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Abstract
Obesity rates continue to climb worldwide. Obesity often contributes to other 
comorbidities such as type 2 diabetes, hypertension, heart disease and is a known 
risk factor for many malignancies. Bariatric surgeries are by far the most invasive 
treatment options available but are often the most effective and can result in 
profound, durable weight loss with improvement in or resolution of weight 
associated comorbidities. Currently performed bariatric surgeries include Roux-
en-Y gastric bypass, sleeve gastrectomy, and laparoscopic gastric banding. These 
surgeries are associated with significant weight loss, but also with significant rates 
of major complications. The complexity of these patients and surgical anatomies 
makes management of these complications by a multidisciplinary team critical for 
optimal outcomes. Minimally invasive treatments for complications are typically 
preferred because of the high risk associated with repeat operations. Endoscopy 
plays a large role in both the diagnosis and the management of complications. 
Endoscopy can provide therapeutic interventions for many bariatric surgical 
complications including anastomotic strictures, anastomotic leaks, choledocho-
lithiasis, sleeve stenosis, weight regain, and eroded bands. Endoscopists should be 
familiar with the various surgical anatomies as well as the various therapeutic 
options available. This review article serves to delineate the current role of 
endoscopy in the management of complications after bariatric surgery.

Key Words: Therapeutic endoscopy; Bariatric surgery; Complications; Weight regain; 
Sleeve stenosis; Sleeve leak
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Core Tip: Bariatric surgery is the most effective treatment for morbid obesity. While 
surgical techniques have improved, complications after these surgeries remain 
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common. Multidisciplinary management of these complications is important given 
their complexity. Therapeutic endoscopy provides a minimally invasive option for 
treatment of complications. This review article serves to delineate the current role of 
therapeutic endoscopy in the management of complications after bariatric surgery.

Citation: Larsen M, Kozarek R. Therapeutic endoscopy for the treatment of post-bariatric 
surgery complications. World J Gastroenterol 2022; 28(2): 199-215
URL: https://www.wjgnet.com/1007-9327/full/v28/i2/199.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i2.199

INTRODUCTION
Obesity rates have grown dramatically both in wealthy nations and the developing 
world; resulting in a worldwide global health problem. According to the WHO, in 
2016, 1.9 billion people worldwide were affected by this disease[1]. Obesity often 
contributes to other comorbidities such as type 2 diabetes, hypertension, heart disease 
and is a known risk factor for many malignancies[2]. Obesity can dramatically affect a 
patient’s quality of life and significantly reduces life expectancy.

Many treatments for obesity exist including dieting, exercise, weight loss 
medications, endoscopic bariatric therapies, and bariatric surgery[3]. However, 
treatment is difficult as most therapies result in, at most, moderate weight loss and 
once the therapy is withdrawn, significant weight recidivism occurs[4]. Bariatric 
surgeries are by far the most invasive treatment options available but are often the 
most effective and can result in profound, durable weight loss with improvement in or 
resolution of weight associated comorbidities[5]. For this reason, 256000 people 
underwent bariatric surgery in the United States in 2019, and 696191 underwent 
surgery worldwide in 2018[6,7]. While bariatric surgery is very effective, it does 
represent a major operation often being performed in high-risk individuals with 
multiple comorbidities. While surgical techniques have improved, and these surgeries 
have become safer over time, they remain associated with significant complications. 
About 9%-12% of patients undergoing bariatric surgery will experience 1 or more 
adverse events in the first five years after surgery[8]. While most complications will be 
minor, they can also be life threatening or associated with significant morbidity. These 
are often very complex patients such that adverse events are best managed by a 
multidisciplinary bariatric team which can include bariatric surgeons, endocrino-
logists, interventional radiologists, dieticians, and gastroenterologists. Minimally 
invasive, endoscopic or percutaneous treatments are preferred as reoperation is 
associated with significant additional risk. This review will focus on the large subset of 
adverse events after bariatric surgery that can be managed through endoscopic 
techniques (Table 1).

BARIATRIC SURGERY
Effective endoscopic treatment of post-bariatric surgery complications requires a 
detailed understanding of the gastrointestinal anatomy created by the particular 
surgical procedure. Currently the most performed surgical procedures are the sleeve 
gastrectomy and the laparoscopic Roux-en-Y gastric bypass (RYGB). Less commonly 
performed surgeries include laparoscopic adjustable gastric banding (LAGB) and the 
duodenal switch. Gastroenterologists will also still encounter patients with complic-
ations after vertical banded gastroplasty though this procedure is no longer 
performed.

RYGB
Despite the fact that it has lost some degree of popularity secondary to the rise of the 
sleeve gastrectomy, Roux-en-Y gastric bypass remains a commonly chosen bariatric 
surgery because of its excellent efficacy. Originally an open surgical procedure, gastric 

http://creativecommons.org/Licenses/by-nc/4.0/
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http://creativecommons.org/Licenses/by-nc/4.0/
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Table 1 Endoscopic management of bariatric complications

Surgery Complication Diagnosis Management options

Gastrojejunal anastomotic 
stricture

Upper GI series; Endoscopy Endoscopic balloon dilation; Steroid injection; Needle 
knife radial incisions; Lumen-opposing metal stent 

Gastrogastric fistula Upper GI series; Endoscopy Endoscopic suturing; OTSC

Anastomotic leaks CT imaging; Upper GI series; 
Endoscopy

CSEMS; Internal drainage with pigtail stents; OTSC; 
Endosponge therapy; Endoscopic suturing

Choledocholithiasis MRCP; CT imaging; Ultrasound Overtube-assisted ERCP; Laparoscopic-assisted ERCP; 
EDGE

RYGB

Weight regain EGD-Dilated gastrojejunostomy Stoma reduction:  Endoscopic suturing;  OTSC;  Serial 
APC treatments;  Radiofrequency ablation

Staple line leak CT imaging; Upper GI series; 
Endoscopy

CSEMS; Internal drainage with pigtail stents; OTSC; 
Endosponge therapy; Endoscopic suturing

Sleeve gastrectomy

Sleeve stenosis Upper GI series; Endoscopy Radial expanding balloon dilation; Pneumatic balloon 
dilation

LAGB Band migration CT imaging; Endoscopy Mechanical lithotripter band cutting

RYGB: Roux-en-Y gastric bypass; CSEMS: Covered self-expandable metallic stent; OTSC: Over-the-scope-clip; EDGE: Endoscopic ultrasound-directed 
transgastric endoscopic retrograde cholangiopancreatography; APC: Argon plasma coagulation; LAGB: Laparoscopic adjustable gastric band.

bypass is now done nearly exclusively laparoscopically. This minimally invasive 
approach combined with improved surgical techniques have led to decreased 
morbidity. This surgery involves partitioning a small gastric pouch from the proximal 
stomach and the creation of a Roux limb which diverts most absorption to the distal 
small bowel. Weight loss occurs secondary to the restrictive effect of the small gastric 
pouch, malabsorptive effects, and complex hormonal changes that occur as a result of 
the bypass. Hormonal changes are likely responsible for the profound effect this 
surgery has not just on the treatment of obesity but also for diabetes[9]. Surgical 
anatomies are not uniform and highly operator dependent. Details such as the size of 
the gastric pouch, diameter of the gastrojejunostomy, length of the Roux limb, and 
length of the pancreatobiliary limb will vary significantly by surgeon.

Complications of this surgery can manifest at any point after surgery with GI 
bleeding and leaks typically presenting early while vitamin deficiencies may take 
years to manifest. Possible adverse events related to this surgery include marginal 
ulceration, anastomotic strictures, gastrogastric fistulas, anastomotic leaks, 
choledocholithiasis, dumping syndrome, metabolic abnormalities, vitamin defici-
encies, or chronic abdominal pain among others.

Anastomotic strictures
Stricturing at the gastrojejunal anastomosis is a common adverse event after RYGB 
which can occur as early as the first few weeks post-operatively or many years after 
the surgery. In some surgical series, the frequency of strictures is in the 20%-30% range
[10]. The exact etiology of these strictures has not been completely elucidated-
ulceration, ischemia, and minor anastomotic leaks as well as foreign body reactions to 
staples or suture are likely contributors. Surgical technique likely contributes as it has 
been shown that operations involving circular staplers are more likely to stricture[11].

Patients with anastomotic strictures typically present with nausea and vomiting 
symptoms or in the early post-operative period will report inability to advance their 
diet beyond liquids. Some stricture patients will describe dysphagia while others may 
endorse significant post-prandial abdominal pain. Symptoms of gastrojejunal 
stricturing are often very similar to those of marginal ulceration and differentiating 
between these 2 adverse events prior to endoscopic evaluation can be very difficult. 
Tight strictures can be diagnosed using a radiologic upper GI series, but more subtle 
narrowing can be missed as liquid will continue to pass through to the jejunum. Some 
patients with strictures will have inadvertent weight gain as they will compensate for 
the stricture by sticking to a high calorie liquid diet.

All patients with symptoms that are suggestive of a possible anastomotic stricture 
should undergo an upper endoscopy for diagnosis and treatment. Normal anastomotic 
diameter should be between 10 mm and 15 mm, therefore a stricture can be diagnosed 
in any patient in which the standard upper endoscope cannot pass easily through the 
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anastomosis into the jejunum. Treatment for the stricture can then be performed 
immediately after diagnosis through endoscopic through-the-scope balloon dilation. 
Fluoroscopy can often be helpful to ensure the correct positioning of the balloon and to 
avoid trauma to the thin jejunum. Therapy should be aimed at dilating the stricture to 
achieve a luminal diameter of 10-15 mm. Dilation should be gradual and often requires 
more than 1 dilation session-particularly in patients with very tight strictures. Care 
should be taken to avoid over dilating the anastomosis as this is associated with an 
increased risk of complications and can result in the patient experiencing a decreased 
sense of restriction and ultimately result in weight gain. Overall, endoscopic balloon 
dilation is safe, with very few complications and is effective for most patients[12,13] 
(Figure 1).

Multiple options are available for the treatment of refractory strictures. Increasing 
balloon diameter combined with intralesional steroid injection can be effective. Our 
group will typically utilize Triamcinolone 10 mg/mL with 1-2 mL injected in a 4- 
quadrant fashion. An additional technique which can be added is incisional ablation of 
the stricture with radial cuts with a needle knife prior to dilation therapy. For patients 
who continue to be refractory, these strictures can be treated with endoscopic stenting. 
While treatment with esophageal stents in gastric bypass patients is typically poorly 
tolerated secondary to associated side-effects (pain, nausea, vomiting, reflux) and 
frequent stent migration, treatment with new lumen apposing metal stents (LAMS) is 
well tolerated and effective[14,15]. Our group has had good success with the 10 mm × 
15 mm LAMS but in patients whose strictures continue to recur, the 20 mm stent may 
also be effective. Truly refractory strictures which require a surgical revision are very 
rare and usually represent narrowing secondary to twisting/torsion of the post-
anastomotic jejunum rather than true fibrotic strictures of the anastomosis.

Gastrogastric fistula
A gastrogastric fistula is a communication between the gastric pouch and the gastric 
remnant. In the traditional open RYGB surgery this was a common occurrence seen in 
up to 30% of patients. However, in laparoscopic patients this is a much less frequently 
seen complication secondary to changes in surgical technique[16]. In open surgeries 
the gastric pouch was partitioned using a staple line but was not completely separated 
from the defunctionalized stomach as is done in laparoscopic RYGB. While the exact 
etiology of these fistulas is not known, anastomotic leaks, ulceration, ischemia, and 
erosions of foreign bodies are thought to contribute[17-19]. The presenting symptoms 
of gastrogastric fistula patients are highly variable and can range from being 
completely asymptomatic to refractory or perforating marginal ulcers. Weight regain 
is a common occurrence with these fistulas as they can allow a significant amount of 
food to pass into the gastric remnant which functionally reverses the effects of the 
surgery. Gastric acid can pass through the fistula from the gastric remnant to the 
pouch and result in gastroesophageal reflux disease, abdominal pain, marginal ulcers, 
and anastomotic strictures.

Gastrogastric fistulas can be diagnosed via upper endoscopy, upper GI series, or 
sometimes via computed tomography (CT) scan. While the radiological tests can be 
helpful one must be careful not to overinterpret the presence of contrast in the gastric 
remnant as contrast can often reflux up the pancreatobiliary limb. Endoscopic 
diagnosis is particularly helpful as it provides the most accurate measure of the size of 
the fistula which is important in determining treatment.

Patients with symptoms of GERD or other consequences of gastric acid passage 
through the gastrogastric fistula can often be treated with therapy with proton pump 
inhibitors or other antacids alone. Indications for closure of a gastrogastric fistula 
include refractory symptoms or significant weight regain.

Endoscopic therapy is most effective for smaller fistulas-particularly those that are 
smaller than 1 cm in diameter. Unfortunately, even these smaller fistulas have high 
rates of reopening after endoscopic closure[20]. The most studied endoscopic therapy 
is endoscopic suturing which results in a very high initial closure rate, but long-term 
efficacy may be as low as 20%[21]. The over-the-scope-clip (OTSC) is another option 
for fistula closure though it has been less studied for this indication[22]. In our 
experience these clips can be effective for small fistulas and can be used to reinforce an 
endoscopic suturing closure. One concern about using this device is that the large clip 
can interfere with surgical revision if that becomes necessary secondary to failure of 
closure. However, endoscopists now have access to a device specifically designed to 
help remove these large clips which can be done prior to a surgical closure[23]. 
Patients with persistent symptoms despite medical therapy, with large fistulas or those 
that are refractory to endoscopic closure should be evaluated by a bariatric surgeon for 
surgical revision.
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Figure 1 Anastomotic stricture dilation. A: Tight stricture of gastrojejunostomy; B: Wire placement through stenosis; C: Balloon dilation; D: Stricture 
appearance after dilation.

Anastomotic leaks
Anastomotic leaks can be the most severe and debilitating complications after bariatric 
surgery and are seen most commonly after sleeve gastrectomy (discussed in sleeve 
gastrectomy section) but can also be seen typically as a very early complication after 
RYGB[24]. RYGB involves the creation of multiple different surgical anastomoses, and 
leaks can occur at any of these sites including the gastric pouch, gastrojejunostomy, 
blind limb of jejunum, jejunojejunostomy, and the gastric remnant. Leak patients will 
typically present with abdominal pain, fevers, and potentially sepsis and clinical 
instability[25]. The initial treatment for all leak patients involves antibiotics, fluid 
resuscitation, and NPO status[26]. Patients who are clinically unstable will typically 
need to be taken to the operating room for a wash-out and attempted surgical closure. 
In more stable patients cross-sectional imaging should be obtained in order to evaluate 
the location of the leak.

Patients with leaks originating from the gastric pouch or gastrojejunostomy can be 
treated successfully with endoscopic therapy using covered endoluminal stents[27,
28]. The majority of published research on this treatment involves the use of self-
expandable metal esophageal stents which can be fully covered or partially covered 
with plastic. Unfortunately, these stents are poorly tolerated by patients but can 
typically be removed in 6 to 8 wk with a leak resolution rate of 87.8%[29]. For leaks at 
the gastrojejunostomy, the much shorter, dumbbell shaped LAMS stents can be used 
and are significantly better tolerated, but currently experience with this technique is 
limited.

Another option for treatment of leaks is internal drainage, which involves the 
placement of double pigtail stents through the opening of the leak into the associated 
abscess cavity[30]. This drainage allows the leak to heal around the stents similar to 
what occurs in drainage of pancreatic fluid collections. The stents are then exchanged 
every 6 wk until resolution of the abscess cavity and leak are seen. This technique is 
much better tolerated than esophageal stents and has the benefit of being able to be 
performed at leak sites throughout the RYGB anatomy-even those that require an 
enteroscope to reach. Other options for treating leaks include endoscopic suturing, 
endoscopic clipping, eVAC therapy (transnasal wound vac with endosponge), as well 
as over-the-scope clips[31]. However, the published data for their use remains very 
limited.



Larsen M et al. Therapeutic endoscopy for post-bariatric surgery complications

WJG https://www.wjgnet.com 204 January 14, 2022 Volume 28 Issue 2

Choledocholithiasis
The development of cholelithiasis is common after bariatric surgery and particularly 
so after RYGB. Up to 36% of patients will have gallbladder stones 6 months after 
surgery, and a large portion of those patients have gallstone-related symptoms[32]. 
Rapid weight loss is believed to increase the cholesterol saturation of bile, and 
anatomic changes occurring during the surgery may affect gallbladder emptying, both 
of which promote.

stone formation. Studies have shown that 2%-7% of symptomatic patients will have 
choledocholithiasis which is best treated by endoscopic retrograde cholangiopan-
creatography (ERCP), a procedure that is technically very challenging for post RYGB 
patients as the major papilla cannot be reached with a standard duodenoscope[33]. 
Currently there are 3 endoscopic options for performing ERCP in the RYGB patient-
overtube-assisted enteroscopy ERCP, lap-assisted transgastric ERCP, or an endoscopic 
ultrasound-directed transgastric ERCP (EDGE).

Enteroscopy ERCP can be performed with a single- or double-balloon enteroscope, 
or spirus assisted, or in patients with short Roux limbs, with a colonoscope. Published 
data suggest a 70% efficacy rate of this technique[34]. Limitations are primarily related 
to the lack of appropriate length and size of devices and lack of elevator on the scope. 
Long Roux limbs or pancreatobiliary limbs can also affect the likelihood of success. 
Use of a clear cap on the end of the enteroscope can improve visualization and 
positioning of the scope in the descending duodenum.

Laparoscopic-assisted ERCP requires taking the patient to the operating room 
where a surgeon will create a gastrostomy in order to facilitate percutaneous passage 
of a standard duodenoscope into the second portion of the duodenum[35]. This access 
allows the endoscopist the ability to perform ERCP with standard devices and 
techniques. This technique has been shown to be effective with a technical success rate 
of 97.9%, but adverse event rates are higher (19%) than that seen with overtube-
assisted ERCP (6.5%)[36]. For patients who need multiple ERCPs a gastrostomy tube 
can be left in place to provide an access tract, however repeat ERCP can be challenging 
as the duodenoscope will not pass easily through a standard gastrostomy tube tract.

EDGE is a new and still somewhat controversial technique for performing ERCP 
which involves the creation of a gastrogastric fistula with EUS-guided deployment of 
an Axios (Boston Scientific, Marlborough, MA) LAMS[37] (Figure 2). The first step in 
this process is to identify the gastric remnant from the gastric pouch with a linear EUS 
scope. A 19-gauge needle is then advanced into the gastric remnant and used to infuse 
water into the gastric remnant to distend it. If not already in the left lateral position, 
moving the patient onto their left side can facilitate keeping this fluid in the gastric 
remnant. Once the gastric remnant is distended with fluid a LAMS can be deployed in 
a similar fashion to draining a pancreatic pseudocyst. As the gastric remnant is 
typically separated from the gastric remnant the stent does cross the serosa of the 
gastric pouch and the gastric remnant such that if the stent migrates a perforation will 
occur. Therefore, this procedure is done most safely if the stent is deployed and then 2-
3 wk is allowed for a tract to form along the stent prior to passing the duodenoscope 
through to perform ERCP[38]. For those patients that cannot wait for their ERCP, the 
stent should be sutured or clipped in place, and the stent should not be removed 
immediately after the procedure. Once the LAMS stent is in place a duodenoscope can 
pass through it and then achieve standard positioning for ERCP. If repeat ERCPs are 
needed the stent can be left in place, but plans should be made to remove the stent as 
soon as possible to reduce the risk of a persistent gastrogastric fistula. Data on this 
technique is limited, though a retrospective multicenter review of 178 patients 
demonstrated a technical success of 98% and only 4 patients with adverse events[39]. It 
remains controversial because of the risk of persistent gastrogastric fistula which was 
10% in this review.

ERCP for patients after RYGB is challenging and should involve a multidisciplinary 
team. Bariatric surgery consult should be considered prior to embarking on any of the 
3 potential endoscopic treatment options. Balloon-assisted ERCP is our first line 
therapy for most ERCP indications, but a plan should be in place prior to the 
procedure as to what second-line option will be utilized in the event that this is not 
successful. If EDGE is planned after failed balloon-assisted ERCP, then water can be 
pumped quickly into the gastric remnant through the enteroscope prior to exchanging 
for the linear EUS scope, and the LAMS is deployed to create the gastrogastric fistula 
as part of the same procedure.

Weight regain
Patients who undergo Roux-en-Y gastric bypass typically experience a profound 
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Figure 2 Endoscopic ultrasonography-directed transgastric endoscopic retrograde cholangiopancreatography. A: Endoscopic 
ultrasonography placement of lumen apposing metal stents (LAMS) gastrogastric fistula; B: Endoscopic view of LAMS; C: Duodenoscope passing through LAMS for 
endoscopic retrograde cholangiopancreatography; D: Successful cholangiogram and pancreatogram.

weight loss in the first 6 mo after surgery. While the rate of weight loss will slow after 
this initial period, significant weight loss will continue for the first 12-15 mo after 
which patients will typically hit a weight loss plateau with expected total weight loss 
of roughly 30% total weight or 60% excess weight loss. It is common for patients to 
gain back a small amount (10%) of this significant weight loss over the subsequent 1-2 
years. However, about 18%-30% of RYGB patients will suffer from significant “weight 
regain”-a term which generally denotes regaining more than 50% of the initial weight 
loss[40-42]. This kind of weight gain can be devastating emotionally for these patients 
who have undertaken significant surgery only to see their health gains eliminated.

The etiology of weight regain after RYGB is often multifactorial and can involve 
dietary, hormonal, and behavioral factors but also often involves anatomic changes to 
the RYGB anatomy. Gastrogastric fistulas can contribute significantly to weight gain 
and their management was discussed earlier in this review. Dilation of the gastric 
pouch and/or dilation of the gastrojejunostomy are other anatomic changes that have 
been shown to be associated with weight gain in RYGB patients[43]. Presumably these 
changes result in weight gain by removing the sense of restriction or satiety that these 
patients are used to experiencing after eating. A dilated gastrojejunostomy will allow 
food to empty the gastric pouch very quickly after eating. These patients will often 
describe an initial sense of fullness after eating which passes very quickly, resulting in 
frequent hunger and resultant increase in caloric intake. While a gastrogastric fistula 
can be diagnosed by upper GI series these anatomical changes are typically best 
evaluated by endoscopy as an upper GI series cannot measure the size of the gastroje-
junostomy.

Surgical revisions for alterations in gastric bypass anatomy are associated with very 
high rates of adverse events - making minimally invasive endoscopic treatments better 
options. The most studied endoscopic treatment for a dilated gastrojejunostomy is to 
narrow the stoma diameter using endoscopic suturing (Figure 3). This has been done 
with multiple different suturing platforms and has been shown to be effective for 
weight loss in a sham controlled randomized controlled trial[44]. Data with the newer 
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Figure 3 Dilated gastrojejunostomy treated with endoscopic suturing. A: Dilated gastrojejunostomy; B: Gastrojejunostomy several months after 
suturing for stoma reduction.

Overstitch (Apollo Endosurery, Austin Tx) device which allows full thickness suturing 
demonstrates that this device is the most effective[45]. Argon plasma coagulation 
(APC) treatment to the 2 cm of tissue on the gastric side of the gastrojejunostomy to 
expose the submucosa is typically performed prior to suturing. Multiple different 
suturing patterns have been used with some published data suggesting that a circum-
ferential running stitch pattern provides a more robust weight loss than interrupted 
suture patterns[46]. The goal of suturing is typically to reduce the diameter of the 
gastrojejunostomy to 8 to 10 mm. When this is achieved, patients will typically stop 
regaining weight and data from the largest published study (n = 331) demonstrates 
weight loss of 8.5% ± 8.5% at 1 year.

Long-term follow-up has also shown persistent effect of the intervention with 
patients losing 8.8% ± 12.5% total weight at 5 years[47]. For those patients who are not 
able to undergo endoscopic suturing there are other endoscopic options to narrow the 
gastrojejunostomy though data on these alternate methods at this point is limited. 
Investigators have shown that placement of an OTSC at 1 edge of the gastrojejun-
ostomy or 2 clips at opposite sides of the gastrojejunostomy can be effective at 
narrowing the stoma diameter[48]. Alternatively, serial sessions of treatment with 
APC alone to the rim of the gastrojejunostomy without any suturing can be effective
[49]. In this technique the APC is applied with some degree of contact with the mucosa 
in order to achieve a deeper penetration of the thermal effect. This technique is less 
effective for gastrojejunostomies with a diameter greater than 30 mm. One case series 
also described the use of serial sessions of radiofrequency ablation to the edges of the 
gastrojejunostomy with 18.8% excess weight loss at 12 mo[50]. Serial sessions with 
injection of the sclerosant sodium morrhuate has also been shown to be effective, but 
unfortunately this product is no longer available for purchase for medical usages.

SLEEVE GASTRECTOMY
The creation of a gastric sleeve was initially just 1 part of the more complex and rarely 
performed duodenal switch operation. However, since becoming a stand-alone 
surgery, sleeve gastrectomy has gained popularity over the past 2 decades and is now 
the most commonly performed bariatric surgery in the U.S. Sleeve gastrectomy now 
accounts for greater than 50% of all bariatric surgery[51].

The creation of the gastric sleeve involves the surgical excision of a large portion of 
the greater curve of the stomach. The surgeon then closes the resulting defect with a 
long staple line. The resulting anatomy is a narrow tubular stomach. The surgery is 
thought to induce weight loss in multiple different ways. Resection of the greater 
curve of the stomach results in the removal of the majority of the ghrelin-producing 
cells which results in decreased hunger[52]. Additionally, the resultant tubular sleeve 
has much less capacity than a normal stomach and results in greater satiety after 
eating. Interestingly, the sleeve gastrectomy is thought to result in quicker gastric 
emptying which results in weight loss through various hormonal effects. Overall, the 
weight loss seen with this surgery is significant and can be similar to that seen with 
Roux-en-Y gastric bypass[53].
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While typically considered a more straight-forward surgery than RYGB, complic-
ations occur with similar frequency with the sleeve gastrectomy[54]. Common 
complications which can occur and be treated with therapeutic endoscopy include 
staple line leaks as well as the development of a stenosis of the gastric sleeve.

Sleeve gastrectomy staple line leak
As discussed above with regard to leaks after RYGB, surgical leaks can occur at any 
surgical anastomosis. Leaks can be a devastating complication which can take a very 
long time and multiple endoscopic procedures to heal. The creation of a gastric sleeve 
results in a very long staple line anastomosis which extends from the antrum of the 
stomach up to the GE junction. Leaks are seen in up to 5% of sleeve gastrectomy 
patients and can occur anywhere along the staple line[55]. However, most leaks occur 
near the top of this staple line at the angle of His which is particularly susceptible to 
leaks because this area has a very thin gastric wall, often experiences relative ischemia 
secondary to surgical ligation of the short gastric arteries, has relative dysmotility, and 
is an area of increased intragastric pressure. Downstream obstructions such as a 
concomitant sleeve stenosis often contribute to the development of leaks and need to 
be addressed as part of treatment[56]. Sleeve leaks typically present in the early post-
operative period, but chronic leaks can present at any point-sometimes even many 
years after their surgery.

Leak patients’ clinical presentation typically varies based on the timing of their leak. 
Patients with acute leaks (< 7 d after surgery) typically present with signs of sepsis and 
are often hemodynamically unstable and require urgent operative intervention with 
abdominal wash-out and placement of abdominal drains. Patients with subacute or 
chronic leaks are typically less acutely ill and present with signs and symptoms 
including abdominal pain, fever, and tachycardia. Prompt evaluation is needed to 
reduce associated complications[57]. Diagnosis of a sleeve leak is typically made by a 
combination of CT scan and upper GI series. If a leak is suspected but not confirmed 
on upper GI series, then endoscopy with direct visualization can typically secure a 
diagnosis. Initial leak treatment involves initiation of broad-spectrum antibiotics, IV 
fluid resuscitation, NPO status, and surgical consultation.

While some leak patients will require re-operation, the majority can be treated with 
various endoscopic techniques. Unfortunately, this often involves a prolonged 
treatment course which can involve long hospital stays and significant impacts to 
quality of life. Many patients will require multiple different modalities of endoscopic 
treatment to achieve resolution of the leak[58]. Available endoscopic treatment options 
include covered esophageal stents, internal drainage, OTSC, endoscopic suturing, 
eVAC endosponge therapy, and endoscopic septotomy. Many patients will also 
require supplemental enteral nutrition delivered through a jejunostomy tube during 
their treatment.

The most commonly used endoscopic treatment for sleeve gastrectomy leaks is the 
use of covered self-expandable metal stents (CSEMS) (Figure 4). These stents treat 
sleeve leaks through 2 mechanisms-the stent both covers the leak orifice and treats the 
distal gastric stenosis and reshapes the stomach. Stents used can include both fully 
covered and partially covered stents. Our group utilizes more partially covered stents 
for this purpose because they result in decreased stent migration and can result in a 
more effective seal at the top of the stent as tissue grows into the partially covered 
portion of the stent. The downside to using partially covered stents is the increased 
difficulty of removing these stents once the leak has healed. In order to achieve 
successful removal of a partially covered stent one must place an overlapping fully 
covered stent within the stent. The expansile pressure from the second stent results in 
tissue necrosis of tissue ingrowth of the first stent and allows removal of both stents 
about 1 week after placement[59]. A recent systematic review and meta-analysis 
demonstrated that the use of CSEMS for treatment of sleeve leaks was effective in 
72.8% of cases[60]. Unfortunately, use of these stents is associated with poor patient 
tolerance with symptoms of chest pain, gerd, nausea and vomiting, and frequent stent 
migration when fully covered stents are used. Because of the associated side effects of 
these stents, patients can rarely maintain adequate nutrition via PO intake, and 
therefore we typically place an endoscopic jejunal feeding tube at the initiation of 
treatment to provide supplemental enteral nutrition to promote leak healing. Multiple 
techniques have been tried to prevent stent migration including using hemoclips, over-
the-scope-clips, and endoscopic suturing to attempt to secure the proximal aspect of 
the stent to the esophagus. However, migration can still occur despite these measures 
and was seen in 15.9% of patients in a large meta-analysis[61].
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Figure 4 Sleeve leak treated with covered esophageal stent. Computed tomography imaging demonstrating sleeve leak; B: Endoscopic appearance of 
leak site; C: Contrast injection to confirm leak site; D: Placement of covered self-expandable metal stents; E: Endoscopic appearance of stent; F: Subsequent upper 
gastrointestinal series showing no residual leak after stent placement.

Internal drainage using transgastric double pigtail stents is a more recently 
described technique for treating sleeve gastrectomy leaks[30]. This involves the 
drainage of the associated abscess cavity with transgastric plastic stents (Figure 5). If 
the leak opening is large enough prior to stenting, the endoscope can be passed 
through the leak and used to lavage and debride the associated cavity prior to 
stenting. If there is a stenosis of the distal sleeve, then this should be combined with 
dilation of the sleeve as well. The stents are then exchanged every 6 wk until the cavity 
and leak have resolved through healing by secondary intention. Retrospective studies 
have shown improved decreased morbidity and mortality, and improved technical 
success when compared with the use of CSEMS. The largest published study included 
67 sleeve leak patients and demonstrated a 72.8% clinical success rate and a mean of 
3.18 endoscopic procedures[30].

In our experience, this technique is very well tolerated by patients, and PO intake 
can be started early which obviates the need for PEJ tube, and the internal drainage 
avoids the need for percutaneous drainage. This method of endoscopic treatment has 
become our primary method for treatment of sub-acute leaks, and some data has 
demonstrated effectiveness in acute leaks as well.

Other treatment options for leak closure include devices which attempt to directly 
close the leak orifice, including the use of through the scope clips, OTSC, and 
endoscopic suturing. Data on the use of these techniques in sleeve leaks is limited 
though retrospective case series, have shown that OTSCs and endoscopic suturing can 
be effective in some leak patients[62]. In our experience the typical location of sleeve 
leaks at the proximal end of the staple line makes access for suturing or clipping 
challenging. Furthermore, the leak site tissue is generally of poor quality secondary to 
associated infection and relative ischemia such that clips and sutures may initially 
appear to close the defect-only to have it re-open at a later time (similar to what occurs 
during attempts at operative repair). Use of these closure devices should be limited to 
very small holes and those that are easily accessed endoscopically.

A novel treatment for gastrointestinal leaks is the use of endoscopic vacuum 
therapy (EVT) which involves the placement of a wound vac sponge attached to a 
naso- gastric tube into or adjacent to the leak. Continuous suction from a wound-vac 
device is then applied through the NG tube. The sponge induces the formation of 
granulation tissue while the suction removes fluid, pus, and any associated necrotic 
debris in order to induce leak healing. This treatment requires placement of a new 
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Figure 5 Sleeve gastrectomy leak treated with internal drainage. A: Endoscopic appearance of leak site; B: Contrast injection to confirm leak site; C: 
Placement of transgastric double pigtail stents; D: Endoscopic appearance of stents; E: Repeat endoscopy for stent removal; F: Contrast injection after stent removal 
confirming no residual leak.

sponge every 3-7 d, resulting in multiple endoscopic procedures. While the sponge is 
in place the patient cannot have any PO intake, therefore typically a PEJ tube should 
be placed for enteral nutrition. Several small retrospective case series have demo-
nstrated the efficacy of this treatment for sleeve gastrectomy leaks. One single center 
series evaluated 9 patients who all had resolution of their leak after a mean of 50 d of 
treatment[63]. Another series demonstrated leak resolution in 7 of 8 patients, and a 
third series of 3 patients demonstrated resolution in all 3 cases with a mean treatment 
time of 72 d[64]. While EVT appears to be an effective treatment it is significantly 
uncomfortable for the patient and typically requires many endoscopies for sponge 
exchanges resulting in this primarily being a therapy for refractory or very large leaks 
not amenable to other therapies.

Sleeve stenosis
Stenosis of the gastric sleeve occurs in up to 4% of patients and typically occurs at the 
level of the incisura[65]. Patients typically present with symptoms of nausea and 
vomiting when advancing their diet beyond liquids. Other patients can present with 
symptoms of refractory gastroesophageal reflux. The diagnosis can often be made 
through upper GI series which will typically demonstrate an area of significant 
narrowing at the level of the incisura within the gastric sleeve. The diagnosis can also 
be made during upper endoscopy, but the endoscopist must be familiar with the 
condition - the narrowing is not typically a true mucosal stricture that prevents scope 
passage but rather an area of relative narrowing often with significant angulation 
requiring scope manipulation to get through. Contributing factors to the development 
of the stenosis include forming the sleeve around a small bougie, over-sewing the 
staple line, and inadvertent rotation of the sleeve during stapling can result in a 
twisted and narrowed sleeve[66].

Endoscopic treatment of sleeve stenosis involves the use of balloon dilation of the 
stricture. Dilation can be started at 20 mm with a radial expanding balloon. However, 
if dilation with the 20 mm balloon does not have much apparent effect on the stenosis 
then dilation can immediately proceed to pneumatic dilation with a 30 mm achalasia 
balloon under fluoroscopic guidance (Figure 6). Inflation to the 20 PSI maximum 
inflation pressure may not be possible during the first session. The patient can then 
return every 2 wk for repeat dilations with gradually increased inflation pressures and 
balloon sizes until the 40 mm balloon is used. The addition of dilating the pylorus up 
to 20 mm can also be helpful in improving symptoms. Dilations can be stopped once 
the patient is symptomatically improved. Efficacy of this dilation regimen was shown 
to be 76% effective in a large meta-analysis[67]. Complications of this treatment 
include bleeding or perforation and occur in about 6 % of patients[68]. Patients who 
fail endoscopic dilation will require either surgical seromyotomy or conversion to 
RYGB.
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Figure 6 Sleeve stenosis treated with balloon dilation. A: Upper gastrointestinal series demonstrating stenosis at the level of the incisura; B: Endoscopic 
appearance of the stenosis; C: Pneumatic balloon dilation of stricture; D: Endoscopic appearance of balloon dilation.

LAGB
At the beginning of the century the LAGB was the most popular bariatric surgery in 
the United States. However, the use of this device has dramatically reduced secondary 
to poor efficacy and high numbers of complications, and it now represents less than 
10% of bariatric surgeries performed nationwide. Many patients still have these bands 
in place and will continue to have adverse events needing endoscopic therapy. LAGB 
surgery involves the placement of a silicone band around the cardia of the stomach 
which creates a small proximal pouch to create a feeling of satiety after eating small 
amounts of food. The band is attached to a port that is placed in the subcutaneous 
tissue of the abdomen via a thin piece of tubing. The port can be used to inflate or 
deflate the band with saline to adjust the restrictive effect of the device. Common 
adverse events that occur with the LAGB include the development of GERD, eso-
phageal dilation, port infection, band slippage and band erosion.

Band erosion
Placement of LAGB can be complicated by erosion of part of or the entire band into the 
gastric lumen. This can occur in the early post-operative period or many years later. 
Erosion of the band is thought to occur secondary to an inflammatory reaction 
between the band and the gastric wall. Precipitating factors include perforations at the 
time of surgery, bands placed too tightly around the stomach, bands that are sutured 
to the stomach and port infections[69]. Symptoms vary from patients being completely 
asymptomatic to the development of GERD, nausea and vomiting, or signs of infection
[70]. Bands that have a significant portion visibly eroded into the gastric lumen can be 
removed endoscopically. If the band buckle is visible the likelihood of successful 
removal is greater. If the band appears to be insufficiently migrated, then placement of 
a covered esophageal stent for 2 wk can be considered to promote additional 
migration of the band[71]. Prior to endoscopic removal the subcutaneous port must be 
removed surgically- if necessary, this can be done simultaneously in the endoscopy 
suite.

The technique for endoscopic removal of the LAGB involves the use of the 
emergency mechanical lithotripter typically used for ERCP[72] (Figure 7). Initially the 
scope is passed through the center of the band, and a wire is placed into the distal 
stomach. The scope is then withdrawn, leaving the wire in place, and then re-
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Figure 7 Eroded lap band removed endoscopically. A: Eroded lap band; B: Endoscope passage through the band with distal deployment of wire; C: Wire 
looped around band; D: Fluoroscopic view of cut lapband; E: Endoscopic view of cut lap band; F: Cut band grasped by snare; G: Endoscopic view after band removal.

introduced alongside the wire. The scope must be driven into the distal stomach 
without going through the center of the band, and the end of the wire is then grasped 
with a snare and pulled out through the mouth forming a loop around the band. The 
sheath of the mechanical lithotripter is then advanced over 2 ends of the wire up to the 
band. We use a combination of endoscopic and fluoroscopic imaging to ensure that 
only the band is trapped in the wire to avoid significant tissue trauma. The lithotripter 
is then cranked until it pulls the wire through the band to transect it. The lithotripter is 
then removed, and the scope is re-advanced into the stomach. If visible, the cut side 
with the buckle is grasped and used to pull the band out through the mouth[72]. The 
body forms a capsule around the band which prevents a perforation from occurring 
after removal. Adhesions can occur between the band and adjacent structures which 
prevent successful endoscopic removal. Bands that cannot be removed successfully 
endoscopically do need surgical removal.

CONCLUSION
The prevalence of obesity continues to rise around the globe, resulting in 1 of the most 
significant health problems affecting the world. Bariatric surgery rates will continue to 
climb in order to combat this disease. Despite improved surgical techniques, complic-
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ations after these major surgeries are not uncommon. Post bariatric surgery patients 
are complex, and these complications are best managed with a multidisciplinary team 
with experience in this field. The endoscopic armamentarium continues to expand and 
helps serve as a minimally invasive treatment option for many patients with post- 
bariatric surgery complications.
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