncommon, 
but frustrating complication of bariatric surgery. 
In most published literature, the term fistula is 
used more commonly >12 weeks after the index 
operation, though this is inconsistently applied 
[5]. Traditionally the term fistula refers to an 
abnormal connection between two tubular epi-
thelialized structures [6, 7]. A temporal element 
is implicit in this definition, as it is clearly dif-
ferentiated from a gastrointestinal perforation 
[7]. Naming of fistulae is typically from the ori-
gin to the terminus, which in general is from the 
higher pressure organ to the lower pressure organ 
[6, 7]. A simple fistula generally refers to a single 
outlet, whereas a complex fistula contains multi-
ple outlets [8].

Principles of Endoscopic 
Management of Gastrointestinal 
Fistulae

When considering endoscopic intervention fol-
lowing bariatric surgery, the therapeutic endos-
copist must be prepared, and some key points 
are worth bearing in mind. The length of time 
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between a bariatric operation and endoscopic 
evaluation is an important factor. Suspicion for 
anastomotic leak, and/or tenuous anastomoses 
in the first 28 days after an operation should 
warrant careful evaluation, and should be done 
in consultation with the bariatric surgeon, if the 
endoscopist is not the surgeon. Prior to attempt-
ing endoscopic management, having a bariatric 
surgeon experienced in surgically treating the 
expected pathology should be available, and if 
not available, consideration should be made to 
transfer to a center where these capabilities 
exist.

 Indications for Endoscopy

Dysphagia, persistent nausea and vomiting, or 
abdominal pain are common indications for 
endoscopy after bariatric surgery, and often, 
strictures and ulceration are common underlying 
pathophysiology. Presentations of fistulae can 
range from relatively insidious, such as unex-
plained weight loss after a period of weight stabi-
lization or unexplained weight regain in the 
absence of increased caloric intake, but also can 
present as profuse upper gastrointestinal bleed-
ing, empyema, or pneumomediastinum. In gen-
eral, the anatomical endpoint of the fistula will 
dictate the presentation.

 Expected Appearance of Altered 
Gastrointestinal Anatomy 
and Correlation with Radiographic 
Studies

Bariatric surgery alters the appearance of the 
upper gastrointestinal tract, and the therapeutic 
endoscopist must be cognizant of the expected 
endoscopic appearance of post-bariatric anatomy 
to identify abnormalities (see Chaps. 5 and 6 for 
expected anatomy) [9–11]. Given that fistulae 
may develop years after bariatric operations, 
even familiarity with historic operations is 
required [10, 11]. Correlation of endoscopic 
appearance with radiographic studies can be 
helpful, including use of contrast-enhanced fluo-
roscopy during endoscopic procedures. If leaks 
and/or fistulae are expected, water-soluble con-
trast radiography may be a better initial test and 
can help guide a subsequent endoscopic evalua-
tion [12].

 Limitations of Endoscopy 
in the Bariatric Surgery Population

Prior to attempting endoscopic management, 
limitations of endoscopic technology as related 
to post-bariatric surgery anatomy should be con-
sidered. Most pathology originates in the stom-
ach; however, a small gastric pouch and/or 
narrow gastric sleeve precludes retroflexion in 
many cases. For more distal pathologies, the 
lengths of intestinal limbs may dictate use of 
deep endoscopic techniques, including push 
endoscopy or balloon-assisted devices. Some 
small intestinal pathology may be inaccessible 
per os and therefore may prevent attempted endo-
scopic intervention entirely.

 Characteristics of an Ideal Endoscopic 
Therapy

While specifics of management will be further 
discussed below, no consensus exists about the 
best approach to chronic fistulae. While this 
perhaps correctly forces the endoscopist to 

Fig. 9.1 Endoscopic appearance of a chronic gastrointes-
tinal fistula, communicating from the gastric pouch after 
Roux-en-Y gastric bypass to abscess cavity. Note the 
fibrotic rim of tissue that surrounds the fistula
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individually consider each patient and their 
respective fistulae, creating a treatment algo-
rithm is challenging. Regardless of the endo-
scope, adjuncts, or devices used, an ideal 
endoscopic therapy would have the following 
characteristics: able to be performed under con-
scious or deep sedation, have a short procedure 
time, utilize safe and efficacious devices, be 
relatively simple to perform with reproducible 
outcomes, and have a durable clinical effect.

The Endoscopic Armamentarium 
for Management of Chronic Fistulae

A number of endoscopic tools are at the disposal 
of the therapeutic endoscopist, though availabil-
ity and technical expertise may vary. Endoscopic 
interventions that have been described include 
endoscopic stenting, endoscopic clipping, endo-
scopic suturing, mechanical debridement, ther-
mal debridement/de-granulation, placement of 
various occlusive devices, placement of sealing 
or glue agents, endoscopic vacuum-assisted 
wound closure, and endoscopic dilation and 
internal drainage. Specific studies involving use 
of these devices will be discussed below, but the 
technologies will be briefly introduced here.

 Endoscopic Stents

Endoscopic stents have been applied to palliate 
or treat chronic strictures, as well as to seal gas-
trointestinal perforations [13]. Stent technology 
has been reviewed elsewhere, as well as detailed 
in Chap. 8 [14, 15]. In general, enteral stents are 
self-expanding designs crafted with either metal 
(self-expanding metal stent, SEMS) or plastic 
struts (self-expanding plastic stents; SEPS). The 
struts may be covered with polyester or silicone 
for the full length, or partially covered leaving 
the struts exposed as the ends. The ends are typi-
cally flared to increase the holding power and to 
prevent migration. Deployment mechanisms are 
available through the scope, and over a guide-
wire, necessitating fluoroscopic guidance. Prior 
to embarking on stent therapy, the patient must be 

counseled that repeat interventions for exchange 
will occur at regularly scheduled intervals as 
needed, and additional interventions may be nec-
essary to address stent-related complications. A 
strong body of evidence exists for the use of 
stents to treat acute leaks after bariatric surgery 
(see Chap. 8); however, literature supporting use 
of stents to treat chronic fistulae is limited [1, 16]. 
Use of enteral stents as a stand-alone therapy is 
less successful in the management of chronic fis-
tulae, but stent use may prevent further contami-
nation by a fistulous tract and/or allow enteral 
nutrition during fistula healing, and as such 
should be familiar to the endoscopist treating 
chronic fistulae.

 Endoscopic Clips

Endoscopic clips are available in two distinct 
delivery systems, through-the-scope and over- 
the- scope types. Through-the-scope clips are col-
loquially referred to as hemoclips, as their 
intended use was initially hemostasis within the 
gastrointestinal tract. A myriad of commercially 
available through-the-scope clips exist, with vari-
ous degrees of jaw opening, holding power, and 
maneuverability. There is only one over-the- 
scope clip system currently commercially avail-
able in the United States, OTSC (Ovesco, 
Tubingen, Germany). The OTSC system is 
assembled on a standard endoscope and consists 
of a clear cap holding the clip, a thread and a 
hand wheel for deployment. To assemble the 
device, the hand wheel is attached to the working 
channel. A grasper is then used to grasp the 
deployment thread and back-feed through the 
working channel and the thread then wrapped 
onto the hand wheel. The cap/clip assembly is 
placed on the scope tip. Suction is then applied 
and a grasper may be used through the working 
channel to aid in tissue approximation prior to 
clip deployment. Clips are typically left in place 
after deployment. These clips can be removed 
after placement by application of a bipolar direct 
current to the hinge portion of the clip, which 
results in fracture. In addition to three diameters 
designed to accommodate standard forward 
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viewing endoscopes, OTSC clips are available 
with three different tooth configurations and two 
lengths. See Fig. 9.2 for an example of the endo-
scopic appearance of OTSC application.

 Thermal Energy Devices

Thermal energy devices for endoscopy work by 
either direct thermal contact or by passing 

electrical current through the target tissue, with 
either a monopolar or bipolar probe [17]. 
Argon plasma coagulator (APC) is another 
type of indirect thermal energy device that uti-
lizes a monopolar alternating current delivered 
through ionized argon gas [17]. In the treat-
ment of fistulae, these devices are useful for 
hemostasis when necessary, and for de-epithe-
lialization or ablation of granulation  tissue. 
Ablating the epithelium of a fistulous tract 

Fig. 9.2 Closure of a gastrointestinal fistula with an 
OTSC clip (Ovesco, Tubingen, Germany). (a) A chronic 
fistula arising in the esophagus is endoscopically identi-
fied. Noted the slightly hyperemic appearance of the 
mucosal surface. (b) Following de-epithelialization of a 
rim of tissue around the opening with an argon plasma 

coagulator, the OTSC device is assembled on the endo-
scope, note the appearance of the endoscopic cap. (c) The 
fistula opening is engaged into the endoscopic cap using 
suction. The strut of the clip can be seen pre-deployment 
on the left side of the image. (d) Endoscopic appearance 
of the fistula following OTSC clip deployment
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allows apposition of de-epithelialized tissue 
surfaces, facilitating healing.

 Mechanical Debridement

As mentioned above, de-epithelialization aids in 
healing and closure of fistula tracts [2]. 
Mechanical debridement may be necessary, espe-
cially when debris and/or foreign bodies are 
additionally present. Various biopsy forceps and 
brush cytology catheters can be used to accom-
plish this purpose.

 Glue and Sealing Agents

Glue and sealing agents are typically either a cya-
noacrylate compound or a fibrin preparation. 
Cyanoacrylates are solutions that polymerize in 
the presence of weak bases such as water, and 
several are commercially available [18]. 
Cyanoacrylates may be mixed with a lipiodol for 
use in endoscopy, which has the dual effect of 
making the glue radiopaque and prolonging the 
polymerization reaction [18]. Fibrin sealant is a 
dual component solution containing freeze-dried 
human fibrinogen and an activator solution that 
contains human thrombin. The admixture is com-
bined in water, and recreates the terminal process 
of the natural clotting cascade. Both cyanoacry-
lates and fibrin glue have been used to success-
fully manage fistulas [19–24]. Use of sealants in 
isolation is uncommon in clinical practice when 
endoscopically managing fistulae, and most are 
used in conjunction with other devices, such as 
clips or endoluminal stents [2, 25].

 Endoluminal Vacuum-Assisted 
Closure Therapy

An extension of negative pressure wound therapy 
has recently been adapted to endoscopic applica-
tion. Originally described by Wedenmeyer et al., 
this technique involves endoscopic placement of 
a polyurethane foam sponge connected to a naso-
gastric tube, and externally connected to negative 

pressure suction [26, 27]. In this technique, a 
nasogastric tube is placed trans-nasally, with-
drawn from the mouth, and the sponge attached. 
A suture loop placed on the distal aspect of the 
sponge provides a convenient handle for an endo-
scopic grasper, and allows easier endoscopic 
manipulation and placement of the device in the 
GI tract defect [26, 27]. Current published evi-
dence is largely directed to manage acute leaks, 
but this therapy may also be applicable to chronic 
fistulas [28]. The combination of gentle mechani-
cal debridement at the time of sponge change, 
and negative pressure stimulates development of 
granulation tissue and improved blood flow [27, 
29]. Similarly to negative pressure wound ther-
apy devices used externally, endoscopic sponges 
must be changed regularly. Effectively managing 
these interval device changes can be a time and 
resource burden, but for the properly selected 
patient, this could circumvent a large operation 
and associated morbidity.

 Endoscopic Suturing Devices

Currently, only one endoscopic suturing device is 
commercially available in the United States, 
Overstitch (Apollo Endosurgery, Austin TX, 
USA). Several other devices for endoscopic 
suture placement have been tested in the past, but 
are not currently available, including Endocinch 
(Bard Endoscopic Technologies, Murray Hill NJ, 
USA) and G Prox (USGI Medical, San Clemente 
CA, USA). The Overstitch device requires a dual 
lumen endoscope to operate, and there is techni-
cal proficiency to attain; however, the various 
sutures and anchors that are available make endo-
scopic closure of some large defects and fistulae 
possible.

 Occlusive Devices and Materials

Off-label use of devices indicated for closure of 
atrial septal defects has been reported to close gas-
trointestinal fistulae. Several commercially avail-
able devices exist, and are typically either double 
disk configuration or an umbrella configuration. 
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In several small cases series, chronic fistulae have 
been managed with these devices, though none 
have been following bariatric surgery [30–32]. 
Prior to use of one of these devices, it is important 
to measure the defect accurately. One option is to 
use contrast to fill a balloon passed through the 
fistula opening [33]. The delivery systems are also 
not designed to be operated through an endo-
scope, and are typically passed alongside the 
endoscope and deployed under endoscopic vision 
[33].

 Endoscopic Dilation and Internal 
Drainage

In some cases, the best initial treatment of a fis-
tula is internal drainage. Counterintuitively, dila-
tion of the fistula opening may be necessary to 
allow passage of the endoscope into the tract to 
accomplish debridement, and/or maintain 
patency of the fistula to allow for internal drain-
age (Fig. 9.3) [2, 34, 35]. Bougie or balloon- 
based systems may be used for dilation. In some 
cases, short internal plastic stents may be placed 
as well, similar to a cyst-gastrostomy for pancre-
atic pseudocysts. These are typically double- 
pigtail catheters to decrease migrations, as in 

pancreatico-biliary stents. As depicted in Fig. 9.3, 
a large fistula opening may permit the use of an 
endoscope to reposition a previously placed per-
cutaneous drain.

 Principles of Fistula Management

Principles of fistula management can be bor-
rowed from both trauma and the wide body of 
literature managing enterocutaneous fistulae 
more generally. Successful management typi-
cally follows a relatively predictable pattern: (1) 
identification of fistula; (2) stabilization of 
patient; (3) anatomical definition and planning of 
intervention(s); and (4) intervention [6, 36]. 
Patient stabilization comprises several elements, 
including but not limited to control of sepsis, 
correction of electrolytes abnormalities, diver-
sion of enteric contents away from fistula, and 
effective nutritional support. Sepsis control is a 
combination of effective source control, targeted 
administration of antibiotics, and hemodynamic 
support when necessary. Addressing nutrition is 
a key element in the successful management of 
fistulae, by surgical or endoscopic means [37]. 
When possible, enteral feeding distal to the fis-
tula is  preferred over parenteral nutrition. Enteral 

Fig. 9.3 Endoscopic debridement of an abscess cavity 
and reposition of a percutaneous drain. This was a patient 
who had undergone percutaneous drain placement for an 
anastomotic leak. An upper endoscopy was undertaken 
for stent exchange. Prior to placing the new stent, the 

large fistulous opening was traversed, as is shown in (a). 
(b) Following endoscopic debridement of easily readable 
necrotic debris within the abscess cavity, the percutaneous 
drain was slightly repositioned to better allow drainage of 
the abscess cavity. A stent was then replaced
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nutrition preserves intestinal function and integ-
rity of intestinal mucosa [38, 39]. Provision of 
enteral nutrition may necessitate durable enteral 
access through feeding tube placement, and 
planning for this should take place in conjunc-
tion with endoscopic intervention of the fistula. 
Multidisciplinary teams, repeated interventions, 
and lengthy hospitalizations are common in 
managing gastrointestinal fistulae.

Owing to their uncommon nature and special-
ized expertise, only a few centers routinely treat an 
appreciable number of patients with gastrointestinal 
fistulae. As such, there is no consensus on manage-
ment. A number of different types of fistulae have 
been described following bariatric surgery in case 
reports, case series, and a few small trials. Nearly all 
bariatric operations, even revisional bariatric sur-
gery, retain at least a portion of the stomach, and this 
is commonly the origin of a fistula. We will outline 
the role of endoscopy in identification and manage-
ment of gastro- bronchial, gastro-pericardial, gastro-
pleural, gastro- gastric, gastro-cutaneous, and 
gastro- colonic fistulae, and several rare fistulae that 
exist only in single case reports, as well as fistulae 
arising from entero-enteric anastomoses associated 
with several types of bariatric surgery.

 Specific Types of Chronic Fistulae 
Following Bariatric Surgery 
and Literature Reported Endoscopic 
Management Techniques

 Gastro-pleural Fistulae

Gastro-pleural fistulae are uncommon and gener-
ally associated with malignancy or trauma. In the 
postoperative setting, esophageal reconstruction 
with a gastric conduit, or fundoplication are other 
possible antecedent operations [40]. Gastro- 
pleural fistulae have been reported as a complica-
tion following vertical-banded gastroplasty 
(VBG), Roux-en-Y gastric bypass (RYGB), lapa-
roscopic sleeve gastrectomy (LSG), and laparo-
scopic adjustable gastric banding (LAGB) 
[40–43]. Presentation is variable, but may consist 
of cough, hemoptysis, dyspnea, chest pain, fever, 
hypoxemia, and may be associated with lung 

consolidation, lung abscess, pleural effusion, 
empyema, and sepsis [40]. Endoscopic identifi-
cation has been described, but no reports exist of 
complete endoscopic management [40]. 
Endoscopic use of APC and application of fibrin 
sealant was the final step of several operations 
and drainage procedures that resulted in fistula 
resolution in one case report [41]. Several surgi-
cal interventions are typically necessary on both 
sides of the diaphragm to completely repair the 
fistulous tract, and treat the sequelae of the fis-
tula. Some of these interventions may occur prior 
to the discovery of the underlying etiology.

 Gastro-bronchial Fistulae

Different from gastro-pleural fistulae, where the 
lung parenchyma and large airway remain unin-
volved, gastro-bronchial fistulae connect the 
stomach to the lung tissue and/or bronchi. A sys-
tematic review included 36 patients from 11 case 
series and case reports in which gastro-bronchial 
fistulae developed after LSG, RYGB, and duode-
nal switch operations [44]. There are also case 
reports of gastro-bronchial fistula following 
LAGB [42, 45]. Presenting symptoms were simi-
lar to gastro-pleural fistula and include cough, 
fever, thoracic pain, vomiting, dyspnea, hypox-
emia, recurrent pneumonia, and expectoration of 
food particles [44]. There were four studies in 
which upper endoscopy was used for either iden-
tification or management of the fistula opening. 
There were 18 patients who had successful endo-
scopic management. There are reports with com-
plete resolution of the fistula accomplished by 
serial stricturotomy and dilation of a stenotic 
LSG, without attempting mechanical closure of 
the fistula [46, 47].

 Gastro-pericardial Fistulae

Pneumopericardium in the immediate postopera-
tive period following bariatric or foregut surgery 
would usually be reflective of direct injury during 
the operation. Pneumopericardium present weeks 
to years after foregut operation is more enigmatic, 
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but gastro-pericardial fistula should be within the 
differential (Fig. 9.4). Most of the cases of gastro-
pericardial fistula have been described as a com-
plication of peptic ulcer disease, but also present 
following foregut operations [48]. Presentation is 
variable, but patients may have pleuritic chest 
pain, chest pain, or present with pericardial tam-
ponade. Infectious pericarditis is also possible, 
and enteric debris may be found within the peri-
cardium. Numerous imaging modalities may 
diagnose pneumopericardium, but discovering the 
underlying etiology may be more challenging 
[49]. Endoscopic identification of a gastro-peri-
cardial fistula is possible [50–52]. The few case 
reports that exist have demonstrated gastro-peri-
cardial fistulae from both the gastric remnant and 
the gastric pouch/gastro-jejunal anastomosis in 
patients with RYGB anatomy [50–53]. An addi-
tional case report describes erosion of a LAGB 
through the diaphragm and into the pericardium 
[54]. Percutaneous or surgical drainage of the 
pericardium is always necessary, and endoscopic 
management alone is unlikely to be sufficient for 
resolution. Experience managing gastro-pleural 
fistulae at our institution typically involves a com-
bined approach between the bariatric and cardio-
thoracic surgery teams.

 Gastro-ventricular Fistula

Gastro-ventricular fistulae are exceptionally rare 
and associated with a mortality rate of >90% [55]. 
Gastro-ventricular fistula has been reported as a 
complication of RYGB surgery, and these authors 
have treated a case following LAGB [55, 56]. 
Presentation is profuse gastrointestinal bleeding. 
While endoscopic identification would likely note 
brisk bleeding, no reports exist and endoscopic 
management would be unlikely to be successful. 
An example of an open repair was reported by 
Vega-Peralta [55].

 Gastro-gastric Fistulae

Gastro-gastric fistulae (GGF) are likely the most 
familiar to the bariatric surgeon. While GGF are 
well described following horizontal-banded gas-
troplasty (HGB) and VBG, they are also common 
following nondivided open RYGB. In the era of 
nondivided open RYGB, the rate of GGF forma-
tion approached 50% [57]. Routine division of 
the gastric pouch and remnant has resulted in a 
GGF rate of 1–6% [58]. Risk factors for develop-
ment of GGF include failure to completely divide 
the proximal stomach, foreign body erosions, 
ischemia usually related to perforations of mar-
ginal ulcers, acute or chronic staple line leak, or 
idiopathic [59]. Foreign body erosions may 
include sutures, staple material, silastic bands, 
silicone bands, adjustable gastric bands, or vari-
ous meshes used historically with VBG [59].

Symptoms of GGF may be absent, or present 
with an array of nonspecific symptoms that often 
align with complications following bariatric sur-
gery, including nausea, vomiting, abdominal pain, 
and gas bloat [59]. Recurrence of diabetes, poor 
weight loss, and/or weight regain are possible pre-
sentations as well, often at further intervals from 
surgery. Weight recidivism occurs as food bolus 
travels through the fistula into the bypassed stom-
ach and duodenum [60]. A large GGF allows sig-
nificant shunting of food into the remnant 
stomach, and away from the Roux limb [59]. In 
the case where there is concomitant stenosis of the 
gastro-jejunal anastomosis and a GGF, complete 

Fig. 9.4 Plain radiograph depicting pneumopericardium 
(arrows indicate the edge of the pericardium). Patient was 
8 years post Roux-en-Y gastric bypass, and had a previ-
ously known gastrojejunal marginal ulcer, which eventu-
ally eroded into the pericardium
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flow diversion of enteric contents into the gastric 
remnant and biliopancreatic limb may occur, 
effectively eliminating the bypass operation. 
Conversely, patients with asymptomatic GGF 
may continue to experience adequate weight loss 
and resolution of comorbid conditions, and thus 
GGF may not need to be closed [58, 59, 61].

Water-soluble contrast-enhanced upper gas-
trointestinal series and cross-sectional imaging 
are often complementary to endoscopic identi-
fication of GGF [9]. The order of these studies 
is debated, with some advocating endoscopy 
prior to upper gastrointestinal series to avoid 
contrast interference with endoscopy [59, 62]. 
Sensitivity of imaging studies is not well 
reported but is quite high with respect to detec-
tion of chronic fistulae [59, 63, 64]. In particu-
lar, small fistulae may not be appreciated by 
endoscopy, and may be revealed by contrast 
studies. The presence of bile in the pouch after 
RYGB should alert the endoscopist to the pos-
sible presence of a GGF.

Endoscopic evaluation of fistulae is impor-
tant, giving insight into not only location of the 
fistula, but also to estimate size and determine 
suitability for endoscopic therapy (Figs. 9.5, 9.6, 
and 9.7). Additionally, endoscopy reveals associ-
ated sequelae, including gastritis, ulceration, 
presence of foreign bodies, or necrotic debris 
[59, 62]. In general, the entirety of the gastric 
staple line and gastro-jejunal anastomosis should 
be carefully evaluated. Fistula to the remnant 
stomach can occur at any point along the staple 
line, but is more often found at the angle of His. 
In some cases, use of an endoscopic dissecting 
cap may be helpful in flattening folds of the gas-
tric mucosa to identify small fistulas. A biopsy 
forceps or guidewire may also be used as a probe 
to better elucidate subtle fistulae [59]. Endoscopy 
with simultaneous fluoroscopy and injection of 
the tract can be helpful [62]. Prior to detailing 
specifics of endoscopic management, it is impor-
tant to note that attempts at endoscopic manage-
ment of GGF are not usually associated with 
additional complications if the patients eventu-
ally need operative intervention for definitive 
therapy [65].

Several different endoscopic techniques have 
been reported to manage GGF following bariatric 
surgery. The best initial closure rates and most 
durable results are for GGF <1 cm in diameter 
[59]. One of the largest series published includes 
95 patients with endoscopic management of GGF 
following RYGB at a single institution using 
Endocinch (Bard Endoscopic Solutions, Murray 
Hill, New Jersey) in addition to various other 
adjuncts, including hemoclip, APC, or cyanoac-
rylate glue [66]. Technical success rate for initial 
fistula closure was 95%, but at a median follow-
 up of 217 days, only 19% remained closed. Fifty- 
nine patients required at least one additional 
endoscopic intervention [66]. The endoscopic 
suturing device used in that series is not commer-
cially available. Another single center study 
demonstrated endoscopic suture closure of GGF 
in three patients, which subsequently resulted in 
additional excess weight loss [67].

The OTSC device has been used in the man-
agement of GGF as well. A two-center study of 
126 patients undergoing OTSC placement 
included eight patients with GGF, all post 
RYBG [68]. The overall conclusion for the 
study was that immediate technical closure rates 
were high and long-term durability was low. 
Within the GGF subgroup immediate technical 
success was achieved in 75% (6/8) with five 
needing repeat intervention, and 50% (n = 4) 
showing long-term success of fistula closure 
with OTSC. In a separate study, OTSC was 
placed for all types of gastrointestinal fistula, 
including eight patients after bariatric surgery, 
with 75% of the patients in this subgroup achiev-
ing initial technical closure [69]. Other case 
reports have similarly demonstrated success 
with the Overstitch device [70, 71].

Despite promising results of achieving GGF 
closure with different endoscopic modalities, dura-
bility of closure remains challenging [66]. Larger 
GGF are less likely to close with endoscopic inter-
vention alone, though the size cutoff is not well 
established. Some series suggest initial fistula size 
>20 mm was associated with recurrence [66, 72]. 
Prospective study would be revealing, but the low 
incidence of GGF may be prohibitive.
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 Gastro-cutaneous Fistula

While gastro-cutaneous fistula (GCF) is less 
common than GGF, they are likely the second 
most common fistula type after bariatric surgery. 
Many endoscopists have familiarity with GCF 
from treating nonhealing gastrostomy tube sites. 
GCF closure following bariatric surgery is simi-
lar to a PEG site, but may require multimodality 
therapy. One case report details a patient who had 
undergone an open conversion from a prior 
horizontal- banded gastroplasty to a duodenal 
switch/biliopancreatic diversion. A leak at the 
gastric cardia failed management with percutane-
ous drainage, parenteral nutrition, multiple 
enteral stents and fibrin flue application, eventu-
ally developed into a chronic GCF [73]. A 
Stomaphyx device (EndoGastric Solutions, 
Redmond, Washington) was used in an off-label 
manner to plicate the fibrotic tissue around the 
internal opening of the fistula. This was followed 

by application of fibrin tissue sealant and multi-
ple through-the-scope clips [73].

In some cases, GCF results from failed 
attempts at percutaneous management of leaks 
after surgery. One case report details a patient 
post-RYGB with a leak from the gastro-jejunal 
anastomosis that failed to resolve after two surgi-
cal interventions. The leak was controlled for 
5 months with a percutaneous drain and distal 
enteral feeding. On referral to a tertiary center, an 
endoscopy noted intraluminal position of the per-
cutaneous drain, which was withdrawn and 
revealed a well-epithelialized tract. An APC 
catheter was used to ablate the tract, and a OTSC 
clip used to close the internal orifice [74]. Other 
multimodality strategies have been published as 
well [75].

A prospective study of 25 patients with GCF 
following RYGB used a plug made of porcine 
small intestinal submucosa, typically used to 
facilitate closure of anal fistulae, to close GCF 

Fig. 9.5 Gastro-gastric fistula following Roux-en-Y 
gastric bypass (RYGB). Patient is 13 years post RYGB 
who presented with abdominal pain, weight regain, and 
de novo diabetes mellitus. (a) Barium-enhanced upper 
gastrointestinal series with opacification of the gastric 

pouch, excluded remnant, and both the biliopancreatic 
and Roux limbs. (b) Gastro-jejunal anastomosis post 
dilation. (c) Fistula opening in the bottom left, which was 
easily traversed with the endoscope, and (d) the remnant 
stomach
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[76]. Porcine small intestinal submucosa is an 
acellular biologic graft containing collagen and 

other protein components of the extracellular 
matrix, which has been shown to facilitate native 
tissue ingrowth. In this series, a sheet of the bio-
logic graft was rolled into a cone shape and 
attached to a catheter that was then pulled with an 
endoscope through the external fistula opening to 
occlude the tract. 68% of patients experienced 
fistula closure in this series. While there were no 
complications noted, most patients required two 
applications of the plug to achieve complete clo-
sure [76, 77]. This approach not only necessitates 
an external opening, but it was never commer-
cially developed for this specific application.

 Gastro-peritoneal Fistulae: 
A Persistent Fistula to a Chronic 
Abscess Cavity

The final type of fistulae to discuss is not a true 
fistula per se, in that it does not connect two tubular 

Fig. 9.6 Gastro-gastric fistula after Roux-en-Y gastric 
bypass (RYGB). Patient was several years post RYGB 
and presented with weight regain. (a) A retroflexed view 
reveals a dilated gastric pouch and a fistula opening on the 

upper left of the image alongside the scope. (b) More 
clearly demonstrates a well-matured fistulous opening, 
which was easily traversed with the endoscope. (c) The 
remnant stomach

Fig. 9.7 Gastro-gastric fistula after vertical-banded gas-
troplasty (VBG). Patient is 22 years post VBG with a lex 
ring who developed severe reflux and weight regain. 
Endoscopy revealed a large gastro-gastric fistula related to 
patient dehiscence of the staple line. There was no evi-
dence of intraluminal erosion of the lex ring though this is 
not uncommon
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organs, but rather connects the gastrointestinal 
tract to a chronic fistula cavity (Fig. 9.8 and see 
Fig. 9.1). Generally these arise from an acute leak 
after surgery that was contained either in the lesser 
sac or by the omentum. Typically these have small 
internal openings that have likely undergone a 
repeat process of partial healing and subsequent 
chronic inflammation. Treatment of these fistulae 
was described by Baretta et al., in a case series of 
27 patients, which included 14 patients after 
RYGB, nine patients after LSG, and four patients 
after duodenal switch [78]. The authors describe 
the typical appearance of a septum between the 
gastric pouch and the abscess cavity, in conjunc-
tion with a stenosed gastric outlet. Their endo-
scopic technique was to fully evacuate the abscess 
cavity by aspiration and saline irrigation followed 
by a septotomy with an electrocautery knife or 
APC catheter. Patients with a sleeve anatomy (both 
duodenal switch and LSG) underwent dilation of 
the angularis incisura to 30 mm with a pneumatic 
balloon, while patients with RYGB anatomy 
underwent balloon dilation of the gastro-jejunal 
anastomosis to 20 mm. This combined approach 
allowed internal drainage of the persistent abscess 
cavity and relieved any concomitant outflow 
obstruction. Without mechanically closing the fis-
tula tract, the mean time to fistula closure was 
18 days. Moreover, most the patients were able to 

tolerate a liquid diet by mouth on the first day fol-
lowing the procedure [78].

 Gastro-colonic Fistulae

Gastro-colonic fistulae most commonly develop 
as a complication of malignancy, gastrostomy 
tube misplacement, or peptic ulcer disease. 
However, gastro-colonic fistula can occur from 
staple lines, marginal ulcers, or foreign body 
erosion following bariatric operations. 
Presentation may range from no symptoms, to 
emesis of feculent content, to diarrhea and pas-
sage of recently ingested food per rectum; typi-
cally neither of the latter conditions is well 
tolerated by patients. A case report details simul-
taneous erosion of an adjustable gastric band 
into both the colon and stomach, resulting in 
gastro-colonic fistula [79]. This case demon-
strates that endoscopic evaluation of fistulae fol-
lowing bariatric surgery may also be noted on 
lower endoscopy. Another case report of a gas-
tro-colonic fistula developed after revision of 
LSG [80]. In this case the fistula, identified both 
endoscopically and radiographically, was tempo-
rarily managed with an internal stent, allowing 
sufficient time for the patient to gain better nutri-
tive indices from a combination of peroral and 

Fig. 9.8 Fistula to abscess cavity after longitudinal sleeve 
gastrectomy. Patient was several month post laparoscopic 
sleeve gastrectomy with a staple line leak that had failed 
to close with percutaneous drainage. (a) is a contrast- 
enhanced upper gastrointestinal series that demonstrates 

extraluminal contrast extravasation from the upper portion 
of the stomach. (b) Endoscopically the presence of mul-
tiple pieces of staple and suture material, as well as other 
debris likely prohibited effective neo-epithelialization
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parenteral nutrition, prior to surgical repair [80]. 
Endoscopic management of gastro- colonic fistu-
lae arising from diverticula have been described 
after diagnosis by combined upper and lower 
endoscopy [81].

 Rare Gastro-enteric Fistulae

Other less common types of fistulae have been 
reported. These include gastro-colic-aortic [82], 
gastro-splenic [83], and jejuno-colic [84]. The 
authors of this chapter have also treated patients 
with a fistulous connection between the gastric 
pouch and the blind limb of the gastrojejunos-
tomy. While isolated case reports are insufficient 
to determine efficacy of endoscopic manage-
ment, diagnosis by endoscopy is typically part of 
the evaluation.

 Conclusion

Bariatric surgery has proven to be durable and 
effective with a low complication rate. Post- 
bariatric surgery fistulae are rare, and challenging 
clinical scenarios. Endoscopy plays an important 
role in diagnosis and treatment of these condi-
tions. In the appropriate setting, endoscopic man-
agement of fistulae can be definitive. In cases 
when further surgical intervention is necessary, 
endoscopy can provide a valuable intervention, to 
lessen or ameliorate sepsis, improve nutritional 
status, and maximize performance status of a 
patient prior to a definitive surgical procedure.
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 Introduction

Since its inception, the field of bariatric surgery 
has witnessed extensive dedicated research lead-
ing to ongoing innovation [1]. The journey started 
several decades ago with the need to overcome 
the obesity epidemic that only recently has 
become recognized as a disease [2]. The pioneers 
of this arena mastered successive surgical weight 
loss procedures through endless laboratory exper-
imentations and clinical investigations [3]. As 
various operations were conducted through the 
years, surgeons and bench researchers gained 
more in-depth knowledge and better understand-
ing of the pathophysiology of obesity. 
Consequently, prior surgeries lost their popularity 
and fell out of favor due to the emergence of con-
ceptually newer and more efficient procedures. 
The current weight loss procedural armamentar-
ium has narrowed down to very few operations 
that have proven safe and effective. Furthermore, 
the future of bariatrics appears to be favoring 
endoluminal procedures whether with short-term 
goals [4–6] or with durable effects [7].

Throughout the years, surgeons have imple-
mented different techniques to enhance the per-
formance of bariatric surgeries at any given time. 
It was not uncommon, although it has become 
less practiced, to apply synthetic materials as a 
boosting adjunct to the index weight loss surgery. 
Foreign body materials were heavily used at 
some point in time with surgeons liberally wrap-
ping or encircling targeted parts of the upper 
stomach to optimize weight loss. Such proce-
dures led to the genesis of the adjustable gastric 
band, and hundreds of thousands of bands were 
subsequently inserted worldwide. Embracing its 
so many attributes (same day surgery, minimal 
operative risks, and reversibility), the adjustable 
band became the ideal procedure for so many. 
Similarly, the nonadjustable bands have been and 
yet still are being used in some parts of the world. 
Among all the potential adverse events, these 
devices and others have introduced a new com-
plication entity called “foreign body erosion.” It 
represents one of the most dreadful complica-
tions of such devices and procedures. The ero-
sion could be asymptomatic [8] or might lead to 
a large spectrum of manifestations including 
multiorgan erosions, bleeding [9–11], gastric 
emphysema [12], and gastropericardial fistula 
[13]. One of those situations that could be deemed 
unreachable for endoscopic retrieval is when the 
band migrates distally into the jejunum [14–17]. 
Equivalently, but seen less often, are other pros-
thetic material erosions (i.e., prosthetic mesh).
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 Biomaterials in the Bariatric Patient

Intuitively, any prosthetic (synthetic or biologic) 
material is regarded as foreign to self and could 
trigger a cascade of responses [18]. Nonetheless, 
experimental biologic material from pigs (i.e., 
porcine and bovine collagen) has resulted in no 
tissue reaction [19] or histologic rejection [20] on 
postoperative microscopic analyses. The human 
immunological system has a varied reaction 
extending from local periprosthetic wall fibro-
sclerosis [21] to formal rejection. Some of those 
fibrotic responses are favorable, like when a 
metallic rod or similar material is used for bone 
fracture consolidation. However, the response 
can become troublesome and certainly unwanted 
when eroding into the gastrointestinal tract. 
Foreign body erosions is one of the most feared 
imperfections and drawbacks to the use of bio-
medical devices as either adjunct to or as a proper 
weight loss surgery. Erosion speaks of the pro-
cess of migration of the foreign body through the 
gastrointestinal wall.

The rate of such foreign body erosions depends 
on several factors, with the nature of the biomate-
rial being the most important. There are many gar-
ment materials that have been used with adequate 
human biocompatibility [22], namely, Gore-Tex, 
silicone, polypropylene, etc. Considering the large 
number of adjustable gastric bands inserted 
(300,000+ worldwide) [23] over the past couple of 
decades, it is common sense to expect some long-
term complications from those devices. Although 
less popular, nonadjustable bands and wrapping 
meshes have also been associated with gastric ero-
sions. Permanent sutures and staple line reinforce-
ment materials eroding into the gastrointestinal 
lumen have also been reported in the literature, yet 
with less of a major clinical significance. 
Considering that bands and rings are the main 
source of gastric erosions in the bariatric popula-
tion (Fig. 10.1), this chapter will mainly focus on 
their review. Asymptomatic erosions are not that 
uncommon [8, 24] but the most common presenta-
tion of an eroded adjustable gastric band is that of 
loss of satiety with weight regain followed by 
abdominal pain [25]. Port-site sepsis may reveal 
an erosion of the adjustable band. Interestingly, 

even the band tubing could lead to visceral erosion 
especially targeting the colon [26, 27]. In expert’s 
hands, laparoscopic omental plugging and band 
removal through a separate anterior gastrotomy 
proved to be an effective method for managing 
those complications [28]. Furthermore, other lapa-
roscopic methods [29, 30] and even laparotomy 
have been successfully attempted in such circum-
stances. This should prompt the bariatric surgeon 
to learn about the different available modalities of 
managing such complications.

 Foreign Body (FB) Erosion of the 
Gastrointestinal Tract

The current trend of weight loss surgery has 
shown that close to 30% of bariatric patients will 
require revision surgery after their index surgery 
[31]. Such surgeries could be categorized as cor-
rective for complications from the index surgery 
or conversional when facing weight recidivism 
and failures [32]. When a foreign body erosion is 
detected, one must consider several factors in the 
decision-making process, namely, severity of 
presentation and preservation of gastric anatomy 
for potential future procedures.

Transabdominal corrective gastrointestinal 
surgery, whether through laparoscopy or laparot-
omy, is undoubtedly complex and could be 
 disruptive with potential increased morbidity. In 

Fig. 10.1 Retroflexed endoscopic view of full thickness 
gastric erosion of an adjustable band
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contrary and due to its rightly perceived lesser 
invasiveness, endoscopic therapy of complica-
tions following bariatric surgery has gained 
steady popularity and acceptance [33]. 
Furthermore, endoscopic management, when 
feasible, could positively impact outcomes of 
gastric erosions by allowing faster healing and 
minimal morbidity [34]. It has been well accepted 
that endoscopy has evolved from a diagnostic test 
to viable treatment modality [35]. That being 
said, it is not until more recently that the 
“Standards of Practice Committee of the 
American Society for Gastrointestinal 
Endoscopy” changed its position statement on 
[36] endoscopy being a diagnostic tool to now 
having a therapeutic role in the management of 
foreign body erosions. [37].

 Endoluminal Therapy for Eroded 
Nonadjustable Gastric Bands

The application of a gastric segmentation proce-
dure using a banding apparatus was initially 
described by Wilkinson and Peloso [38] in 1978. 
The authors used a Marlex mesh placed around 
the proximal stomach. Molina and Oria modified 
the technique by using a Dacron graft around the 
proximal stomach resulting in a smaller proximal 
pouch than the former authors’ experience. 
Although the long-term weight loss from the 
later was reported to be significantly better, the 
patient food intolerance was problematic. The 
gastric partition concept triggered the emergence 
of subsequent weight loss procedures incorporat-
ing banding with foreign bodies (i.e., vertical 
band gastroplasty [VBG]). The resulted weight 
loss might have been satisfactory but at the 
expense of numerous banding-related complica-
tions, erosions being the most problematic [39]. 
In fact, up to 50% of the VBGs require reinter-
vention due to one or more of those complica-
tions [40].

Bands consisting of silastic material are tech-
nically easier to remove given a lack of incorpo-
ration of surrounding tissue or structures. In 
contrary, bands made of marlex [41] or nonsilas-
tic materials can be more difficult to remove 

because of integration into surrounding tissue 
(Fig. 10.2). The resulting scar tissue that encom-
passes bands and makes laparoscopic retrieval 
difficult may very well be protecting the patient 
after gastric wall erosion.

Fobi [42] reported one of the first endoscopic 
experiences in removing eroded silastic rings 
after transected banded vertical gastric bypass 
(TBVGB) surgeries. Out of a total of 2949 
TBVGB, 48 cases of erosions were encountered. 
Only 40 patients were managed by the author and 
his team. Eighteen patients were treated conser-
vatively and allowed for spontaneous extrusion 
of the band into the lumen. Fourteen patients had 
their band removed endoscopically. The paper 
does not discuss the management algorithm but 
does report that the remaining cases were man-
aged through different surgical modalities. 
Interestingly, three patients underwent revisional 
surgery (distal Roux-en-Y gastric bypass) with a 
new ring placed that subsequently leaked and 
healed. Out of these three leak cases, two devel-
oped band erosion that were endoscopically 
removed. Although endoscopic retrieval of band 
erosions was successful in 14 patients and failed 
in 5, the author reports no technical details. This 
could well be because those endoscopies were 

Fig. 10.2 Endoscopic forward view of eroded nonadjust-
able silastic band
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performed by GI endoscopists, and failed 
attempts were secondary to initial limited experi-
ence or technical issues. However, subsequent 
endoscopic retrieval in the last four patients was 
done as an outpatient procedure with patients dis-
charged on diet after no leaks were shown on 
contrast studies. It clearly reflects the team’s 
developing expertise and confidence in managing 
such complications.

Another challenge in endoscopic retrieval of 
foreign body erosion is the thickness and amount 
of material eroded into the lumen. The less the 
material and more the degree of luminal erosion, 
inherently easier is endoscopic removal. Removal 
is also contingent on two other parameters: the 
architecture of the FB (i.e., suture removal is 
intuitively easier than debulking a partially 
embedded Marlex mesh) and the site of erosion. 
Method of removal may be as simple as using 
biopsy forceps to extract the material, to a much 
more complex technique with refined instru-
ments. Argon beam coagulation has been used in 
dividing the remaining gastric bridge of tissue 
holding a portion of a gastric band [43]. This 
allowed subsequent endoscopic retrieval of the 
band after the port was surgically disconnected 
from the tubing. In the first report, a penetrated 
Dacron band was vaporized with a Nd:YAG 
laser; removal was incomplete, and portions of 
the Dacron band were left behind. Similarly, 
favorable experience was reported with the appli-
cation of Nd:YAG laser at the time of upper 
endoscopy to vaporize a Dacron band in a bariat-
ric patient. Only part of the band could be 
explanted with some of the FB left imbedded in 
the gastric wall.

One of the most challenging complications of 
the VBG, reported to occur in 1–3% of the cases, 
is the partial or total Gore-Tex (W. L. Gore Inc., 
Elkton, Md) band erosion through the vertical 
staple line or through the lesser curvature of the 
gastric pouch. Unless a band has freely eroded 
from the gastric wall, allowing spontaneous elim-
ination or simple endoscopic retrieval, surgical 
removal may be required. The first endoscopic 
use of flexible scissors was reported in a European 
experience [44] when authors removed an eroded 
vascular prosthesis placed at the time of gastric 

surgery. Similarly, Evans et al. [45] replicated 
analogous experience in the USA when the 
authors explanted eroded Gore-Tex bands from 
two sisters that had VBG 4 years prior. The 
authors describe the use of an Olympus double- 
channel endoscope and flexible scissors with 
flexible alligator grasper. Both procedures were 
completed as outpatient surgery and patients sub-
sequently underwent Roux-en-Y gastric bypass.

Karmali et al. [48] shared their favorable 
experience with using endoscopic removal of 
eroded silastic bands in VBG patients. Under 
conscious sedation, in the endoscopy suite, endo-
scopic scissors were used through Pentax double- 
channel endoscope (EG-3870 TK) to retrieve the 
eroded bands in nine patients. The authors used 
rat-toothed grasping forceps (GF-49L-1; 
Olympus) to grab the band and with straight 
endoscopic scissors (FS-3 l-1; Olympus) cut it. 
The band was pulled out through the mouth after 
an average procedure time of 30 min 
(28.0 ± 8.8 min). All nine patients went home the 
same day without any reported immediate or 
long-term complications.

The Molina nonadjustable gastric band was 
used to create an hourglass effect on the stomach, 
thereby restricting the size of the proximal gastric 
pouch and causing early satiety [46]. This weight 
loss procedure was very popular for a decade 
(1970s–1980s) but led to a number of significant 
complications [47]. The morbidity of the opera-
tion led to its abandonment. One of the most 
common indications for surgical exploration was 
band erosion. The Dacron nature of the band cre-
ated an extensive inflammatory response around 
the proximal stomach and in most instances the 
left lobe of the liver. This led to a hostile environ-
ment and made any corrective surgery a 
challenge.

Blero et al. [49] reported their innovative algo-
rithm (Fig. 10.3) in managing 13 cases of symp-
tomatic band or ring dysfunction at a tertiary-care 
university center. A total of 10 silastic rings and 3 
laparoscopic adjustable gastric bands (AGBs) 
were reported on. Using a therapeutic gastroscope 
(GIF-1T 160 or GIF-2T 160, Olympus, Tokyo, 
Japan), initial upper endoscopy under general 
anesthesia was diagnostic and therapeutic in all 
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cases. Two AGBs and one silastic ring were found 
to be more than 50% eroded into the lumen and 
were cut under fluoroscopic guidance using an 
Atkinson extractor (Olympus Keymed, Southend-
on-Sea, UK). One of the two AGBs could not be 
removed endoscopically as the associated tubing 
was, at the time of laparoscopy, found to be 
densely adherent to the gastric lesser curve and 
liver. Interestingly, the authors deployed SEPS 
(Polyflex, Boston Scientific, Natick, MA, USA) 
stents in patients with stenotic silastic rings or 
partially eroded (<50%) bands. Such approach 
was meant to trigger some targeted  necrosis of 
the gastric wall between the stent and the ring or 
AGB. With an average time of 6 weeks (range 
3–14 weeks) for the second endoscopy, and like 
Hookey’s [50] prior experience, complete intra-
gastric migration was achieved in 6 rings (6 of 9) 
and 1 AGB (1 of 1). This allowed for both SEPS 
and foreign body erosion at the same time using a 
rat tooth forceps. All the patients were discharged 
on regular diet, within 24 h from their successful 
endoscopic procedures.

Wilson et al. [51] published their results on 15 
patients presenting with erosions of nonadjust-
able bands requiring explantation also using plas-
tic stents. Similarly, Campos et al. [52] reported 
their favorable prospective study deploying self- 

expandable plastic stent (SEPS) in 41 patients 
with non-eroded banded (rings) Roux-en-Y gas-
tric bypass suffering from food intolerance. The 
authors managed to retrieve all bands endoscopi-
cally. Most bands were removed (with full ero-
sion) at the time of SEPS removal and the 
remaining (only partial erosion) a month later. 
No complications were noted initially; however, 
nine patients needed endoscopic dilation after 
stent removal to treat fibrotic strictures. The 
patient satisfaction was recorded as good in 78% 
of patients with food tolerance.

Shehab and Gawdat [53] shared their experi-
ence with endoscopic management of 16 eroded 
nonadjustable bands following 2030 banded gas-
tric bypass surgeries. The authors acknowledged 
a change in their practice favoring an endoscopic 
approach after eight band erosions treated surgi-
cally. All erosions were visualized at the level of 
the gastrojejunal anastomosis with only two 
bands presenting with partial thickness gastric 
erosion. These were deemed not amenable to 
endoscopic removal. Interestingly, the authors 
stated that the amount of intraluminal circumfer-
ence of band erosion was not considered a factor 
affecting removability. Under moderate sedation, 
without endotracheal intubation, endoscopic 
explantation of the remaining 14 full thickness 
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Fig. 10.3 Algorithm of the endoscopic management of 13 cases of symptomatic band/ring dysfunction
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eroded bands (9 Prolene and 5 Gore-Tex bands) 
was attempted. With an average of 37.5 min (22–
55 min) procedural time, all 14 bands were split 
with endoscopic scissors (13254 MS, Karl Storz, 
Tuttlingen, Germany) with three cases requiring 
the additional use of argon plasma coagulation 
(APC) at a setting of 90 W and 1.5 L/min flow to 
complete the process. Two of these three were 
Prolene meshes and could only be partially 
removed as they were found to be well embedded 
in the gastric wall. The band fragments were 
retrieved through either standard (in eight 
patients) or double-channel (in six patients) adult 
gastroscopes. These patients were started on 
clear liquid diet and were discharged home the 
same day of their procedures. The authors 
reported high patient satisfaction without any 
associated complications at 6-month follow-up.

Karmali et al. [54] investigated a novel approach 
in removing eroded bands which they named TGER 
standing for “transgastric endoscopic rendezvous 
technique.” Such approach consists of a combo 
laparoscopic and endoscopic procedure allowing 
for the retrieval of eroded Molina bands. The retro-
flexed gastroscope provides intragastric direct view 
of the eroded segment of the Molina band, which 
was divided with laparoscopic scissors through a 
transgastric laparoscopic port. The band was then 
pulled out through the mouth and the small gastros-
tomy was sutured closed. The two patients reported 
in the authors’ series had uneventful post-proce-
dural course.

 Endoluminal Therapy for Eroded 
Adjustable Gastric Bands

Adjustable band erosion through the gastric wall 
is an uncommon phenomenon, yet a serious com-
plication [55] reported in both adults and adoles-
cents [56]. Large series [57, 58] have reported an 
incidence of 1–2%, but, in small series, it has 
ranged from 7.5 to 12% [59]. Such variability is 
likely multifactorial with surgical removal being 
the most commonly reported technique. The cor-
responding pathophysiology is also multifacto-
rial [60, 61] with partial stomach damage or 
microperforation when found early after place-

ment and chronic ischemia for the later presenta-
tions. The timing of erosion can be weeks (early 
erosions) to years after placement (delayed ero-
sions) with up to 75% presenting as silent ero-
sion. Asymptomatic erosions often present with 
unexpected weight gain [62]. Nonetheless, case 
reports of unusual acute presentations such as 
catastrophic hemorrhage [63–65], complete ero-
sion with associated bowel obstruction [17, 66], 
and septic complications [67, 68] have also been 
described.

Even though the prevalence of AGB erosions 
is low, management is still a challenge. A myriad 
of surgical approaches exists for band explanta-
tion and many pioneers have described novel 
techniques including laparoscopic transabdomi-
nal division of the AGB with transgastric retrieval 
[69]. Laparotomy is a valid approach yet remains 
the most invasive. The laparoscopic approach for 
band replacement [25] or explanation [28, 70] 
has been embraced by many but could prove dif-
ficult for several reasons. Adhesions from previ-
ous surgery would make it difficult to safely 
identify the anatomy. A posterior rotation of the 
band buckle makes it exceedingly difficult to 
free. Traditionally, the human body walls off 
such inflammatory process into a contained cap-
sule. Ideally, such FB erosions would benefit 
from an endoscopic management. This approach 
preserves the outer gastric wall from any disrup-
tion. Additionally, the endoscopic approach is 
intuitively safer and least invasive of all.

Despite several authors reporting their sup-
portive experience with the endoscopic approach 
and advocated for its widespread adoption, a 
2011 systematic review (1998–2010) of 25 
authors’ experience on 231 eroded AGBs omitted 
the endoluminal approach [71]. Similarly, 
Cherian et al. [57, 72] reviewed the outcome of 
865 adjustable gastric bands and found 18 events 
relating to band erosions. The endoscopic 
approach was not attempted in any of those 
patients. Hamdan et al. [73] wrote a paper review-
ing the management of complications of different 
weight loss surgeries. Laparoscopy was thought 
of as the first line in managing eroded bands 
without any reference to the role of endoscopy. 
Furthermore, a recent large 15-year review paper 
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[25] speculated on higher costs of endoscopic 
treatments in managing migrated bands. 
Interestingly, the cost analysis conducted by 
Chisholm et al. [74] unveiled a lower cost by over 
$1000 in favor of endoscopic therapy. Brown 
et al. [25] supported an editorial comment [75] 
discussing technical burdens of such advanced 
endoscopy and procedural time. They also dis-
liked delayed endoscopic band explantation 
when the buckle was not seen within the gastric 
lumen. They felt repeated endoscopy and sepa-
rate anesthesia for port and tubing removal was 
less favorable when compared to surgical one-
time intervention. Obviously, all of those con-
cerns are real but can be mitigated with increased 
experience and an endoscopic combined surgical 
approach in the operating room.

In a case report by El-Hayek et al. [76] a com-
bined endoscopic and transgastric approach using 
a standard 8 mm laparoscopic trocar was posi-
tioned similar to a percutaneous gastrostomy tube. 
The endoscope functioned as the “eyes” while the 
trocar allowed for the use of ultrasonic shears to 
divide the eroded gastric band. The cut band and 
tubing were removed transorally using a polypec-
tomy snare. The port of the gastric band was 
removed through a small skin incision. The entire 
procedure was done at one setting, under general 
anesthesia, and did not require full erosion of the 
band or buckle. Baldinger et al. [77] reported a 1% 
rate of eroded bands out of the 714 implanted 
Swedish Adjustable Gastric Bands (SAGB) 
(Obtech, Zug, Switzerland) over a 3 and half year 
period. The four patients were asymptomatic with 
the erosion and initial diagnostic endoscopy 
revealed a 50–75% erosion of the AGB. In order to 
promote further erosion and complete intraluminal 
migration, the authors advocated deliberate over-
filling of the bands. At the time of a subsequent 
visit, under local anesthesia the tubing was cut 
allowing for port removal concomitantly with the 
endoscopic retrieval of now a fully migrated band 
using a polypectomy snare. All four patients expe-
rienced no immediate complications.

Similar to Karmali et al. [54] approach but 
more recently, Prathanvanich [78] presented a 
video showing successful combination of endo-
scopic and percutaneous technique. Using the 

same concept of gastric access as in percutaneous 
gastrostomy tube placement, a small laparo-
scopic trocar was inserted into the inflated stom-
ach and under endoscopic guidance. The trocar 
allowed for the eroded (more than 50%) band to 
be cut with an ultrasonic shear and retrieved 
through the mouth. Intelligently, the laparoscopic 
port was used for a percutaneous gastrostomy 
tube placement at the end of the procedure.

Specially designed instruments have been 
manufactured to allow endoscopically cutting 
eroded bands. Mozzi et al. [79] described the 
use of therapeutic endoscopy in 20 patients 
presenting with erosions of adjustable bands 
from four different manufacturers of AGBs. 
The authors required that the erosion involves 
more than 50% thickness and the use of a gas-
tric band cutter (Agency for Medical Innovation 
GmbH, Gotzis, Austria). Sixteen bands were 
explanted through the described technique 
while three patients were found to have peri-
gastric adhesions preventing transoral retrieval. 
One patient faced technical issues with the cut-
ting wire leading to twisting and blockage of 
the band at the level of the gastric cardia. All 
four cases required laparoscopic intervention. 
Herreros de Tejada et al. [80] illustrated their 
stepwise technique using the same band cutter 
(A.M.I. Gastric Band Cutter; CJ Medical, 
Haddenham, UK). The solo patient treated by 
the authors had no immediate post- procedure 
complication and she was discharged home 
after a 24-h observation. Regusci et al. [81] 
reported comparable positive experience 
adopting the same device and technique. Using 
general anesthesia in five patients and local 
anesthesia in one, ports were first removed 
before bands were explanted in the same set-
ting. All patients were sent home the same day 
without any subsequent complications. The 
technique is well described but the amount of 
band erosion or procedural time is not reported. 
Although no clear explanations were provided, 
another patient was subjected to laparoscopic 
removal. Similarly, Lattuda et al. [82] report 
on seven patients subjected to this technique 
with the band cutter. Five had their band 
uneventfully removed endoscopically. One 
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band could not be cut due to twisting of the 
cutter and required laparoscopy and the other 
had the band cut but required laparotomy sec-
ondary to dense adhesions preventing retrieval. 
The authors of this review stressed the impor-
tance of conducting such procedures in an 
operating room setting as it allows easy con-
version to surgery when needed. Both authors 
had satisfactory outcomes with the band cutter. 
However the device is not readily available in 
all centers secondary to cost and regulatory 
standards. The device is not available in the 
USA. Alternatively, and creatively speaking, 
Flor et al. [83] replicated the same technique 
but with the use of a 0.035-in. guidewire 
(Jagwire; Boston Scientific, El Coyol, Costa 
Rica) passed endoscopically around the eroded 
band. The wire was then allowed to cut through 
the band with the aid of a mechanical lithotrip-
tor (Soehendra Lithotriptor, Cook Medical, 
Bloomington IN, USA). The end result was a 
cut band that was subsequently removed 
through the patient’s mouth.

Chisholm et al. [74] reviewed similar data 
with 50 eroded SAGB (Ethicon Endosurgery®, 
Cincinnati, OH) gastric bands approached in 
the OR under general anesthesia using the gas-
tric band cutter (AMI® Gastric Band Cutter, 
Agency for Medical Innovation GmbH, Götzis, 
Austria). Interestingly, the endoscopic removal 
was only attempted when the buckle of the 
band was seen inside the stomach. The authors 
had to convert earlier in their experience three 
patients to surgery for incomplete erosions 
(buckle not visible within the stomach). With 
the median duration of the procedure approxi-
mating 46 min (range 17–118 min), the 
reported success rate was close to 92% (46 
patients). This favorable outcome was at a 
cost, five patients (10%) presented with com-
plications of which three required interven-
tions: laparoscopy for two patients with 
symptomatic pneumoperitoneum and surgical 
debridement for one patient with port infec-
tion. Conversely, Weiss et al. [84] conducted 
their cases in the endoscopic suite under seda-
tion. They describe their procedure as being of 
two concomitant steps. Initially a SLT-

LASER®, Neodym-YAG 100 is introduced 
through a two-channel gastroscope (Olympus 
GIF-2T100, Vienna) to deliver 25 watts cutting 
energy to the eroded band. Subsequently, the 
port is removed through a skin incision. The 
authors found the N-YAG to be more time effi-
cient than traditional endoscopic scissors. This 
technique was employed on five patients who 
were discharged home after normal gastrogra-
fin upper GI study on Day 2.

Neto et al. [85] shared their experience with 
the largest series of endoscopic management of 
eroded bands. The authors treated a total of 82 
band erosions over the span of 5 years. 
Different band types were reported with pre-
dominance of the Swedish type (SAGB). 
Similar to Lattuda et al. [82] recommenda-
tions, the authors conducted all their cases in 
the OR and under general anesthesia. The 
endoscopic technique is well illustrated and 
explained in their paper. They were conserva-
tive with erosions involving less than 50% of 
the band thickness with the reasoning that such 
bands would not be explanted easily or without 
significant complications. They hastened the 
erosion speed by inflating the band to full 
capacity with subsequent endoscopy in 
2–3 months’ interval at which point the band 
was cut with a band cutter and removed by 
biopsy forceps. Only 4 out of the 82 bands 
could not be removed after they were split. A 
total of 19 patients required 2 endoscopic ses-
sions for retrieval but the authors did not pro-
vide the explanations to why. The cases took 
anywhere from 25 to 150 min with an average 
duration of 55 min. The immediate complica-
tion from this series included five patients 
(6.4%) who presented with painful pneumo-
peritoneum. Three of these patients only 
required conservative measures while one 
patient needed a veress needle decompression 
of severely distended abdomen and another 
patient was taken for laparotomy for a non-
disclosed indication. The use of carbon dioxide 
during endoscopy should be performed in all 
these cases to mitigate the amount of distention 
both in the bowel and if distention occurs in 
the abdominal cavity.
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Contrary to the established conservative 
practice of bands with less than 50% erosion 
[86–88], Campos and his group [89] used an 
endoscopic needle knife to cut the residual gas-
tric bridge over the wall of an eroded LAGB 
(Ethicon Endosurgery, Cincinnati, OH, USA). 
One week later, a follow-up endoscopy showed 
hastened band erosion which allowed cutting 
of the band before its removal through the 
mouth with uneventful patient recovery. The 
authors concluded that minimal gastric band 
erosion does not always warrant watchful 
course as such shallow band penetration could 
be deepened by endoscopic means (i.e., needle 
knife). This approach is thought to be safe 
leading to an earlier endoscopic retrieval of the 
gastric band.

 Endoluminal Therapy 
of the Miscellaneous Erosions

Permanent suture erosion (Figs. 10.4 and 10.5) 
and staple line reinforcement erosion (Fig. 10.6) 
are relatively uncommon nowadays but the asso-
ciated symptoms could be sometimes over-
whelming [90]. I have personally treated few of 
both erosions endoscopically. Kaimal and col-
leagues [91] reported the endoscopic excision 
and removal of an eroded Prolene suture at the 
gastrojejunal anastomosis in a patient 4 years out 
of Roux-en-Y gastric bypass. Yu et al. [92] 

reported their institutional experience in the 
endoluminal management of the Roux-en-Y gas-
tric bypass patient with eroding non-dissolvable 
material, such as Peri-Strips (Synovis Life 
Technologies Inc., St Paul, MN, USA) (six 
patients) and silk sutures (21 patients). The 
authors report the use of endo-shears and biopsy 
forceps on all 23 patients they encountered. There 
were no resulting complications and either a res-
olution or improvement of the pre-procedural 
complaints in 83% of the patients. Other possibly 
eroding materials are exceedingly rare and mostly 
not reported in the medical literature.

Fig. 10.4 Erosion of permanent suture material through 
the wall of a gastric pouch

Fig. 10.5 Erosion of permanent suture material through 
the gastric wall of a former vertical banded gastroplasty 
patient

Fig. 10.6 Full thickness erosion of permanent staple line 
reinforcement material through the gastric wall of a Roux- 
en- Y gastric bypass patient
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 Conclusion

Foreign body erosions following bariatric sur-
gery are luckily of an overall low prevalence. 
Hence most of the endoscopic experience in their 
management is either from small case series or 
case reports. As evidenced by the innovative 
practice at several centers across the globe, the 
endoscopic approach in treating this atrocious 
complication has become a safe and efficient 
option. Nonetheless, formal training and expert 
coaching are paramount to the successful imple-
mentation of therapeutic endoscopy in the man-
agement of this often-challenging complication.
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Treatment of Marginal Ulcers After 
Gastric Bypass

Eric Marcotte

 Introduction

Laparoscopic Roux-en-Y gastric bypass (RYGB) 
is a procedure that has proven to have long-term 
benefits of weight loss as well as of improvement/
resolution of comorbidities in the morbidly obese 
patient [1–3]. These benefits from surgery are 
counterbalanced by some risks of complications, 
both medical and surgical, most often presenting 
in the early perioperative period [4, 5]. Long-term 
complications are more often related to nutri-
tional deficiencies. Marginal ulceration is a com-
plication that arises long term and has been 
reported to occur at a time varying from 1 month 
to 6 years after surgery [6]. Marginal ulcers are 
defined as ulceration at the site of the gastrojeju-
nal (GJ) anastomosis, classically on the jejunal 
side [7]. A systematic review of 41 studies 
(16,987 patients) reported a marginal ulcer inci-
dence of 4.6% (787 patients) but individual 
cohorts report an incidence ranging from 0.6 to 
16% [5–16]. The majority of these studies are ret-
rospective in which endoscopies were performed 
when patients presented with gastrointestinal- 
type symptoms. Csendes et al. performed pro-
spective routine endoscopy on 441 consecutive 
patients after RYGB, independent of symptoms, 
at 4 weeks and at 1–2 years post-op [8]. They 

reported an incidence of marginal ulcer of 6% 
“early” and 0.6% “late” [8, 9]. Seven of the 25 
patients (28%) that presented as an “early” mar-
ginal ulcer were asymptomatic.

The most common presentation consists of 
epigastric pain/burning and/or nausea (over half 
of patients), but it can also lead to a stricture with 
associated dysphagia and, less frequently, bleed-
ing (with melena and/or hematemesis and subse-
quent anemia) [6, 7, 16, 17]. Normal postoperative 
anatomy was the most common finding (43% of 
the cases) [18]. Therefore the positive predictive 
value of any individual upper gastrointestinal 
symptom was low in this series (40%). Wilson 
et al. reported similar results in a study of 226 
patients that underwent upper endoscopy for 
symptoms post-RYGB and found “normal anat-
omy” in 44% of cases [19].

Perforation with peritonitis and sepsis is rare 
(less than 1% of patients after RYGB) but it is a 
potentially fatal presentation of a marginal ulcer 
[6, 20, 21]. Efforts should therefore be made to 
control risk factors for ulceration formation. 
Once diagnosed, it is imperative to initiate effec-
tive therapy in order to prevent a potentially fatal 
complication.

 Risk Factors for Marginal Ulceration

The exact etiology of marginal ulcers is widely 
unknown due to a paucity of small retrospective 
studies. However, the leading pathophysiology is 
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thought to be from inflammation, acid, and isch-
emia secondary to faulty microcirculation or ten-
sion on the gastrojejunal anastomosis [7, 22].

 Smoking

El Hayek et al. reviewed the experience from 
Cleveland Clinic in a retrospective study of 328 
consecutive symptomatic patients with epigastric 
pain after RYGB and found 34% incidence of 
marginal ulcer [7]. When studying different vari-
ables, tobacco smoking was the only factor that 
led to an increased risk of marginal ulcer devel-
opment. Smoking was also found to be a cause 
for nonhealing (recalcitrant) and recurrent ulcer-
ation. Wilson et al. similarly identified smoking 
as the single most predictive independent factor 
for the development of anastomotic ulcer with an 
adjusted odds ratio (AOR) of 30.6 (95% CI [6.4–
146], P < 0.001) [19]. Azagury et al. also found 
an association between smoking and marginal 
ulcer development with an odds ratio (OR) of 2.5 
(P = 0.02) [23]. Patel et al. noted 3 “heavy smok-
ers” presenting with recurrent ulcer after revi-
sional surgery for refractory marginal ulcers [24]. 
It is hypothesized that tobacco creates inflamma-
tion and also alters microperfusion of the anasto-
mosis. It is therefore recommended that patients 
quit smoking at a minimum of 4 weeks prior to a 
RYGB. Abstinence can be confirmed with a neg-
ative urine nicotine test prior to surgery. If a mar-
ginal ulcer develops, confirming a patient is 
tobacco free by confirmatory laboratory testing is 
essential to allow for healing.

 Nonsteroidal Anti-inflammatory 
Drugs (NSAIDs) and Antiplatelet Use

In line with the theory of inflammation/local 
damage, NSAID usage has been identified as an 
independent risk factor for developing marginal 
ulceration in multiple studies [19]. They are 
found to cause mucosal disruption due to inhibi-
tion of cyclooxygenase, causing decreased pros-
taglandin E2 levels and subsequent disruption of 
the gastric barrier [17, 25]. In a systematic review, 

out of 365 patients with marginal ulcers, 98 
(27%) were on NSAIDs [6]. Higa et al. attributed 
“the majority” of the marginal ulcers in their 
cohort (1.4% of 1040 patients) to the use of 
NSAIDs “despite written and verbal precautions” 
[5]. In the Wilson study, NSAIDs use was found 
to be an independent risk factor for the develop-
ment of marginal ulcer with an AOR of 11.5 
(95% CI [4.8–28], P < 0.001) [19]. NSAID usage 
not only leads to marginal ulcers but delays their 
healing [26]. A population-based cohort study of 
the Swedish Patient Registry on 20,294 subjects 
that underwent gastric bypass over a 5-year 
period was performed by Sverden et al. to iden-
tify risk factors for marginal ulcer [22]. Mean 
follow-up was 2 years and the incidence of mar-
ginal ulcer was 3.3% (694 patients). They report 
that “higher doses” of aspirin are associated with 
marginal ulcer development. The study did not 
find a significant correlation between NSAID use 
and marginal ulceration formation. However, this 
registry does not contain data on over-the- counter 
use of NSAIDs and might therefore explain this 
observation. Kang et al. reported on their cohort 
taking low-dose (81 mg daily) aspirin. Marginal 
ulcer rates were 8.3 and 10.3% in patients taking 
and not taking low-dose aspirin, respectively. 
They therefore deemed low-dose aspirin to be 
safe after RYGB [15]. Another study reported 
outcomes with clopidogrel for coronary artery 
disease in the context of RYGB [27]. Of 11 
patients on Plavix, 4 (36%) presented with upper 
GI bleeding 25–234 days after surgery, two were 
found to have a marginal ulcer and the other two 
were bleeding at the anastomosis without ulcers. 
Bleeding resolved after stopping clopidogrel and 
administering intravenous protein pump inhibi-
tors (PPIs); no adverse effects were observed 
after stopping Plavix. Based on these findings, 
the authors recommended the administration of 
PPIs while a patient is on clopidogrel, based on 
studies demonstrating that PPIs prevent recurrent 
gastrointestinal bleeding in patients with a his-
tory of peptic ulcer disease [28].

Although no specific studies for the purpose 
of screening for NSAIDs use in the post-RYGB 
population has been published yet, human whole 
blood assays have been described to test for 
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NSAIDs and are based on cyclooxygenase-2 
activity [29]. Platelet aggregation studies can be 
done to screen for antiplatelet products [7].

 Helicobacter pylori

Helicobacter pylori is a well-recognized cause of 
peptic ulcer disease but its causative effect in 
marginal ulcerations remains inconclusive with 
many contradictory findings in the literature. A 
systematic review revealed the incidence of pre-
operative H. pylori infection in patients who were 
screened varied widely between studies, between 
22 and 67%, although only 10.5% of patients that 
developed a marginal ulcer had a positive test 
demonstrating infection [6].

A report of 260 patients that were routinely 
tested for H. pylori antibodies before RYGB 
showed that 44 (17%) tested positive and were 
treated preoperatively with a standard eradication 
packet [16]. Nineteen patients (7%) developed a 
marginal ulcer and H.pylori seropositivity was 
identified as an independent risk factor (32% vs. 
12%, P = 0.02). Half of patients who were sero-
positive for H. pylori preoperatively and pre-
sented with an ulcer were retested by upper GI 
endoscopy (biopsy) and were all negative, lead-
ing the authors to postulate that the ulcer forma-
tion may be potentiated by preoperative injury to 
the gastric mucosa since they were able to con-
firm lack of active infection post-op. However, 
the accuracy of H. pylori in the gastric pouch is 
questionable and may be tested best with stool 
antigen. Loewen et al. reported on 448 patients 
that underwent screening endoscopy before bar-
iatric surgery, which revealed positive (minor) 
findings in 32% of the patients including 61 cases 
of gastritis, 9 (2%) associated to H. pylori [30]. 
Thirty-seven (17%) out of the 223 subjects that 
underwent RYGB developed a marginal ulcer but 
H. pylori was not found to be a risk factor. The 
presence of gastritis on preoperative EGD was 
however found to be a significant factor, support-
ing the theory of preoperative injury leading to 
postoperative ulceration. D’Hondt et al. screened 
449 consecutive patients pre-RYGB with endo-
scopic biopsies for H. pylori [12]. Eighty-two 

(19%) patients were found to be positive and 
were given standard eradication treatment. Sixty- 
five were retested with an endoscopic biopsy to 
confirm eradication and two patients were found 
to have persistent infection and were treated with 
a second line of eradication therapy with 100% 
success. Forty-eight (10.7%) patients developed 
a marginal ulcer after RYGB and H. pylori status 
was not found to be a predictive factor. About 
half of the overall patients received 1 month of 
prophylactic daily PPI. Although there was no 
difference in the proportion of marginal ulcers in 
the H. pylori negative group (10.7% vs. 11.86%, 
P = 0.74), there was a significant reduction in the 
H. pylori positive group (0% vs. 15.6%, P = 0.01). 
Moreover, the H. pylori positive patients were 
found to have gastritis on preoperative endoscopy 
more often than their counterparts (93% vs. 38%, 
P < 0.0001), leading the authors to believe the 
preoperative gastritis led to a higher rate of ulcer-
ation. PPIs may have prevented an injury to the 
weakened gastric lining by optimizing its protec-
tive function, reinforcing their utility. There are 
however numerous smaller retrospective studies 
that have reported no association between H. 
pylori status and the development of marginal 
ulcers [31–34]. Kelly et al. reported the influence 
of H. pylori status diagnosed histologically on 
intraoperative full-thickness biopsies of the stom-
ach at the time of RYGB in 694 patients [31]. 
Sixty-six (9.5%) were found to be H. pylori posi-
tive and did not get eradication therapy. 
Nonetheless, the development of a marginal ulcer 
was more frequent in the H. pylori negative group 
than for patients who tested H. pylori positive 
(17.1% vs. 7.6%, p = 0.05). Lastly, Schulman 
et al. surveyed the 2012 Nationwide Inpatient 
Sample (NIS) database, one of the largest in the 
United States with a sample size of 253,765 
patients that underwent bariatric surgery (not 
RYGB specifically) [35]. Only 340 patients 
(0.001%) were found to have an H. pylori 
 infection but 31% of those patients developed a 
marginal ulcer, as opposed to 4% in H. pylori 
negative patients, making H. pylori positive sta-
tus the strongest predictor of the development of 
a marginal ulcer with an AOR of 10.88 (95% CI 
[6.46–18.30], P < 0.01). Tobacco use was also 
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found to be a risk factor for the development of 
ulceration with an AOR of 1.28 (95% CI [1.16–
1.43], P < 0.01).

 Diabetes

In the study of 20,294 patients after RYGB in the 
Swedish Patient Registry, Sverden et al. identi-
fied diabetes as an independent risk factor in the 
development of marginal ulcers with a hazard 
ratio (HR) of 1.26 (95% CI [1.03–1.55], P < 0.05) 
[22]. The reports of the Harvard group experi-
ence also showed a correlation of marginal ulcer 
with diabetes with an OR of 2.5 (P = 0.03) [23]. 
However, numerous other studies did not find 
such association [12, 16, 36].

 Acid

It is well recognized that extra acid leads to gas-
tric lining injury and subsequent ulceration, 
hence the recommendation for PPIs to treat pep-
tic ulcer disease. In the setting of a GJ anastomo-
sis, the jejunum (proximal Roux limb) may be 
exposed to acid (if still produced in the pouch) 
and is extra vulnerable, since it usually faces a 
milder pH environment [7, 37]. Whereas the 
main location for acid-producing gastric parietal 
cells is the antrum, they were found in all parts of 
the stomach when patients were randomly biop-
sied [7, 38]. El-Hayek et al. found no association 
between the presence of parietal cells on random 
biopsies and the presence of a marginal ulcer [7]. 
Nevertheless, it was reported by Mason et al. that 
making the gastric pouch smaller (more proxi-
mal) to a volume from about 200 mL to under 
50 mL reduced the marginal ulcer rate from 4.2 
to 0.9% in a series of 653 patients [10, 39]. In a 
2005 study of 23 patients in Sweden that under-
went a RYGB, the authors performed their “stan-
dard pouch” measuring 4 × 3 cm for 13 cases and 
on 10 patients they performed a “smaller pouch” 
measuring 2 × 3 cm to reduce the parietal cell 
mass [38]. Two patients (15%) with a “standard 
pouch” were believed to have developed a mar-
ginal ulcer (one confirmed by endoscopy, the 

other with epigastric pain that resolved with 
PPIs) and no patient developed an ulcer in the 
“smaller pouch” group. The same authors con-
firmed this finding by surveying the Scandinavian 
Obesity Registry and studying 14,168 patients 
that underwent a “highly standardized” laparo-
scopic RYGB in Sweden with a stapled GJ tech-
nique, especially looking at the length of the total 
firings to create the pouch [37]. Although mar-
ginal ulcers were a rare complication (0.9% at 
1 year), they report a relative risk of marginal 
ulcer increase of 14% for every additional centi-
meter of stapler used to create the pouch. The 
authors believe this is due to a more acidic envi-
ronment in the larger pouch. Other studies sup-
port the theory that a larger pouch is associated 
with an increased risk of developing marginal 
ulcers [23, 40, 41]. Additionally, Hedberg et al. 
reported their experiment of wireless pH testing 
with the Bravo reflux testing system (Medtronic, 
Minneapolis MN, USA) for 24 h at the GJ anas-
tomosis on patients 2–8 years after RYGB [42]. 
Sixteen asymptomatic patients were studied and 
demonstrated an acid environment with pH < 4 a 
median of 10.5% of the time and no correlation 
was found between the number of cartridges used 
to create the pouch and the measured levels of 
acidity. Four patients had epigastric symptoms 
and were placed on PPIs (presuming this was 
from a marginal ulceration) and 2 of them were 
unable to stop their PPIs before testing. On PPIs, 
the percentage of time with pH < 4 was 0% there-
fore supporting the efficacy of PPIs to normalize 
pH in the pouch. Two symptomatic patients were 
able to stop PPIs 2 weeks prior to testing and the 
measurements confirmed an acidic environment 
in the pouch with a marginal ulcer confirmed on 
endoscopy for one patient.

Gastro-gastric fistulas lead to an increased risk 
of ulceration because of the acid from the gastric 
remnant refluxing into the gastric pouch due to a 
communication between the two. Fistulas were 
more common with open gastric bypass, espe-
cially with the nondivided technique. The current 
technique using cutting linear staplers has 
decreased the risk of gastro-gastric fistulas from 
49% to 3–6% [43, 44]. Carrodeguas et al. reported 
that of 1292 patients that underwent a divided 
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RYGB, 15 (1.2%) presented with a gastro-gastric 
fistula after surgery, of which 8 (53%) developed 
a marginal ulcer, compared to a 4% rate for the 
entire series [45]. When diagnosed, gastro- gastric 
fistulas can be managed either endoscopically or 
through revisional surgery [43].

 Surgical Technique

It is believed that early ulcers (within the first 
months) are usually due to ischemia, either because 
of a vascular injury at the time of surgery or because 
of tension on the mesentery of the Roux limb [7].

The technique to create the gastrojejunal anas-
tomosis has been shown to be an important risk 
factor for the development of marginal ulcer. A 
study by Sacks et al. reported a significant reduc-
tion in the marginal ulceration rate by switching 
the suture to close the inner layer of the common 
enterotomy of a linear stapled GJ from nonab-
sorbable to absorbable [36]. Ulceration rates 
dropped from 2.6% (28/1095) to 1.3% (29/2190), 
respectively [36, 44]. They also noted a signifi-
cant reduction in the frequency of visible sutures 
at the site of the marginal ulcer, 64.3% (18/28) to 
3.4% (1/29), respectively [36].

A study of the 32,284 RYGB patients in the 
Scandinavian Obesity Registry reported that a 
circular stapled GJ anastomosis leads to more 
marginal ulcer development than a linear stapled 
GJ with 2.9% and 1% rates, respectively [46]. 
However, the circular stapled group represented 
less than 2% of the study population and those 
procedures were performed specifically at only 
three smaller hospitals, therefore presenting a 
bias. The same authors presented their experi-
ence; they started with a circular stapled GJ and 
then changed their technique for a linear stapler 
GJ due to the increased frequency of surgical site 
infection and pain [40]. The rate of marginal 
ulceration was found to be 2.4% (7/288) for the 
circular stapler and 0.4% (1/272) for the linear 
stapler. The authors however believe that the rea-
son is that the pouch they created for the circular 
stapler technique was made larger in order to fit a 
25-mm anvil, and not the stapler itself, which is 
highly probable, as previously discussed [37, 40].

All and all, no specific RYGB technique 
seems to constitute an increased risk for develop-
ment of marginal ulcer. However, it is believed to 
be beneficial to avoid nonabsorbable sutures and 
other foreign bodies near the GJ anastomosis. It 
is also important to respect the usual principles of 
an adequately perfused, healthy and tension-free 
anastomosis to promote healing and prevent early 
ulceration.

 Prevention

The key to management of a complication is ulti-
mately preventing it from happening. A system-
atic review and meta-analysis of cohort studies 
(7) on benefits of PPIs demonstrated an OR of 
0.50 (95% CI [0.28–0.90], P = 0.02), meaning 
postoperative PPI administration was found to 
reduce the risk of marginal ulcer by half [13, 47]. 
Wilson et al. reported that PPI prophylaxis is of 
higher value for patients that are NSAIDs users 
[19]. As previously mentioned, D’Hondt et al. 
stated that PPI prophylaxis led to reduction of 
marginal ulcers only in the patients with a history 
of a H. pylori infection [12]. The duration of pro-
phylactic treatment and dosage is not standard-
ized with different studies reporting a daily dose 
of PPI (sometimes with H2 blocker or cytopro-
tective agent such as sucralfate) for 1–6 months 
postoperatively [14, 48]. Some groups will only 
administer PPI prophylaxis for patients that 
endorse a recognized factor that would put 
patients at a higher risk of developing marginal 
ulcers, such as being H. pylori positive, using 
NSAIDs or antiplatelets and smoking [27, 48]. 
An international survey from 2014 of 189 bariat-
ric surgeons that was conducted by Steinemann 
et al. revealed that 88% prescribe prophylactic 
therapy for their patients after RYGB, 91% of 
which prefer PPIs [48].

Another element of prophylaxis is that if a 
patient post-RYGB undergoes an upper GI 
endoscopy and a foreign body is seen coming 
through inside the lumen (a clip, a suture, or sta-
ples), it is recommended to remove it due to the 
increased risk of marginal ulceration because of 
the inflammatory reaction it creates [36, 49]. The 
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preferred approach is with a dual-channel thera-
peutic gastroscope in order to be able to grasp the 
foreign body and put it on tension with one 
instrument and cut the suture with endoscopic 
shears through the other channel [49].

 Treatment

Once a marginal ulcer is endoscopically con-
firmed, it is important to treat it promptly in order 
to avoid complications such as bleeding and per-
foration. We recommend starting empirical medi-
cal treatment even prior to confirming the 
marginal ulcer through an upper GI endoscopy. 
The first step after the diagnosis (and even at the 
time of clinical suspicion) is to assess the patient’s 
risk factors for a marginal ulcer and modify them, 
as previously discussed. This includes smoking 
cessation (and possibly urine nicotine testing to 
confirm use or lack thereof), avoidance of 
NSAIDs and stopping antiplatelets if clinically 
possible, as well as testing for H. pylori using 
stool antigen with subsequent eradication if posi-
tive. Diabetes management should also be opti-
mized to achieve better control of the disease.

 Medication

The mainstay of treatment of marginal ulcers is 
high-dose PPI [12, 48]. Inhibition of gastric acid 
secretion is successful in treating 68–100% of 
ulcers and those refractory usually have anatomic 
abnormalities, such as a stricture, a gastro-gastric 
fistula, a foreign body, or a large pouch [6, 7, 16, 
17, 24]. In the international survey conducted by 
Steinemann et al., participants revealed that 32% 
of respondents add sucralfate to the “therapeutic 
dose” of PPIs and a minority (6%) also add an H2 
blocker to the regimen [48]. Forty-nine percent of 
surgeons continue treatment until resolution of 
marginal ulcer is proven by endoscopy and others 
continue for a fixed period of 3 months (31%) 
while 20% of participants choose to continue 
therapy for up to 2 years. Once the ulcer has 
healed, more than half of surgeons continue the 
therapeutic medical regimen for a median of 

6 months to prevent recurrence. A recent study 
by Schulman et al. noted the superiority of open-
ing PPI capsules for the healing of marginal ulcer 
[50]. It is postulated that the small gastric pouch 
and rapid small bowel transit limits the opportu-
nity for capsular breakdown and absorption of 
the medication. For 164 patients that developed a 
marginal ulcer after RYGB in a 15-year period, 
patients were prescribed PPIs twice daily for 
treatment, the regimen and method of administra-
tion being dependent on (and consistent for) each 
provider. Each patient underwent an upper GI 
endoscopy every 3 months until the ulcer was 
healed and the median time to ulcer healing was 
91 days for opened PPI capsules compared to 
342 days for intact PPI capsules. This was the 
only significant factor related to the time to ulcer 
healing with a calculated OR of 6.04 (95% CI 
[3.74–9.76], P < 0.001). Although the concomi-
tant administration of sucralfate was more com-
mon in the “opened PPI capsule” group, this 
factor alone was not found to lead to a significant 
reduction of the time to heal.

 Revisional Surgery

El-Hayek et al. described that about 15% of 
patients underwent repeat endoscopy because of 
persistence of symptoms; half had documented 
healing of the ulcer, 38% had persistence and 
12% had recurrence after initial healing [7]. 
Some authors expect marginal ulcers to heal with 
conservative management within 3 months and 
therefore their persistence after 3 months war-
rants revisional surgery [24, 48]. One hundred 
and five (56%) respondents in the international 
survey would consider continuing the conserva-
tive approach and consider surgery only if com-
plications occur, but 41% (77 surgeons) would 
choose to resect and redo the GJ anastomosis 
[48]. That decision seemed to be related to a 
more extensive surgical experience with higher 
volumes of cases (over 200 RYGB performed in 
their career) [48, 51].

Patel et al. reported the experience of a single 
surgeon over 22 years, performing 2282 RYGB 
operations (1621 open, 661 laparoscopic) between 
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1982 and 2006 [24]. The overall marginal ulcer 
rate was 5.3% (5.4% for open and 5.1% in laparo-
scopic) and 68% of those were successfully 
treated with conservative management (PPIs and 
smoking cessation). Thirty-nine patients (32% of 
the patients that presented with an ulcer) required 
revision and were more common in the open 
group (2.2% vs. 0.6% for the laparoscopic group, 
P ≤ 0.003), most probably related to the increased 
number of gastro-gastric fistulas. The operations 
consisted of open resection of the ulcer and revi-
sion of the GJ anastomosis, except for one “par-
ticularly noncompliant” patient who underwent a 
reversal of the RYGB. Postoperative complica-
tions were rare with 2 (5%) anastomotic leaks and 
2 (5%) wound infections. Eighty-seven percent of 
the patients remained asymptomatic after the 
revision. Three patients (7.7%), all “heavy smok-
ers” developed recurrent ulcers after the revision 
and underwent another surgery (subtotal gastrec-
tomy of the remnant +/− revision of the GJ) with 
favorable outcomes in 2 of the 3 patients.

In the experience of the Cleveland Clinic, 
twelve patients (4% of the initial cohort) went on 
to undergo revisional surgery (resection and revi-
sion of the GJ anastomosis) for intractability, 
most often associated with an “anatomic abnor-
mality” as previously described [7]. Unfortunately, 
5 of these patients were found to have a recur-
rence of a marginal ulcer, with half associated 
with tobacco use. Steinemann et al. report a case 
of a 50-year-old male that presented a recurrence 
of marginal ulcer after resection of the ulcer and 
revision of the GJ anastomosis [52]. Once the 
patient stopped smoking, he underwent a laparo-
scopic resection of the pouch and gastric remnant 
and a reconstruction with esophagojejunostomy 
(EJ). The patient did not present a recurrence 
with 6 months of follow-up. However, it is hard to 
confirm that success was because of the revision 
or the fact the patient stopped smoking, thereby 
proving the importance of smoking cessation. 
Jirapinyo et al. reported their experience of endo-
scopic suturing of 3 patients with a recalcitrant 
ulcer that failed medical management, 2 for 
recurrent bleeding, and the other one for severe 
abdominal pain [53]. Two were deemed poor sur-
gical candidates due to medical comorbidities. 

One to three interrupted stitches of 2–0 polypro-
pylene sutures were necessary to cover the ulcer 
and they applied fibrin glue to the sutured area at 
the end of the procedure. Two patients had com-
plete resolution of the symptoms and the healing 
of the ulcer was confirmed on endoscopy 6 weeks 
after the procedure. The third patient reported 
significant improvement but developed an unre-
lated complication (intussusception) that required 
two surgical revisions and ultimately presented 
with a new marginal ulcer, 11 weeks after the 
suturing.

 Bleeding

The systematic review by Coblijn et al. reported 
that 15.1% of patients with a marginal ulcer pre-
sented with bleeding [6]. This is usually managed 
endoscopically by injecting epinephrine (diluted 
1:10,000), bipolar cautery, and hemostatic clips, 
combination therapy being recommended [53–
55]. Barola et al. described successful manage-
ment of a refractory ulcer that was massively 
bleeding by endoscopically suturing it closed 
[54]. Moon et al. reported two patients and Patel 
et al. reported five patients who required urgent 
surgical revision (resection of the ulcer and revi-
sion of the GJ anastomosis) for actively bleeding 
ulcer [14, 24].

 Perforation

Felix et al. reported their experience over an 
8-year period of 3430 patients that underwent 
RYGB and found an incidence of perforation due 
to marginal ulcer of 1% (35 patients), presenting 
3–70 months post-RYGB [56]. Eighty percent of 
the patients possessed a risk factor such as 
 smoking tobacco, using NSAIDs or steroids. 
They maintained all perforated patients on PPIs 
and four patients had a second episode of perfo-
ration; these four were all smokers. Kalaiselvan 
et al. also presented their experience and noted a 
marginal ulcer perforation in about 1% of their 
1213 patients who underwent RYGB over an 
8-year period [20]. All ten patients underwent a 
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surgery with closure and omental patch, half of 
them laparoscopically (if they were treated by a 
bariatric surgeon) and the other half open (by 
nonbariatric surgeon at different local hospitals). 
The majority presented with high-risk factors 
such as smoking, NSAID use, and not taking 
their prophylactic PPIs. Morbidity and mortality 
rates were lower amongst the patients treated 
laparoscopically and the length of stay was also 
shorter (6 vs. 24 days). Wendling et al. compared 
the outcomes of omental patch repair (in 16 
patients) to resection and revision of the GJ anas-
tomosis (in 2 patients) and found that operative 
time is shorter, estimated blood loss are less, and 
the length of stay is also shorter [21]. They there-
fore recommended omental patch repair in an 
acute setting of perforation and resection with 
revision of the GJ anastomosis in a more con-
trolled elective setting such as for a refractory 
ulcer, as discussed earlier.

Summary

In summary, marginal ulcers are not uncommon 
complications of RYGB and can present in vari-
ous ways, from mild nausea to perforation and 
sepsis. We believe risk factors such as smoking, 
NSAIDs use, H. pylori infection, and diabetes 
should be controlled as much as possible in order 
to reduce the incidence of development of ulcer-
ation. We also think that prophylactic PPIs should 
be ordered for at least 3 months post- RYGB and 
the duration should be prolonged in the setting of 
NSAIDs or antiplatelets use, with possibly add-
ing a cytoprotective agent such as sucralfate for 
the latter group. If a marginal ulcer is found, all 
risk factors should be controlled as much as pos-
sible and the ulcer should be treated with optimal 
medical management with a therapeutic dose of 
PPIs (ideally open capsules) and sucralfate. Any 
foreign body present in the ulcer bed or near the 
anastomosis should be removed endoscopically 
and any other associated abnormality such as a 
gastro-gastric fistula should be addressed in order 
to optimize the chance of healing. In case of 
refractory ulceration or recalcitrant ulceration, a 
laparoscopic resection and revision of the GJ 

anastomosis should be performed. Bleeding 
should be managed endoscopically or surgically 
in case of hemodynamic instability or failure of 
endoscopic control. Cases of perforation from a 
marginal ulcer should undergo omental patch 
repair in a timely manner. The surgery should be 
performed laparoscopically if the patient’s hemo-
dynamics are favorable and depending on the sur-
geon’s comfort level with minimally invasive 
techniques.
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 Introduction

Morbid obesity is a chronic relapsing disease that 
has become one of the most important public 
health problems. While bariatric surgery is the 
most effective therapy for sustained weight loss 
with resolution or improvement of obesity- 
related comorbidities and increased life expec-
tancy, there are a subset of patients who fail to 
attain or maintain treatment goals. The reasons 
that drive this failure are multifactorial. 
Nonetheless, the timing and choice of interven-
tion as well as the need to repeat therapy plays a 
significant role when one considers that the treat-
ment of obesity should parallel the lifelong nature 
of the disease.

Weight recidivism is a challenging problem 
for patients and bariatric surgeons alike. Besides 
the emotional and psychosocial toll on the 
patient, the significant improvements in overall 
health seen after surgery will diminish with sub-
sequent weight regain. This may lead to the 
recurrence of prior comorbid conditions [1, 2] 
and their array of consequences. To prevent this, 
bariatric surgeons must be able to evaluate the 
causes for failure and then determine the best 
options for managing the patient’s future treat-
ment. There exists no standardized approach for 
revisional intervention for weigh regain. Any 
combination of surgical or nonsurgical therapy 
may be used, but the management plan must be 
tailored to each individual.

 Weight Failure: Defining Weight 
Regain Versus Insufficient Weight 
Loss

Roux-en-Y gastric bypass (RYGB) is a well- 
established bariatric procedure that results in 
65–80% excess weight loss (EWL) over an aver-
age of 12–24 months after surgery [3, 4]. Studies 
have shown, though, that %EWL lessens over 
time from 66% at 1–2 years to 50% at 10 years 
[5]. It is estimated that 25–35% of patients will 
experience weight regain from the nadir weight 
2–5 years after surgery [6–8]. Yet the true 
 incidence of weight recidivism after RYGB 
remains unknown. This may be largely due to 
the way we characterize weight failure and the 
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not insignificant percentage of patients who are 
lost to follow- up. Additionally, studies often 
report weight failure outcomes by grouping 
together patients with insufficient weight loss 
and weight regain after bariatric surgery; how-
ever, it is important to differentiate between the 
two. Primary insufficient weight loss is gener-
ally regarded as a weight loss <50% of excess 
body weight [9] or total body weight loss 
(TBWL) <15% [10] at 18 months after gastric 
bypass. On the contrary, weight regain is a pro-
gressive increase in weight after initial success-
ful weight loss [9].

Currently, there is no consensus on how we 
should define weight loss or regain. A number 
of different metrics are used when assessing 
these weight loss outcomes, including the 
absolute number of pounds or body mass index 
(BMI) units lost, BMI achieved after weight 
loss nadir, the % EWL, or %TBWL [11–13]. 
Percentage TBWL is a more frequently used 
metric to evaluate the response with pharmaco-
logical and behavioral therapy whereas 
%EWL, defined as the number of pounds lost 
above the patient’s ideal body weight, is the 
historical precedent among surgical literature. 
Because %EWL is based on a somewhat arbi-
trary target of “ideal” weight, it is heavily 
influenced by preoperative BMI and will dis-
proportionally favor those starting at a lower 
BMI. To further clarify, a super- obese patient 
(i.e., BMI > 50) will lose more absolute body 
weight, but a smaller percentage of excess 
body weight when compared to a patient with a 
lower starting BMI. Such a significant varia-
tion in %EWL resulting from BMI is elimi-
nated by using %TBWL. Percentage TBWL 
has the benefit of characterizing absolute 
weight loss that is independent of the preopera-
tive BMI. It has been proposed that such a 
standardized measure be used to facilitate 
communication among the surgical and non-
surgical communities. Perhaps then can the 
growing number of obesity therapies and their 
outcomes can be better directly compared and 
provide guidance on which patient would ben-
efit from additional treatment and what type of 
procedure to choose.

 Predictors of Weight Regain 
(Preoperative BMI, Time 
Since Surgery, Age, Comorbidities, 
Etc.)

Obesity is a multifactorial and overlapping dis-
ease with genetics/epigenetics, neurobehavioral, 
environmental, cultural, immune, endocrine, 
medical causes, etc. all contributing to the com-
plex disease [14]. There is a limited understand-
ing of how to predict which patients are more 
likely to be successful or unsuccessful after bar-
iatric surgery. Identifying predictors of post- 
RYGB weight regain could provide further 
insight into the underlying pathogenesis of this 
disease and the therapies used to manage it, but 
more importantly, may help lead to better preop-
erative patient education and selection.

High preoperative BMI [15], younger age, iron 
deficiency, longer duration after surgery [16], and 
certain psychological disorders, such as binge eat-
ing [17], have been associated with weight regain 
in long-term follow-up. Additional studies failed 
to demonstrate the influence of higher preopera-
tive BMI on post-RYGB weight maintenance, but 
further support the role of age and time since sur-
gery [18]. Additional research into the influence 
of these and many other factors on the outcomes 
of bariatric surgery is paramount.

 Etiological Factors

The underlying causes leading to weight recidi-
vism tend to be complex and multifactorial. Both 
patient-specific (lifestyle choices, mental health 
issues, hormonal/metabolic conditions) and 
surgical- specific etiologies contribute to this 
increasing problem. The extent and magnitude of 
these factors is currently uncertain and likely dif-
fers between each patient [19, 20].

 Lifestyle Choices

Prior to surgery, the patient should have realistic 
goals regarding their weight loss, knowledge 
about nutrition, and willingness to adhere to a 
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diet and exercise plan. It is imperative that they 
understand that bariatric surgery is not a quick fix 
for their obesity, as obesity is a chronic disease. 
Noncompliance and inadequate follow-up is a 
cause for failure in all weight loss operations. 
Poor habits such as regular intake of high-fat, 
high-sugar foods and beverages, grazing, large 
portioned meals, and sedentary lifestyle will lead 
to suboptimal results regardless of the procedure 
performed. The evolution of this noncompliance 
is facilitated by poor follow-up. A bariatric 
patient may revert to their old habits if not ade-
quately monitored. A dietary and physical activ-
ity interview should be performed routinely to 
identify any unhealthy choices or behaviors, fol-
lowed by ongoing counseling. Often, such inter-
ventions may be enough to get these patients 
back on track while also promoting greater adher-
ence to long-lasting lifestyle changes. Early iden-
tification of the symptoms and behaviors that 
may contribute to failure is key. It is imperative 
that patients are compliant with follow-up, as it is 
at these appointments that weight loss plateaus 
and small regains can be addressed early with 
intervention. Expectations of routine follow-up, 
especially after 2 years postoperatively, should 
be emphasized with patients even prior to 
surgery.

 Mental Health Issues

Patients who suffer from obesity may be espe-
cially prone to a number of mental health issues. 
Depression, mood and anxiety disorders, nega-
tive coping mechanisms, maladaptive eating dis-
orders, and substance use are just a few of the 
challenges that this population faces [21, 22]. 
These issues may interfere with durable weight 
loss by undermining motivation and adherence to 
diet, exercise, and overall general health recom-
mendations. Maladaptive eating patterns such as 
binge eating, night eating, and mindless or emo-
tional eating lead to weight regain [20]. To add to 
the dilemma, several of the antidepressants and 
antipsychotics commonly used in the manage-
ment of mental health conditions are associated 
with weight gain [23]. Patients should be encour-

aged to seek support via support groups, family, 
friends, or professional counseling. It is impor-
tant that the patient continues postoperative psy-
chological/psychiatric follow-up, especially if 
experiencing distress or having difficulty adjust-
ing to the many changes that occur after surgery.

 Hormonal/Metabolic Imbalance

RYGB-induced restriction of food intake is only 
a part of the underlying mechanism behind the 
weight reducing effects of the procedure. Perhaps 
even more important is the alteration in gastroin-
testinal hormones, which have a considerable 
impact on glucose hemostasis, appetite regula-
tion, and weight loss. Changes in secretion of 
glucagon-like peptide (GLP-1), glucose- 
dependent insulinotropic polypeptide (GIP), 
ghrelin, and other gastrointestinal hormones have 
been well studied [20, 24]. However, it appears 
that these hormonal changes vary between 
patients with durable weight loss when compared 
to those who experience weight regain [24]. 
Further investigation of gastrointestinal hormone 
secretion profiles and their effect on hunger and 
satiety perception is ongoing.

Several studies describe the role of reactive 
hypoglycemia on weight regain. It is believed 
that the augmented secretion of GLP-1 and GIP 
after RYGB may induce B cell proliferation and 
insulin hypersecretion, resulting in hypoglyce-
mia [20, 25]. Hypoglycemia is an appetite stimu-
lant, thus driving snacking or grazing tendencies 
and subsequent weight gain. In order to avoid the 
insulin surge and subsequent hypoglycemia, 
post-RYGB patients should eat 3 meals plus 2–3 
snacks, and minimize their consumption of sim-
ple carbohydrates while increasing fiber and pro-
tein [20].

 Surgical Factors

With time, the construction of the RYGB may 
undergo unwanted anatomic changes and are 
potential causes behind weight recidivism. The 
gastric pouch may enlarge, the gastrojejunal 
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stoma outlet can dilate, or in some cases, a gas-
trogastric fistula (GGF) may develop.

Pouch and/or stoma outlet dilation may lead to 
loss of perceived and actual restriction. Though 
somewhat anecdotal, the gastric pouch is consid-
ered enlarged if dimensions measure >5 cm wide 
and >6 cm long and the stoma outlet is consid-
ered dilated if >2 cm [26, 27].

Staple line failure can result in a leak with 
abscess formation, which then drains into the 
nearby remnant stomach forming a GGF. A 
chronic GGF allows food to pass from the pouch 
to the remnant stomach, hence reducing the 
restrictive, malabsorptive, and potential hor-
monal effects of the RYGB. Although the preva-
lence of GGF has dramatically decreased since 
completely dividing the pouch from the remnant 
stomach, its presence can contribute to weight 
gain and identification of a possible fistula should 
be part of the workup for patients who experience 
weight regain or insufficient weight loss [28].

 Evaluation

The presence of an insufficient response, regard-
less of whether is it inadequate weight loss or 
weight recidivism after bariatric surgery, deserves 
further evaluation and management. As previously 
stated, weight failure tends to be multifactorial. 
Determining which of these factors is contributing 
to weight failure requires a systematic and multi-
disciplinary approach. A comprehensive review of 
medical, psychological, educational, and surgical 
issues must be performed in order to identify and 
correct the reasons for suboptimal success. The 
preoperative evaluation should involve a full his-
tory and physical exam, review of the technical 
details of the primary operation, thorough exami-
nation of the anatomical and functional aspects of 
the relevant gastrointestinal tract, and nutritional 
and behavioral assessment. Once a patient is con-
sidered a candidate for revisional intervention, 
they should attend dedicated revisional seminars 
with surgeons, obesity medicine specialists, dieti-
cians, and psychologists.

The history should focus on salient features 
such as whether they initially achieved postsurgical 

weight loss and/or improvement of comorbidities. 
Reviewing the operative report will help elicit 
understanding of the patient’s RYGB construction, 
including pouch size and type (divided, nondi-
vided), limb lengths (biliopancreatic (BP) limb, 
roux limb, and common channel), limb configura-
tion (Roux-en-Y, loop) and route (antecolic, retro-
colic). The most useful radiological study to 
evaluate the functional features of the gastrointesti-
nal tract is an upper gastrointestinal (UGI) series. 
The UGI study may detect esophageal or RYGB 
abnormalities such as dilatations, strictures, and 
fistulas that frequently require additional evalua-
tion. As stated previously, the post-RYGB anatomy 
may alter with time. Thus, upper endoscopy is a 
mandatory step to assess current pouch and stoma 
outlet sizes. Care should be taken to accurately 
measure the dimensions of the pouch and diameter 
of the gastrojejunal stoma outlet using a measure-
ment tool (snare, etc.). Upper endoscopy also pro-
vides more useful intraluminal information 
regarding the presence of mucosal inflammation, 
foreign body erosions, marginal ulcers, and staple 
line integrity. Staple line failure leading to a GGF 
may often be clinically silent but is typically dis-
covered with the combination of UGI, upper 
endoscopy, +/− computed tomography (CT) imag-
ing [26, 28]. The presence of air or contrast within 
the remnant stomach on CT is highly suggestive of 
a GGF. The presence of bile in the gastric pouch 
can alert the endoscopist to GGF or a short roux 
limb. CT is also a helpful adjunct to evaluate for 
internal hernia, small bowel intussusception, or 
other intra- abdominal anomalies.

Although laboratory testing is unlikely to 
reveal why weight recidivism occurs, the patient’s 
underlying nutritional state must be evaluated. 
This is especially true when considering revi-
sional interventions. Albumin, prealbumin, vita-
min, and mineral levels should be assessed and 
corrected. Vitamin deficiency may be a sign of 
noncompliance, which may require targeted 
intervention prior to recommendation of a revi-
sional surgical or endoscopic procedure. Baseline 
physiologic and other metabolic set points may 
also influence weight failure and deserve further 
study. Consideration should be given in 
measuring resting metabolic rate and body com-
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position in order to optimize successful weight 
loss maintenance.

While the anatomical and functional causes of 
weight recidivism may be easily identified and 
subsequently treated, addressing the underlying 
psychological or behavioral issues may prove to 
be a formidable challenge. Early recognition of 
behaviors that are resilient to intervention and 
being prepared to manage them is essential. In 
fact, the initial step in evaluation of a patient with 
weight failure is to review food records. These 
may help highlight poor choices or habits and 
will allow for the reinforcement of appropriate 
behaviors.

It is important to recognize that weight recidi-
vism may even occur despite finding any anatom-
ical or functional abnormalities in a patient that is 
adherent to nutritional and behavioral measures. 
This further supports the complex relapsing 
nature of the disease and deserves further study.

 Treatment Options

There are a number of treatment options to con-
sider for the treatment of weight regain or inade-
quate weight loss and includes pharmacotherapy, 
surgical and endoscopic therapies.

 Pharmacotherapy

Anti-obesity drugs (AODs) have been shown to 
be an effective component of the multimodal 
treatment approach to obesity. Currently, there are 
five different US Food and Drug Administration 
(FDA) approved medications for long-term use in 
obese patients with BMI > 30 or BMI > 27 with at 
least 1 weight-associated comorbidity (type 2 dia-
betes, hypertension, hyperlipidemia, etc.). These 
medications include orlistat, lorcaserin, naltrex-
one-bupropion, phentermine- topiramate, and lira-
glutide. With the exception of orlistat, which 
induces weight loss by lipid malabsorption, the 
rest of these agents work in part by inducing a 
state of appetite suppression. Liraglutide is given 
via injection and its mechanism is related to GLP-
1. They all have some effect on lipid profiles and 

average weight loss is generally between 5.8 and 
10.2 kg [29]. In a recent systemic review, all five 
medications were associated with higher odds of 
achieving weight loss compared to placebo with 
at least 1 year of therapy. Among these agents, 
phentermine- topiramate followed by liraglutide 
was found to be associated with higher odds of 
achieving total body weight loss (TBWL) of at 
least 5 and 10% from baseline weight [30].

There is paucity of literature looking at the 
role of AOD in patients with weight regain after 
bariatric surgery. In a recent study, liraglutide has 
been shown to be effective in patients who have 
poor weight loss or weight regain after surgery 
(gastric band, RYGB, sleeve gastrectomy, and 
duodenal switch) when no technical problem has 
been identified [31]. A recent study evaluating 
patients with weight regain or inadequate weight 
loss after sleeve gastrectomy or RYGB demon-
strated that AODs resulted in additional weight 
loss. This was true in patients who received 
AODs at the time of plateau of weight loss or at 
time of weight regain. Topiramate was noted to 
be the most effective, and patients who had 
undergone RYGB were more likely to achieve 
>5% total weight loss [23]. There are a number of 
other studies that demonstrate efficacy of AODs 
when prescribed after weight loss surgery, includ-
ing combination of phenteramine and fenflura-
mine in patients with RYGB or biliopancreatic 
diversion [32] and phenteramine and combina-
tion phenteramine-topiramate in patients with 
RYGB or gastric band [33]. Overall, studies are 
small and mostly retrospective, and certainly this 
area is ripe for future research.

 Surgical Options

When considering surgical options to address fail-
ure after RYGB, it is important to remember that 
surgical approaches generally deal with anatomi-
cal changes that result in loss of the restrictive 
and/or malabsorptive mechanisms. It is critical to 
establish anatomic failure prior to considering 
revisional surgery [34]. Loss of restriction sec-
ondary to pouch enlargement, stoma dilation 
(increased diameter of the gastrojejunostomy 
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(GJ)), and GGF may all contribute to weight 
regain or poor weight loss. To date, there is pau-
city of research regarding revisional surgery. 
Revisional surgery has been associated with high 
perioperative morbidity, inconsistent long- term 
results, and a high risk to benefit ratio when com-
pared to the primary procedure [34]. Furthermore, 
there are no standardized protocols to aid in 
selecting the best revisional option for the indi-
vidual patient. Various endoscopic and surgical 
revisional options have been suggested. In patients 
without documented GGFs, the surgical options 
are numerous and focus on two main mecha-
nisms. These include reestablishing restriction 
and increasing malabsorption.

Reduction of pouch size/stoma diameter. 
Reestablishing restriction is often accomplished by 
reducing the gastric pouch size as well as the diam-
eter of the stoma. As discussed previously, preopera-
tive UGI series and upper endoscopy are crucial to 
the evaluation of degree of dilation of the pouch and 
stoma. Revisions are often done with minimally 
invasive techniques. The gastric pouch, stoma, and 
roux limb must be freed from all surrounding struc-
tures. This also aids in confirmation of no occult 
GGF, which may contribute to weight regain/inade-
quate weight loss. An intraluminal tube/bougie is 
passed orally to help identify the gastroesophageal 
(GE) junction and the GJ anastomosis [19, 20]. 
Once the anatomy has been established, several sur-
gical options can be implemented to address a 
dilated pouch and or GJ diameter. If the stoma diam-
eter was found to be satisfactory on preoperative 
evaluation, one can spare it and focus and resize the 
pouch with or without transecting the blind end of 
the alimentary limb. This can be accomplished by 
firing serial staple loads longitudinally along the gas-
tric pouch to further narrow it (sleeving the pouch). 
If the stoma was found to be dilated on preoperative 
assessment, one should start the new staple line at 
the dilated roux limb across the GJ and gastric pouch 
up to the GE junction. Alternatively, the GJ anasto-
mosis can be resected, the pouch recreated, and a 
new GJ anastomosis fashioned [34–37].

Several retrospective series have shown safety 
and modest efficacy of gastric pouch and stoma 
revision. Similar to what is seen with primary sur-

gery, efficacy decreases over time; overall, the 
mean percent excess BMI loss was 43.3% at 1 year 
but dropped to 14% at up to 3 years. This high-
lights the need for comprehensive management of 
these patients. In a recent systematic review, as 
compared to other options for RYGB revision, sur-
gical pouch/stoma revision had the lowest compli-
cation rates at approximately 3.5% [34, 38].

Banding after Roux-en-Y gastric bypass. 
Gastric banding has been performed as a primary 
bariatric procedure, as an adjunct to RYGB in the 
super-obese patients, and as a revisional procedure 
in patients with weight regain after RYGB. Salvage 
banding using an adjustable gastric band (AGB) 
was suggested as a safe and easily performed pro-
cedure. Early reports showed low incidence of 
early major complications with no mortalities 
reported [39, 40]. The procedure entails placing an 
AGB either around the gastric pouch distal to the 
GE junction, or at the GJ anastomosis, or around 
the proximal dilated roux limb [39–41]. This pro-
vides further restriction and decrease in pouch 
compliance, which may help prevent overeating 
behaviors. It also allows the clinician easy access 
to alter the degree of restriction if more weight loss 
is desired. In a recent systemic review, revisional 
gastric banding had % excess BMI loss of 47.6 
and 47.3% at 1 and 3 years of follow-up, respec-
tively [34]. Although the early perioperative mor-
bidity and mortality is low following salvage 
gastric banding, the rates of long-term complica-
tion and reoperation are not insignificant (approxi-
mately 17–18%). Reported complications include 
 gastric volvulus, small bowel obstruction, band 
erosions, and band slippage [34].

Distalization of Roux-en-Y gastric bypass. 
Distal gastric bypass (D-RYGB) can be done as a 
primary procedure in the super-obese patients or 
as a revisional procedure in patients with failed 
RYGB. Unlike other strategies that focused on 
increasing the restriction, D-RYGB increases the 
degree of malabsorption in patients with failed 
RYGB. The first technique was described in the 
mid-1980s by Sugerman et al. and later under-
went slight variation in technique by other inves-
tigators. It generally involves taking down the 
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jejunojejunostomy (JJ) at the alimentary side and 
re-anastomosis to the distal ileum approximately 
150 cm proximal to the ileocecal valve. This gen-
erally results in a 150 cm common channel, an 
unchanged alimentary limb length, and a very 
long unmeasured BP limb. Another technique 
later reported entails taking down the JJ at the BP 
limb and re-anastomosis to the distal ileum at a 
point 75 cm proximal to ileocecal valve. This 
resulted in a shorter 75 cm common channel and 
a longer unmeasured BP limb [42].

Investigators that performed the former tech-
nique in which the common channel is 100–
150 cm reported %EWL of 61–90%, 68–85%, 
and 77% at 1, 5, and 10 years, respectively [34, 
43, 44]. These excellent results were however 
accompanied by significant major metabolic com-
plications, mainly protein calorie malnutrition 
(PCM) that required total parenteral nutrition 
(TPN) in 14–21% of patients and reoperation to 
lengthen the common channel in 5–14% of 
patients [34, 42–44]. Brolin et al. studied the sec-
ond technique and reported 48% EWL at 1 year 
with PCM seen in 7% of patients, with some 
requiring either temporary TPN or reversal [45]. 
In general, D-RYGB is a very effective revisional 
procedure with % excess BMI loss of 54% at 
1 year and 52.2% at 3 years [34]. As would be 
expected with increasing the malabsorptive nature 
of this operation, D-RYGB has a high complica-
tion rate, the majority being related to PCM.

Conversion to biliopancreatic diversion/duode-
nal switch. Conversion to biliopancreatic diver-
sion/duodenal switch (BPD/DS) as a revisional 
option for a failed RYGB is considered the most 
effective option and has been shown to have the 
best long-term weight loss. Despite that, it has not 
gained wide acceptance due to the complexity of 
the procedure and the concern for long- term severe 
malnutrition [34]. Initially, this complex procedure 
was performed via laparotomy and soon afterwards 
was shown to be feasible via laparoscopy. The pro-
cedure can be done as a one- or two-stage opera-
tion. It entails disconnecting the gastrojejunal 
anastomosis. Gastric continuity is then reestab-
lished followed by a sleeve gastrectomy. The con-
struction of the gastrogastric anastomosis can be 

accomplished with hand sewn or stapled (generally 
circular stapler) techniques. A standard technique 
for BPD/DS is then followed [46–48]. This new 
orientation results in an approximately 150 cm ali-
mentary limb, 100 cm common channel, and long 
unmeasured BP limb. According to current reports, 
this revisional procedure generally results in 
%EWL reported at 62.7% at 1 year and 71% EWL 
at up to 3 years, corresponding to % excess BMI 
loss of 63.7% and 76%, respectively [34].

 Endoscopic Therapy

Endoluminal surgery is an emerging technology 
and may be an attractive solution to address some 
of the complications seen after RYGB, including 
weight regain. These interventions focus on 
reducing the gastric pouch size and the GJ anas-
tomotic diameter. Historically and currently, this 
has been accomplished by either injection of a 
sclerosing agent, over the scope clips, argon 
plasma coagulation, or utilization of an endo-
scopic suturing platform. Endoscopic suturing is 
rapidly gaining traction as the endoscopic tech-
nique of choice. It appears to be more effective in 
reducing stoma size, improving eating behaviors, 
and inducing post-procedure weight loss [49].

Sclerotherapy. Endoscopic sclerotherapy was 
first introduced in 2003. This technique entails 
injecting a sclerosing agent circumferentially 
around the gastrojejunostomy [50]. The most com-
monly used agent is sodium morrhuate. The 
amount to be injected has not been  standardized, 
and can be anywhere between 6 and 20 cm3. 
According to published literature, patients that 
underwent this procedure had a mild to moderate 
response at best. Spaulding et al. reported that 75% 
of patients had 9% EWL at 6 months (2). The same 
author published another study with 1 year follow-
up showing that 90% of subjects that received the 
intervention had lost weight or stopped regaining 
weight [51]. Catalano et al. studied 28 patients 
over a 3-year period. Patients underwent a mean of 
2.3 sessions, and 18/28 patients (64%) had what 
was considered successful therapy (postinjection 
stoma size of <12 mm and >75% loss of regained 
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weight). Mean weight loss at 18 months in patients 
who underwent successful sclerotherapy was 
22.3 kg (+/− 9.2 kg). Commonly reported side 
effects including pain (75% of patients) requiring 
prescription pain medications, superficial ulcers 
(10/28 patients) that responded to PPI therapy, and 
GJ stenosis requiring balloon dilation (one patient) 
[52]. Abu Dayyeh et al. reported a series of 231 
patients with weight regain after RYGB. Increased 
weight regain from nadir after RYGB (similar to 
other smaller studies [53]) and increased number 
of sclerotherapy sessions predicted response. 
Adverse reported outcomes included bleeding, 
dysphagia/chest discomfort, transient elevations in 
diastolic blood pressure, pain, and ulcers [54, 55]. 
Other smaller series have reported similar out-
comes [53, 55].

Overall, endoscopic sclerotherapy is an easily 
performed procedure, with a low complication 
profile, and can be repeated over multiple treat-
ment sessions [54]. Data to support this proce-
dure is limited to small, retrospective case series 
with limited short-term follow-up [6]. In one of 
the only series to report longer term follow-up 
(up to 60 months, mean of 22 months), only 58% 
of patients had weight loss or stabilization, but 
average weight loss when compared pre and post 
sclerotherapy was not statistically significant. 
This was a small study of only 48 patients [56].

There is a single study reporting the combina-
tion of sclerotherapy and endoscopic suturing. 
Sclerotherapy with hypertonic saline combined 
with endoscopic suturing in 11 patients trended 
towards greater weight loss at 22 months as com-
pared to suturing only [57].

Over the scope clip. A single study has 
described the use of an over the scope clip 
(OTSC-clip, Ovesco AG, Tubingen, Germany) 
in 94 patients who have undergone a gastric 
bypass with silastic ring band (Fobi pouch 
RYGB) who experienced 10% or more weight 
regain. GJ anastomotic diameter was reduced 
from an average of 35 mm to 8 mm. Reported 
adverse events included sore throat and dyspha-
gia (2/5 required anastomotic dilation). BMI 
reduced from 45.8 to 27.4 at a mean of 1 year of 
follow-up [58].

A small series has reported use of an over the 
scope clip to close GGFs. Although there was 
initial technical success in 12/14 patients, long- 
term success was only 33%, similar to other 
endoscopic interventions for GGFs [59].

Argon plasma coagulation. The use of argon 
plasma coagulation has been utilized in small series 
to decrease GJ stoma size as way to induce weight 
loss in patients who have had weight regain after 
RYGB [60]. Baretta et al. reported a series of 30 
patients in which patients with a GJ diameter of 
15 mm or more underwent argon plasma coagula-
tion of the entire circumference of the anastomosis. 
Patients underwent two additional treatments at 
8 week intervals. Mean weight loss was 15.48 kg 
with average reduction of GJ diameter by 66.89%. 
All patients had a diameter of 12 mm or less after the 
three endoscopic treatments, and increased weight 
loss was observed with smaller GJ diameters. 
Follow-up was limited, which was 8 weeks after the 
third treatment session [61]. The largest series 
reported 53 patients with a mean stoma diameter of 
16 mm. At 6 months, %EWL was 16% (5.3 kg). 
Patients underwent an average of 1.3 endoscopic 
treatments [62]. While argon plasma coagulation is 
not widely utilized as a sole intervention for weight 
regain in post-RYGB patients, it is used as part of the 
GJ outlet reduction procedure using the OverStitch 
endoluminal suturing platform (described below).

Endoscopic suturing. Endoscopic suturing 
devices used for the treatment of weight regain 
after RYGB focus on reducing gastric pouch and 
gastrojejunal stoma diameter. Early platforms for 
endoscopic suturing utilized suction as opposed to 
tissue retraction devices to assist with suturing, 
which had the disadvantage of usually only allow-
ing for partial thickness bites. As this technology 
evolved, helical and other tissue retraction adjuncts 
have allowed for full thickness suturing which has 
expanded the potential indications for endoscopic 
suturing devices and appear to result in improved 
weight loss outcomes [63].

EndoCinch. Swain et al. contributed to the develop-
ment of one of the first commercially available 
endoscopic suturing platforms (EndoCinch device 
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[CR Bard, Murray Hill, NJ]) [6]. This device utilized 
suction to capture tissue to allow for suturing. 
Sutures were secured by a cinch device. This device 
allowed for partial thickness suturing and has been 
used in multiple applications in post-RYGB patients.

An initial series of four patients utilized this 
device to narrow GJ anastomotic diameter from 
>20 mm to <15 mm with or without plication of 
the gastric pouch. The authors reported weight loss 
and increased restriction; however, no absolute 
numbers were provided [64]. Thompson et al. 
reported a series of 8 patients, in which the 
EndoCinch was used to reduce GJ anastomotic 
diameter from an average of 25 mm to 10 mm. 
Average weight loss in 6/8 patients who lost weight 
was 10 kg. One of the patients in the initial series 
and 3 of the patients in the series reported by 
Thompson et al. underwent repeat procedures [65]. 
Follow-up in both series was extremely limited.

A multicenter randomized prospective sham 
controlled trial evaluating EndoCinch versus 
sham (RESTORe trial) for weight regain or inad-
equate weight loss after RYGB was also con-
ducted. At 6 months of follow-up, patients who 
underwent GJ stoma plication as opposed to 
sham procedure had 3.5% as compared to 0.4% 
absolute weight loss (p = 0.021). The majority of 
patients in the EndoCinch group achieved weight 
stabilization/loss (96%) as compared to 78% in 
the sham procedure group (p = 0.019) [66, 67].

The EndoCinch device has also been used to 
close GGFs. Fernandez-Esparrach et al. reported a 
series of 95 patients in which the device and/or 
hemoclips (with or without combinations of glue 
and/or argon plasma coagulation) was utilized to 
close the fistula. Long-term success was reported in 
only 19% of patients, with all patients with fistula 
size >20 mm recurring in follow-up. Thirty- two 
percent of patients with GGFs <10 mm in diameter 
had success during the follow-up period [68].

With the advent of commercially available 
endoscopic suturing platforms that allow for full 
thickness suturing, this device is not generally 
used in current endoscopic revisional weight loss 
procedures.

Stomaphy-X. The Stomaphy-X device (Endogastric 
Solutions, Redmond, WA) was one of the first 

devices to allow for full thickness tissue plication 
utilizing tissue fasteners. Later generations of this 
device have been used for transoral incisionless 
fundoplication for reflux. This device was utilized 
in multiple studies for post-RYGB weight regain 
to address pouch dilation. Individual series of 39 
patients [69] and 64 patients [70] were published, 
reporting 10 kg (19.5% EWL loss, 1 year) and 
7.6 kg (mean follow- up 5.8 months) of weight 
loss, respectively. Adverse reported events 
included pharyngeal irritation, epigastric pain, 
nausea and vomiting, and bleeding [69, 70]. In 
both series, improvement in dumping syndrome as 
well as reflux was reported, and in the larger series, 
four patients were noted to have closure of GGFs 
[69, 70]. It is unclear as to the durability of the 
GGF closure, as only a mean of 5.8 months of 
follow-up was reported. Another series of 59 
patients reported that at 41 months of mean fol-
low-up, average weight loss was 1.7 kg (%EWL of 
4.3). In 12 patients who underwent repeat endos-
copy, there was no sustained reduction in stoma or 
pouch size (average time to repeat endoscopy was 
18 months). This series raised serious questions 
about the durability of this procedure [71].

A randomized trial compared Stomaphy-X 
versus sham procedure in patients who had 
undergone RYGB with at least 60% excess BMI 
initial loss and a resultant BMI of 35 or less. 
Patients included had a BMI of 35–40 and the 
primary endpoint was excess BMI loss of 15% or 
more and a BMI of <35 at 1 year. Less than 50% 
of patients who underwent the procedure met the 
endpoint and the study was terminated early. 
10/45 patients who underwent the Stomaphy-X 
procedure achieved the primary endpoint as com-
pared to 1/29 sham patients [72].

Restorative obesity surgery endoscopic. The 
Incisionless Operating Platform (USGI Medical, 
San Clemente, CA) is one of the devices that have 
been used for endoscopic revision of RYGB. The 
current generation of the device (Transport® 
Endoscopic Access Device—Retroflex) has four 
working channels to accommodate a flexible 
pediatric endoscope, tissue approximation 
devices and graspers, and tissue anchors. This 
device has been utilized for the restorative obesity 
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surgery endoscopic (ROSE) procedure. It allows 
for full thickness plication of gastric pouch as 
well as reduction in stoma diameter.

Initial experience with this device was 
reported in small series. An initial five patient 
experience noted a mean weight loss of 7.8 kg 
(3 months of follow-up). Stoma diameter was 
reduced on average by 21 mm and pouch length 
reduced by 4.4 cm [73]. A larger series of 20 
patients was later published by the same group. 
The procedure was completed in 17 patients with 
a mean weight loss of 8.8 kg at 3 months, reduc-
tion of stoma diameter from an average of 25 mm 
to 16 mm, and reduction of pouch length by 
2.5 cm. Adverse events reported included bloat-
ing, sore throat, nausea and vomiting, and bleed-
ing not requiring transfusion or repeat endoscopy 
[74]. Borao et al. published a single center series 
of 21 patients. Twenty of twenty-one patients 
successfully underwent the procedure, with 
reductions of GJ stoma diameter of 53% and 
pouch length of 41%. Follow-up endoscopy at 
12 months confirmed the presence of anchors 
with %EWL reported to be 18% (6 months fol-
low- up) [75]. Raman et al. reported a series of 37 
patients with similar results; with a mean follow-
 up of 4.69 months, there was 23.5% EWL. Two 
patients underwent endoscopic dilation after the 
procedure for PO intolerance. In this series, three 
patients with GGF were noted to have closure of 
the fistula on follow-up imaging and endoscopy 
[76].

A multicenter registry of 116 patients reported 
a technical success rate of 97%, with reductions 
of stoma size and pouch length of 50 and 44%, 
respectively. Percent EWL was approximately 
18% at 6 months, and in 13 patients who under-
went follow-up endoscopy at 12 months, anchors 
were noted to be in place with intact plications 
[77]. Further follow-up of 73 patients at 12 months 
after the procedure reported %EWL of 14.5% 
with anchors confirmed to be present endoscopi-
cally in 92% of patients (61/66 patients). Factors 
noted to predict increased %EWL included a pre-
procedure stoma diameter > 12 mm and a post-
procedure stoma diameter < 10 mm [75].

OverStitch. Currently, the most widely uti-
lized platform for endoscopic revision of RYGB 

is the OverStitchTM Endoscopic Suturing 
System (Apollo Endosurgery, Austin, TX). This 
platform has been utilized for reduction of GJ 
stoma diameter as well as pouch plication. This 
device allows for both interrupted and running 
placement of permanent or absorbable sutures. 
The device fits over therapeutic upper endoscope. 
Full thickness suturing is facilitated by a helical 
tissue retractor [6].

There are a number of small studies evaluat-
ing the use of the OverStitch platform for reduc-
tion in GJ stomal diameter in patients with 
weight regain after RYGB. One of the initial 
studies reported 25 patients in which the 
OverStitch device was utilized to reduce the GJ 
anastomotic diameter to <12 mm utilizing inter-
rupted sutures (reduced from average of 26.4 mm 
to 6 mm). In 13/25 patients, sutures were also 
placed to reduce pouch size. Reported adverse 
events included nausea and vomiting, esopha-
geal abrasion, bleeding during the procedure, 
hematemesis, one patient who required dilation 
of the gastrojejunal outlet, and one patient who 
had delayed bleeding requiring transfusion. At 
12 months, there was a mean weight loss of 
10.8 kg [78]. Patel et al. reported a series of 50 
patients who underwent outlet reduction utiliz-
ing interrupted or a purse string suture technique. 
All patients achieved a GJ diameter of <10 mm 
after the procedure, with smaller outlets observed 
with the purse string suture technique. One year 
%EWL was 10% [79]. Similar weight loss 
results are noted in other series, with Gitelis 
et al. reporting 1 year %EWL of 17.1% in a 
series of 25 patients [7].

When comparing partial thickness outlet 
reduction with EndoCinch (59 patients) to full 
thickness outlet reduction with the OverStitch 
device (59 patients), mean weight loss and % 
excess weight loss were greater with full thick-
ness suturing at 1 year of follow-up [63].

A prospective series of 150 patients was 
recently reported. This is one of the largest stud-
ies of endoscopic reduction of gastric outlet for 
weight regain after RYGB using a suturing plat-
form. As similar to previous studies, argon 
plasma coagulation was first utilized to denude 
the mucosa along the entire margin of the gastro-
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jejunostomy. Stoma diameter (and pouch reduc-
tion) was then completed utilizing the Overstitch 
system. Post-procedure, patients were kept on 
full liquids for 6 weeks. This study reported fol-
low- up at 3 years. On average, stomal diameter 
was reduced from 24.1 mm to 9 mm. Adverse 
events included abdominal pain, bleeding, and 
nausea. Weight loss at 3 years was 9.5 kg, with an 
average loss of 3.4 BMI points lost. Percent EWL 
was 25% at 3 months, 28.8% at 6 months, 24.9% 
at 12 months, 20% at 24 months, and 19.2% at 
36 months. No difference was noted in total 
weight loss (8.6% at 36 months) in patients who 
underwent plication of the gastric pouch versus 
those that did not [80].

This platform has also been utilized for 
attempted closure of GGFs. In a study of 56 
patients with gastrointestinal fistulas (29 patients 
with gastrogastric fistulas), there was immediate 
technical success, but long-term success rate of 
closure of GGFs was much lower (approximately 
17%) [81].

 Conclusion

Treatment of weight regain after successful 
RYGB requires comprehensive evaluation of all 
potential contributing factors prior to determin-
ing an appropriate treatment strategy. This should 
include a thorough workup of possible anatomic 
factors. There are a number of strategies to assist 
these patients, including pharmacotherapy, surgi-
cal and endoscopic options. Endoscopic options 
appear to be most beneficial in patients with 
dilated gastrojejunal anastomotic diameter. The 
approach to endoscopic revision of RYGB has 
evolved with the improvements in the endoscopic 
suturing platforms. Full thickness suturing 
approaches appear to be more effective than par-
tial thickness approaches, and reduction of stoma 
size to <10–12 mm appears crucial for long-term 
beneficial results. Overall the data surrounding 
the efficacy of endoscopic approaches is promis-
ing, but limited. Randomized trials and longer 
term reported outcomes will contribute to the 
further understanding of these procedures and 
assist with determination in appropriate patient 

selection. Standardized reporting of actual 
weight loss as well as %EWL and TBWL will 
help in interpretation of the studies. Treatment 
plans encompassing surgical as well as nonsurgi-
cal treatments (i.e., AODs) are likely to result in 
increased success. Endoscopic treatments for 
GGF do not tend to have overall favorable long-
term results, especially with fistulas >10 mm.
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Comprehensive Endoluminal 
Treatment of Sleeve Gastrectomy 
Complications

Manoel Galvao Neto and Natan Zundel

Bariatric endoscopy (BE) is a neologism created 
to define the interface of advanced therapeutic 
endoscopy with bariatric surgery (BS). Its inter-
face deals with treating bariatric surgery compli-
cations, primary obesity therapy, and revising 
secondary obesity (postoperative weight loss fail-
ure or postoperative weight regain). Primary ther-
apy for obesity and diabetes includes intragastric 
balloon, endoscopic suturing, duodenal mucosal 
resurfacing, and aspiration therapy. This chapter 
will focus on the comprehensive endoluminal 
treatment of sleeve gastrectomy complications.

The two main complications of sleeve gastrec-
tomy at the reach of endoscopy are treating stric-
tures/stenosis and leaks.

Throughout the world, the prevalence of 
Laparoscopic Sleeve gastroplasty (LSG) for mor-
bid obesity has increased from 0 to 37% from 
2003 to 2013 [1]. It is a widely accepted operation 
since proving to be safe and effective as a primary 

weight loss procedure. Furthermore, it seems eas-
ier and quicker to perform than other bariatric 
procedures [2], when comparing it to gastric 
bypass and duodenal switch. Nevertheless, it has 
its own set of complications. Bleeding, leaks, and 
fistula occur between 1 and 20%, and can be life-
threatening [3]. Stenosis and mechanical obstruc-
tions have been reported to be between 0.7 and 
4% of cases [2].

 Stenosis

Sleeve gastrectomy stenosis is very peculiar 
when compared with other postsurgical stenosis. 
Most cases are sub-stenosis and will allow the 
endoscope to pass through. However, strictures 
after a gastric bypass will stop the scope at the 
gastrojejunostomy (Fig. 13.1). The challenge is 
to understand the type of “axis deviation,” “heli-
cal or helix like path,” or even a “functional ste-
nosis” (Fig. 13.2). Those terms were not generally 
used before sleeve gastrectomy but are very use-
ful and help to understand this specific complica-
tion. Dysphagia, regurgitation, vomiting, reflux, 
food intolerance, and rapid weight loss are usual 
symptoms when this condition occurs. Early 
strictures appear within the first few weeks and 
usually are due to gastric tube narrowing and 
twist. The location is typically at the level of inci-
sura angularis. Obstructions can occur due to a 
tight bougie calibration during surgery, when sta-
pling is performed too close to the incisura 
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Fig. 13.1 Sleeve 
functional stenosis with 
axis deviation as seen in 
a gastrointestinal series 
and in computed 
tomography 3D 
reconstruction

Fig. 13.2 Helical 
stenosis, which is with a 
helical twist at incisura 
level, as well as the 
presence of a 
persistently dilated 
gastric pouch above the 
kinking, as seen on the 
endoscopic image and 
X-ray

 angularis, or even due to a helical staple line con-
figuration [3, 4]. Edema and hematoma are also 
other causes of acute gastric tube narrowing [5]. 
On the other hand, late stenosis appears more 
than 1 month after primary surgery and is mostly 
functional due to a helix stricture, the so-called 
“twisted sleeve,” defined by a clockwise rotation 
of the gastric sleeve. This mostly commonly 
occurs because of asymmetrical traction on the 
resected greater curve of the stomach and conse-
quent misalignment while stapling [3].

Endoluminal treatment should be the initial 
approach and can be done with continuous radial 
expansion through the scope (CRE-TTS) bal-
loons, pneumatic (achalasia) balloon dilation, 
stents, and possibly septotomy [6–9]. Dilation 
with CRE-TTS balloon seems to be the least 
effective. When endoscopy fails, surgical man-
agement is an option. Conversion to gastric 
bypass, seromyotomy, total gastrectomy, and 
loop gastrojejunostomy have all been described 
and offer acceptable options that should be 
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 considered. Each option depends on the individ-
ual patient scenario and the comfort level of the 
surgeon [10]. Short segment stenosis may respond 
to CRE-TTS hydrostatic dilation and is a simpler 
method to pneumatic dilation (Fig. 13.3). 
Pneumatic dilation is a more complex procedure, 
generates more pressure and a large diameter, and 
treats more mechanical obstructions; it also may 
have more success. Since described by Zundel 
et al. [6] in 2010, pneumatic dilation has been 
growing in popularity. Shnell [7] in 2014 
described a series of 16 patients with sleeve ste-
nosis based on symptoms and imaging studies. 
Most of the procedures were done using a 32FR 
bougie with no imbrication. All patients presented 
with a mid-sleeve stricture near the incisura and 
allowed the scope to pass. Three patients were 
successfully treated with pneumatic dilation, 
whereas 9 out of 13 (69.2%) failed hydrostatic 
CRE-TTS 20-mm balloon dilation. Ogra [8] in 
2015 described a series of 23 patients with a fixed 
stenosis at the incisura angularis. Sixteen were 

initially treated with dilatation by a CRE- TTS 
balloon. Seven were successfully dilated, although 
one needed two sessions. Of 9 (56.2%) failures, 6 
were sequentially and successfully treated using a 
pneumatic 30-mm achalasia balloon and the other 
3 required temporary placement of a self-expand-
able metal stent (SEMS). Seven other patients 
who presented with strictures at the incisura that 
were >3 cm long were initially started with pneu-
matic dilation. Five were successfully dilated and 
two required temporary placement of a 
SEMS. None of the 26 patients required a surgical 
procedure to correct their stenosis. The pneumatic 
dilation seems to have a therapeutic limitation 
when facing a functional helix stenosis (twisted 
sleeve) as described by Donatelli [9] in 2016. The 
36 patients with functional helix stenosis in their 
series were initially pneumatically dilated to 
30 mm in a stepwise manner. Thirteen out of 
thirty-five patients underwent a second dilation 
up to 35 mm, and eight patients underwent a third 
pneumatic  dilation up to 40 mm. The stricture 

Fig. 13.3 Sequence of pneumatic dilation (left to right); (top) endoscopic images; (bottom) radiologic images
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was located in mid-body in 32 patients and three 
had a narrowing adjacent to the cardia. Eleven 
twists formed an acute angle between the two seg-
ments of the stomach, while 24 angles were 
obtuse. Seven out of thirty-five patients presented 
with a persistent dilated pouch above the twist. 
Two patients were lost to follow-up. Overall 
results at an average follow-up of 15.5 months 
after primary surgery (7–49) were as follows: 12 
clinical and 1 technical failure (40%), and (20 out 
of 33) (60%) with clinical success. Two severe 
complications were described: one perforation 
with a 30-mm balloon and one gastrointestinal 
bleed after 35-mm dilation. The authors conclude 
that pneumatic dilation of late functional helix 
twist is an effective technique for the majority of 
patients. A complete helix stricture, defined by 
the angle of the twist, as well as a persistently 
dilated gastric pouch above the kink, correlated 
with higher failure rates. The authors recom-
mended surgical approach for these.

 Leaks

Like sleeve stenosis, sleeve leaks also do not 
behave in the same manner as gastric bypass 
leaks. The sleeve is a higher-pressure system and 
leaks may become more chronic, when compared 
to leaks after gastric bypass. Leaks develop imme-
diately below the angle of His in 90% of patients. 
This area may have a greater degree of ischemia 
secondary to less overall blood supply and because 
of the need to mobilize the short gastric arteries in 
order to create the sleeve. The usual endoscopic 
strategy involves early drainage—internal, exter-
nal, or both, when necessary. Also, early stent 
placement is advocated. Stents can cover the leak 
and divert enteral flow, treat the gastric stricture, 
and decrease intragastric pressure. In LSG, stents 
also can correct the axis deviation and the helical 
stenosis as previously described. After initial sep-
sis control with antibiotics and resuscitation, spe-
cific endoscopic and surgical measures are taken. 
The endoscopic approach may provide decreased 
morbidity. It involves internal drainage, septot-
omy, dilations, endoscopic suturing, clips, and in 
most cases, endoscopic stenting [4, 10–16]. Early 

diagnostic endoscopy allows proper evaluation of 
the leak internal orifice, identifies any strictures, 
helps in correct positioning of abdominal drains, 
and allows for internal abscess drainage. 
Endoscopic therapy can be used together with sur-
gical therapy, especially with early onset leaks. 
The aims are to solve the three main issues per-
petuating the leak: distal gastric stricture, 
increased intragastric pressure, and fistulous tract 
persistence. Specifically, in LSG there can be an 
axis deviation with associated increased intragas-
tric pressure, which will benefit from an early and 
minimally invasive approach [7].

Among many treatment algorithms, the man-
agement may depend on the time of detection and 
the degree of illness of the patient. Rosenthal in 
2012 [4] described several phases and options 
based on time of index surgery.

• Acute (<7 days): self-expandable metallic 
stents (SEMS) or pigtail drain

• Early (1–6 weeks): SEMS or pigtail drain fol-
lowed by pneumatic balloon dilation + sep-
totomy (rare)

• Late (6–12 weeks): septotomy + balloon dila-
tion followed by SEMS (rare)

• Chronic (>12 weeks): septotomy + balloon 
dilation

In acute and early leaks, SEMS promote occlu-
sion of the leak orifice, correct any pouch axis 
deviation and distal strictures, and also decrease 
intragastric pressure, facilitating leak closure [4, 
16]. Traditionally, esophageal stents have been 
used, with a maximum length of 150–160 mm and 
a diameter of 23 mm. Stents can be either fully 
covered or partially covered and have both advan-
tages and disadvantages. The totally covered 
stents have a higher migration rate but are easier to 
remove, while the partially covered stents migrate 
less but are more difficult to remove [12].

Recently, the so-called bariatric stents 
(Fig. 13.4) have been developed with specific 
designs customized for LSG. They can reach up to 
240–280 mm in length with a maximum  diameter 
of 30 mm, with promising initial results [13, 14, 
17–20]. Stents should not be left in place for long 
periods secondary to increased complications, 
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from tissue ingrowth preventing removal to ero-
sion into surrounding structures. Most require a 
stent surveillance protocol and remain in place for 
1–2 months [10]. After initial leak control, even if 
complete remission is not achieved, endoscopic 
treatment can proceed with septotomy, stenotomy, 
and balloon dilations. Also, in early cases with 
associated perigastric abscess, internal drainage 
with pigtail drains (Fig. 13.5) has been described 
with success. This scenario is especially useful in 

small leaks with a diameter of less than 10 mm. 
This treatment should be used in conjunction with 
correction of any form of a distal stenosis [21]. 
Other endoscopic approaches include use of 
endoscopic clips such as the over- the- scope clip 
(OTSC System; Ovesco Endoscopy, Cary, NC, 
USA), biologic glues, and tissue sealants. Results 
have been varied [22, 23]. Endoscopic vacuum 
therapy has also been described for fistula treat-
ment [24, 25].

Fig. 13.4 Illustration of bariatric stent covering from the esophagus up to duodenum

Fig. 13.5 Internal drainage with a pigtail; (left) endoscopic images; (right) a radiologic sequence of the implant
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For late and chronic leaks, the literature is lim-
ited. Endoscopic treatment usually requires mul-
tiple sessions, employing all the above described 
techniques (multimodality). Septotomy (Fig. 13.6) 
can be performed when there is a septum between 
the gastric wall and adjacent fistulous orifice and 
associated abscess [26, 27]. Septotomy can be 
performed either with a needle knife or argon 
plasma coagulation (which may be associated 
with less bleeding), followed by gastric dilation. 
The goal is to allow digestive contents to flow 
back into the gastric lumen instead of staying in 
the abscess cavity. Stenotomy is performed with 
balloon dilation and can be performed when there 
is stenosis and fibrotic tissue. In LSG leaks, a 
30-mm achalasia balloon is often used to correct 
this functional and anatomical deviation. More 
than one session is often required and can in many 
instances be done in an outpatient setting. The 
opening of the abscess to allow better internal 
drainage will eventually lead to leak closure [4]. 
Stents can be used in selected cases of late and 
chronic leaks, mainly when there are anatomical 
defects.

 Gastrobronchial Fistula

In chronic cases, the leak can be associated with 
a subphrenic abscess, which may eventually lead 
to a pulmonary abscess and gastrobronchial fis-
tula (GBF) formation. This complication has a 
high morbidity, especially if thoracic surgery is 
required. Endoscopic management can be an 
option in select cases; however, total gastrectomy 

may be required with separation of the fistula 
tract with the chest cavity [11].

GBF is usually related to a simple gastric leak 
that was not properly treated and eventually 
became a chronic tract. The most common symp-
toms of GBF are productive cough, fever, thoracic 
pain, recurrent pneumonia, vomiting, wheezing, 
hypoxemia, abdominal pain, and expectoration of 
food residues [11].

Diagnosis is usually late, made by computed 
tomography or contrast X-ray. Endoscopy is use-
ful in identifying the internal orifice, in evaluating 
the gastric anatomy, and possibly in performing 
fistula treatment. Major abdominal and thoracic 
surgery are associated with greater morbidity, and 
in many cases may not promote complete remis-
sion [10, 11].

Endoscopic treatment aims to increase intra-
gastric diameter, decrease pressure, and reduce 
the amount of fluids passing through the leak. It 
can be done through stent placement, septotomy, 
stenotomy, and balloon dilation as described pre-
viously [11]. Surgical treatment described in the 
literature involves total gastrectomy, splenec-
tomy, pancreatectomy, and lung resection with 
the potential of significant morbidity [12].
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 Introduction

Obesity is a serious public health problem associ-
ated with increased morbidity and mortality and 
decreased quality of life. According to the World 
Health Organization in 2014, over 1.9 billion 
adults are overweight and 600 million are obese 
[1]. The prevalence of obesity has increased so 
rapidly over the last few decades that it is now 
considered a global epidemic, nicknamed 
“Globesity.” As the obesity epidemic rapidly 
grows, national and global healthcare systems 
will have to absorb significant costs of managing 
comorbidities that follow, such as coronary artery 
disease, peripheral vascular disease, diabetes, 
nonalcoholic steatohepatosis, cirrhosis, pulmo-
nary hypertension, obstructive sleep apnea, and 
hypercoagulability [2]. The estimated annual 
medical cost of obesity in the United States was 
$147 billion in 2008 according to the National 
Health and Nutrition Examination Surveys con-
ducted by the Center for Disease Control.

The prevalence of obesity had more than 
doubled from 13.4% in 1960–1962 to 35.1% in 
2005–2006 for adults aged 20–74 years [3], 

and obesity rates have plateaued in recent years 
[4–6]. During those years between 2011 and 
2014, obesity among US adults was 36.5%. 
However, when Ogden et al. [5] compared the 
distribution of BMI between 1976–1980 and 
2005–2006, they observed that, among adults, 
the distribution of BMI shifted to the right, 
reflecting the change in prevalence of super-
obesity (i.e., BMI ≥ 50 kg/m2), which increased 
from 0.9% in 1960–1962 to 6.2% in 2005–
2006 among adults.

Studies have indicated that obesity is respon-
sible for more than 2.5 million deaths worldwide 
per year due to the underlying healthcare issues 
related to obesity. These comorbidities include 
type 2 diabetes, hyperlipidemia, hypertension, 
obstructive sleep apnea, heart disease, stroke, 
asthma, back and lower extremity weight-bearing 
degenerative problems, several forms of cancer, 
and depression [7–9]. Additionally, obesity is an 
independent risk factor for mortality. Currently, 
complications related to obese and overweight 
patients are one of the five leading global risks for 
mortality in the world along with high blood pres-
sure, tobacco use, high blood glucose, and physi-
cal inactivity [10]. Previously, Fontaine et al. [11] 
demonstrated that compared with a normal weight 
individual, a 25-year-old morbidly obese man had 
a 22% reduction in life expectancy, representing 
approximately 12 years of life lost (YLL). 
Furthermore, a more recent study by Finkelstein 
et al. showed that in aggregate, excess BMI is 
responsible for  approximately 95 million years of 
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lives lost [12]. A large prospective cohort study 
published in NEJM examined 10-year mortality 
rates in more than 500,000 Americans ages 
50–71 years old, showed that middle-aged men 
and women who were nonsmokers and had no 
pre-existing illnesses had a 20–40% increased 
mortality in those who were overweight (i.e., 
BMI 25–30 kg/m2) and a two- to threefold 
increased risk of mortality in individuals who 
were obese (BMI ≥ 30 kg/m2) [13].

The frequency of weight lost and weight 
maintenance is very common practice in the 
United States [14]. More so, a recent systematic 
review and meta-analysis show that 42% of 
adults from the general population reported try-
ing to lose weight [15]. However, it is well 
known that medical management of weight loss 
with diet modifications and pharmaceutical 
agents is ineffective in the long-term obesity 
treatment of obesity [16].

Current guidelines for the surgical manage-
ment of morbid obesity is a BMI ≥ 40 kg/m2 or 
BMI > 35 kg/m2 in the presence of significant 
comorbidities (1991 National institutes of 
Health (NIH) consensus conference). This cri-
teria was also supported by the American 
Society for Bariatric Surgery in 2004 [17–19]. 
The number of bariatric surgical procedures 
continues to dramatically increase from 20,000 
procedures performed in 1999 to 144,000 obese 
individuals receiving surgical treatment in 
2004, with current estimates by the American 
society for metabolic and bariatric surgery 
(ASMBS) of a total of 196,000 bariatric proce-
dures in 2015 [20]. This dramatic increase in 
volume has been attributed to refinements in 
minimally invasive surgical techniques and bet-
ter outcomes, an increase in media coverage, 
and an improvement of patient satisfaction. In 
2004, Buchwald et al. systematic review and 
meta-analysis published in JAMA described 
bariatric surgery as the only effective long-term 
weight loss therapy for obese patients [21]. 
Subsequently, Colquitt et al. in a 2009 Cochrane 
review also concluded that surgery results in 
greater improvement in weight loss outcomes 
and obesity-associated comorbidities compared 
to nonsurgical methods [22].

Although current healthcare trends continue to 
focus on preventative measures, data continues to 
show that conservative management modalities 
such as diet and exercises have limited efficacy in 
treating obesity. As a result, bariatric surgery now 
plays a significant role in the treatment of obesity. 
Such bariatric surgical procedures can be catego-
rized into restrictive, malabsorptive, or a combina-
tion of both. The restrictive category includes 
adjustable gastric banding, vertical banded gastro-
plasty, and sleeve gastrectomy. Whereas the mal-
absorptive category includes such procedure as the 
biliopancreatic diversion with/without duodenal 
switch and the combination of both which includes 
the well- known Roux-en-Y gastric bypass. Of the 
various procedures, Roux-en-Y gastric bypass 
(RNYGB) and now the gastric sleeve are the most 
commonly performed procedures [22]. The 
RNYGB is reportedly the most successful of these 
surgical treatments and has achieved 70% excess 
weight loss and maintenance at 1-year follow-up. 
Although these are promising outcomes, the 
reported estimates of “failure” RNYGB are up to 
15–20% of patients (defined as either less than 
50% estimated excess weight loss after a year or 
weight gain of more than 10% nadir) [23]. 
Furthermore, RNYGB follows with a set of known 
complications some of which include bleeding, 
wound infection, anastomotic leak, fistulas, inter-
nal and incisional hernias, and even deaths, with 
mortality rates of 0.28% (95% CI: 0.22–0.34) and 
0.35% (95% CI: 0.12–0.58) at ≤30 day and 
>30 day, respectively [24].

Within the last 10 years, transoral techniques 
for preoperative, primary or stand-alone, and 
revisional bariatric procedures continue to be of 
emerging interest as the increasing demands for 
less invasive surgical weight loss modalities and 
the continuing advancements in surgical instru-
ments and techniques continue to rise [25].

Endoscopic transoral procedures performed 
exclusively through the gastrointestinal (GI) tract 
with a flexible endoscope provide the possibility 
of ambulatory weight loss treatment with less 
invasiveness. Providing a more cost-effective 
approach, when compared to laparoscopic sur-
gery, may also allow treatment for previous 
 individuals who were precluded from surgery 
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due to multiple comorbidities, older age, super-
obesity (BMI ≥ 50 kg/m2), atypical anatomy, 
adhesions from previous abdominal surgery, and/
or inflammatory bowel disease such as Crohn’s 
disease. This chapter aims to review previous, 
current, and future available transoral techniques 
with a focus on those in human trials.

 Transoral Devices Used as Primary 
Procedures

Primary transoral procedures can be divided simi-
larly to laparoscopic approaches into restrictive, 
malabsorptive, and combination. The endoscopic 
restrictive devices include intragastric balloons, 
endoluminal suturing, endoluminal stapling, tran-
soral restrictive implant system, aspiration ther-
apy, and transpyloric shuttle. These devices are 
made to mimic restrictive laparoscopic procedures 
such as adjustable gastric banding, vertical banded 
gastroplasty, and sleeve gastrectomy. For malab-
sorptive transoral procedures, the duodenal- jejunal 
bypass sleeve is a device that mimics the biliopan-
creatic diversion with/without a duodenal switch 
or the RNYGB. The device may induce weight 
loss by bypassing the initial absorptive surfaces of 
the intestine or having an incretin affect.

 Intragastric Balloon

One of the earliest endoscopic transoral restric-
tive devices was the intragastric balloon. Initially 
introduced in 1982, early generations of the intra-
gastric balloons (i.e., Garren-Edwards, Ballobes, 
Taylor, and Wilson-Cook balloons, De Castrol, 
etc.) were abandoned due to significant compli-
cations, including premature balloon deflation, 
and failure to achieve meaningful weight loss. 
These balloons were riddled with issues such as 
low volume capacity and nondurable materials. 
Furthermore, serious complications such as ero-
sion into gastric mucosa and gastric outlet syn-
drome resulted in less than desirable safety 
profiles. Since then, the intragastric balloon has 
gone through multiple revisions. Most notably, 
the BioEnteric intragastric balloon (BIB, Inamed, 

Santa Barbara, CA, USA), developed in 1987, 
addressed previous major issues [26]. Today, 
there are currently several commercially avail-
able balloons such as MedSil, the Heliosphere 
Bag, Obalon system, and the Gastric Balloon. 
The BIB, however, remains the most widely 
researched procedure and was recently FDA 
approved for use in the United States and renamed 
as the Orbera system.

The Orbera balloon is a small, flexible balloon 
introduced in the collapsed state and expands into 
a spherical shape 10 cm in diameter when filled 
with 500 mL of saline solution. Volume adjust-
ments range between 400 and 700 mL. The 
Orbera balloon shell is made of an inert, nontoxic 
silicone elastomer that is resistant to gastric acid 
and has a radiopaque self-sealing valve. 
Procedurally, they are endoscopically placed 
under conscious sedations or general anesthesia 
after a diagnostic endoscopy is performed to rule 
out any abnormalities that would preclude device 
placement [27]. The device assembly consists of 
the collapsed balloon attached to a balloon fill 
tube which is encased within a sheath. This 
assembly is introduced into the gastric fundus. A 
syringe is then used to fill the balloon under 
direct endoscopic visualization with 400–700 mL 
of saline solution. After the desired amount is 
achieved, gentle negative pressure exerted by 
withdrawing the plunger of the syringe seals the 
valve. The balloon is released by a quick pull on 
the fill tube which is then removed. The position 
of the free-floating balloon can then be confirmed 
radiographically (Fig. 14.1) [26]. Finally, removal 
of the Orbera balloon consists of removing as 
much fluid as possible before grasping the bal-
loon with a snare or forceps. Both the endoscope 
and the grasped balloon are then gently removed. 
The Orbera balloon system is FDA approved to 
remain in the stomach for up to 6 months. The 
procedure is usually considered as outpatient 
with occasional overnight stay. Most common 
morbidities consist of nausea and vomiting and in 
some severe cases may require early removal due 
to premature deflation, gastric ulceration, and 
erosion [26]. Most patients are sent home with a 
proton pump inhibitor to help reduce and prevent 
reflux symptoms.

14 Endoluminal Gastric Procedures for Obesity and Metabolic Diseases
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Intragastric balloons remain popular as a pri-
mary endoscopic transoral device because of its 
safety profile and ease of placement. Unlike laparo-
scopic procedures, intragastric balloon placement 
can occur as many times as needed which may be a 
better option in obese patients who are not surgical 
candidates. Although the mortality rate following 
intragastric balloon placement is less than 1%, the 
procedure still has its own set of complications [28].

According to Genco et al. study in 2005 on the 
BIB, proper positioning was achieved in all but 
two cases (0.08%) with associated overall com-
plication rate of 2.8% (70/2515 patients). Of the 
noted five patients who had gastric perforation, 
four had previous gastric surgery. Balloon intol-
erance requiring balloon removal was the most 
common issue within the first week of insertion 
with 19 reported cases (0.76%). Balloon ruptur-
ing occurred in nine cases (0.36%). Esophagitis 
and gastric ulcers were seen in 32 patients 
(1.27%) and five patients (0.2%), respectively, 
which were both treated with medical therapy.

Furthermore, de Castro et al. reported that 
approximately half of the patients in their study 
had nausea and vomiting. Epigastric pain, nau-
sea, and reflux symptoms were the next most 
common side effects which is why proton pump 
inhibitors are routinely prescribed. Also, de 
Castro’s group had 13% of patients who required 
earlier removal secondary due to persistent nau-

sea and vomiting. Two patients developed gastro-
intestinal bleeding requiring balloon removal 
[27]. Interestingly, Alfredo et al. noted that nau-
sea, vomiting, and epigastric pain were notice-
ably worst and lasted longer, approximately 
4 days post second balloon insertion versus 
2.5 days after the initial procedure.

On the contrary, air-filled balloons, such as the 
Heliosphere system, have a more tolerating pro-
file as there is reduction in post-procedure nausea 
and emesis. A common complication with the 
Heliosphere balloons, however, was spontaneous 
deflation which resulted in complex retrieval 
methods ranging from uses of endoscopic for-
ceps or snares to laparoscopic procedures [27]. 
Drozdowski et al. reported a case in which a 
deflated Heliosphere system eroded into the 
small intestine [29]. His group concluded that the 
balloon had likely deflated 3–4 days prior to the 
patient’s presentation and was difficult to diag-
nose resulting in a delay.

When de Castro et al. compared the BIB ver-
sus the Heliosphere system, both had similar effi-
cacies but as expected the Heliosphere system 
had a slightly higher incidence of balloon migra-
tion requiring laparoscopic or endoscopic 
retrieval. However, de Castro concluded that the 
higher risk of balloon migration favored the BIB, 
despite the higher post-procedural nausea and 
vomiting.

Fig. 14.1 (a, b) BioEnteric intragastric balloon (BIB), which is smooth and spherical (Inamed, Santa Barbara, CA, 
USA) (From Malthus-Vliegen et al. [26], with permission)
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Intragastric balloons are commonly described 
as space occupying devices that result in weight 
loss and hormonal changes. Leptin is believed to 
be a pro-inflammatory and hypercoagulable mol-
ecule made by adipocytes. It is also believed to be 
associated with increasing cardiovascular risk in 
patients with obesity. As a result, post-bariatric 
surgery procedures target not only weight loss 
but also specifically decreasing body fat compo-
sition and leptin production. In a recent 2014 
article, Buzga et al. reported a statistically signifi-
cant increase in ghrelin and decreased levels of 
leptin at 1, 3, and 6 month intervals after place-
ment of the MedSil intragastric balloon which 
correlates with previous studies [30]. It is also 
believed that the balloon induces a stretch 
response causing increased levels of CCK result-
ing in delayed gastric emptying and subsequently 
early satiety and weight loss.

Compared to medical management with diet 
and exercise, intragastric balloon devices offer a 
more effective treatment option. In 2006, a 
double- blinded, crossover study by Genco et al. 
showed statistically significant weight reduction 
over conservative management with only strict 
dietary and exercise regimens. The same group 
also conducted the most comprehensive retro-
spective analysis to assess the efficacy of the BIB 
in terms of weight loss and improvement in 
obesity- related comorbidities [2]. From 2002–
2004, 2515 patients underwent endoscopic place-
ment of the BIB with a mean BMI of 44.8 ± 7.8 kg/
m2. At 6-month follow-up, the percentage excess 
weight loss (%EWL) was 33.99 ± 18.7. 
Improvement in obesity-related comorbidities 
was seen with improvement or resolution of dia-
betes and hypertension in 86.9% and 93.7% 
patient, respectively. The same group also con-
ducted a randomized, sham-controlled, crossover 
study of 32 patients that further supported previ-
ous studies [31].

Like other surgical weight loss procedures, 
long-term weight loss for intragastric balloons 
remains a concern. De Castro et al. prospective 
cohort analysis of 91 patients with intragastric 
balloon showed over 70% of patients showed sig-
nificant weight loss compared to pre-procedure 
weight at time of device removal but poor weight 

maintenance at 6- and 12-month follow-up post 
retrieval. The group’s conclusion was that 
although the devices successfully provided effec-
tive initial weight loss, its effectiveness is only 
temporizing in nature [27]. Because of its tempo-
rary weight loss profile, some suggested repeated 
balloon placement to provide maximal long-term 
effectiveness. As a result, Alfredo et al. con-
ducted a 6-year prospective study during which 
patients who gained more than 50% of their pre-
vious weight loss after the first balloon place-
ment were automatically considered for another 
placement. In this study, all patients had at least 2 
intragastric balloon placements with a consider-
able number of patients receiving 3 and up to 4 
procedures. During this study, patients were able 
to maintain relatively consistent weight loss pro-
file but there was weight gain seen between 
placements [32].

Conclusively, studies demonstrate that sys-
tems such as the BIB and Heliosphere in con-
junction with the appropriate diet are a relatively 
safe, effective short-term weight loss procedures 
in patients without any previous gastric surgery. 
Furthermore, with long-term results showing 
these balloons are only temporalizing weight loss 
devices, its role of being a bridge to more defini-
tive bariatric interventions has been proposed. 
Currently, the Orbera, Reshape, and Obalon 
intragastric balloons are approved for use in the 
United States [33].

 TransPyloric Shuttle

The TransPyloric Shuttle (TPS®) (BAROnova, 
Goleta, CA, USA) is a novel nonsurgical device 
that is delivered endoscopically into the stom-
ach. According to Marinos et al., the transpylo-
ric shuttle has a functional shape consistent of a 
large spherical bulb attached to a smaller cylin-
drical bulb by a flexible tether with consists of 
medical grade silicone. The primary function of 
the device is intended to create intermittent 
seals along the pylorus to reduce the rate of gas-
tric  outflow. This is achieved when the smaller 
bulb passes freely into the duodenum with peri-
stalsis, self-orienting the larger bulb to assume 
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its proper position. A prospective, open-label, 
non- randomized, single center study was con-
ducted in 20 patients to evaluate the safety and 
efficacy of the procedure and device. Mean BMI 
was 36.0 kg with primary outcomes measuring 
% of EWL. Marinos et al. reported all 20 
patients underwent successful deployment and 
retrieval of the device without immediate com-
plications. Mean procedure times for delivery 
and retrieval was 10 min and 13 min, respec-
tively. At 3 and 6 months, mean %EWL was 
31.3% ± 15.7% and 50.0% ± 26.4% [34]. 
Complications included gastric ulceration 
requiring removal of device with subsequent 
resolution in some patients.

The initial studies of the transpyloric shuttle 
show it to be a safe and a reliable nonsurgical 
method to weight loss. It is still, however, under-
going appropriate trials. Further studies will be 
needed to see the feasibility and associated 
improvement in comorbidities.

 Endoluminal Suturing

Bard EndoCinch. The Bard EndoCinch Suturing 
System (C.R. Bard, Murray Hill NJ, USA) was the 
first endoscopic suturing device used in the treat-
ment of obesity. It was initially created for treating 
gastroesophageal reflux disease, but due to lack of 
durability, its role in control of gastroesophageal 
reflux disease (GERD) was abandoned [35–37]. 
As a result, its focus was transitioned to creating 
endoluminal vertical gastroplasty (EVG) for pri-
mary intervention of morbid obesity.

Initial studies for applications of treatment of 
obesity were described by Fogel et al. [38] which 
used the EndoCinch system in 64 patients. The 
primary objectives were to determine safety and 
feasibility of the EVG with secondary goals of 
assessment of weight loss efficacy.

Using the EndoCinch device to create a verti-
cal gastroplasty, the authors placed one continu-
ous polypropylene suture through 5–7 
full-thickness plications in a cross-linked fashion 
from the proximal fundus to distal body [38]. The 
system is described as a metal capsule that is 
placed on the end of a diagnostic endoscope to 
deploy the continuous suture. Suction is applied 

to the gastric wall by the endoscope. This allows 
the gastric wall to be suctioned into the chamber 
of the device. Fogel et al. describes placing the 
first stitch in the nearest fold on the anterior face 
of the gastric fundus at approximately 40–43 cm 
from the mouth. The second purchase is then 
applied as far down on the anterior most distal 
rugae, proximal to the antrum and about 
10–13 cm from the first stitch. This is approxi-
mately 53 cm from the mouth. Subsequently 
suture placement is about 1–2 cm proximal to the 
second stitch in an alternating fashion between 
the posterior and anterior surface of the stomach. 
The pattern continues in a proximal fashion until 
the last stitch is about 1–2 cm proximal to the ini-
tial stitch [38]. The vertical gastroplasty is cre-
ated by tightening of the suture, which brings the 
two faces of the stomach together. During the 
1-year study in 64 patients, Fogel et al. [38] had a 
mean procedure time of 45 min with post- 
procedure recovery time ranging between 1 and 
2 h. All 64 patients were discharged on the same 
day without any serious adverse events. Common 
complications consisted of nausea and reflux-like 
symptoms that resolved within 24 h.

Follow-up at 1 year was in 59 of 64 patients. 
Likewise, data outcomes with weight loss showed 
significant reduction in BMI at 12 months with a 
mean BMI of 30.6 ± 4.7 kg/m2 compared to a 
baseline of 39.9 ± 5.1 kg/m2; P < 0.001. The aver-
age %EWL were 21.1 ± 6.2, 39.6 ± 11.3, and 
58.1 ± 19.9 at 1, 3, and 12 months, respectively, 
with greater %EWL in lower BMI patients [38]. 
Repeat endoscopy was performed randomly in 
14 of 64 patients after plateauing weight loss or 
return of sensation of feeling hungry. Eleven 
patients had intact gastroplasty with three having 
disrupted sutures requiring repeat procedure.

Brethauer et al. also conducted a pilot study 
called TRIM (transoral gastric volume reduc-
tion) with 18 patients showing 12-month 
%EWL of 27.7 ± 21.9. Their average proce-
dure time was 125 ± 23 min without again any 
serious procedure- related complications. 
Patients  experienced mild nausea, vomiting, 
and abdominal discomfort. However, all 
patients in this trial underwent an upper endos-
copy at 12 months showing loss of plications 
in 72% (13 patients) [39].
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Long-term durability and reproducing ability 
of the Endocinch plication continued to be of 
concern for this procedure and led to its removal 
from the market. However, the technique and 
concept paved the way to subsequent more robust 
devices.

Apollo OverStitch. OverStitch (Apollo 
Endosurgery, Austin TX, USA) is a very promis-
ing full-thickness endoscopic suturing device that 
can apply interrupted and running sutures with 
real-time suture reloading. This device can be used 
for numerous other applications such as stent fixa-
tion and endoscopic perforation repair [40–42]. 
The Overstitch device comprises an endoscopic 
needle driver attached to the tip of a double lumen 
endoscope. An actuating handle is attached to the 
endoscope handle and a catheter is introduced 
through one channel of the endoscope functioning 
as a suture anchor. A tissue helix is inserted into 
the other lumen to allow tissue acquisition [40]. 
Kumar et al. performed an international procedure 
development trial with the first five patients com-
pleted in India as a pilot study and 23 other patients 
in Panama and Dominican Republic to determine 
the efficacy and feasibility of the technique [43]. 
This technique consists of using the OverStitch to 
perform running sutures in a triangular fashion 
with approximately 6 stitches each from the ante-
rior gastric wall to the greater curvature and to the 
posterior wall. Placement starts from the antrum 
and migrates proximally to the fundus.

Sharaiha et al. conducted a series of 10 patients 
with mean BMI of 45.2 showing excess weight 
loss of 18, 26, and 30% at 1, 3, and 6 months, 
respectively [44]. Furthermore, Abu Dayyeh et al. 
conducted a prospective study with 25 patients 
with a mean BMI of 38.5 ± 4.6 with 53% ± 17%, 
56% ± 23%, 54% ± 40%, and 45% ± 41% of 
excess body weight at 6, 9, 12, and 20 months, 
respectively (P < 0.05) [45]. In this study, patients 
showed a decrease in 59% of caloric consumption 
and slowing gastric emptying of solids. Of note, 3 
patients had serious adverse events including a 
perigastric inflammatory collection, pulmonary 
embolism, and small pneumothorax. The authors 
contribute these secondary to the initial technique 
and with further refinements have had no further 
serious adverse events.

Furthermore, López-Nava et al. also com-
pleted a single center, prospective study in 25 
patients with 1-year follow-up. Mean % total 
body weight loss at 1 year was 18.7  ±  10.7 [46]. 
Mean procedure time was 80 min with all patients 
undergoing successful gastroplasty with no asso-
ciated major adverse events.

Kumar et al. also conducted an international 
multicenter trial consisting of 126 patients with a 
decrease in BMI of 30.9–29.8 at 6 months to 
1 year. Also, overall weight changed from a base-
line of 101.6 ± 2.3 kg to 86.9 ± 3.3 kg at 6 months 
and subsequently to 81.8 ± 3.8 at 1 year.

The OverStitch device appears to be a feasible 
system with multiple uses and can possibly offer 
a primary treatment for morbid obesity. Further 
studies regarding long-term weight loss with 
improvement in comorbidities are currently 
ongoing.

 Endoluminal Stapling

The Transoral Gastroplasty System (TOGa, 
Satiety, Palo Alto, CA, USA) was the first endo-
scopic stapling device used to create a gastric 
sleeve with full-thickness plications along the 
lesser curve of the stomach [47]. The TOGa sta-
pling device is a flexible 18-cm stapler that is 
passed over a guide wire after upper endoscopy 
and placement of a 60 Fr dilating bougie. Once 
the stapling device is introduced, the guide wire 
is removed and a 8.6 endoscope is introduced 
through the device channel, advanced into the 
stomach, and retroflexed for direct visualiza-
tion of the stapling procedure. Once device is 
laid along the lesser curvature in the proper 
position, a retraction wire is deployed to spread 
and orient the stomach allowing capture of the 
tissue within the device. Suction is used to 
acquire the two walls of the stomach into the 
two vacuum pods of the stapler. The stapler is 
closed and fired creating full-thickness staple 
lines with three rows of 11 titanium staples. 
This process is repeated to achieve a sleeve 
approximately 8–9 cm in length parallel to the 
lesser curvature. A TOGa restrictor is used, a 
single-suction-pod stapler that creates pleats of 
tissue, to narrow the distal sleeve outlet to less 
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than 20 mm. The entire procedure mimics the 
surgical vertical gastroplasty commonly per-
formed in the 1980s.

Devière et al. conducted the first human pro-
spective, multicenter, single-arm trial studying 
the safety and feasibility of the TOGa system in 
21 patients with a mean starting BMI of 43.3 
(35–53 kg/m2). No serious complications were 
noted besides postoperative nausea, vomiting, 
abdominal pain, and transient dysphagia. Primary 
outcomes were safety, endoscopic appearance of 
the gastric pouch, and %EWL at 6 months.

At 6 months, endoscopic assessment of the 
pouch showed partial or fully intact sleeves. 
However, staple line gaps were seen in 13 of 21 
patients with 3 patients showing incomplete dis-
tal sleeves. Five patients were seen to have nor-
mal pouch anatomy with intact sleeves and staple 
lines. Mean %EWL were 16.2%, 22.6%, and 
24.4% at 1, 3, and 6 months. The mean BMI 
decreased from 43.3 pretreatment to 37.8 at 
6 months (P < 0.0001) [47].

A single-arm prospective follow-up study was 
also created by Devière et al. studying the safety 
and feasibility of a second-generation TOGa sys-
tem. The device was modified with an adjustable 
septum that allowed closer apposition of the two 
staple lines to address gaps. The trial consisted of 
11 patients. No serious adverse events were noted 
besides procedure-related complications of tran-
sient epigastric pain, nausea, esophagitis, and 
mild dysphagia. 6-month endoscopic examina-
tion showed 4 of 11 patients had a less than 1 cm 
gap between the first and second staple line. 
%EWL were 19.2%, 33.7%, and 46.0% at 1, 3, 
and 6 months, respectively (P < 0.05). Mean BMI 
were 38.1 kg/m2, 35.4 kg/m2, and 33.1 kg/m2 at 1, 
3, and 6 months, respectively compared to a base-
line of 41.6 kg/m2 (P < 0.01) [48]. This second 
version of the device did address some of the 
technical limitations of the earlier version.

Familiari et al. published a subsequent 
European trial in 2011 which consisted of 67 
patients. 53 patients had 1-year follow-up. 
Three-, 6-, and 12-month follow-up showed 
33.9%, 42.6%, and 44.9% excess BMI loss, 
respectively. Hemoglobin A1C and triglycerides 
levels had significant decreases of 7.0 to 5.7% 

and 142.8 to 98 mg/dL, respectively. Two major 
complications occurred and were respiratory 
insufficiency and asymptomatic pneumoperito-
neum [49].

All together, these studies showed the TOGa 
system to be feasible, safe and induce significant 
weight loss in the short-term follow-up. A multi-
center, randomized controlled FDA trial was ter-
minated prematurely secondary to lack of 
efficacy. The company dissolved and the device 
was never approved in the US market.

 Transoral Endoscopic Restrictive 
Implant System (TERIS)

The transoral endoscopic restrictive implant 
system (TERIS) (BaroSense, Redwood City, 
CA, USA) is an endoscopic system that implants 
a prosthetic restricting device to create a gastric 
reservoir at the level of the cardia. Implantation 
entails creation of 5 gastric plications with the 
placement of 5 silicone anchors followed by 
deployment of the gastric restrictor [50]. The 
plications are created 3 cm distal to the GE 
junction at the level of the cardia. The initial 
full-thickness gastric plication is just above the 
lesser curvature using an articulating suctioning 
endoscopic circular stapler. The stapling device 
compresses the tissue to create 2 concentric 3.5-
mm reinforced staple rings. A 2-lumen cannula-
tion guide is used to place the silicone anchors 
through the plications under direct endoscopic 
visualization using an anchor grasper. The pro-
cedure is repeated until 5 anchors are placed. 
Once all anchors are in place, attachment to the 
gastric restrictor is then performed under direct 
visualizations [50].

A randomized, uncontrolled, open-label, sin-
gle group Phase I human trial by Biertho et al. 
[50] was used to describe the initial feasibility 
and safety of the TERIS system in 20 human 
 subjects. Their study showed no intra- or postop-
erative complications with patients being dis-
charged home on post-procedural day two 
tolerating a soft diet. Three- and 6-month %EWL 
were 21% and 26%, respectively. Ryou et al. in 
2011 also published a Phase 1 trial consisting of 
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13 patients. Implant of the system was successful 
in 12 of 13 patients. Short-term follow-up showed 
12.3% and 22.2% EWL at 1 and 3 months [51].

The TERIS system requires further investiga-
tion and FDA approval prior to use in the United 
States.

 Duodenal-Jejunal Bypass Sleeve

The duodenal-jejunal bypass sleeve (DJBS) 
(EndoBarrier, GI Dynamics, Lexington MA, 
USA) is an endoscopically placed barrier device 
using a 60-cm long fluoropolymer liner anchored 
in the duodenum. The device prevents mixture of 
pancreaticobiliary secretions with food. The 
device is delivered under both fluoroscopy and 
endoscopy. The device is deployed using a com-
bination of an over-the-wire catheter system with 
a capsule at the distal end of the catheter contain-
ing the sleeve. First the capsule is placed in the 
proximal duodenum, then an inner catheter is 
released allowing placement of the sleeve into the 
proximal jejunum using the aid of an atraumatic 
ball attached at the distal end of the catheter. 
Once the sleeve is fully deployed, the anchor is 
deployed from the capsule to sit within the duo-
denal bulb. The anchor is self-expanding with 
barbs that latches onto the surrounding tissue to 
prevent migration. Position is confirmed using 
contrast flushed into the sleeve to ensure patency 
of the sleeve. Once proper positioning is achieved, 
the sleeve and ball are detached from the catheter 
which is removed, leaving the implant in place 
[33, 52, 53].

In 2008, a pilot study performed by Rodriguez- 
Grunert et al. [52] reported on the first human 
experience, delivering and retrieving the DJBS in 
12 patients with a 12-week endpoint. Primary out-
comes were to identify and describe the severity 
of adverse events, while secondary outcomes 
focused on %EWL and changes in comorbid sta-
tus. All 12 patients had successful deployment of 
the sleeve; however, only 10 of 12 patients com-
pleted the 12-week course. Two patients had 
intractable abdominal pain, nausea, and vomiting 
requiring early retrieval. Mean implant and 
explant times were 26.6 and 43.3 min,  respectively. 

Most complications occurred within 2 weeks of 
implantation which included abdominal pain, 
nausea, and vomiting. Of note, there was one par-
tial pharyngeal tear and one esophageal tear dur-
ing explantations. Furthermore, localized 
inflammation at the duodenal bulb anchoring site 
was seen in all patients.

The average percent excess weight loss at 
12 weeks was 23.6% with all patients achieving a 
minimum of 10%EWL [52]. The trial showed 
that the four diabetic patients had normal fasting 
plasma glucose levels for the entire duration of 
the study without the need for oral hypoglyce-
mics. Also 75% of the diabetic patients showed a 
HbA1c of ≥0.5% improvement at 12 weeks.

Tarnoff et al. [54] conducted a second open- 
label, multicenter, prospective randomized con-
trol trial comparing the effect of the DJBS with a 
low-fat diet versus a low-fat diet alone for 
12 weeks. The study consisted of 25 patients in 
the experiment arm versus 14 patients within the 
diet alone control arm. Prior to the procedure, 
both group received counseling on a low-calorie 
diet with recommendations on exercise and 
behavior modifications. In the experiment arm, 
20 of 25 device subjects maintained the sleeve for 
12 weeks with average %EWL of 22% and 5% 
for the device and control groups, respectively. 
Five of twenty-five patients required early device 
explantation due to three GI bleeding, one anchor 
migration, and one sleeve obstruction. A total of 
four patients had type 2 diabetes in the study, 1 in 
the control group and 3 in the device group. All 
four patients had improved HbA1c levels with 
one complete resolution at 12 weeks in the device 
group.

A recent multicenter randomized control trial 
was conducted by Schouten R et al. to study the 
use of the EndoBarrier device in 41 preoperative 
bariatric surgery patients. Thirty patients were 
randomized to the treatment arm and 11 patients 
were randomized to the diet control group. A 
total of 26 devices were successfully implanted 
for 12 weeks. There were four device failures, 
one had dislocation of the anchor, another had 
obstruction of the sleeve, another had migration 
of the sleeve, and the last patient had intractable 
epigastric pain. All complications required early 
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removal of the device. Mean excess weight loss 
was 19% for the treatment group and 6.9% for 
the control group at 12 weeks. Lower hemoglo-
bin A1c and decrease hypoglycemic medication 
requirement were seen in 7 of 8 diabetic patients 
at 12 weeks [55].

A pivotal US trial was prematurely halted sec-
ondary to significant liver abscess formation. 
This was thought to be secondary to translocation 
of bacteria via the fixation barbs in the duode-
num. Modifications to the fixation platform are 
currently underway and hope to revive the pivotal 
US trial.

Future studies are needed to elucidate the 
safety and feasibility of the DJBS in both the 
short and long term. Currently, major adverse 
events range from 10–20% in most studies with 
this version of the device. This device has 
much more promise in the type II diabetic pop-
ulation and focus on the metabolic affects of 
endoluminal therapies is outweighing the 
weight loss changes.

 ValenTx Sleeve

The ValenTx endoluminal bypass (ValenTx, 
Maple Grove, MN, USA) attempts to mimic the 
Roux-en-Y gastric bypass (RNYGB). The 
implantable 120-cm sleeve is placed endoscopi-
cally starting at the GE junction and extends into 
the proximal mid-jejunum with the goal of 
bypassing the stomach and duodenum. This 
results in a similar property to the RNYGB [56]. 
Currently the technique requires both endoscopic 
deployment and suturing under laparoscopic 
visualization [51]. Sandler et al. in 2011 con-
ducted the first pilot study consisting of a single 
center prospective human trial in 22 patients. 
Only 17 patients completed the 12-week trial 
period with 5 patients (23%) requiring device 
removal all due to odynophagia. No major com-
plications occurred during the placement or 
retrieval of the device. The average %EWL was 
39.7% at 12 weeks. Improvement in diabetes was 
seen in seven patients with significant reduction 
in hemoglobin A1c. All seven patients were off 
oral hypoglycemic agents while the sleeve was in 

place. Furthermore, two patients had complete 
resolution of their hypertension and three patients 
had normal lipid profiles at the end of the 
12 weeks [57].

The ValenTx sleeve appears to be a very prom-
ising device in the treatment of metabolic 
derangements. The device and technique are still 
undergoing refinements prior to the pivotal US 
FDA trial.

 Magnetic Endoscopic Incisionless 
Anastomosis System

The self-assembling magnetic endoscopic inci-
sionless anastomosis system known as either IAS 
(incisionless anastomosis system) or SAMSEN 
(Smart Self-Assembling MagnetS for 
ENdoscopy) is a new device created by GI 
Windows (West Bridgewater, MA, USA). It con-
sists of two self-assembling magnets which are 
placed by simultaneous enteroscopic and colono-
scopic guidance into the distal ileum and mid- 
jejunum [40, 58]. The compressive forces 
between the two rings create a large compression 
side-to-side anastomosis over several days. Once 
the anastomosis is formed, the magnets automati-
cally pass spontaneously through the GI tract 
[58]. Two porcine trials have been described one 
creating a large jejuno-colonic anastomosis [59] 
and the other creating jejunoileal bypass [60] 
both of which showed promising results. As a 
result, the technology was piloted in a human 
trial consisting of 10 patients with an average 
BMI of 41 kg/m2. All 10 subjects had successful 
device placement and creation of the compres-
sion anastomosis [61]. Reported complications 
were mainly transient nausea and diarrhea. Mean 
%EWL was 28.3%. Of the 4 patients with type II 
diabetes, all patients were able to discontinue 
oral hypoglycemic in 6 months with decreasing 
HbA1c and fasting glucose levels.

The device is now undergoing evaluation for 
a pivotal US trial. The benefits from the side-to- 
side anastomosis may be secondary to early 
entry of food into the distal small bowel there-
fore altering the hormonal affect of incretins to 
hunger and satiety.
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 AspireAssist

AspireAssist (Aspire Bariatrics, King of Prussia, 
PA, USA) is a device that eliminates food and liq-
uid from the stomach. This procedure uses a 
30-French percutaneous endoscopic gastrostomy 
(PEG) tube. The device consists of a valve port 
placed at the skin level to assist in aspirating gas-
tric contents. The technique includes infusing 
water into the stomach 20 min after a meal and 
then manual gastric content drainage. The effi-
cacy of aspiration therapy was demonstrated in 
three separate studies [40].

The AspireAssist was studied by Sullivan 
et al. in a randomized clinical trial of 18 patients 
which consisted of 11 AspireAssist and 7 control 
patients. Total weight loss was 18.6% at 
12 months in the device group, compared to 5.9% 
in the control group [62]. Ten of eleven patients 
in the device group completed the trial, whereas 
4 of 7 completed the trial in the control group. 
Both groups had similar initial BMI, 42.0 ± 1.4 
and 39.3 ± 1.1, respectively, in the device and 
control group. Furthermore, 7 of the remaining 
10 patients in the device group continued for 
12 months and had an average total body weight 
loss of 20.1% ± 3.5%. Unfortunately, glucose 
and lipid values remained unchanged from base-
line. Patients in this trial did not exhibit any mal-
adaptive eating behavior during the study.

In another study by Forssell et al. with 25 
patients with a BMI of 39.8 ± 0.9, patients were 
placed on a very low calorie diet for 4 weeks 
before aspiration therapy. These patients exhib-
ited a total excess weight loss of 40.8 ± 19.8% 
after 6 months and 14.8% ± 6.3% total body 
weight loss. Furthermore, patients exhibited a 
trend to improved fasting glucose and hemoglo-
bin A1c. Most notably, 3 of 5 patients with type 
II diabetes mellitus were able to discontinue their 
diabetes medication [63].

Finally, the multicenter PATHWAY trial com-
pared weigh loss among patients who used 
AspireAssist with lifestyle counseling with an 
only lifestyle counseling group in a 2:1 ratio and 
found a 37.2 ± 27.5% excess weight loss in the 
AspireAssist patients compared to 13% ± 17.6% 
in the lifestyle counseling group alone at 

52 weeks [64]. This pivotal trial allowed for FDA 
approval of the device in the United States.

No major complications were seen in the 
Sullivan et al. study. Complications were related 
to the PEG tube and included 3 skin infections 
and one persistent fistula, which closed without 
intervention after removal of the system. Patients 
also noted abdominal pain from the device that 
was successfully remedied by redesigning the 
device [35]. Similarly Forssell et al. also only 
noted abdominal pain and skin infection. 
However, this study also had patients with intra- 
abdominal fluid collection and skin breakdown 
around the stoma. Notably, 52% of patients expe-
rienced moderate abdominal pain during the first 
week with 12% experiencing severe pain [40, 
63]. Finally, in the multicenter PATHWAY trial, 
the most common complication was having simi-
lar abdominal pain, postoperative granulation tis-
sue, and peristomal irritation [64].

Currently, the AspireAssist appears to have 
promising short- and mid-term data and currently 
has obtained FDA approval. Further results relat-
ing to changes in comorbidities should continue 
to be evaluated.

 Transoral Surgery for Revisional 
Bariatric Procedures

Even though the Roux-en-Y gastric bypass sur-
gery remains the gold standard for bariatric surgi-
cal procedures, with %EWL at 2 years up to 
61.6% [21], early and late mortality rates range 
around 0.16% and 0.09%, respectively [24]. 
More significantly, inadequate weight loss with 
also weight regain is reported up to 25–30% after 
gastric bypass or other bariatric weight loss sur-
gery [65, 66]. Failure of bariatric surgery and 
weight regain is multifactorial which can include 
inadequate long-term management of multiple 
factors such as psychological, dietary, or medical 
issues, as well as anatomical aberrancies [67].

Anatomic issues are usually seen on an esoph-
agogastroduodenoscopy (EGD) or upper GI 
study to evaluate for gastro-gastric fistula, gastric 
pouch dilation, and/or anastomotic dilation. 
Enlargement of the gastrojejunal anastomosis 
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and/or gastric pouch enlargement are common 
reasons for weight regain. Patients with these 
anatomic findings may experience a loss of sati-
ety and a greater degree of rapid emptying of 
contents into the small bowel. Once enlargement 
of the gastric pouch or GJ anastomosis is seen, 
discussion of revisional surgery may be neces-
sary. However, recent studies show a complica-
tion rate of 5%–13% for major complications in 
re-operative surgery [68] with potential serious 
complications including anastomotic leaks, 
wound dehiscence, incisional hernias, and pul-
monary complications.

Given the frequency of weight regain and risk 
of revisional surgery, endoscopic revisions of gas-
tric bypass have also become a trending tech-
nique. Multiple techniques and technologies 
include revisional obesity surgery endolumenal 
(ROSE), transoral outlet reduction TORe, argon 
plasma coagulation, StomaphyX, endoscopic 
sclerotherapy, and over the scope clips. Results of 
each device and technique vary widely [40, 69].

 Transoral Outlet Reduction (TORe)

Transoral outlet reduction is a technique that uses 
an endoscopic suturing device that places endo-
luminal full-thickness stitches around the gastro-
jejunal anastomosis thereby reducing its aperture. 
The procedure is done under general anesthesia 
with the stomach inflated using carbon dioxide. 
A standard upper endoscopy is performed to 
examine the esophagus, gastric pouch, GJ anas-
tomosis, and both limbs of the small bowel. 
Argon plasma coagulation is then used to ablate a 
5-mm thick margin on the gastric anastomotic 
side. Interrupted or a continuous suture is then 
placed at the margin of the anastomosis crossing 
its lumen and tightened to oppose the sides of the 
anastomosis.

Interestingly, TORe with the OverStitch 
device appears to provide more promising results 
when compared to the older EndoCinch device. 
This newer technology has allowed more full- 
thickness tissue purchase which then leads to 
greater suture and plication durability. According 
to Kumar et al. [70], the OverStitch group lost 

8.6 ± 2.5 kg at 1 year versus 2.9 ± 1.0 kg with the 
EndoCinch device and saw further successful 
excess weight loss in a long-term study up to 
3 years for the TORe Overstitch [71].

Although the TORe technique is feasible and 
appears to be safer than surgical approaches, 
durability of the technique still needs to be fur-
ther studied.

 StomaphyX

Mikami et al. [72] investigated reduction of 
dilated gastric pouches to its original inner 
diameter and/or volume by utilizing the 
StomaphyX™ device (EndoGastric Solutions, 
Redmond, WA, USA). It is an endoscopic device 
that deploys 7-mm, 3–0 polypropylene 
H-fasteners to create full-thickness, serosal-to-
serosal tissue approximation. Under general 
anesthesia, the apparatus is passed into the 
efferent jejunal limb to allow passage of the 
StomaphyX™ device through the gastro-jeju-
nostomy anastomosis. Using a combination of 
suction and scope manipulation, H-fasteners are 
deployed in a circular pleat 1 cm proximal to the 
anastomosis with an additional second row 1 cm 
proximal to the first. Repeat endoscopy is com-
pleted to assess the reduction of the gastric 
pouch and anastomosis (Fig. 14.2).

During Mikami et al.’s study, a total of 39 
patients were enrolled in a trial [72]. The average 
procedure time was 35 min (16–62 min) and 
between 12 and 41 H-fasteners were used in each 
case. A total of 37 of 39 patients were discharged 
on the same day with 2 patients kept overnight as 
a result of the procedure being performed later in 
the day. No immediate major adverse events 
occurred. Minor complications included sore 
throats and epigastric pain resolved within a few 
days. Resolution of late dumping syndrome was 
seen in 3 patients and at 1 month follow-up, 8 
patients with gastric esophageal reflux noted 
improvement in their symptoms.

In terms of weight loss, at 1 month it was 
10.6% EBWL, at 3 months it was 13.1% EBWL, 
at 6 months it was 17.0% EBWL, and at 12 months 
it was 19.5% EBWL [72].
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This trial demonstrates that the StomaphyX™ 
procedure may offer a safe, effective revisional 
bariatric procedure; however, enrollment in a 
randomized sham-controlled trial was terminated 
due to failure to reach endpoints [73]. The device 
is currently not available in the United States.

 Conclusion

Given the growing prevalence of obesity in the 
United States and increasing numbers of bariatric 
procedures annually, there is a growing demand 
for less invasive approaches. Endoscopic tran-
soral techniques as primary intervention, bridg-
ing to bariatric surgery, and revisional procedures 
continue to grow and offer promising results.

However, like other therapies, transoral tech-
niques need to be rigorously tested to determine 
their short- and long-term safety and efficacy. 
Furthermore, transoral procedures should dem-
onstrate equivalent or lower morbidity and mor-
tality rates when compared to current laparoscopic 

therapies while also offering meaningful weight 
loss and improvement in comorbid states. 
Currently, only laparoscopic surgical therapies 
for morbid obesity are effective in achieving sig-
nificant weight loss and improvements in obesity- 
related comorbidities. However, these 
laparoscopic approaches are not without risk and 
have limited use in patients with multiple signifi-
cant comorbidities, older age, super-obesity, and 
atypical anatomy [74, 75].

Currently, several techniques and devices have 
been approved by the FDA with more endoscopic 
devices under human trial and FDA review 
(Table 14.1) [40]. With advancements in these 
transoral techniques, weight loss procedures can 
be safer and less invasive compared to surgical 
approaches. Also, these procedures can circum-
vent permanent surgical procedures. This would 
allow patients who were previously not surgical 
candidates to undergo potentially life impacting 
procedures. Furthermore, transoral techniques 
could also be a bridge for more definitive weight 
loss procedures. This will help allow patients 

Fig. 14.2 StomaphyX device (EndoGastric Solutions, Redmond, WA). (a) Polypropylene fastener. (b) StomaphyX™ 
mechanism of tissue approximation (From Mikami et al. [72], with permission)

Table 14.1 Summary of the regulatory status of transoral procedures [40]

Device Procedure Mechanism Regulatory status

Orbera (BIB) Intragastric balloon Restrictive FDA-approved

TransPyloric shuttle Intragastric balloon Restrictive Human trials

OverStitch Endoscopic sleeve gastroplasty Restrictive/gastric remodeling FDA-approved

AspireAssist Aspiration therapy Aspiration FDA-approved

Self-assembling 
magnets

Endoscopic enteral anastomosis Dual-path enteral bypass Human trials

TORe OverStitch and 
TORe Endocinch

Transoral outlet reduction for 
revision of gastric bypass

Anastomotic reduction FDA-approved

Endobarrier sleeve Pancreaticobiliary bypass Malabsorption Human trials

ValenTx sleeve Malabsorptive and restrictive Restrictive and malabsorptive Human trials

14 Endoluminal Gastric Procedures for Obesity and Metabolic Diseases



164

who were unable to obtain definitive weight loss 
surgery due to comorbidities such as extreme 
BMIs. Finally, there is an emerging field of tran-
soral techniques that can provide safer means of 
revising bariatric procedures in individuals that 
have reached their weight loss plateau or have 
started regaining weight.
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Endoluminal Small Bowel 
Procedures for Obesity 
and Metabolic Diseases

Pichamol Jirapinyo and Christopher C. Thompson

 Introduction

The small bowel is an important organ where 
the majority of nutrient absorption takes place. 
In addition, it also plays a major role in glucose 
homeostasis via gut hormone incretins. To date, 
there are two key incretin hormones that have 
been identified: glucose-dependent insulinotro-
pic polypeptide (GIP), which is secreted by K 
cells located predominantly in the duodenum 
and jejunum [1, 2], and glucagon-like peptide-1 
(GLP-1), which is secreted by L cells found pri-
marily in the ileum and proximal colon [3–5]. 
The incretin effect refers to a phenomenon 
when there is increased stimulation of insulin 
secretion with oral glucose intake compared to 
intravenous infusion of the same amount of glu-
cose [6, 7]. This effect is thought to be due to 
incretin hormones, the function of which is 
enhanced by a contact between ingested nutri-
ents and the small bowel. In addition to their 
effect on glucose homeostasis, GIP and GLP-1 

also induce satiety and lead to delayed gastroin-
testinal motility.

Given the role of small bowel on nutrient 
absorption and glucose homeostasis as described 
above, endoluminal small bowel procedures 
appear to have an effect on not only weight loss 
but also glycemic improvement. To date, there 
are several small bowel endoscopic bariatric and 
metabolic therapies (EBMTs). However, none 
have been FDA-approved for use in the USA. This 
chapter reviews the currently available small 
bowel EBMTs, their safety and efficacy data 
from the pilot and pivotal studies (if available), 
and the current status of each device as of 2017.

 EndoBarrier

The EndoBarrier (GI Dynamics, Boston MA, 
USA), also known as duodenal-jejunal bypass 
liner (DJBL), is a 60-cm fluoropolymer sleeve 
that is attached to the duodenal bulb and ends at 
the proximal jejunum (Fig. 15.1a) [8]. The device 
is placed and removed endoscopically. Ingested 
food passes from the stomach into the sleeve and 
goes directly into the jejunum without contacting 
the duodenum. Bile and pancreatic juice flow 
down between the sleeve and the small bowel 
wall, and mix with chyme in the jejunum. Similar 
to Roux-en-Y gastric bypass (RYGB), DJBL 
excludes the proximal small bowel from being in 
contact with chyme, which likely leads to an 
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increase in postprandial GLP-1 and a decrease in 
GIP [9–11]. These likely contribute to weight 
loss and improvement in glycemic control after 
the procedure.

In 2008, a pilot study was conducted in 12 
patients with obesity with a mean BMI of 
43 kg/m2. Of these, four had type 2 diabetes 
mellitus (T2DM). Of the 12 patients, 10 were 
able to maintain the device for the entire study 
period of 12 weeks. Two underwent early 
explantation due to poor device placement. At 
12 weeks, the mean excess weight loss (EWL) 
was 23.6% among the ten patients with the 
device in place. Additionally, all four patients 
with T2DM had normal fasting glucose without 
being on any hypoglycemic medication for the 
entire study period. Three of the four patients 
experienced a decrease in hemoglobin A1c 
(HbA1c) by ≥0.5% [12].

The ENDO trial was a multicenter, randomized, 
sham-controlled pivotal trial of Endobarrier in the 
USA. The study met efficacy end points with 60% 
of the patients achieving at least 5% of total body 
weight loss (TWL) and 34.8% reaching hemoglo-
bin A1c (HbA1c) goal of 7% or less at 12 months 
(compared to 20% and 9.8% in the sham group, 
respectively). The trial was, however, stopped 
early by the company due to a hepatic abscess rate 
of 3.5%, which was higher than the known 1% 
incidence rate from outside the US experience. All 
cases were managed conservatively and did not 
require intensive care unit stay [13].

A meta-analysis of 4 randomized controlled tri-
als (RCTs) with 151 patients with obesity demon-
strated that DJBL-treated patients experienced 
5.1 kg greater weight loss, which corresponded to 
an additional 12.6% EWL compared with control 
intervention [14]. In another meta-analysis which 
included 123 patients with obesity and concomitant 

Fig. 15.1 Small bowel endoscopic bariatric and metabolic 
therapies. (a) EndoBarrier, (b) endoluminal bypass, (c) 
SatiSphere, (d) duodenal mucosal resurfacing, (e) incision-

less magnetic anastomotic system (From Jirapinyo and 
Thompson [8], with permission)
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T2DM from 4 RCTs, DJBL group experienced a 
significantly greater decrease in HbA1c by 0.9% 
compared to the control group [15].

 Endoluminal Bypass

The endoluminal bypass (ValenTx, Carpinteria 
CA, USA), also known as gastro-duodeno- jejunal 
bypass sleeve (GJBS), is a 120-cm sleeve that is 
attached to the gastroesophageal (GE) junction to 
create an endoluminal gastro-duodeno-jejunal 
bypass (Fig. 15.1b). Ingested food passes from 
the distal esophagus into the sleeve and goes 
directly into the jejunum without contacting the 
stomach and first 100 cm of the small bowel. The 
sleeve is implanted and retrieved endoscopically. 
Therefore, similar to DJBL, GJBS preserves the 
gastrointestinal anatomy, while mimicking the 
permanent anatomical changes of RYGB.

In 2009, a pilot study was conducted on 13 
patients with obesity with a mean BMI of 42 kg/
m2. One patient was excluded at the time of 
endoscopy due to inflammation at the GE junc-
tion. Two patients required early explantation of 
the device due to intolerance. Out of the remain-
ing 10 patients, technical success rate of device 
implantation was 100%. At 1 year, 6 of the 10 
patients had fully attached and functional devices, 
and the remaining 4 had partial cuff detachment 
seen on follow-up endoscopy. The mean EWL 
was 54% in the group with fully attached sleeve, 
and lower in those with partial cuff detachment. 
Comorbidities including hypertension, diabetes, 
and hyperlipidemia improved at 1 year [16]. 
More investigational studies are ongoing.

 SatiSphere

SatiSphere (EndoSphere, Columbus OH, USA) 
consists of a 1-mm nitinol wire and several mesh 
spheres mounted along its course with two pig-
tails at each end (Fig. 15.1c). It is placed endo-
scopically, and fluoroscopy may be used to 
confirm the location of the device after implanta-
tion. The device conforms to the duodenal 
C-shape configuration and thereby self-anchors. 

It is thought that this device works by delaying 
transit time of nutrients through the duodenum, 
which may lead to changes in gut hormones and 
glucose metabolism.

In 2012, a pilot study was conducted on 31 
patients with obesity with a mean BMI of 41.3 kg/
m2. Of these, 21 were randomized to the 
SatiSphere arm and the remainder 10 were ran-
domized to the control arm. Device migration 
occurred in 10 of 21 study arm patients, with two 
necessitating emergent surgery, which led to ter-
mination of the study. At 3 months, the mean 
EWL was 18.4% in those who completed the trial 
compared to 4.4% in the control arm. This study 
also showed that the device was associated with 
delayed glucose absorption and altered kinetics 
of GLP-1 levels [17].

 Duodenal Mucosal Resurfacing

Duodenal mucosal resurfacing (DMR) (Fractyl 
Laboratories, Lexington MA, USA), also known 
as the Revita procedure, is an endoscopic proce-
dure that involves hydrothermal ablation of the 
duodenal mucosa and subsequent mucosal heal-
ing (Fig. 15.1d). The procedure consists of intes-
tinal luminal sizing, submucosal expansion with 
saline (to protect the deeper tissue layers), and 
circumferential thermal ablation of the duode-
num. Although the exact mechanism of the pro-
cedure remains unknown, it is thought that 
mucosal remodeling may reset the diseased duo-
denal enteroendocrine cells. This then leads to 
restoration of the normal glycemic signaling 
through the incretin effect.

In 2013, a proof-of-concept study was con-
ducted on 39 patients with poorly controlled 
T2DM, defined as HbA1c > 7.5% on at least 1 oral 
antidiabetic medication. Technical success rate 
was 100%. Out of the 39 patients, 28 had long seg-
ment ablation (LS-DMR, ≥9 cm of ablation) and 
11 had a short segment ablated (SS-DMR, <6 cm 
of ablation). At 6 months, HbA1c decreased from 
9.5 to 8.3% for the entire cohort. More potent gly-
cemic effect was seen in the LS-DMR group (a 
decrease in HbA1c of 2.5%) compared to the 
SS-DMR group (a decrease in HbA1c of 1.2%), 
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which suggested a dose-dependent treatment 
effect from DMR. Three patients experienced 
duodenal stenosis treated successfully with bal-
loon dilation [18]. Currently, a randomized, dou-
ble-blinded, sham-controlled trial (the Revita-1 
study) is being conducted in Europe and Brazil to 
assess the safety and efficacy of DMR in patients 
with poorly controlled T2DM. Additionally, a US 
pivotal trial is underway.

 Incisionless Magnetic Anastomotic 
System

The incisionless magnetic anastomotic system 
(IMAS) (GI Windows, Bridgewater MA, USA) 
uses miniature self-assembling magnets to create 
an entero-enteral bypass. This technology has 
many applications including the treatment of 
obstruction, obesity, and metabolic diseases. 
During the bariatric dual-path bypass procedure, 
enteroscopy and colonoscopy are performed 
simultaneously. The IMAS is then deployed from 
the working channel of each endoscope forming 
magnetic octagons in the jejunum and ileum 
(Fig. 15.1e). After several days, the coupled mag-
nets are naturally expelled leaving behind a patent 
jejunal-ileal anastomosis. With this anastomosis, 
nutrients and bile acids are thought to reach the 
distal small bowel sooner, which may result in 
stimulation of the incretin effect and subsequent 
improvement in glycemic control [19, 20].

In 2015, a proof-of-concept study was con-
ducted on ten patients with obesity. Technical 
success rate was 100%. At 12 months, average 
weight loss was 14.6% EWL. The HbA1c level 
decreased from 6.6 to 5.4%. The postprandial 
GLP-1 level increased at 2 months; however, lon-
ger term results are needed to draw further con-
clusions [21].

 Summary

Given a rapid increase in the prevalence of obe-
sity and concomitant T2DM, effective treatment 
options for these two metabolic diseases are 

urgently needed. In this chapter, small bowel 
EBMTs are reviewed as a potentially more effec-
tive option than lifestyle modification and phar-
macotherapy, with less invasiveness than bariatric 
surgery. Moving forward, studies to assess the 
effect of combination therapy, such as gastric and 
small bowel EBMTs or drug-device combination 
therapy, may enhance the efficacy of endolumi-
nal bariatric therapies. Furthermore, because 
obesity and metabolic diseases are chronic condi-
tions, these minimally invasive and reversible 
procedures may allow sequential therapy to fur-
ther enhance their durability.
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