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Treating gastrointestinal (GI) fistulas endoscopically is challenging owing to an established epithelial tract. The variety of endoscopic 
approaches is transforming endoscopy into a first-line therapy. However, many sessions are often required, with variable success rates. 
Owing to these limitations, the off-label use of cardiac septal occluders (CSOs) has been reported.
We searched for articles related to CSOs in the MEDLINE, EMBASE, Cochrane Library, and LILACS databases and gray literature. The 
primary outcomes included technical success, clinical success, and safety of CSOs in GI fistula management.
A total of 25,574 records were identified, and 19 studies ultimately satisfied the inclusion criteria. Technical success was achieved in 
all cases. Of the 22 fistulas, 77.27% had successful closure, with a mean follow-up period of 32.02 weeks. The adverse event rate was 
22.72%, with no associated mortality. Univariable and multivariable regression analyses showed no significant difference in the success 
of closure and adverse events in relation to several variables among the subgroups.
The use of CSOs appeared to be technically feasible, effective, and safe in the treatment of GI fistulas. The satisfactory results derived from 
this sparse literature suggest that it can be an option in the management of GI fistulas. Clin Endosc  2020;53:37-48
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INTRODUCTION

Gastrointestinal (GI) fistulas can occur after surgery and 
can also be caused by chronic inflammation in the tissues (e.g., 
inflammatory bowel diseases), untreated long-term leak, ma-
lignancy complications, radiation therapy, and chemotherapy 
medications. Fistulas can be divided into either internal or 
external. An internal fistula occurs between an abdominal or-
gan and another organ; conversely, an external fistula occurs 

from an abdominal organ to the skin surface. The established 
epithelial tract near unhealthy tissues makes GI fistulas one of 
the most challenging complications to treat endoscopically.1-3

The variety of endoscopic approaches and devices, includ-
ing closure, covering, and drainage methods, is transforming 
endoscopy as the first-line approach for the treatment of 
these conditions. Closure and covering endoscopic therapies 
include the use of clips, cap mounted clips, self-expandable 
metal stents (SEMSs), tissue sealants, and endoscopic sutures. 
Draining therapies and techniques include internal endoscop-
ic drainage using double pigtail stents and endoscopic vacu-
um therapy. However, the literature shows that many sessions 
are often required, with variable success rates. Owing to the 
limitations of the current therapeutic approaches, the off-label 
use of cardiac septal occluders (CSOs) has been reported.4-15

Dr. Kurt Amplatz, an interventional radiologist, invented 
the AMPLATZERTM cardiac septal defect occluder for closing 
atrial septal defects (ASDs). In 1958, he performed one of the 
first percutaneous catheterizations of the heart. The AM-

Received: January 16, 2019    Revised: February 21, 2019 
Accepted: February 24, 2019
Correspondence: Christopher Thompson
Brigham and Women’s Hospital, Harvard Medical School, 75 Francis St., Boston, 
MA 02115, USA
Tel: +1-617-525-8266, Fax: +1-617-264-6342, E-mail: cthompson@hms.harvard.
edu
ORCID: https://orcid.org/0000-0002-6105-5270

cc  This is an Open Access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the original work is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.5946/ce.2019.030&domain=pdf&date_stamp=2020-01-30


38   

PLATZERTM cardiac septal defect occluder (St. Jude Medical, 
Plymouth, MN, USA) is a shape-memory, self-expanding 
double-disc device composed of nitinol and interwoven poly-
ester, which promotes occlusion and tissue in-growth. The 
thick waist portion serves to self-center the device during 
deployment to close the defect. The disc diameter varies from 
9 mm to 54 mm, and the waist size varies from 4 mm to 38 
mm. Although CSOs are intended for percutaneous closure 
of ASDs or ventricular septal defects (VSDs), they have been 
used repeatedly in other situations, mainly concerning other 
cardiovascular defects, such as arteriovenous fistulas, aberrant 
or dilated vessel occlusion, and aortic pseudoaneurysms.16-18 
Further, there have been reports of CSOs being used to close 
extravascular defects, including bronchopleural and GI fistu-
las.7,8,19

In this review, we describe the role of the off-label use of 
CSOs in the treatment of GI fistulas.

MATERIAL AND METHODS

This systematic review of the literature was conducted in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) recommendations.20 
The study was registered in the International Prospective Reg-
ister of Systematic Reviews (www.crd.york.ac.uk/prospero/).

Data sources and searches
We thoroughly searched the MEDLINE, EMBASE, Scopus, 

Web of Science, Cochrane Library, OVID, CINAHL/EBSCO, 
and LILACS/Bireme databases and gray literature (references 
from the selected articles) from inception to August 20, 2018. 
The search strategy for the MEDLINE database included the 

use of the following keywords: (fistula OR leak OR defect) 
AND (cardiac septal defect closure device OR AMPLATZER 
OR occluder OR closure device OR endoscopic). A similar 
search strategy was used for the other databases. Literature 
screening and data extraction were independently performed 
by three authors (DM, AB and EM). Disagreement regarding 
final study inclusion was resolved via discussion. If a consen-
sus could not be reached, the senior author (CT) served as the 
final arbiter.

Study selection
Studies were selected following the PICO method:
-   Participants: Randomized clinical trials, observational co-

hort studies, case series, and case reports studying the use 
of CSOs in GI fistulas were considered eligible. Confer-
ence abstracts were also included if they met the eligibility 
criteria.

-   Intervention: Use of CSOs in patients with GI fistulas, in-
cluding those who underwent malignant tumor resection. 
Studies that did not use the AMPLATZERTM cardiac septal 
defect occluder in the management of GI fistulas, those 
with non-human subjects, and those where the fistula site 
involved malignant tissues were excluded.

-   Comparison: There was no comparative group in any of 
the studies included in this systematic review.

-   Outcomes: Efficacy and safety of CSOs in the treatment of 
GI fistulas.

CSOs
CSOs are a shape-memory, self-expanding double-disc clo-

sure device. They have a thick waist to accommodate tissues 
and are composed of nitinol and interwoven polyester, which 
promotes occlusion and tissue in-growth (Fig. 1). These devic-

A B

Fig. 1. (A) Endoscopic image of a cardiac septal occluder (CSO) with tissue in-growth. (B) Fluoroscopic image of a CSO with contrast injection showing occlusion of 
the fistula.
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es can be easily recaptured and redeployed for optimal place-
ment.

There are two types of CSOs: ASD closure device and VSD 
closure device. Both are used for treating GI fistulas, depend-
ing on the size. To select the correct device, it is important to 
understand the characteristics of each, as well as the delivery 
systems, as summarized in Fig. 2 and Tables 1 and 2.

Notably, the CSO delivery system has a maximal length of 
80 cm. Therefore, the delivery system cannot be used through 
the channels of most available endoscopes. The CSO is usually 
delivered over a guidewire under direct endoscopic visual-
ization with or without fluoroscopic examination. Another 
technique can also be used. The CSO is separated from the 
delivery system, allowing the stent to be back-loaded into an 
adapted endoscopic biliary catheter (7 Fr to 10 Fr) to provide 
enough length to be deployed through a therapeutic endo-
scope. This can be performed by placing a pediatric biopsy 
forceps down a biliary catheter and then grabbing the stent to 
be deployed and recaptured as needed through the working 
channel of a therapeutic endoscope.

Outcomes
The main outcomes in this study were the technical success, 

clinical success, and safety profile of CSOs in GI fistula man-
agement.

Data synthesis and analysis
For the qualitative analysis, technical success, clinical suc-

cess, and adverse events were assessed. The averages and stan-
dard deviations were calculated using Microsoft Excel (https://
products.office.com/pt-br/excel). To calculate the fistula dura-
tion and follow-up period, we transformed years and months 
into weeks (1 year=12 months; 1 month=4.3 weeks). In this 
analysis, a fistula duration of <4 weeks was considered acute, 
and that of >4 weeks was considered chronic.

For the quantitative analysis, the Student’s t-test (for contin-
uous variables) and chi-squared test (for categorical variables) 
were used to find any association between successful fistula 
closure and several factors, including age, fistula size, fistula 
duration, prior treatment, and adjunctive therapy. Addition-
ally, the association between adverse events and these factors 
was determined. Univariable and multivariable logistic regres-
sion analyses were then performed to assess the predictors of 
successful fistula closure and adverse events. In the univari-
able analyses, patient age, fistula size, fistula duration, prior 
treatment, and adjunctive therapy were used as the predictors 
of successful closure and adverse events. Given the number of 
cases, two predictors (i.e., prior treatment and fistula duration) 
were allowed in each multivariable model and were selected 
as a priori. P-values of <0.05 were deemed statistically signif-
icant. Statistical analysis was performed using SAS 9.4 (Cary, 
NC, USA).

Table 1. Description of the Cardiac Septal Defect Occluders

Characteristics Atrial septal defet Ventricular 
septal defect

Disc diameter (mm) Right atrial disc: 12–48
Left atrial disc: 16–54

9–26

Waist length (mm) 3–4 7

Device size/
   Waist diameter (mm)

4–38 4–18

Delivery system (Fr) 6–12 5–9

Table 2. Description of the Delivery System of the Cardiac Septal Defect Oc-
cluders

Sheath size 5–12 Fr

Tip angle 45° and 180°

Usable length 60 cm and 80 cm

Fig. 2. Description of the cardiac septal defect occluder and the delivery system. (A) Disc diameter. (B) Waist length. (C) Device size (Waist diameter). (D) Delivery 
cable. (E) Sheath. (F) Plastic vise.
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RESULTS

A total of 25,574 records were identified in the initial 
search. After title/abstract assessment, 29 articles were selected 
for complete evaluation. After individual review, 19 studies 
satisfied the inclusion criteria and were finally included in the 
analysis. To summarize the study selection process, an adapted 
PRISMA flow diagram was used (Fig. 3).20

Results of the individual studies
Rabenstein et al. (2006)21

A 70-year-old woman with an esophagorespiratory (right 
pulmonary segment 6) fistula that occurred after swallowing 
a fishbone (diagnosed 20 years previously) was investigated. 
Bronchial application of methylene blue into the right seg-
ment allowed esophagoscopic identification of the GI portion 
of the fistula. Cytology brush and fibrin glue injection were 
performed; however, the fistula recurred after 5 months. At 
this point, a VSD device was selected. An AMPLATZERTM 
super-stiff guidewire was placed from the esophagus to the 
bronchus and was captured via forceps biopsy. Thereafter, the 
VSD device was deployed over the guidewire and the delivery 
sheath from the esophagus to the bronchus. After 4 weeks, the 
symptoms recurred. After 9 weeks, the patient experienced 
minor hemoptysis. Chest radiography showed that the VSD 
device has dislocated toward the bronchial system, and the 
esophageal end was incompletely expanded. Bronchoscopy 
revealed the site of bleeding to be segment 6; however, the 
VSD device could not be reached for extraction. The patient 
recovered under antibiotic therapy. After 6 months, the pa-
tient had no more symptoms, and contrast studies revealed 
complete closure of the fistula. At the 1-year follow-up, the 
patient reported minor hemoptysis and expectorations, which 

were treated successfully with antibiotics. New endoscopic 
and radiologic evaluations showed that the fistula was closed 
by the completely expanded CSO, although the esophageal 
umbrella was lying in the mediastinum below the esophageal 
wall.

Green et al. (2008)22

A 69-year-old man who underwent esophagectomy after 
primary radiation and chemotherapy for adenocarcinoma of 
the esophagus 14 months earlier was investigated. Comput-
erized tomography (CT) showed a fistula between the right 
mainstem bronchus and the neo-esophagus. Esophagoscopy 
could not be performed owing to a stricture at the cervical 
anastomosis. Bronchoscopy revealed a 6-mm fistula tract 
with no evidence of recurrent malignancy. The fistula was 
transverse, confirming a direct communication with the 
neo-esophagus. Initial treatment with an uncovered SEMS 
failed. Thereafter, the uncovered SEMS was removed, and a 
CSO was deployed. After 5 weeks, a repeated bronchoscopy 
revealed a good position of the CSO and no evidence of any 
leak at the fistula site.

Boulougouri et al. (2009)16

A 57-year-old man underwent right hemicolectomy for 
small bowel obstruction due to sclerosing mesenteritis. During 
surgery, an injury to the third duodenal portion occurred, 
which was repaired using two absorbable sutures. Thereafter, 
the patient had an upper GI hemorrhage, and two endoscopic 
clips were placed. After 27 days, a fistulogram revealed find-
ings of a duodenocutaneous fistula. Percutaneous access was 
required as the endoscope could not reach the third portion of 
the duodenum, and a CSO was placed. There was significant 
output through the drain for 8 days, with gradual reduction 
until complete closure at 30 days. In the 5-month follow-up, 
no leak was observed.

Melmed et al. (2009)6

An 82-year-old woman underwent percutaneous endoscop-
ic gastrostomy (PEG) tube placement. After 1 year, she pre-
sented with diarrhea and feculent vomiting. Upper GI series 
(swallow) revealed a 1.5-cm gastrocolic fistula. Endoscopic 
repair was attempted for four times, including cauterization 
of the fistula tract, hemoclip use, new G-tube placement, en-
doloop + hemoclip technique, and biodegradable plug use. 
However, none of these techniques successfully closed the 
fistula. A final attempt using a CSO was performed via pas-
sage of a guidewire under endoscopic and fluoroscopic views, 
followed by CSO placement. At this point, contrast study 
showed a leak through the proximal disk into the colon, and 
3 mL of cyanoacrylate glue was then injected to the proximal Fig. 3. Search strategy. Adapted from Moher et al.20

Potentially relevant studies
identified and screened for

retrieval
(n=25,574)

Full-text article assessed for
eligibility

(n=29)
Excluded (10):
-   Choledochoduodenal 

anastomosis (1)
- Malignant (1)
- Porcine models (1)
-   No Amplatzer cardiac 

septal defect occluderTM 

device (7)
Selected studies

(n=19)
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disk to provide a watertight seal. A contrast enema confirmed 
fistula closure. After 4 months, her symptoms recurred, and 
contrast radiography confirmed that the fistula returned and 
showed that the device collapsed into the colon. The device 
was retrieved via colonoscopy, and a similar device, i.e., Car-
dioSEAL septal repair implant (NMT Medical, Boston, MA, 
USA), was implanted together with hemoclips and fibrin glue 
to avoid migration. In the 18-month follow-up, the patient 
had no signs of recurrence and died of cardiopulmonary and 
renal diseases.

Coppola et al. (2010)8

An 83-year-old patient with a benign tracheoesophageal 
fistula induced by accidental ingestion of dental amalgam was 
investigated. The patient had unsuccessful endoscopic treat-
ments, including the use of covered self-expandable plastic 
stent and clips and injection of fibrin glue. Thereafter, a CSO 
was selected. During endoscopy, a guidewire was placed into 
the fistula and then recaptured in the hypopharynx; there-
after, a catheter was introduced over the guidewire from the 
esophagus to the trachea, and the CSO was inserted through 
the catheter. The distal umbrella was released on the tracheal 
site and proximally on the esophagus site. After 2 months, the 
fistula orifice became larger, and the device migrated into the 
bronchial three; it was then removed from the middle bron-
chus. After 2 months and two partial covered self-expandable 
metal stent (CSEMS) placements, the patient became asymp-
tomatic for 10 months.

Kouklakis et al. (2010)23

A 58-year-old man underwent distal gastric resection with 
Billroth II reconstruction for perforated duodenal ulcer 21 
years previously. For the past year, the patient complained of 
fecal-smelling eructation, diarrhea, and weight loss. Barium 
swallow revealed a fistulous tract between the transverse co-
lon, upper jejunum, and gastric remnant. After malignancy 
was excluded, the patient refused surgery, and ASD device 
placement was attempted to occlude both fistulas. The device 
was introduced via a modified technique using an endo-
scope to load, guide, and deploy the device. After 1 week, the 
patient’s condition improved, with cessation of symptoms; 
further, endoscopy showed that the device was on an ade-
quate site without fecal material in the gastric remnant lumen. 
However, a small leak was noted on contrast imaging.

Baron (2010)24

A 38-year-old woman who underwent Roux-en-Y gastric 
bypass (RYGB) 8 years previously complained of severe di-
arrhea and intermittent vomiting since the surgery. Barium 
swallow revealed a gastrocolonic fistula, with the origin at the 

gastric pouch. Treatment with endoclips failed. A guidewire 
and a dedicated sheath were passed across the fistula with en-
doscopic and fluoroscopic guidance. Thereafter, a VSD device 
was deployed. At the 6-week follow-up, the patient became 
asymptomatic.

Repici et al. (2010)25

A 58-year-old man underwent distal esophageal resection 
with gastric pull-up and intrathoracic anastomosis from an 
adenocarcinoma in the distal esophagus. After 1 month, a 
tracheoesophageal fistula developed. The three prior endo-
scopic therapies, including the use of hemoclips and CSEMS 
and injection of fibrin glue, failed. Surgical repair also failed. 
After these treatment failures, a CSO was placed. A guidewire 
was first placed through the esophagus to the trachea and re-
captured in the mouth. Thereafter, the CSO was placed under 
endoscopic and fluoroscopic control. At 8 months, endoscopic 
and fluoroscopic tests confirmed complete fistula closure, and 
the CSO was partially covered by re-epithelized mucosa.

Lee et al. (2011)7

A 68-year-old man underwent esophagectomy and gas-
tric pull-up surgery. After 18 months, CT revealed a fistula 
between the left main bronchus and the neo-esophagus. En-
doscopic clip placement, fibrin glue injection, and clip with 
detachable snare placement were attempted; however, the 
fistula did not close. Finally, an ASD device was placed over a 
guidewire through the esophagus into the fistula tract. Barium 
study on day 5 showed complete closure of the fistula. At the 
1-month follow-up, endoscopic evaluation confirmed success-
ful closure.

Cardoso et al. (2012)26

A 60-year-old man underwent distal esophageal resection 
with gastric pull-up and intrathoracic anastomosis for esoph-
ageal cancer. On the 8th postoperative day, he was noted to 
develop an intrathoracic collection and a 50% anastomotic 
dehiscence resulting in a 35-mm diameter defect. A reoper-
ation presented a very high risk, and endoscopic treatment 
was selected. After suture removal, 50 mL of fibrin glue was 
injected. Thereafter, a guidewire was placed into the cavity 
under fluoroscopic and endoscopic visualization, and a CSO 
was deployed. An fully covered self-expandable metal stent 
(FCSEMS) was then placed. One day after the procedure, an 
oral contrast study showed a small leak; thus, a jejunostomy 
tube was used to feed the patient. After 6 weeks, CT with oral 
contrast showed no evidence of any leak.

Kadlec et al. (2013)27

A 63-year-old woman underwent left pneumonectomy for 
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bronchopulmonary carcinoid. After 3 weeks, CT revealed a 
10-mm fistula in the distal esophagus communicating with 
the left pneumonectomy space. She underwent surgical drain-
age but refused surgical options to treat the fistula. A nasojeju-
nal feeding tube was inserted to optimize caloric intake. After 
3 months, CT confirmed that the fistula size was unchanged. 
Thereafter, a 12-mm ASD device using the dual approach 
via the thoracic window was used, and endoscopy was per-
formed. The guidewire was introduced by the flexible endo-
scope in the thoracic window, followed by the device. The first 
flange was deployed in the chest and the second flange in the 
esophagus. After 12 days, the ASD device was found to be dis-
lodged, and the fistula had increased in size. The ASD device 
was then removed; however, owing to the initiated granula-
tion growth, the defect size decreased to 2 mm. Thereafter, the 
defect regained its original site with epithelized edges, and the 
patient had successful surgical repair after 6 months. At the 
9-month follow-up, the findings were unremarkable.

Kumbhari et al. (2014)28

A 50-year-old woman with a history of sleeve gastrectomy 4 
weeks prior to presentation was admitted with a 6×4-mm leak 
immediately distal to the gastroesophageal junction along the 
staple line. An over-the-scope clip, FCSEMS, and endoscopic 
suturing all failed to achieve closure. Therefore, a CSO was se-
lected. A 12-Fr delivery catheter (80 cm in length) was placed 
over a guidewire into the fistula, and a preloaded CSO was de-
ployed under endoscopic and fluoroscopic visualization. After 
1 week, the external drain was removed. At 8 weeks, follow-up 
endoscopy with contrast injection demonstrated no leak.

Kumbhari et al. (2014)29

A 72-year-old woman presented with a chronic 10-mm iat-
rogenic tracheoesophageal fistula as a complication of tracheal 
stenting for stenosis due to prolonged intubation. A CSO was 
deployed across the fistula using a combined bronchoscopic, 
endoscopic, and fluoroscopic approach. At the 6-week fol-
low-up, a contrast swallow test revealed no fistula.

Wiest et al. (2014)30

A 40-year-old man underwent sleeve gastrectomy. On 
postoperative day 7, a leak was found. He was returned to the 
operating room where an endoluminal stent was placed, and a 
re-laparoscopic switch to RYGB was performed. However, the 
fistula persisted. After 7 months, a 12-mm (7 mm in length) 
VSD device, which was ~3-mm larger than the leak size, was 
placed under endoscopic and fluoroscopic guidance. The de-
livery system was inserted over a guidewire, followed by VSD 
device deployment. At the 1-year follow-up, the fistula was 
completely closed, and the device was fully integrated into the 

tissue.

Odemis et al. (2015)31

A 35-year-old man underwent laparoscopic sleeve gastrec-
tomy. On postoperative day 4, the patient was found to have a 
15×15-mm defect at the proximal edge of the staple line. After 
4 weeks of conservative treatment with a nasogastric tube, 
the fistula still persisted, and endoscopic treatment was con-
sidered. Over a period of 5 days, two attempts at closure with 
an over-the-scope clip failed, and a VSD device was selected. 
Under endoscopic and fluoroscopic views, a guidewire was 
placed through the fistula, and an 18-mm VSD device was 
delivered. At the 6-month follow-up, the patient remained as-
ymptomatic.

Cohen-Atsmoni et al. (2015)32

Two mechanically ventilated patients with tracheoesoph-
ageal fistulas due to prolonged intubation were investigated. 
The first patient had a 4.5-mm fistula. An ASD device number 
6 was inserted through the delivery system from the esopha-
gus to the trachea under endoscopic and fluoroscopic visual-
ization. Four years after the procedure, the patient remained 
stable without any signs of leak. The second patient had an 
ASD device number 12 introduced through the delivery 
system transnasally under bronchoscopic and fluoroscopic 
visualization. Two weeks after the procedure, the symptoms 
recurred, and bronchoscopy demonstrated dislocation of the 
ASD device. The patient became critically ill and died a few 
weeks later due to fungal sepsis.

Subtil et al. (2016)33

A 63-year-old man underwent neoadjuvant chemotherapy 
and esophagectomy for adenocarcinoma of the esophagogas-
tric junction. Postoperatively, he developed two esophagotra-
cheal fistulas, 8 mm in diameter and 1 cm apart. Attempted 
treatment with two SEMSs, feeding jejunostomy tube, and 
tracheal stent failed. Thus, fistula closure with an ASD device 
was pursued. The endoscope was first inserted to the trachea, 
and access was gained to the esophageal lumen with a guide-
wire. Thereafter, with the endoscope in the esophagus, the 
first ASD device was deployed. Three weeks after endoscopy, 
the ASD device placement procedure was repeated to treat 
the second fistula. Endoscopic follow-up after 4 months con-
firmed fistula closure.

Fernandez-Urien et al. (2016)34

A 51-year-old man underwent chemotherapy and 
esophagectomy complicated by a 5-mm esophagobronchi-
al fistula at the esophagogastric anastomosis. Surgery was 
deemed to present a very high risk, and conventional endo-
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scopic approaches failed. Thus, a CSO was indicated. A guide-
wire was deployed from the esophagus through the fistula 
into the airway and was captured. A 5-Fr catheter was intro-
duced via the oral route to release the CSO; the first umbrella 
was placed in the airway and the second in the esophagus 
under endoscopic visualization. Four weeks later, the patient 
developed a second fistula at a separate site, and a second CSO 
was placed. At the 9-month follow-up, the patient had no 
complications from CSO placement, but ultimately died from 
brain metastases.

Mejia Perez et al. (2016)35

A 55-year-old man presented with an esophagopleural fis-
tula due to an adverse event of endoscopic balloon dilation for 
a radiation-induced esophageal stricture. After 9 months of 
CSEMS treatment, the fistula persisted. The patient underwent 
an Eloesser flap thoracostomy, and 2 months after surgery, an 
ASD device was deployed. Under endoscopic visualization, 
an ASD device attached to the delivery system was passed 
percutaneously through the fistula into the esophagus. The 
first umbrella was deployed into the esophagus, while the sec-
ond umbrella was deployed externally and was sutured to the 
chest wall to prevent migration. One week after deployment, 
an esophagram showed a persistent leak; however, 4 weeks 
after tissue in-growth, closure was confirmed.

Qualitative analysis
All of the 19 studies included in this analysis were case re-

ports, including 22 fistulas in 20 patients; 11 were men (55%), 
and six were women (30%); the sex of the three remaining 
patients was not specified. The patients had an average age of 
59.3±13.0 years. Thirteen fistulas were esophagus-respiratory 
fistulas (seven esophagotracheal, three esophagopleural, and 
three esophagobronchial fistulas); three fistulas occurred after 
bariatric surgery (two after sleeve gastrectomy and one gas-
trocolonic fistula after RYGB). There were also two cutaneous 
(one duodenocutaneous and one gastrocutaneous fistulas), 
one gastrocolonic, one gastrojejunocolonic, and one gastro-
tracheal fistulas; one fistula was also found at the site of a gas-
troesophageal anastomosis. The mean size of the fistulas was 
11.42 (SD, 7.98) mm, and the mean fistula duration was 64.54 
(SD, 132.43) weeks. Among the 22 fistulas, 16 (72.72%) had 
failed closure attempted with other endoscopic techniques 
(Table 3).

Technical success was achieved in all cases (100%). Of the 
22 fistulas, 17 had successful closure (77.27%). In four cases 
(18.18%), adjunctive therapy was used with a CSO. Three 
of these cases (75%) achieved success closure, and one had 
failed closure. Adverse events occurred in five cases (22.72%), 
including three migration (13.63%), one fistula enlargement 

(4.54%), and one migration owing to fistula enlargement 
(4.54%). No death was related to the use of CSOs. The mean 
follow-up period was 33.02 (SD, 44.09) weeks.

Regression analysis
There were no correlations of patient age, fistula size, fistula 

duration, prior treatment, and adjunctive therapy with suc-
cessful fistula closure and adverse events in the univariable 
regression analysis (Tables 4, 5).

Multivariable regression analyses were also performed, and 
no significant predictors of fistula closure or adverse events 
were found.

DISCUSSION

A GI fistula is defined as an abnormal communication be-
tween two epithelized surfaces. The most common causes in-
clude chronic inflammation, malignancy, and untreated long-
term leaks.1-3

Endoscopic closure of a GI fistula represents a major 
advancement in the treatment of patients. An appropriate 
endoscopic approach to fistula closure includes several basic 
principles. Undrained cavities and collections of fluid must be 
initially drained radiologically, surgically, or endoscopically. 
In many cases, endoscopic therapy can be used to interrupt or 
drain the flow of luminal contents through a GI defect. Sever-
al features must be considered to optimize outcomes, includ-

Table 4. Possible Predictors of Successful Fistula Closure

Variables p-value (p<0.05)

Age 0.71

Fistula size 0.93

Fistula duration (acute/chronic) 0.36

Fistula duration (continuous) 0.35

Prior treatment 0.47

Adjunctive therapy 0.90

Table 5. Possible Predictors of Adverse Events Following Cardiac Septal 
Occluder Placement

Variables p-value (p<0.05)

Age 0.12

Fistula size 0.88

Fistula duration (acute/chronic) 0.36

Fistula duration (continuous) 0.35

Prior treatment 0.75

Adjunctive therapy 0.75
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ing size of the defect, shape of the margin, viability of the sur-
rounding tissue, and location of the wall defect. After this, the 
best endoscopic therapy for the patient can be selected, which 
involves either closure, covering, or draining techniques.36-38 
However, the literature shows variable success rates of these 
techniques including several failures, showing that other de-
vices are necessary.

The off-label use of CSOs has been reported, mainly after 
conventional endoscopic techniques fail, with satisfactory effi-
cacy and safety. The properties of CSOs and early results sug-
gest they could be useful in treating fistulas that are otherwise 
difficult to manage using available endoscopic techniques. The 
nitinol structure with interwoven polyester liner is available in 
multiple waist and disk sizes and is thought to promote tissue 
in-growth while sealing the fistula tract. These features may 
allow the device to manage fistulas with irregular margins and 
epithelized tracts and those in edematous or scarred tissues, 
which are less amenable to clipping, suturing, or stenting.

In this review, technical success was achieved in all cases 
(100%), proving that it is a feasible procedure. Of the 22 fistu-
las, 17 had successful closure (77.27%), with a mean follow-up 
period of 32.02 weeks (approximately 8 months). When used 
in conjunction with an adjunctive therapy, the CSO success 
rate was 75%, showing no additional advantage. The mean 
fistula duration prior to attempted closure with CSOs was 
64.54 weeks; 16 of the 22 fistulas (72.72%) had failed closure 
attempted with other endoscopic techniques, showing that 
CSOs are mostly used in chronic, challenging cases. 

Univariable and multivariable regression analyses for as-
sessing the success of fistula closure and adverse events in 
relation to several variables, including patient age, size, fistula 
duration prior to CSO placement, prior therapies, and adjunc-
tive therapy, were performed. These analyses did not reveal 
any significant factor related to successful fistula closure or 
adverse events, which may be attributed to the scarcity of data 
in the literature.

We considered five cases to have failed closures (22.72%);6,8,23,27,32 
however, in two of these cases, the authors considered the 
results to be successful.6,23 Melmed et al.6 used the AM-
PLATZERTM CSO in a gastrocolonic fistula 1 year after PEG 
tube placement and found immediate success; however, after 
4 months, the device migrated, and the fistula recurred. After 
migration, a similar device (CardioSEAL septal repair im-
plant [NMT Medical]) was used, and successful closure was 
achieved. Kouklakis et al.23 described the use of a CSO (ASD 
device) in a complex gastrojejunocolonic fistula with only 
1 week of follow-up and reported clinical success; however, 
imaging showed that the fistula did not close completely. The 
three other failures were reported in esophagus-respiratory 
fistulas and were related to fistula enlargement and CSO 

migration.8,27,32 Of these cases, one was treated with surgical 
repair27 and one with partially covered SEMSs,8 and the third 
patient died of fungal sepsis.32

After selecting 28 studies for complete evaluation, we in-
cluded 19 reports and excluded 10 reports because they did 
not meet the inclusion criteria. Ell et al.39 reported the suc-
cessful use of an ASD device in choledochoduodenostomy for 
sump syndrome 35 years ago. Perretta et al.40 demonstrated 
the efficacy of CSOs in the closure of gastrostomy defects in 
porcine models, showing a 100% success closure rate, without 
any adverse events. Malespin et al.41 used an ASD device to 
close a malignant gastrocolonic fistula with adjunctive ther-
apy and duodenal stenting and reported successful closure 
after 6 weeks, suggesting that success was achieved because 
of the ASD device. The other seven studies were excluded be-
cause they did not use ASD or VSD AMPLATZERTM occluder 
devices.42-48 Li et al.42 conducted a case series on six patients 
with esophageal-respiratory fistulas (four benign and two 
malignant fistulas), used similar CSOs and a vessel plug (Life-
tech Scientific Co., China), and presented a 100% immediate 
successful closure rate; however, four fistulas recanalized (two 
due to malignance). Two other studies44,48 also used a simi-
lar ASD device (Gore, Flagstaff, AZ, USA) in patients with 
tracheoesophageal fistulas with successful closure. The AM-
PLATZERTM vascular plug is indicated to embolize the vessels; 
however, similar with other septal occluders, it has been used 
for closure of GI fistula defects.43,45-47 Three case reports,43,45,46 
including three patients, reported the efficacy of the AM-
PLATZERTM vascular plug for closure of trachea-respiratory 
fistulas with a 100% successful closure rate. However, another 
case report demonstrated its failure in rectovaginal fistulas.47 
More studies should be performed using these devices to as-
sess their efficacy and safety better.

The major limitation of our study is that the evidence is 
limited, and the literature consists of only case reports. Thus, 
publication bias is a concern, given the fact that most authors 
publish favorable case reports and not individual cases where 
treatment failed. As such, the quality of the literature did not 
allow us to perform a meta-analysis. Therefore, a systematic 
review with a pooled analysis was conducted to assess the 
combined outcomes of these case reports. Additionally, de-
spite combining these case reports, this analysis was still likely 
underpowered owing to the small number of cases, which 
may explain the statistically insignificant findings in the sub-
group and regression analyses. 

In summary, CSOs are thought to promote fistula closure 
by occluding the fistula tract and stimulating tissue in-growth. 
This analysis found CSOs to have a 100% technical success 
rate, 77.27% clinical success rate, and 22.72% adverse event 
rate, with no death related to their off-label use. The satisfac-



   47 

  De Moura DTH et al. Cardiac Septal Occluders for GI Fistulas

tory efficacy and safety results derived from this sparse liter-
ature suggest that CSOs can be an option in the management 
of GI fistulas. However, prospective studies are necessary to 
clarify their indications better before they can be considered a 
first-line therapy.
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