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Abstract

Leaks remain an infrequent yet dreaded complication following bariatric surgery. Effective management includes
appropriate classification of leaks and implementation of a multimodality treatment approach that focuses on
adequate resuscitation, control of sepsis, and surgical or endoscopic intervention when necessary. Herein, we
describe several endoscopic techniques that have demonstrated success in the management of acute and chronic
leaks following bariatric surgery. In general, endoscopic interventions can be classified as exclusion techniques
(self-expanding endoscopic stents), closure techniques (endoscopic clips, endoscopic suturing, or glues), or
drainage techniques (transfistulary stents, endolumenal vacuum therapy, or septotomy). To guide the clinician in
the appropriate patient selection for these interventions, we provide a suggested algorithm for the management of
patients presenting with acute or chronic leaks following bariatric surgery.
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INTRODUCTION

Leaks after bariatric surgery remain an infrequent but highly morbid complication. The incidence of leaks
after bariatric surgery continues to decline, with an estimated incidence of 0.7% for sleeve gastrectomy and
0.8% for gastric bypass'"’. Successful management hinges on early recognition, classification, and appropriate
treatment of the leak. Because the timing of leak detection determines the optimal management strategy,
leaks can be classified temporally as early (those within two weeks postop), intermediate (those from
2-6 weeks postop), or late (greater than six weeks postop). Leaks can be further classified based on their
location and the presence or absence of a fluid collection. Additionally, it is important to understand the
etiology of a leak. It is generally understood that a leak may be the result of technical factors, tissue trauma,
ischemia, increased intraluminal pressure, tension, or a combination of these factors. Key anatomical
considerations include appreciation for the relatively higher intraluminal pressure associated with sleeve
gastrectomies as opposed to the low pressure system of a gastric bypass. Along these lines, evaluating and
treating any narrowing (especially at the incisura) becomes critical in the successful treatment of a proximal
sleeve gastrectomy leak.

Various management options exist for the treatment of leaks, and these often involve a combination of
procedural interventions and medical management. Medical management involves parenteral hydration,
antibiotics, and nutritional support. Patients who present with hemodynamic instability or peritonitis
require urgent surgical intervention. In otherwise stable patients, drainage of any fluid collections and repair
or diversion of wall defects is the mainstay of treatment and frequently involves multimodality
interventions.

Successful management of leaks with endoscopy relies on appropriate patient selection and often
necessitates a multidisciplinary approach, including surgery, interventional radiology, and interventional
endoscopy. The timing of leaks plays a significant role in the decision to use endoscopy, as early leaks are
significantly more responsive to endoscopic management as opposed to late leaks. Along these lines,
Christophorou et al. identified several factors that predicted successful healing of gastric sleeve leaks with
endoscopy: early leak onset (< 3 days post-surgery), early endoscopic intervention (< 21 days following the
index surgery), defect size < 1 cm, and no history of gastric band placement®’.

This article serves as a review of the various endoscopic modalities that can be employed for the treatment
of leaks following bariatric surgery. The distinct endoscopic techniques can be broadly classified according
to their method of action, including exclusion techniques [self-expanding endoscopic stents (SEES)],
closure techniques (endoscopic clips, endoscopic suturing, or glues), and drainage techniques [transfistulary
stents, endolumenal vacuum therapy (EVT), or septotomy]. Furthermore, to guide the clinician in the
appropriate patient selection for these interventions, we provide a suggested algorithm for the management
of patients presenting with acute or chronic leaks following bariatric surgery [Figure 1].

STENTS

SEES are a commonly employed treatment strategy for the management of leaks after bariatric surgery and
have shown utility in the treatment of early leaks following sleeve gastrectomy. In meta-analyses, SEES have
demonstrated successful leak closure rates ranging from 88%-92%, with reported migration rates ranging
from 17%-23%"*. As fistula tracts mature, however, the rate of closure declines over time as fibrosis sets in,
with closure rates ranging from 19%-64% for chronic fistula”®®. Stents can be either uncovered or covered
(partially or fully), metal or plastic, and even specific for bariatric anatomy or combined with a double
pigtail drainage catheter for internal drainage'”. While uncovered stents have minimal migration rates, they
do not provide a barrier for diversion of fluids, and they are traumatic on removal. This largely limits their
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Figure 1. Suggested algorithm for the management of bariatric leaks™'®.CT: Computed tomography; PO: per os; OR: operating room;
EGD: esophagogastroduodenoscopy; SEMS: self expanding metal stent; TTSC: through the scope clips; OTSC: over the scope clips.

usefulness to malignancies. For leaks after bariatric surgery, partially or fully covered stents are most
frequently used. Partially covered stents allow for some tissue ingrowth at exposed areas of the stent and, as
a result, tend to result in less migration at the cost of slightly more difficulty in extraction. Despite this, the
wide variety of stent options has resulted in significant heterogeneity amongst stent efficacy studies.
Consequently, it is difficult to draw conclusions on which type of stents is superior.
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In principle, SEES allow for diversion of enteral contents by excluding the site of perforation from the
alimentary tract. As a result, the defect is allowed to heal without the constant flow of gastric contents and
exposure to increased endolumenal pressure, which may have perpetuated the leak. Additionally, in many
cases, patients may start enteral feeds following stent placement, which may promote earlier healing as
patients are able to more adequately address their nutritional needs. Longer SEES have the added benefit of
addressing any distal points of stricture or obstruction, particularly in patients with sleeve gastrectomy. It is
important to note, however, that SEES will not address any fluid collections associated with leaks, and they
are, therefore, often used as an adjunct to other treatment modalities such as percutaneous or surgical
drainage.

Complications associated with stent placement are usually minimal and limited largely to abdominal
discomfort, nausea, vomiting, and reflux. Migration remains a difficult problem with the use of SEES in
bariatric surgery as the stents are necessarily at least partially covered and it is difficult to adequately achieve
radial tension on the gastric mucosa, even with sleeve anatomy. In addition to the use of partially covered
stents, several other methods, such as endoscopic suturing of the proximal stent and the use of clips as
anchors, have been described but with variable success™. Care should be exercised with stents in patients
who have had Roux-en-Y gastric bypass; if stents migrate, they may get lodged in the distal small bowel and
can be difficult to remove with endolumenal methods.

The frequency of stent exchanges is not well established and may be dictated most by the patient’s clinical
course and response to treatment. In general, if the stent is successfully managing the leak and the patient is
improving clinically, it may be left in place for weeks at a time (typical duration of no longer than
6-8 weeks). However, it is not possible to determine whether complete closure of the defect has taken place
unless the stent is removed and the lumen visualized endoscopically or studied radiographically with enteral
contrast. As a result, many would advocate for stent exchange and evaluation at weekly or biweekly intervals
to assess for healing and to minimize the difficulty of stent removal that may occur with longer implant
times'”.

CLOSURE TECHNIQUES

There are several endoscopic closure techniques, including through the scope clips (TTSC), over the scope
clips (OTSC), tissue adhesives, plugs, and suturing devices. The success of each method used depends on
the size of the defect and acuity, in addition to user experience and expertise.

Closure techniques - TTSC

TTSC have been used successfully in the treatment of iatrogenic esophageal, gastric, small bowel, and
colonic perforations. As such, their utility has translated into the treatment of early sleeve leaks and has
shown some success, although there has been limited data in their use for this particular indication. Factors
that play a role in their success include defect size, leak acuity, and user experience. Those defects that are
smaller than 10 mm in size are more amenable to TTSC use; those between 10 and 30 mm are more
amenable to OTSC!"". In addition, such clips can be limited in the amount of closure force applied,
making it difficult to close scarred and thickened perforations, hence leading to the preference for their use
with more acute leaks"”. As with any clip, possible complications and limitations include further injury to
the tissue, instrument failure or malfunction, clip dislodgement, limited view or maneuverability, tissue
quality, and operator experience.
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Closure techniques - OTSC

OTSC provide a full thickness closure, acting similarly to a suture. Studies have shown a successful closure
in up to 70%-100% of sleeve leaks'>">"*. In addition, they allow for approximation of tissue in larger
defects, particularly those sized 10 to 30 mm. Use of suction or tissue graspers allows for better tissue
approximation prior to clipping. OTSC are preferably used in leaks less than seven days old and those with
less fibrosis"”\. It can also be used in conjunction with other endolumenal treatments, such as endolumenal
stents; this allows for closure and diversion, in addition to enteral feeding. Risk factors for clip failure
include poor tissue quality, suboptimal working space, and distal stenosis. Success of OTSC is also improved
if performed after abscess drainage”.. It is important to realize that both TTSC and OTSC add foreign
bodies to the field; when they are not successful, they may prevent leak healing secondary to persistent
foreign bodies.

Closure techniques - fibrin, cyanoacrylate

Sealants, such as fibrin and cyanoacrylate, also may play an adjunctive role in the treatment of leaks. Fibrin
sealants act in a manner that mimics the clotting cascade, ultimately leading to the creation of cross-linking
fibrin polymers">'”.. Multiple sessions may be needed, but success rates have approached 90%-100%
(generally with multiple endoscopic methods)"?. Cyanoacrylate works by sealing quickly once in contact
with a basic fluid, such as water or blood"*'”. The use of sealants can be limited by the size of perforation,
length of tract, and persistent infection, at which point sealant plugs should be considered"?. Be it a sealant
or a plug, both methods can be used multiple times to facilitate occlusion of a gastric leak. Importantly,
prior to using any sealant, plug, or, as mentioned earlier, clips, any leak should first be contained, as this will
be a determining factor in the success of healing the leak.

Closure techniques - endoscopic suturing

The last of the closure techniques aims to maximize efficacy of closure by using actual sutures. Companies,
such as Apollo Endosurgery (Austin, TX), have developed endolumenal suturing devices, such as
OversStitch, with the goal of replicating intra-abdominal suturing, only now in an intraluminal manner.
Limited data exists on endoscopic suturing and its success, with most numbers coming from case series and
case studies, ranging up to a 100% success rate. Furthermore, many of these studies are in relation to
Roux-en-Y gastric bypass cases. What data does exist has shown that earlier intervention is more likely to
lead to closure; leaks closed within 30 days of diagnosis vs. those closed after amounted to 44% vs. 0% in one
study"”*. As with clips, endoscopic suturing can be used in conjunction with other modalities, such as
stenting. This method requires a large learning curve, which has limited its use for gastric leaks, specifically
sleeve leaks. This technique, although it can be used as primary treatment, can also be beneficial in patients
who have failed other modalities or in those patients whose leaks are too large to manage with clips, for
example, leaks greater than 30 mm in size.

DRAINAGE TECHNIQUES - TRANSFISTULARY STENTING

Transfistulary stenting has been shown to be a viable treatment modality for the treatment of both acute
and chronic leaks following bariatric surgery”™. In principle, fluid collections associated with a
gastrointestinal leak can be drained internally via endoscopically placed transfistulary stents. As an added
benefit, enteral nutrition is encouraged with transfistulary stenting as the distal migration of food promotes
a negative pressure gradient, facilitating internal drainage. There are several varieties of stents used for the
purpose of endolumenal drainage, but most are either plastic biliary pigtail stents which typically range in
size from 7 to 10 Fr, or larger lumen-apposing metal stents which were originally developed primarily for
endoscopic cystgastrostomy for drainage of pancreatic pseudocysts. The stents are typically exchanged or
removed every four to six weeks and allow for internal decompression of the fluid collection to allow for
fibrosis and shrinking of the cavity™!. In cases where the fistulous connection is not readily identifiable or
easy to access, endoscopic ultrasound can be used as an adjunct to aid in placement*.
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Success rates for transfistulary stenting range from 79%-83%""*". Several factors have been identified as
predictive for successful leak closure with transfistulary stenting, including smaller leak size (< 5 cm),
contained simple fluid collections, and lack of distal obstruction which would impede decompression
through gastric lumen"’. Complications associated with transfistulary stenting tend to be minimal, with
stent migration being the most common and more rarely upper gastrointestinal discomfort, ulceration, or
| In an effort to minimize stent migration, the use of lumen-

20,21,25

splenic hematoma and abscess formation'
apposing metal stents as opposed to pigtail stents or a combined use of SEES in combination with double
pigtail stents has been suggested for defects larger than 1 cm™. Other complications associated with
transfistulary stenting can be minimized by removal of the stent at the earliest clinical sign of leak resolution
or with regular four to six week stent exchanges”. In chronic leaks, it is important to address distal
obstruction (i.e., strictures at the incisura after sleeve gastrectomy).

DRAINAGE TECHNIQUES - EVT (ENDO-SPONGE)

EVT closure devices have emerged as a potential treatment method for leaks after bariatric surgery, and
commercial products are available for use in certain markets (Endo-SPONGE, B. Braun, Melsungen
Germany)™. While well described and studied for the management of leaks related to esophageal surgery,
studies in bariatric patients are limited and less well described”®*. In principle, EVT acts the same as open
vacuum therapy: negative pressure draws effluent and bacteria from the leak cavity, reduces edema, and
promotes the formation of granulation tissue™. In one study, lumenal occlusive therapy (e.g., covered
stents and endoscopic clips) was compared to repeat endoscopic debridement for the treatment of sleeve
gastrectomy leaks. In this study, there was no significant difference in the length of stay or need for
resection®. In another study comparing EVT to surgical revision, covered stent placement, and
conservative management, EVT had the best outcomes and lowest mortality”.

There are several described complications associated with EVT, including hemorrhage from sponge erosion
into vasculature, dyspnea from sponge dislodgement into the pharynx, and possibly pancreatitis due to
sponge contact®*). Additionally, EVT is an intervention-intensive process compared to other treatment
methods, necessitating frequent (every 2-5 days) sponge exchange under endoscopic guidance and general
anesthesia®*. This does, however, allow for frequent monitoring of the leak cavity under direct
visualization. In one study with a small cohort of nine patients, the mean number of sponge exchanges until
leak resolution was 10.5, and the number of days on EVT for individual patients ranged from 4 to 84"\
EVT tends to be most effective in the acute leak. In chronic leaks, it is often combined with other drainage
techniques, such as septotomy (described below), and addressing any distal obstruction.

DRAINAGE TECHNIQUES - SEPTOTOMY

In situations where chronic fibrosis has resulted in septum formation between the gastric lumen and the
leak cavity, a septotomy may be performed to help equalize the pressure gradient between the leak cavity
and gastric lumen and to facilitate drainage™*. In this method, either an endoscopic needle knife or argon
plasma coagulation probe is utilized to perform the septotomy””. Though septotomy has shown
effectiveness for the treatment of chronic refractory leaks, it should be avoided in the early acute setting, as
bleeding and perforation are known risks"”. As with any method of internal drainage, it is prudent to
concurrently address any distal stenosis so as to reduce the intragastric pressure at the site of perforation"”.
This may include, for example, in the case of sleeve gastrectomy addressing strictures or narrowing at the
incisura with aggressive dilation (i.e., 30 mm balloon dilation). In one small study, nine patients with leak
cavities ranging in size from 3 to 10 cm were all successfully treated with septotomy. The mean operative
time was 87.2 min, and the number of procedures required averaged 2.3 (range of 1-4)".
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CONCLUSION

The management of bariatric leaks is variable among all surgeons. With the growing development of new
devices, technology, and equipment, increasing methods are being developed for managing these
complications. A multidisciplinary approach is required to maximize treatment success. This includes
surgery, interventional radiology, interventional endoscopy, nutritionists/dieticians, and medicine. The
algorithm in Figure 1 summarizes a recommended management strategy for acute and chronic leaks after a
sleeve gastrectomy. There is no set algorithm that is accepted by all, as each patient is different and presents
their own sets of problems, but with a concerted effort amongst all teams, successful resolution of acute and
chronic leaks can be achieved in nearly all cases. It may be the case that the majority of these devices and
techniques are not performed or available in many centers, but the initial goal should remain consistent
across all hospitals, stabilize the patient, achieve source control, and treat any distal obstruction or
narrowing.

The first step for any patient who presents with clinical findings suggestive of a leak is to evaluate with
advanced imaging, typically a computed tomography (CT) scan with per os (PO) contrast. Those patients
with a leak and evidence of sepsis or peritonitis on examination should undergo urgent operative
intervention to obtain source control, which may include a combination of washout, drainage, and defect
closure or buttressing with healthy surrounding tissue. All patients with a leak, regardless of whether or not
they are septic, should be started on antimicrobial therapy and early nutritional support.

Patients who are stable but with the presence of an abdominal fluid collection should be considered for
percutaneous drainage. Regardless of the presence of a fluid collection, early endoscopy (preferably by an
interventional endoscopist) is recommended to both characterize the exact size and location of the leak and
potentially perform therapeutic interventions. In the case of sleeve gastrectomy leaks, identification and
treatment of any incisura or other narrowing via balloon dilation is an important consideration to help
minimize the intraluminal pressure in an otherwise already high-pressure system.

Larger (> 3 cm) perforations are less amenable to defect closure modalities such as clips and sealants, so we
suggest endoscopic suturing, stent placement, a combination of the two, or endoluminal vac therapy. In
addition to these therapeutic options, smaller defects (< 3 cm) may be more amenable to endoscopic clip
placement (either TTSC or OTSC) and sealants/plugs for defect closure.

Chronic leaks are less amenable to primary closure due to the fibrotic nature of the surrounding tissue, so
we suggest that treatment focus on drainage techniques such as septotomy, transfistulary stenting, or
endoluminal vac therapy. Ultimately, if these measures fail along with a concerted effort to maximize the
patient’s nutritional status, then revisional surgery should be considered.
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