
endoscopic procedures with a high risk of perforation 
and the increasing incidence of leakage associated 
with bariatric operations call for a minimally invasive 
treatment for these complications. The therapeutic 
approach can vary greatly depending on the size, 
location, and timing of gastrointestinal wall defect 
recognition. Some asymptomatic patients can be 
treated conservatively, while patients with septic 
symptoms or cardio-pulmonary insufficiency may 
require intensive care and urgent surgical treatment. 
However, most gastrointestinal wall defects can be 
satisfactorily treated by endoscopy. Although the 
initial endoscopic closure rates of chronic fistulas is 
very high, the long-term results of these treatments 
remain a clinical problem. The efficacy of endoscopic 
therapy depends on several factors and the best mode 
of treatment will depend on a precise localization of 
the site, the extent of the leak and the endoscopic 
appearance of the lesion. Many endoscopic tools for 
effective closure of gastrointestinal wall defects are 
currently available. In this review, we summarized 
the basic principles of the management of acute 
iatrogenic perforations, as well as of postoperative 
leaks and chronic fistulas of the gastrointestinal 
tract. We also described the effectiveness of various 
endoscopic methods based on current research and 
our experience.
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Core tip: Most gastrointestinal perforations, leaks and 
fistulas can be satisfactorily treated by endoscopy. 
The efficacy of endoscopic therapy depends on several 
factors. Many endoscopic tools for effective closure of 
gastrointestinal wall defects are currently available. 
In this review, we summarize the basic principles of 
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Abstract
Gastrointestinal perforations, leaks and fistulas may be 
serious and life-threatening. The increasing number of 
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endoscopic or surgical management and adequate 
treatment of life-threatening complications.

The initial steps after diagnosis of a gastrointestinal 
perforation should include proper positioning of the 
patient to reduce the risk of intraluminal content 
leakage, parenteral antibiotics and cardiopulmonary 
monitoring. Patients with upper gastrointestinal tract 
perforations should receive proton pump inhibitors. 

Most of the data regarding endoscopic treatment 
of gastrointestinal perforations are based on small 
studies including case reports, case series, and animal 
studies. However, when the perforation is detected 
during an endoscopic procedure, and is amenable to 
endoscopic closure, it should be closed immediately, 
in the same procedure. Endoscopic assessment of the 
defect is crucial, before attempting closure. Insufflation 
of carbon dioxide instead of room air may be helpful 
at this point. The endoscopist should assess the size, 
and the edge of the defect in the gastrointestinal 
wall and any potential bleeding. Endoscopic closure 
can be achieved by a variety of methods and devices 
and the corresponding endoscopic techniques vary 
depending on the location, size of the defect and 
timing of recognition (see Table 1). In most cases a 
failed endoscopic closure of a perforation requires 
surgical intervention. Asymptomatic perforations that 
are recognized 24 h or more after the procedure may 
be managed conservatively[1].

The mainstays of postoperative care after suc
cessful endoscopic closure are antibiotics, avoidance 
of oral intake, nasogastric suctioning, intravenous 
fluids, and analgesia. Some patients may also require 
surgical drainage of fluid collections. Parenteral or 
enteral nutrition should also be considered in selected 
patients. If the postoperative course is uncomplicated, 
oral food can be resumed four days after successful 
closure of a perforation[6,7]. 

The most serious complications of gastrointestinal 
tract perforations are the abdominal compartment 
syndrome, tension pneumothorax, tension pneumo-
peritoneum, subcutaneous emphysema and perito
nitis. Tension pneumothorax and tension pneumo-
peritoneum are medical emergencies requiring 
immediate needle decompression. It should be 
emphasized that extraluminal air does not mean that 
surgery is needed, and the volume of extraluminal air is 
generally not proportional to size of the gastrointestinal 
wall defect[8]. Subcutaneous emphysema can be life-
threatening and may require endotracheal intubation, 
due to the risk of airway obstruction by air dissecting 
through the soft tissues of the neck. A surgical 
evaluation for possible lavage or perforation closure 
should be considered in patients with peritonitis. 

Radiologic examinations may also be appropriate 
after the endoscopic closure of perforations. Contrast 
studies using water-soluble agents can demonstrate 
persistent leaks and computed tomography (CT) can 
detect extraluminal air, fluid collections, and other 
complications.

Rogalski P et al . Endoscopic management of GI wall defects

10543 October 7, 2015|Volume 21|Issue 37|WJG|www.wjgnet.com

the management of acute iatrogenic perforations, 
as well as of postoperative leaks and chronic fistulas 
of gastrointestinal tract. We also described the ef
fectiveness of various endoscopic methods based on 
current research and our experience.
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INTRODUCTION
Gastrointestinal perforations may result from en
doscopic or laparoscopic procedures, or they can be 
spontaneous (e.g., Boerhaave syndrome). Although 
the majority of perforations during endoscopic pro
cedures are adverse events, the increasing use of 
advanced endoscopic techniques, including natural 
orifice transluminal endoscopic surgery (NOTES), 
or the transgastric drainage of fluid collections, is 
increasing the incidence of intentional perforations. The 
risk of gastrointestinal perforation during a diagnostic 
procedure is extremely low, while interventional 
endoscopy is associated with significantly higher 
risk[1]. Endoscopic procedures with the highest risk of 
iatrogenic perforations include: endoscopic submuco
sal dissection (ESD), stricture dilation, foreign body 
removal, endoscopic mucosal resection (EMR), tumor 
ablation and peroral endoscopic myotomy (POEM). 
A difficult esophageal intubation is a risk factor of 
perforation even during diagnostic endoscopy. The 
delayed perforations which can result from thermal 
injury are a significant clinical problem.

Anastomotic leaks usually result from technical 
difficulties during a surgical procedure. After esophageal 
resections this complication occurs in 10%-20% of 
cervical anastomoses, 5%-10% of thoracic anastomoses, 
and after 3%-22% of colorectal resections[2,3]. The 
increasing frequency of bariatric procedures contributes 
to a higher incidence of postoperative leaks and other 
unusual complications[4]. Gastrointestinal fistulas are 
also chronic complications of inflammatory diseases or 
malignancy[5].

Gastrointestinal perforations
Most perforations that occur during endoscopic 
procedures can be treated endoscopically, with no 
need for surgery. On the other hand, gastrointestinal 
perforation is a medical emergency and, even after 
successful endoscopic closure of the gastrointestinal 
wall, the patients require close monitoring. The 
key to successful treatment is early recognition of 
the perforation, correctly assigning the patient to 



Gastrointestinal leaks and 
fistulas
Both acute and chronic leakage may be caused by 
inflammatory or malignant processes, but one of 
the commonest causes is an anastomotic leak after 
gastrointestinal surgery. Postoperative leaks remain 
a major clinical problem, responsible for significant 
morbidity and a very high mortality, which may 
exceed 60% when treatment is delayed[9]. Early 

diagnosis and appropriate treatment are crucial to 
reduce this mortality. Typical symptoms of leakage 
of gastrointestinal contents into body cavities 
(mediastinum, pleura, peritoneum) are: fever, a 
systemic inflammatory response syndrome, septic 
shock, increased levels of C-reactive protein and a 
raised white blood cell count[10]. Upper gastrointesti
nal radiography with water-soluble contrast (e.g., 
Gastrografin) confirms the leakage. Endoscopy allows 
direct visualization of the lumen defect, its extension 
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Table 1  Clinical presentation and preferred endoscopic management according to site of perforation[1,7,8,54]

Location of 
perforation

Clinical presentation Preferred endoscopic closure techniques Comments

Esophagus Subcutaneous emphysema, neck pain, 
chest pain, emesis

Small perforations (< 2 cm) can be closed 
with clips (TTSC or OTSC)

The use of endoscopic techniques may be 
challenging in the proximal esophagus, due to 

space constraints and patient intolerance - consider 
conservative treatment in stable patients

Tachycardia with chills and fever 
suggest mediastinitis and sepsis 

development

Perforations < 2 cm size with everted edges 
may be treated with OTSC clips

Stent fixation with clip application or suturing 
techniques may be useful to prevent migration of the 

stent
Large perforations (> 2 cm) or defects 

associated with esophageal stenosis may be 
managed with fully covered and partially 

covered SEMS or endoscopic suturing 
techniques

Fibrin glue application and EVAC use has been 
reported for closure of esophageal perforations but 

experiences are limited

Stomach Abdominal pain, abdominal fullness Endoscopic clipping techniques (TTSC, 
OTSC) are the mainstay of gastric 

perforation closure

Most perforations of the stomach are small defects 
that occur during EMR, ESD procedures and can be 

successfully closed with TTSC.
Breathing deterioration and shock 
symptoms suggest development of 

tension pneumoperitoneum

Omental patch closure technique, clipping 
plus endoloop or OTSC may be an option in 

closing large defects (> 1 cm)

Closing perforations in proximal stomach may be 
challenging

Peritonitis and abscess formation 
result from leakage of gastric contents

Endoscopic suturing is an optional method 
especially in closing post-ESD defects

Endoscopic band ligation for gastric perforation 
closure has been reported but experiences are 

limitedPneumomediastinum and 
pneumothorax are relatively rare 
complications of perforations in 

cardiac region

Endoscopic stents may be useful to 
treat perforations following pyloric or 

gastroenteric anastomosis dilation

Duodenum 
and biliary 
tract

Retroperitoneal nature of the injuries 
may mask the severity 

Peri-ampullary or biliary tract perforations 
may be treated with biliary stent placement 

or TTSC

The use of transparent cap may be helpful in difficult 
locations

The severity of perforations varies 
from asymptomatic retroperitoneal air 
alone (which is not true perforation), 
to life-threatening perforations with 

persistent pancreatic and biliary leaks 
into retroperitoneal or intraperitoneal 

space

Large perforations most often require 
immediate surgery. However, when the 
defect size < 15 mm consider perforation 

closure with TTSC, OTSC

Closure of medial duodenal wall defects with clips 
may be challenging due to risk of clipping the 

ampulla and anatomic location

Fully covered duodenal SEMS are also the 
therapeutic option in nonperiampullary 

perforations

Nasoduodenal drain to divert pancreatic and biliary 
secretions may be beneficial

Peritonitis is a late finding associated 
with poor outcome

Asymptomatic patients with retroperitoneal air 
alone need no additional treatment

Colon, 
Rectum

Abdominal pain, abdominal fullness, 
subcutaneous emphysema

Small perforations (< 2 cm) can be closed 
with clips (TTSC or OTSC)

The success rate of endoscopic closure is higher 
when the perforation is recognized and closed 

during the same procedure, the quality of bowel 
preparation is good, and there is no leakage of 

intraluminal contents
Breathing deterioration and shock 
symptoms suggest development of 

tension pneumoperitoneum

Clipping plus endoloop is an option to close 
large colonic defects

Large vertical perforations should be closed from 
top to bottom, and horizontal perforations should be 

clipped from left to right
Peritonitis and abscess formation are 
the consequence of intraluminal fecal 

leakage

Endoscopic band ligation can also be useful 
to treat colonic perforations

SEMS: Self-expanding metal stent; OTSC: Over-the-scope clip; TTSC: Through-the-scope clip; EVAC: Endoscopic vacuum- assisted closure; EMR: 
Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; ERCP: Endoscopic retrograde cholangio-pancreatography.
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patching, are recommended[1]. Applying of the clip 
can be difficult when the tissue surrounding the defect 
is inflamed or indurated. To enhance successful clip 
application, gentle suction should be applied before clip 
closing so that the edges of the defect are reversed 
and approximated and more tissue is captured by the 
clip arms[8].

A pooled analysis of 17 patients with acute, 
intermediate and chronic esophageal wall defects 
showed that endoclips closed esophageal perforations 
ranging from 3 to 25 mm effectively[15]. Gastric 
perforation during endoscopic resection procedures 
(EMR, ESD) can also be treated by endoclipping 
as reported by Minami et al[16]. In a retrospective 
analysis, endoscopic closure was successful in 115/117 
(98.3%) patients, and only 2 patients (whose endoclip 
closure was unsuccessful) underwent emergency 
surgery. Endoclipping of iatrogenic colonic perforations 
has also been also investigated: in a series of 7598 
colonoscopies, defects were effectively closed in 25/27 
patients[17]. 

Over the scope clips
A single application of over the scope clips (OTSC) 
can provide full thickness closure of open defects 
up to 2-3 cm. The design of the device, commonly 
known as the “bear claw” is fundamentally different 
from that of TTS clips. The advantage of OTS over 
TTS clips is their ability to close long-lasting leaks and 
fistulas even when the tissue surrounding the defect 
is inflamed or indurated. This is possible due to the 
greater compressive force and tissue capture of the 
OTS devices. Defects with everted edges can also 
be effectively closed with OTSC. Two commercially 
available and currently popular OTS clip systems are 
the OTSC (OTSC, Ovesco Endoscopy AG, Tübingen, 
Germany) and the Padlock clip (Aponos Medical Corp., 
Kingston, New Hampshire).

OTSC (Ovesco Endoscopy AG, Tübingen, Germany)
The OTSC System Set comprises an applicator cap 
with a mounted OTSC clip, a thread, thread retriever 
and a hand wheel for clip release[18]. The transparent 
applicator cap is mounted on the tip of the endoscope. 
A thread is introduced into the working channel and 
is fixed onto a hand wheel at the working channel 
access port of the endoscope[19]. The clip is made of 
a biocompatible material, Nitinol®, and can remain in 
the body for a long time. Caps are available in three 
different sizes suitable for almost all commercially 
available endoscopes: 11 mm, 12 mm, and 14 mm. 
There are two different depths of caps for grasping 
more or less tissue during approximation. The clips 
are available in three sizes adapted to the cap sizes. 
There are also three different clip tooth shapes suitable 
for different indications and tissues: (t) traumatic, 
(a) atraumatic, and (gc) gastrostomy closure. The 
traumatic (t) clip is more commonly used to close 

and the concomitant inflammation of surrounding 
tissues. Direct visualization of the fistula orifice can 
be facilitated by injecting methylene blue through an 
external catheter.

The most efficient treatment for gastrointestinal 
leaks remains controversial. Some authors suggest 
aggressive therapy with surgical re-operation, while 
others recommend conservative treatment with broad-
spectrum antibiotics, nasogastric tubes, parenteral 
nutrition and adequate drainage. However, conventional 
therapy is associated with a prolonged hospital stay, 
increased costs and a mortality rate of up to 60%[11]. In 
the past decade, an increasing number of publications 
has described endoscopic therapy for gastrointestinal 
(GI) disruptions of different etiologies. The current 
endoscopic management of leaks and fistulas includes 
stent placement, endoclipping, application of tissue 
sealants and suturing devices[12,13]. There are certain 
requirements for the proper use of these techniques. 
Tissue sealants and clip application are considered 
the best therapeutic options for small defects, while 
endoscopic stent placement should be used for 
dehiscences ranging between 30% and 70% of the 
lumen circumference. Larger disruptions should be 
treated surgically[10]. During the endoscopic procedure, 
carbon dioxide insufflation is preferred because of 
possible gas leaks into body cavities. To reduce septic 
and respiratory complications, some cases will need 
adequate mediastinal or pleural drainage[2]. The 
effectiveness of closure after endoscopic treatment 
should be confirmed by imagining studies, including a 
contrast study with Gastrografin.

CLIPPING TECHNIQUES
Through-the scope clips
Hayashi et al[14] reported the first use of clips in 
gastrointestinal endoscopy in 1975. Endoscopic clips 
were initially used primarily to treat gastrointestinal 
bleeding. They are now used in many other situations, 
to both treat and diagnose gastrointestinal tract 
diseases. Non-hemostatic applications of endoscopic 
clips include-the closing of perforations, fistulas and 
postoperative gastrointestinal leaks; preventing post-
polypectomy bleeding; marking lesions for further 
surgical or fluoroscopic-guided therapy; attaching 
feeding tubes; and fixing stents to prevent migration. 
The various endoscopic clips and their delivery 
systems differ in many properties relating to the size 
and shape of the arms, the width of the opening span, 
the possibility for rotation and clip reopening and 
the pressure force of the closed arms. The clips are 
available in preloaded and reloadable forms, and their 
properties determine both the application time and 
time of clip retention in the tissue. In general, through-
the scope clips (TTSC) can close luminal defects < 2 
cm in size. However, for defects > 1 cm, a combined 
technique using an endoloop and TTSC, or omental 
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fistulas and perforations, while the atraumatic (a) clip 
is preferred to control bleeding. The approximation 
of the gaping edges of a lesion, especially when the 
tissue is indurated, can be facilitated by two dedicated 
accessories, the OTSC Twin Grasper and the OTSC 
Anchor. It is also possible to reload a second clip 
onto an already mounted OTSC system using OTSC 
Reloader. Note that the insertion of an endoscope with 
preloaded clips may be difficult because the mounted 
OTSC system increases the diameter of the endoscope. 

After targeting the lesion, the tissue is aspirated 
or pulled into the cap. By tightening the thread with 
the hand wheel the OTSC is released and closes 
itself to anchor firmly to the tissue (Figure 1). Before 

attempting to close the defect, we suggest performing 
an endoscopy with a transparent distal attachment 
(Figure 2) without the clip and attempting to aspirate 
or grasp the edges of the defect to the cap with or 
without any additional accessories. If the tissue cannot 
be aspirated or grasped into the cap, there is a little 
chance of the defect being effectively closed by the 
OTS clip. Some authors have suggested that ablating 
the tissue edges and areas surrounding the fistula 
orifice with argon plasma coagulation, or abrading 
them with the cytology brush, before closing the fistula 
may help the defect to heal[20].

In a recent European multicenter prospective 
cohort study of 36 consecutive patients with iatrogenic 
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A B

Figure 1  Over the scope clip closure of an esophageal perforation. A: Over the scope clip closure of the defect caused by thermal damage during cardiac surgery; B: 
Endoscopy showing complete closure of the defect. Taken from Department of Gastroenterology and Internal Medicine, Medical University of Bialystok, Poland.

A

B

Figure 2  Boerhaave syndrome. A: Computed tomography scan showing the presence of air in the mediastinum; B: Over the scope clip closure of the perforation 
and feeding tube placement. Taken from Department of Gastroenterology and Internal Medicine, Medical University of Bialystok, Poland.
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perforations (5 esophageal, 6 gastric, 12 duodenal, and 
13 colonic), 89% of patients had successful closures 
without adverse events after OTSC application. The 
primary end point, successful closure, was defined as 
endoscopic closure without leakage and the absence of 
adverse events within 30 d of the procedure[21].

Although previous studies have demonstrated a 
high rate of early fistula closure using OTSC, data on 
long-term fistula closure are scant. A retrospective 
review of all patients who underwent OTSC placement 
at the Mayo Clinic Rochester and Virginia Mason 
Medical Center to close chronic fistulas demonstrated 
a high initial technical success rate (42/47 patients, 
89%), which was defined by a lack of contrast 
extravasation immediately after OTSC placement[22]. 
Nonetheless, a recurrent fistula, defined by the 
recurrence of symptoms and/or re-demonstration of 
fistula after initial success occurred in 19/41 (46%) 
patients at a median of 39 d (IQR: 26-86 d). Only 
25/47 (53%) patients followed for a median duration 
of 178 d (IQR: 63-326) demonstrated delayed clinical 
success, despite frequent clip retention.

Padlock-G clip (Aponos Medical Corp., Kingston, New 
Hampshire)
Padlock clip is another commercially available system, 
and consists of a clear plastic cap with a preloaded 
clip mounted at the tip of the endoscope, a trigger 
wire that runs alongside the endoscope and a control 
handle. The feasibility, reproducibility, and efficacy of 
this system has been investigated in animal studies 
with promising results; however, data regarding its 
clinical efficacy are scant[23].

Endoscopic suturing 
Overstitch endoscopic suturing system (Apollo 
Endosurgery, Austin, Tex)
Endoscopic suturing techniques allow for the closing 
of larger defects; however, it is technically much 
more difficult than clip application. The OverStitch 
Endoscopic Suturing System is currently approved for 
clinical use. The system provides for the approximation 
of tissues by full-thickness stitches. The device 
requires a double channel therapeutic endoscope (GIF 
2T160, Olympus Corp. Tokyo, Japan). The main parts 
of the system are: the end cap, the needle driver 
handle, and an anchor exchange catheter. The end 
cap is mounted on the distal tip of the endoscope. 
The tissue approximation and suture placement may 
be facilitated by a tissue-retracting helix device or 
grasping forceps. During the procedure, additional 
assist components can be inserted through the 
working channel of the endoscope. The OverStitch 
Endoscopic Suturing System allows interrupted or 
continuous stitches without needing to remove the 
device. Both absorbable and non-absorbable sutures 
are available. 

Endoscopic suturing has been used to close both 
acute perforations and chronic fistulas. Two studies 
demonstrated a high rate of complete primary closure 
of gastro-gastric fistulas after bariatric surgery[24,25]. 
However, the long-term results of large (> 2 cm) chronic 
fistula closure with this technique are disappointing. 
Kantsevoy et al[26] reported that closing large post-ESD 
defects, to prevent delayed complications, is tech
nically feasible and cost effective with the OverStitch 
endoscopic suturing device. A case series reports the 
use of endoscopic suturing to fix esophageal stents and 
prevent migration[27].

SELF-EXPANDING METAL AND PLASTIC 
STENTS
Stents are commonly used as a palliative treatment 
for malignant esophageal or colonic strictures. 
However, recent data suggest that the application of 
endoscopic stents - either fully (FSEMS) or partially 
covered (PSEMS) self-expanding metal stents, or 
self-expanding plastic stents (SEPS) - is effective, 
minimally invasive therapy for GI disruptions, including 
post-surgical leaks, fistulas and perforations. Though 
not approved by the FDA for these benign disorders, 
many studies confirm that stents are effective[3,28-30]. 
Partially or fully covered SEMS and SEPS effectively 
seal of GI disruptions, while the stent radial force 
prevents their migration. It allows outflow of the fluid 
from the defect to be temporarily blocked. The major 
advantage of stent placement is the immediate control 
of leaks, protection of the esophageal wall during 
mucosal healing, possibility of early oral feeding and 
prevention of stricture formation[31]. Uncovered and 
partially covered stents have a lower tendency to 
migrate. On the other hand tissue in- and overgrowth 
through the stent hampers removal of the device. 
Fully covered stents are ideal for controlling leakage 
but are more prone to dislodge spontaneously. It is 
extremely important to assure proper drainage of a 
leakage site, and especially a perforation, because 
the implantation of a fully covered stent may prevent 
adequate drainage of a cavity, leading to sepsis, as 
well as preventing the GI wall leak. A recent analysis 
of unsuccessful esophageal stent placement in the 
treatment of gastrointestinal leaks identified four 
factors that significantly reduce the effectiveness 
of therapy: (1) leak located in the proximal cervical 
esophagus; (2) stent traversing gastroesophageal 
junction; (3) esophageal injury longer than 6 cm; and 
(4) anastomotic leak associated with a more distal 
conduit leak[32]. Despite all the known limitations, stent 
placement appears to be a promising treatment for GI 
wall disruptions.

SEPSs are an effective, safe and relatively noninva
sive treatment for esophageal leaks and perforations[30]. 
Polyflex (Boston Scientific, United States) is the most 
commonly used SEPS for this purpose. It is made 
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of polyester, fully covered with silicone, and with a 
flared proximal end to prevent migration. It has some 
advantages over a SEMS for treating of GI disruptions: 
the soft material provides secure and efficient force to 
close the leakage, and the silicone membrane prevents 
tissue ingrowth. This facilitates easy repositioning 
and removal of the stent. The disadvantages of SEPS 
placement area complicated loading and delivery 
device, the large diameter of the provider and a high 
stent migration rate[30]. Polyflex stents have been used 
for 15 years to manage esophageal disruptions. The 
high effectiveness of SEPS for treating esophageal 
leaks and perforations is well documented[2,30,33-35]. The 
rate of successful stent placement in a correct position 
varies between 90% and 100%, and the healing rate 
is also very high (80%-100%)[30]. Moreover, compared 
with conservative treatment, stent placement resulted 
in earlier oral intake, a shorter hospital stay and lower 
in-hospital mortality[2]. The optimal timing of stent 
placement is not well established, but most of the 
studies suggest insertion of the stent immediately 
after the diagnosis of a GI disruption. The diameter of 
the stent depends on the localization of GI disruption. 
Generally, stents for cervical leaks should have a 
smaller diameter (18-23 mm) than those for post-
gastrectomy leaks (21-25 mm), to avoid excessive 
tracheal compression and foreign body sensation[33]. 
Stents should be removed when healing of the 
disruption is confirmed by water-soluble contrast 
examination, endoscopy, and resolution of clinical 
symptoms. In most studies, SEPSs were removed 
within 28 d. The most common complication, stent 
migration, was observed in 8%-23% of cases in the 
short -term and in almost 40% of cases after long-term 
follow-up[30,33-35]. The high frequency of stent migration 
results from the smooth outer surface of Polyflex and a 
lack of concomitant stenosis at the site of the leak. This 
complication may be avoided by placing large-diameter 
stents, or by using endoscopic clips at the stent margin 
to anchor the prosthesis to the gastrointestinal wall. 

Previously, self-expanding metal stents were not 
considered first-line therapy for benign gastrointestinal 
disorders because of their relatively high migration 
rate in the absence of stenosis and possibility of 
tissue in- and overgrowth in uncovered parts of the 
prosthesis[36,37]. The stent material influences the 
extent of tissue hyperplasia, with metal or Nitinol® 
stents causing more hypertrophy than plastic stents. 
Recent reports showed that SEMSs are promising tool 
for the management of GI disruptions, with a high rate 
of healing and relief of symptoms[28,31,38]. Moreover, this 
prosthesis is relatively easy and safe to use. In one of 
the largest studies, which included 88 patients with 
upper GI leaks, fistulas, and perforations, Swinnen 
et al[38] demonstrated the effectiveness of partially 
covered SEMS. The stents were properly placed in all 
patients (average 1.74 PSEMSs per patient) for an 
average of 128.6 d, with the lekage resolved in 78% 

of patients after primary and 84% after repeated 
endoscopic treatment. Spontaneous migration occurred 
in 11% of stentings. Minor (dysphagia, hyperplasia, 
rupture of stent coating) and major complications 
(bleeding, perforation, tracheal compression) occurred 
in 21% and 6% of patients, respectively. PSEMSs 
were successfully removed from 96% of patients. 
To facilitate stent removal, the authors suggested 
rat-tooth forceps, provided that there was only mild 
tissue hyperplasia at the end of prosthesis. In the 
case of moderate to severe hyperplasia, inserting 
a SEPS (Polyflex) inside the SEMS for 1-3 wk can 
induce necrosis of the hypertrophic tissue and facilitate 
removal of the stent. Alternatively, ingrown tissue can 
be treated with argon plasma coagulation to expose 
the metal mesh of the stent. To prevent excessive 
tissue in- and overgrowth most experts recommend 
stent removal 6 to 10 wk after treatment[31,38,39]. 

Two relatively large retrospective studies assessed 
the usefulness of different types of stents (FSEMS, 
PSEMS, SEPS) in the treatment of GI disruptions[29,31]. 
A total of 52 and 54 patients received 83 and 132 
stents, respectively, to treat anastomotic leaks, fistulas 
and perforations. Successful stent placement was 
observed in 99%-100% of cases. Clinical success, 
defined as closing the leakage, was achieved in 
76%-83% of patients, with no differences between 
partially and fully covered metal or plastic stents. 
Stent migration occurred more frequently with FSEMS 
(20%), than with SEPS (14%) or PSEMS (10%), 
while tissue in- and/or overgrowth occurred only with 
PSEMS (11%)[31]. The authors identified two factors 
associated with the successful primary closure of a 
GI disruption: a shorter time between diagnosis of 
esophageal leakage and stent insertion and a smaller 
luminal opening diameter[29]. This is in agreement with 
a previous study that showed a 100% success rate 
after immediate closure of a perforation, compared 
with 50% when the SEMS was inserted after one 
month[38]. In summary, both plastic and metal SEMS 
offer a favorable alternative to surgery or conservative 
management for the treatment of benign upper GI 
leaks, fistulas and perforations.

Lower GI fistulas and anastomotic leaks after 
colorectal resection are a serious clinical problem. 
SEMSs are less often used to treat lower GI leakage 
because the more vigorous motility of the colon 
increases the probability of proximal or distal stent 
migration. This prevents closure of the leakage and 
increases the risk of procedure-related complications 
such as obstruction, perforation, and bleeding. 
Recently, Lamazza et al[3] presented the results of 
placing mostly full-covered SEMS in patients with 
symptoms of lower GI leakage after colorectal surgery. 
The area of leakage included at least 30% of the 
anastomotic circumference. Stents were successfully 
placed in all patients. During the observation period 
(mean 2 years) the leakage resolved in 84% of 
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patients treated with FSEMS. Based on limited data, 
SEMS placement seems to be an attractive alternative 
for some patients with symptomatic leakage after 
colorectal resection. 

TISSUE SEALANTS
Tissue sealants have been used for more than 20 
years with a good results for GI disruptions[40]. The 
most common tissue sealants in clinical use are 
biologic (fibrin) glue and cyanoacrylate[12,41,42]. The 
two main components of fibrin glue are human 
fibrinogen reconstituted with aprotinin and thrombin 
reconstituted with calcium chloride. They are applied 
via a double lumen catheter to form a fibrin cloth (in 
a process mimicking blood coagulation) in the area of 
the leak. Fibrin glue requires endoscopic removal of 
tissue remnants and pus because it is most effective 
when applied to a dry area. N-butyl-2-cyanoacrylate 
(Histoacryl, B. Braun, Germany) is the most popular 
cyanoacrylate used to treat leakage. Once applied, 
cyanoacrylate polymerizes after contact with moisture, 
causing tissue necrosis and an inflammatory response. 
It is not affected by gastric or pancreatic enzymes. 
Moreover, it has antibacterial properties and can be 
applied to an infected site[12,42]. Usually, before applying 
a sealant, the mucosa around the opening is de-
epithelialized (with a cytology brush or argon plasma 
coagulation) to promote inflammation and to facilitate 
healing of the fistula[13].

Tissue sealants are applied as monotherapy or in 
combination with other endoscopic techniques (i.e., 
clips, Vicryl mesh). In one of the most recent studies, 
endoscopic application of tissue sealants successfully 
closed anastomotic leaks in 61 of 63 patients[12]. The 
median total volume of fibrin glue applied was 12 
ml (average of four sessions required) and 1.5 ml 
for cyanoacrylate (average of two sessions). Similar 
favorable results were obtained in other studies, 
with successful fistula sealing rates ranging between 
37% and 87% after fibrin glue was applied over 2.5 
to 4 sessions[43,44]. High-output GI fistulas require 
multimodal therapy that combines sealants with other 
methods. For large diameter upper gastrointestinal 
fistulas, Böhm et al[41] reported promising results by 
combining Vicryl mesh and fibrin glue. Successful 
fistula healing was obtained in 87% of patients, with 
re-epithelialization of the lesion within a mean of 44 
d. Another therapeutic approach for large diameter 
fistulas is a combination of fibrin glue and stent 
placement[45]. A recent study compared the safety and 
efficacy of endoscopic therapy (including the use of 
tissue sealants in 14 of the 20 patients) with surgical 
methods[46]. Endoscopic therapy resulted in a very 
high technical success rate (95%) and lower frequency 
of leakage at the end of the study, compared to 
surgical treatment (17.5% vs 58.3%). In conclusion, 
tissue sealants are a valuable tool for the successful 

treatment of postoperative gastrointestinal leaks and 
fistulas.

OTHER TECHNIQUES
EBL
Two case series investigate endoscopic band ligation 
of iatrogenic gastric and colonic perforations following 
failed endoclip closure, with promising results[47,48]. This 
technique should be taken into account as a salvage 
therapy when clip application is technically difficult.

Cardiac septal defect occluder
The Amplatzer Septal Occluder (AGA Medical Group, 
Plymouth, MN) is a device developed for the occlusion 
of atrial septal defects but has also been used off-label 
to close GI fistulae[19]. The device consists of two self-
expandable disks made of Nitinol® mesh covered by 
polyester fabric, connected by a short waist that has 
various diameters. Before implanting the occluder, the 
size of the defect should be measured e.g., by inflating 
a balloon under fluoroscopic guidance. The 70-cm 
delivery system is too short to deploy the device 
through the scope, but the occluder can be implanted 
under direct visualization, by passing it alongside the 
endoscope over an endoscopically placed guidewire.

Gastric leaks and esophagotracheal fistulae have 
been successfully closed with the cardiac septal defect 
occluder[49,50]. Melmed et al[51] reported successful 
endoscopic management of refractory gastrocolonic 
fistula in a two-step endoscopic approach using the 
cardiac septal defect occluder with cyanoacrylate 
glue and a CardioSEAL septal repair implant with 
cyanoacrylate glue and hemoclips.

Endoscopic vacuum assisted closure
Endo-SPONGE: Endoluminal vacuum therapy is 
a minimally invasive method to treat anastomotic 
leakage, especially following rectal surgery. Endo-
SPONGE consists of an open-pored polyurethane 
sponge and a suction tube connected to a wound 
drainage system. The sponge can be cut to the size 
of the wound cavity. After a diagnostic endoscopy, an 
endoscope and overtube are inserted into the wound 
cavity. The sponge is placed into position and released 
using the pusher. Several sponges can be used during 
one session, depending on the size of the wound 
cavity. The sponge allows a gentle, continuous suction 
to be transferred evenly over all tissues in contact 
with the sponge surface and provides appropriate 
drainage with a gradual reduction in the size of the 
wound cavity. One disadvantage is the need to change 
the sponge every 48-72 h, until the wound cavity has 
healed. 

Arezzo et al[52] evaluated the long-term efficacy 
of endoscopic vacuum therapy for the treatment of 
anastomotic leaks after colorectal surgery. In this 
retrospective review, endoscopic vacuum assisted 

10549 October 7, 2015|Volume 21|Issue 37|WJG|www.wjgnet.com

Rogalski P et al . Endoscopic management of GI wall defects



closure (EVAC) was applied in 14 patients with an 
overall success rate of 79%. The treatment had 
a median duration of 12.5 sessions (range: 4-40 
sessions) and a median time to complete healing was 
of 40.5 d. Another retrospective analysis of 71 patients 
compared stent placement (SEMS or SEPS) with EVAC 
for the nonsurgical closure of intrathoracic leakage[53]. 
The overall closure rate was significantly higher in the 
EVAC group (84.4%) compared with the SEMS/SEPS 
group (53.8%). Based on the available studies, EVAC 
seems to be an effective and interesting alternative to 
other methods for the treatment of anastomotic leaks.

CONCLUSION
The appropriate management of patients with gas
trointestinal leaks, fistulas and perforations requires 
cooperation between the gastroenterologist, surgeon 
and radiologist. The increasing number of endoscopic 
procedures with a high risk of perforation and the 
increasing incidence of leakage associated with 
bariatric operations necessitate minimally invasive 
treatment of these complications. Endoscopic closure 
techniques are a promising alternative to surgical 
treatment. Nevertheless, there is a need for further, 
large, randomized, controlled trials comparing the 
clinical efficacy of the different endoscopic techniques, 
as well as the outcomes of endoscopic and surgical 
management of gastrointestinal wall defects. With the 
introduction of new endoscopic devices, we expect 
the results of endoscopic treatment of gastrointestinal 
perforations, leaks and fistulas improve significantly.
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