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Introduction

Esophagorespiratory fistulas (ERFs) are abnormal 
pathologic communications between the gastrointestinal 
and respiratory tract. Most congenital ERFs are associated 
with esophageal atresia (EA) while most acquired ERFs 
are secondary to pulmonary and esophageal malignancies. 

Benign etiologies of ERFs include infection, foreign bodies, 
prolonged intubation and iatrogenic surgical injuries of 
the esophagus or tracheobronchial tree. Patients typically 
present with dysphagia and/or respiratory symptoms 
indicative of aspiration, such as, recurrent cough and mild 
to severe bronchopulmonary infection. Early diagnosis 
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is paramount as is it associated with improved outcomes. 
Diagnosis is usually suspected by imaging and confirmed 
with bronchoscopy or upper gastrointestinal endoscopy. 
Quality of life is significantly reduced due to poor oral 
intake and 6-month survival is less than 50% (1). Multiple 
management options exist including oncologic, endoscopic, 
and surgical approaches (2,3).

The past few years have witnessed rapid advances 
in therapeutic endoscopy, and many new endoscopic 
techniques have emerged and are being successfully used 
to help manage patients with ERFs. Studies evaluating 
strategies for the management of ERFs are limited to small 
retrospective studies and case series making it difficult to 
establish a standard treatment algorithm. 

In this manuscript, we will provide an up-to-date review 
on the current management options for patients with ERFs 
with a focus on the rapidly evolving role of interventional 
endoscopy and novel and emerging endoscopic technology 
including endoscopic suturing, endoscopic vacuum-assisted 
closure (EVAC) therapy, and over-the-scope clips (OTSCs). 
We present this article in accordance with the Narrative 
Review reporting checklist (available at: https://med.
amegroups.com/article/view/10.21037/med-22-48/rc).

Methods

Relevant studies regarding the management of ERFs 
through August 2022 were identified via a PubMed search 
using different combinations of the following terms: 
‘esophagorespiratory fistula’, ‘tracheoesophageal fistula’, 
‘esophageal stenting’, ‘over-the-scope clips’, ‘endoscopic 
suturing’, ‘tissue sealants’, ‘endoscopic vacuum-assisted 

closure therapy’ and ‘cardiac septal occlusion devices’. 
Additional papers were identified by reviewing reference 
lists of relevant publications. Data was extracted based on 
the relevance to the topic of the manuscript (Table 1). 

Etiology

ERFs may be congenital  or acquired. Congenital 
tracheoesophageal fistula (TEF) is a common congenital 
anomaly of the respiratory tract with an estimated incidence 
of 1 in 4,000 live births (4). TEFs usually occur with EA and 
are classified into 5 distinct phenotypes according to their 
anatomical configuration (5). In 4% of the cases, congenital 
TEF occurs without EA (H-type) and may be diagnosed 
at an older age (6). The epidemiology and management 
options of congenital TEFs have been extensively described 
leading to a significant improvement in outcomes. In 
contrast, less is known regarding the management of 
acquired TEFs which typically affects the adult population.

Acquired ERFs are divided into benign or malignant 
etiologies. Nearly 50% of acquired ERFs are benign and 
are usually diagnosed in patients with tracheostomies or 
on mechanical ventilation. Pressure necrosis between the 
anterior wall of the esophagus and the membranous trachea 
may lead to the development of ERFs. In mechanically 
ventilated patients, TEFs are reported in up to 3% of cases 
with risk factors including poor nutritional status, diabetes, 
steroids, and active infection (7). Following esophagectomy, 
postoperative leaks and fistulas can develop in up to 8% of 
patients with a high 3-month mortality rate of 18.2% (8). 
Other etiologies include radiation therapy, trauma, caustic 
ingestion, foreign bodies, non-steroidal anti-inflammatory 

Table 1 Search strategy summary

Items Specification 

Date of search August 1, 2022

Databases PubMed 

Search terms used ‘esophagorespiratory fistula’, ‘tracheoesophageal fistula’, ‘esophageal stenting’, ‘over-the-scope clips’, 
‘endoscopic suturing’, ‘tissue sealants’, ‘endoscopic vacuum-assisted closure therapy’, ‘cardiac septal 
occlusion devices’

Timeframe 1983–2022

Inclusion and exclusion 
criteria 

Focus was placed on papers in English related to the endoscopic management of esophagorespiratory fistulas 
from a gastroenterology standpoint. Papers discussing the management from a pulmonologist’s perspective 
were excluded

Selection process F.N. conducted the literature search. All the authors subsequently discussed and agreed on the literature 
selection

https://med.amegroups.com/article/view/10.21037/med-22-48/rc
https://med.amegroups.com/article/view/10.21037/med-22-48/rc
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drugs (NSAIDs), or infection (9,10).
Malignant ERFs originate from complications of 

esophageal, tracheal, bronchopulmonary, or mediastinal 
malignancy. They are associated with lower rates of 
resolution and survival compared to benign fistulas (11). 
Malignant fistulas can result from tumor invasion and disease 
progression, or complications from cancer treatment (surgery, 
radiation therapy, or chemotherapy). Antiangiogenic agents 
may increase the risk of fistula formation (12,13). Around 
half of all malignant ERFs involve the trachea and slightly 
more than a third involve the main bronchi. Aspiration rather 
than tumor progression is the main cause of death in these  
patients (14). The incidence of fistulas resulting from 
esophageal cancer is estimated at 5% to 15% (15), and 
may be as high as 30% in those with advanced disease (16). 
Fistula formation is associated with highly progressive less 
differentiated tumors (17). At the time of fistula detection, 
90% of patients with ERFs have metastatic disease and mean 
survival from the time of diagnosis is less than 3 months 
(17,18). ERFs develop in less than 1% of lung cancer patients 
and 14.75% of those with tracheal cancer (19).

ERFs may occur anywhere along the esophagus or 
respiratory tract. They are more frequently found in the 
upper and middle third of the esophagus (17,20). Proximal 
ERFs have lower clinical success rates, and higher rates 
of recurrent aspiration and adverse events compared to 
distal ERFs. Overall survival is also shorter with proximal 
ERFs (20). This may be due to the anatomical proximity of 
the upper esophagus to the trachea allowing for extensive 
contamination of the lungs in the event of an aspiration. 

Presentation 

Patients with ERFs can have multiple clinical manifestations 
according on the underlying etiology, clinical status, the 
fistula’s size, rate of formation, and location. In ventilated 
patients, fistulas may present with persistent air leak despite 
an inflated cuff, inability to wean from the ventilator, 
and abdominal distention. In non-intubated patients, 
coughing immediately after swallowing, fevers, recurrent 
pneumonias, and respiratory secretions mixed with gastric 
contents should raise concern for ERF (9). Worsening 
cough with swallowing (Ono’s sign) is present in 81% of 
patients with ERFs (21). In malignant ERFs, most patients 
already have symptoms of malignancy such as dysphagia, 
dyspnea, pain, and weight loss. An increase in dysphagia or 
dyspnea is highly suggestive of an ERF in these patients. 
Other symptoms include hemoptysis, and chest pain (22). 

The average time from symptoms onset to detection in 
malignant ERF is 7.3±4.25 months (23).

Clinical management 

With a median survival of less than three months from 
the time of diagnosis, prompt multidisciplinary approach 
including pulmonology, gastroenterology, thoracic surgery, 
and oncology is required for the management of ERF. 
The management of malignant ERFs has evolved from 
supportive care alone, through an era of surgical options, to 
minimally invasive approaches. 

Surgical management 

Surgical options include thoracotomy with direct suture 
closure, primary repair with tissue flap interposition 
of both esophageal and airway defects, or esophageal 
diversion with reconstruction. Single-stage primary repair 
can be performed in most patients with acquired non-
malignant ERFs with superior resolution rates compared 
to endoscopic options (24). In a systematic review of  
165 patients with benign recurrent TEFs, success rate was 
93.5% in patients who underwent open surgery compared 
to 84% with endoscopic therapy. Refistulatization rate 
was also lower at 21% with surgical treatment and 63% 
with endoscopic treatment (3). While surgical closure of 
the fistula and resection of the diseased esophageal and 
pulmonary tissue provides the best opportunity for recovery 
in malignant ERFs, this is rarely performed as patients 
have advanced malignancy and are poor surgical candidates 
by the time of diagnosis. Therapy of patients with ERF of 
tumorous origin is mainly palliative. Esophageal bypass 
surgery is a less invasive option that may provide palliation 
and improve respiratory symptoms and oral intake in these 
patients (25).

Chemotherapy and radiation therapy 

Although malignant ERF is typically seen late in the course 
of the disease, esophageal cancer patients may occasionally 
have ERF on presentation. Chemotherapy and radiation are 
associated with development and worsening of ERFs due 
to the concern of fistula enlargement from tumor necrosis. 
However, treating the underlying malignancy can lead to 
fistula closure in some patients. In a study of 40 patients 
with esophageal squamous cell carcinoma and malignant 
ERF, concurrent chemoradiation combined with adequate 
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enteral nutrition support resulted in fistula closure in 80% of 
patients with a median time from diagnosis to fistula closure 
of 5 weeks (26). Similarly, Muto et al. reported fistula closure 
and resumption of oral diet in 16 out of 24 patients with 
malignant ERFs treated with chemoradiation (27).

Endoscopic management 

Many patients with ERF have poor performance status and 
are therefore non-ideal candidates for surgical repair. In 
these cases, non-invasive strategies are employed to achieve 
fistula closure. Endoscopic closure of an ERF represents an 
important advancement in the treatment of these patients 
with improved mortality and morbidity compared to 
surgical interventions (28). Multiple endoscopic options 
are currently available including esophageal stenting, argon 
plasma coagulation (APC), fibrin glue, OTSC placement, 
polyglycolic acid (PGA) sheets and endoscopic suturing 
(Table 2). Chronic fistulas persisting more than 6 months 
is a risk factor for failure of endoscopic therapy and larger 
orifice size is associated with increased mortality (29). 
Endoscopic therapy involves either closure, covering, or 
draining techniques. Treatment options can also be used in 
combination.

Esophageal stenting 
Esophageal stents are commonly used in the management of 
ERFs particularly in fistulas involving the middle and lower 
third of the esophagus (30). The rationale of the luminal 
stent is to isolate the defect and divert luminal contents 
allowing healing of the fistula. The stent of choice for the 
management of ERF are self-expanding metal stents (SEMS) 
with a significant reduction in complication rates compared 
to previously placed plastic stents (31). SEMS may be 
fully covered (FCSEMS) or partially covered (PCSEMS). 
The uncovered metal mesh ends of a PCSEMS allow 
for tissue ingrowth to increase adherence and minimize 
risk of migration. However, the stent’s inherent risk of 
stimulating mucosal hyperplasia may lead to challenging 
stent removal and stricture formation (32). FCSEMS were 
utilized to avoid these adverse events but have an increased 
risk of migration (33). Stent migration can occur in up 
to a third of patients with esophageal FCSEMS resulting 
in increased healthcare costs, endoscopic reintervention, 
and adverse events (34). Various techniques have been 
developed for fixation of FCSEMS. Notably, endoscopic 
suturing was reported to significantly decrease rate of stent 

migration (35). In addition, an OTSC designed for stent 
fixation (stentfix OTSC, Ovesco Endoscopy AG, Tubingen, 
Germany) was associated with a 76.5% relative risk 
reduction of stent migration (36).

In a study comparing FCSEMS with endoscopic 
suturing and PCSEMS without suturing in 74 patients 
with benign esophageal conditions, the rates of stent 
migration or clinical success were comparable. However, 
adverse events were higher in those who had a PCSEMS 
(46% vs .  21%, P=0.03) .  PCSEMS placement was 
associated with increased risk of tissue ingrowth and 
overgrowth leading to secondary stricture formation and 
difficulty removing the stents. Therefore, FCSEMS with 
endoscopic suturing or OTSC fixation may be preferred 
to prevent migration (37).

SEMS may be placed with direct endoscopic visualization 
or under fluoroscopic guidance. After advancement of a 
guidewire through a forward viewing endoscope, a stent 
delivery system is advanced over the guidewire or through 
the scope and deployed in adequate position. The stent 
should cover both the fistula and parts of normal esophageal 
tissue proximally and distally. Stent location and fistula 
closure is then confirmed endoscopically and/or with an 
esophagram. It is important to ensure drainage of any extra-
luminal collections prior to stent deployment to reduce septic 
complications. To note, esophageal stents do not provide 
an airtight seal over the ERF and the risk of aspiration is 
still present. In addition, oversized stents can lead to fistula 
enlargement by stretching the lumen with their radial force. 

Technical success is reported in nearly 100% of the 
cases, however clinical success is variable ranging from 56% 
to 100% (11,38-42). Upper esophageal location, Eastern 
Cooperative Oncology Group (ECOG) performance status 
of 3 or 4, and fistula development during esophageal cancer 
treatment are independent predictors for initial clinical 
failure (11,41). After initial clinical success, recurrence 
was seen in 35% of patients with malignant ERFs (40). 
Notably, patients with an initial clinical failure following 
SEMS placement have a significantly worse overall survival 
compared to those with initial clinical success (11,40). 
Complication rate is reported at 25% to 30% (11,41), 
including chest pain, gastroesophageal reflux, tracheal 
compression, stent migration, tumor overgrowth, upper 
gastrointestinal (GI) bleeding, fistula neoformation, and 
perforation. Nearly two thirds of patients experience chest 
pain after esophageal SEMS placement, which tends to 
improve within 1 to 2 weeks (43) (Figure 1). 
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Table 2 Summary of endoscopic interventions for the management of esophagorespiratory fistulas

Therapy Advantages Disadvantages 

Esophageal stents (I) Most viable and well-studied intervention; (II) 
nearly 100% technical success rate; (III) clinical 
success 56% to 100%; (IV) treats associated 
esophageal stricture; (V) may allow early oral 
intake

(I) Oversized stents can stretch the lumen resulting in an 
enlargement of the fistula; (II) potential airway compression; (III) 
high complication rate at 25–30%; (IV) prone to migration, often 
requiring additional intervention for stent fixation; (V) prone to 
severe chest pain and tissue ingrowth/overgrowth

Over-the-scope clips (I) Relatively easy to use and safe; (II) high rate of 
full-thickness closure; (III) nearly 100% technical 
success rate; (IV) promising results in small  
series as part of a combination therapy

(I) Limited long-term efficacy as monotherapy at ~45%; (II) high 
rate of recurrence approaching 50%; (III) not appropriate for 
large ERFs due to limited opening diameter; (IV) challenging 
removal if treatment fails

Endoscopic suturing (I) Safe and enables approximation of tissue 
margins to reduce the fistula size; (II) suturing 
material does not need to be removed

(I) Requires familiarity with endoscopic suturing device; (II) 
increased difficultly due to tight endoluminal space and 
tangential suturing in the esophagus; (III) low rates of sustained 
fistula closure in small case series

Cardiac septal 
occlusion device

(I) Promising preliminary data with 77.7% rate of 
successful fistula closure; (II) epithelialization of 
the device may occur leading to fistula closure

(I) Airway complications and fistula enlargement reported; (II) 
decreases airway cross-sectional area; (III) data limited to a few 
case reports

Endoscopic vacuum-
assisted closure 
therapy 

(I) Excellent clinical outcomes in upper GI 
transmural defects with 85% successful closure; 
(II) promotes tissue healing through multiple 
mechanisms; (III) ability of regular endoscopic 
evaluation of the defect

(I) Lack of data specific to chronic esophagorespiratory fistulas; 
(II) transnasal tube must remain in situ for at least 3–4 weeks; 
(III) multiple endoscopic sessions are required for periodic 
replacement of the sponge system increasing procedural costs

Tissue sealants (I) Efficacy demonstrated in pediatric population 
(55.7% efficacy in fistula resolution); (II) higher 
success rates when used in combination with 
other modalities; (III) easy to apply

(I) Success mainly limited to small (<5 mm) fistulas; (II) limited 
evidence in adults; (III) can damage the working channel of 
the endoscope; (IV) can cause air embolization; (V) risk of 
tracheobronchial accumulation and airway plugging from 
overflow of excessive volumes of glue

Argon plasma 
coagulation

(I) Technically easy and widely available;  
(II) good overall treatment success

(I) Mainly used as a combination strategy with other techniques; 
(II) only applied to small fistula orifice; (III) may cause 
enlargement of the fistula

Polyglycolic acid 
sheets 

(I) Potential additional benefit when used in 
combination with other strategies; (II) easy to 
apply and does not need to be retrieved

(I) Data limited on a few case reports; (II) repeat procedures are 
often needed

ERFs, esophagorespiratory fistulas; GI, gastrointestinal.

Combined esophageal and airway stenting 
Insertion of an esophageal or a tracheobronchial stent 
is usually sufficient in patients presenting with an ERF. 
However, combined placement of esophageal and 
tracheobronchial stents may be entertained for a small 
subset of patients with ERFs (44). It is estimated that 15% 
of patients with ERFs could require double stenting (45). 
This is typically done in situations when an expanding 
esophageal stent could lead to airway compromise, in 
patients with preexisting tracheal stenosis, and in large 
fistulas (>20 mm) (46). However, dual esophageal and 
airway stenting may lead to worsening of the fistula due 

to pressure necrosis from the two opposing stents. To 
minimize the likelihood of injury, a stent with less radial 
force and small diameter should be selected in these 
situations. Airway stenting is usually performed first under 
general anesthesia to avoid potential tracheal compression 
by the expanding esophageal stent. Parallel esophageal and 
tracheal stenting is associated with significant improvement 
in dysphagia and dyspnea (45,47,48). Although the stenting 
strategies of single vs. combined stents are used based on 
limited case series, there are no comparative trials assessing 
the efficacy of both approaches. The main concerns 
with parallel stenting are airway compromise and major 



Mediastinum, 2023Page 6 of 12

© Mediastinum. All rights reserved.   Mediastinum 2023;7:34 | https://dx.doi.org/10.21037/med-22-48

hemorrhage resulting from esophageal tissue necrosis and 
erosion of tracheal and esophageal walls at sites where stents 
are in opposition, leading to bleeding from the esophageal 
venous plexus. Włodarczyk et al. described 31 patients who 
underwent double stenting with 100% technical success 
rate and significant improvement in symptoms and quality 
of life. One patient however had massive fatal bleeding on 
the third day after stenting (47). Binkert et al. also report on 
two patients who had fatal hemorrhage 2 and 3 weeks after 
parallel stenting (49). This technique should be considered 
carefully as complications can be fatal, if possible, single 
stenting should be the preferred strategy. 

OTSCs 
OTSCs were initially developed and successfully used for 
the management of GI bleeding and perforations (50).  
OTSCs showed a high rate of full-thickness closure in 
several studies compared to standard hemoclips (51). 
Closure of perforations is not hindered by fibrosis. However, 
successful closure of chronic GI fistulas is considerably 
more challenging due to edema and inflammation. OTSCs 
were first used in 2010 for successful closure of an ERF (50). 
Two OTSC systems are currently used. The Ovesco OTSC 
(Ovesco Endoscopy AG, Tubingen, Germany) consists of a 
nitinol clip that is preloaded on an applicator cap attached 
on the endoscope tip. The clip is deployed by pulling a 
wire through the endoscope working channel. The clip 
branches are equipped with teeth that have additional spikes 
to anchor the clip at the target site while approximating 
the wound edges. Three types of the clip can be used 

depending on the teeth configuration. These include the 
blunt or atraumatic type (a type), the traumatic type with 
short, pointed teeth (t type), and the traumatic type with 
long pointed teeth (gc type). A twin grasper or an anchoring 
device is typically used to approximate the edges of the 
defect before deploying the clip. The tri-prong anchor 
device can be particularly helpful if the tissue is indurated 
or scarred as in ERFs. The Padlock clip (STERIS, Mentor, 
OH, USA) is another OTSC device with a comparable 
release mechanism to the Ovesco clip with only one 
available size. 

In a multicenter study, OTSCs were evaluated for the 
management of GI defects in 188 patients, of which 108 
had fistulas and 16 were ERFs. Among those with fistulas, 
technical success was achieved in 93.4% of the cases 
and long-term clinical success in 42.9%. Concomitant 
endoscopic therapy was performed in 43.5% with APC 
being the most common. All technical failures occurred 
due to fibrotic or retracted edges of the fistula impending 
adequate opposition of the defect borders. Clinical success 
was significantly lower compared to closure of perforation 
and leaks (52). A review of the published literature 
including 388 cases with fistulas reported an overall 
clinical success rate of 52% (53). Silon et al. describe  
four patients where OTSC was used as part of combination 
therapy (one with esophageal stent and three with airway 
stents) all of which achieved clinical success (20). OTSC 
is considered a relatively safe device with OTSC-related 
complications estimated at 1.7% and severe complications 
at 0.59% (53).

A B C

Figure 1 Patient with history of lung cancer treated with chemoradiation, currently in remission, presented with recurrent aspiration 
pneumonia. (A) An esophagram demonstrated evidence of a tracheoesophageal fistula; the black arrow indicates the fistula site; (B) upper 
endoscopy showed the fistula in the middle third of the esophagus; the yellow arrow indicates the opening of the tracheoesophageal fistula; (C) 
a fully covered esophageal self-expanding metal stent was deployed over the fistula site.
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Endoscopic suturing 
Endoscopic suturing systems represent a minimally 
invasive endoscopic suturing technique with a wide 
host of applications in the GI tract. The Overstitch and 
Overstitch SX (Apollo Endosurgery, Inc., Austin, TX, 
USA) are currently the main endoscopic suturing platforms 
commercially available. A double channel upper endoscope 
is required for the Overstitch while the Overstitch SX can be 
used with a regular upper endoscope. The suturing system 
allows placement of sutures in a continuous or interrupted 
fashion without the need to remove the endoscope for 
suture reloading. Endoscopic suturing enables the reduction 
of the size of the leak or fistula by approximation of the 
opposite tissue margins. Nonetheless, expertise and specific 
training is required for the use of this device. Suturing may 
be challenging in ERFs where suturing is tangential with 
a tight endoluminal space. Before attempting endoscopic 
suturing of an epithelialized fistula, the chances of 
successful closure may be improved by de-epithelializing 
the perimeter of the fistula. Coagulation of the defect 
perimeter with APC or mechanical abrasion with a brush 
catheter are the two most common techniques used (54).  
Pang et al. describe a technique in a patient with TEF 
consisting of small mucosal resections surrounding the 
fistula opening to help tissue apposition, and the denuded 
tissue would reduce the chances of recurrence (55).

There is overall limited literature evaluating the outcomes 
and efficacy of endoscopic suturing for ERFs. When 
used, endoscopic suturing is typically part of a multimodal 
approach. In a multicenter study including 40 patients with 
GI fistulas, clinical success was reported at 80% (56). Jin 
et al. report 20 patients with a total of 23 GI fistulas who 
underwent endoscopic suturing, of which 12 were TEFs. 
60% had underwent prior failed attempts at endoscopic 
closure. Although all patients had concomitant use of APC 
and achieved technical success, sustained fistula closure 
was observed in only 5 patients (25%) on surveillance 
endoscopy at 3 months. In addition, patients with TEF were 
predisposed to shorter dehiscence-free survival than those 
with other fistulas (57). Several case reports and case series 
have described successful ERF closure with endoscopic 
suturing (58-60). Catalano et al. reported successful closure of 
6 different enteric fistulas including 2 ERFs. Notably, these 
fistulas required 3 to 4 sessions for complete closure (61).

The X-Tack endoscopic HeliX Tacking System (Apollo 
Endosurgery, Inc., Austin, TX, USA) is a through the scope 
suture-based device used to close irregular and wide defects 
in the upper and lower GI tract. In a multicenter study 

describing the use of this device for GI closure and stent 
fixation, fistula closure was performed in 11 cases. Technical 
success with complete fistula closure was achieved in  
nine cases. Long term follow-up however was not available 
for most patients (62).

Cardiac septal occlusion devices 
Cardiac septal defect occluder (CSO) was developed for 
percutaneous closure of atrial septal defects and ventricular 
septal defects. Recently, the device has also been used for 
endoscopic closure of ERFs. The device consists of two 
self-expandable polyester coated discs connected by a 
thin waist and compressed inside a loaded catheter. When 
deployed, the device closes the luminal contact between 
the respiratory tract with its waist filling out the fistula 
itself. The nitinol structure with interwoven polyester liner 
promotes tissue ingrowth and seals the fistula tract. The 
disc diameter varices from 9 to 54 mm and the waist size 
varies from 4 to 38 mm, which can be adjusted to the size of 
the fistula. The CSO is typically advanced over a guidewire 
under direct endoscopic visualization with or without 
fluoroscopic visualization (63). After deployment, each ring 
expands on either side of the fistula. In a systematic review 
describing the use of CSO for the management of 22 GI 
fistulas, including 13 ERFs, technical success was 100% 
and 77.27% had effective closure after a mean follow-up of 
33 weeks. 72.72% had failed endoscopic closure by other 
modalities. Adverse events occurred in five cases including 
three migrations, one fistula enlargement, and one migration 
due to fistula enlargement (64). Multi-patient studies have 
not been reported to date and further studies are needed to 
assess the efficacy of this technique. Given that the literature 
is only limited to case reports, publication bias is a concern 
as authors tend to publish favorable case reports. 

EVAC therapy 
EVAC therapy is an innovative endoscopic approach for 
the management of transmural GI defects (65). It is based 
on the negative pressure therapy for the management 
of non-healing wounds and promotes tissue healing 
through 5 mechanisms including changes in perfusion, 
microdeformation, macrodeformation, exudate control, and 
bacterial control (66). The procedure consists of deploying a 
polyurethane sponge within the fistula attached to the tip of 
an NG tube. Continuous negative pressure is then applied 
through the NG tube. The sponge is exchanged every 3 to 
5 days. EVAC has shown excellent clinical outcomes in the 
management of upper GI transmural defects with successful 
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closure in 85% of the cases (67). However, most patients 
had acute perforations and postsurgical leaks, with only a 
few reported having bronchoesophageal or TEFs (68-71).  
Larger studies are needed to further evaluate its role in the 
management of patients with ERFs.

Tissue sealants 
Tissue sealants have successfully been used in the 
management of anastomotic leaks and fistulas. Most of the 
evidence for tissue sealants stems from pediatric populations 
as it has been used in the management of congenital ERFs. 
Limited data exists in adult patients with acquired TEF. 
The main classes of sealants are fibrin glue, cyanoacrylate 
glue, and thrombin (72). Fibrin consists of a solution of 
fibrinogen and fibrin that when applied, mimics part of the 
clotting cascade and wound healing. In a study including  
52 patients with GI fistulas or anastomotic leaks, including 
26 with ERFs, fibrin glue resulted in resolution of the 
defect in 55.7% of the cases. Between 2 and 81 mL of 
fibrin was used with a median of 4 sessions. Surgical 
intervention became necessary in 23.1% (73). Scappaticci  
et al. describe the successful management of an acquired TEF 
in a mechanically ventilated patient with fibrin glue (74). 
Cyanoacrylate glue is a synthetic substance that polymerizes 
after contact with moisture, causing an inflammatory 
reaction and tissue necrosis thus inducing tissue healing. 
Case series have described the successful use of cyanoacrylate 
glues for the endoscopic treatment of ERFs (75-77). In a 
systematic review including 203 patients with GI fistulas 
including 28 ERFs, cumulative success rate was 81%. The 
majority of ERFs were congenital (78). Tissue sealants used 
in combination therapy have higher success rates. Richter 
et al. showed that abrasion techniques combined with tissue 
sealant (fibrin with added aprotinin) had a high success 
rate of 93.3% (n=15), compared to 62.5% for abrasion 
alone (n=8), and 78.6% for sealant alone (n=14) (79).  
Similarly, fibrin glue combined with electrocautery in 
patients with recurrent TEF had a higher efficacy compared 
to electrocautery alone (86% vs. 67%) (80).

Occlusion of the working channel and glue adherence 
to the tip of the endoscope can lead to instrument damage. 
Air embolization and death have been reported during 
fistula treatment with injection of cyanoacrylate and fibrin 
glues and was possibly related to overinsufflation within the 
fistula tract (81). When managing ERFs, there is a risk of 
airway plugging and tracheobronchial accumulation from 
overflow of excessive volumes of glue (72).

Other endoscopic modalities 
Other endoscopic options have been reported in the 
management of patients with ERFs including PGA sheets, 
and APC (82-84). These are usually used in association with 
the previously mentioned endoscopic options.

Several case series have evaluated APC as a treatment 
option for patients with ERFs (84,85). APC leads to 
the creation of coagulation-induced inflammation and 
granulation along the fistula tract. Overall, treatment 
success was reported in 66% of patients with more than 
12 months of follow-up requiring two applications on 
average (85). Considering the possibility to cause fistula 
enlargement, this technique should be used with caution.

PGA sheets are suture reinforcement material that are 
made of a bioabsorbable synthetic polymer and is used 
in a variety of surgical, pulmonary, and gastroenterology 
contexts to close fistulas and minimize adverse events 
at surgical sites (86). A few case reports have described 
successful resolution of ERFs when PGA sheets were used 
in combination with fibrin glue, and hemoclips without 
adverse events (86-88). Based on the limited data, PGA 
sheets may provide some additional benefit when used for 
the management of ERFs.

Limitations

Studies evaluating strategies for the management of ERFs 
are limited to small retrospective studies while head-to-
head studies comparing different endoscopic options are 
lacking. Currently, selecting the endoscopic strategy largely 
depends on operator preference, location and size of the 
fistula, viability of the surrounding tissue, and patient’s 
comorbidities. Future studies comparing the effectiveness of 
different endoscopic strategies for the management of ERFs 
could help establish a standardized treatment algorithm and 
potentially improve patient outcomes. 

Conclusions

ERFs are associated with significant morbidity and 
mortality. A variety of endoscopic therapies are currently 
available including stent placement, OTSCs, cardiac septal 
occluder devices, APC, tissue sealants, endoscopic suturing, 
PGA sheets, and EVAC. With limited data comparing 
different treatment strategies, it is difficult to establish a 
standardized therapeutic algorithm. Successful endoscopic 
management depends on several factors including etiology, 
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lesion chronicity, local tissue viability, comorbidities, and 
expertise. The management of ERFs remains challenging 
and may often require multiple treatment modalities. 
Successful management of ERFs needs a tailored and 
multidisciplinary approach including surgery, pulmonology, 
gastroenterology, and oncology.
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