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Abstract
Background Endoscopic management of full-thickness gastrointestinal tract defects (FTGID) has become an attractive 
management strategy, as it avoids the morbidity of surgery. We have previously described the short-term outcomes of over-
the-scope clip management of 22 patients with non-acute FTGID. This study updates our prior findings with a larger sample 
size and longer follow-up period.
Methods A retrospective analysis of prospectively collected data was conducted. All patients undergoing over-the-scope 
clip management of FTGID between 2013 and 2019 were identified. Acute perforations immediately managed and FTGID 
requiring endoscopic suturing were excluded. Patient demographics, endoscopic adjunct therapies, number of endoscopic 
interventions, and need for operative management were evaluated. Success was strictly defined as complete FTGID closure.
Results We identified 92 patients with 117 FTGID (65 fistulae and 52 leaks); 27.2% had more than one FTGID managed 
simultaneously. The OTSC device (Ovesco Endoscopy, Tubingen, Germany) was utilized in all cases. Additional closure 
attempts were required in 22.2% of defects. With a median follow-up period of 5.5 months, overall defect closure success 
rate was 66.1% (55.0% fistulae vs. 79.6% leaks, p = 0.007). There were four mortalities from causes unrelated to the FTGID. 
Only 14.9% of patients with FTGID underwent operative management. There were no complications related to endoscopic 
intervention and no patients required urgent surgical intervention.
Conclusions Over-the-scope clip management of FTGID represents a safe alternative to potentially morbid operative inter-
vention. When strictly defining success as complete closure of all FTGID, endoscopy was successful in 64.4% of patients 
with only a small minority of patients ultimately requiring surgery.
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Full-thickness gastrointestinal defects (FTGID) are serious, 
potentially life threatening processes that present in a variety 
of fashions. Acute FTGID (perforations) are often the result 
of endoscopic or surgical intervention and are often identi-
fied and managed immediately [1]. Non-acute FTGID (leaks 
and fistulae) are typically more difficult to manage due to 
a delayed diagnosis, recent surgical interventions, or chro-
nicity. These conditions can be associated with poor nutri-
tion, skin irritation and breakdown, infection, sepsis, and 
even death [2, 3]. Traditional methods to address non-acute 
FTGID include treating underlying infection, optimizing 
nutrition, removing foreign bodies, relieving downstream 
obstructions, and collecting gastrointestinal (GI) effluent. 
Surgical intervention, which is often performed open, can 
be challenging. These procedures can require washout and 
drainage of infection, access to challenging anatomical 

and Other Interventional Techniques 

This was presented as a podium presentation at the SAGES 2019 
Annual Meeting, April 3-6, 2019, Baltimore, MD.

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s0046 4-019-07030 -3) contains 
supplementary material, which is available to authorized users.

 * Eric M. Pauli 
 epauli@pennstatehealth.psu.edu

1 Department of Surgery, Division of Minimally Invasive 
and Bariatric Surgery, Penn State Health Milton S. Hershey 
Medical Center, Hershey, PA, USA

2 Penn State College of Medicine, Hershey, PA, USA
3 Department of Surgery, Division of Minimally Invasive 

and Bariatric Surgery, College of Medicine, The 
Pennsylvania State University, 500 University Drive, H149, 
Hershey, PA 17033-0850, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-019-07030-3&domain=pdf
https://doi.org/10.1007/s00464-019-07030-3


2691Surgical Endoscopy (2020) 34:2690–2702 

1 3

locations, takedown or recreation of surgical anastomoses 
or staple lines, ostomy formation, and parenteral nutrition. 
The morbidity of these operations is substantial [4–6].

As a direct consequence of operative morbidity, there 
has been ongoing interest in endoscopic methods to man-
age FTGID [7]. Therapeutic endoscopic methods include 
endoluminal stents, cardiac septal occluders, endoscopic 
clips, fibrin sealant, endoluminal suturing devices, and over-
the-scope clips [8–14]. Of these, only endoluminal suturing 
devices and over-the-scope clips are designed, and Food 
and Drug Administration approved, to permit full-thickness 
closure of the GI tract wall. Small case series demonstrate 
the safety and potential success of endoscopy to manage 
FTGID, but the current standard for managing GI fistulae 
and non-acute leaks remains surgical repair [4, 15]. A small 
minority of patients with these conditions are referred for 
endoscopic management to close the FTGID and avoid sur-
gical morbidity. The majority of endoscopically managed 
FTGID reported in the literature are acute defects that were 
iatrogenic perforations created (and ultimately closed) dur-
ing the course of an endoscopic intervention [16, 17].

The endoscopic management of non-acute, FTGID has 
been less well studied. Since the first case report in 2007, 
over-the-scope clip management of FTGIDs has been 
increasingly described in multiple case series and is a 
promising alternative to surgical management [9, 18–23]. 
Our institution has previously reported the outcomes of 
22 patients managed with over-the-scope clip closure 
of non-acute FTGID [24]. In that series, we found that 

over-the-scope clip application was successful in the man-
agement of leaks in 100% of cases and in the management 
of chronic fistulae in 76% of cases with a median follow-up 
of 4.7 months. This study updates our previously reported 
outcomes with a larger sample size and with a longer dura-
tion of post-endoscopy observation. We hypothesized that 
endoscopic closure of FTGID would be a safe and effective 
alternative to surgical intervention.

Materials and methods

Data sources

Data were evaluated retrospectively from a prospectively 
maintained, institutional review board (IRB) approved data-
base. Following IRB approval for the study, the database was 
augmented using the institutional electronic medical record 
(EMR).

Population

All patients undergoing attempted closure of FTGID uti-
lizing over-the-scope clips between 2013 and 2019 were 
included. All procedures were performed by two fellow-
ship-trained endoscopic surgeons (EMP, VVA) using the 
same procedure protocol at a single tertiary-care institu-
tion. Exclusion criteria included patients with acute per-
forations managed immediately at the time of perforation 

Fig. 1  Endoscopic adjuncts 
utilized with the over-the-
scope clip system. A Foreign 
body removal (pill fragments) 
with endoscopic grasper; B 
Adjustment of existing per-
cutaneous drain into abscess 
cavity (including representative 
fluoroscopic image); C Tissue 
ablation of defect os using argon 
plasma coagulation; D Tissue 
acquisition device (anchor 
grasper) to pull defect edges 
into endoscope cap
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Fig. 2  Patient with a free intra-
peritoneal rectal stump staple 
line leak after initiation of 
chemotherapy for management 
of colon cancer. A Endoscopic 
view of fistula opening at rectal 
stump staple line; B Endoscopic 
view of grossly contaminated 
peritoneal cavity; C Endoscopic 
view of peritoneum after wash-
out and placement of new drain 
and endoscopic adjustment of 
existing drain; D Computed 
tomography image of abscess 
cavity following procedure prior 
to final drain removal (Arrow: 
rectal stump staple line with 
clip; Box: percutaneous drain)

Fig. 3  OTSC clip system. A 
OTSC clip with transparent 
hood in place on tip of endo-
scope prior to deployment; B 
OTSC clip prior to placement 
on endoscope
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(acute FTGID) or FTGID managed with endoscopic sutur-
ing (including suturing combined with over-the-scope clip 
use) [25]. Patients with previous attempts at endoscopic 
FTGID management (including the use of over-the-scope 
clips, stents, endoscopic suturing and surgical interventions) 
prior to referral to our endoscopy service were included in 
the study cohort.

Procedure protocol

Prior to over-the-scope clip placement, each patient under-
went a diagnostic endoscopy under carbon dioxide insuf-
flation with fluoroscopy and contrast injection to identify 
the number of defects and defect location. All foreign bod-
ies were removed (Fig. 1A). If an associated abscess or 

communication with the peritoneal cavity was noted, the 
cavity would be thoroughly irrigated and debrided (Fig. 2). 
Existing percutaneous drain position relative to the cavity 
would be evaluated and repositioned endoscopically as nec-
essary (Fig. 1B). If existing percutaneous drains were inad-
equate to drain the cavity, additional percutaneous drains 
would be placed under fluoroscopic and endoscopic guid-
ance (Video 1). Downstream obstructions/strictures would 
be treated with botulinum toxin (to lower esophageal sphinc-
ter or pylorus as indicated), endoluminal stenting, or balloon 
dilatation. Epithelial ablation with argon plasma coagulation 
would be attempted in all cases were the FTGID was not in 
close proximity to structures (e.g., loops of small bowel or 
blood vessels) that could be adversely affected by thermal 
spread (Fig. 1C). The OTSC clip (Ovesco Endoscopy, Tub-
ingen, Germany) was utilized in all cases (Fig. 3). In cases 
with thickened and friable mucosa, an accessory device 
(OTSC Anchor or OTSC Twin Grasper, Ovesco Endos-
copy) would be used as an adjunct to aggressive suctioning 
to ensure adequate purchase of the defect edges for closure 
(Fig. 1D). After OTSC deployment, aggressive insufflation 
and contrast injection with fluoroscopy would be used to 
ensure successful FTGID closure (Video 2). Select patients 
with upper GI defects would have downstream enteral access 
placed if necessary.

Outcomes

Patients undergoing over-the-scope clip closure of GI defects 
were identified from the prospectively collected dataset. This 
dataset was augmented through retrospective review of the 
EMR to define patient demographics, patient comorbidities, 
GI defect characteristics (location, number, size, chronicity, 
etiology), number and type of procedural interventions, endo-
scopic adjuncts used to help manage the defects, and follow-up 
time. The primary outcome was long-term closure rate with 
success defined as clinical or radiographic evidence of com-
plete closure of the full-thickness defect at the conclusion of 
follow-up. For patients without additional imaging at follow-
up, clinical notes were reviewed to identify patient complaints 
and physical examination findings indicative of long-term 
failure.

A fistula was defined as a non-anatomical connection 
between two luminal structures or between one luminal struc-
ture and the skin. A leak was defined as the extraluminal drain-
age of GI contents into a contained cavity or abscess with no 
other connection to the GI tract.

Statistical analysis

Continuous outcome variables were compared using two-sam-
ple t-tests and categorical outcome variables were compared 
using Chi squared tests. SAS (version 9.4, SAS Institute Inc., 

Table 1  Demographics and patient characteristics

SD standard deviation; IQR interquartile range

Variable Total patients (n = 92)

Age, years, mean, SD 54.6 (15.4)
 < 45 19 (20.7%)
 45–65 52 (56.5%)
 > 65 21 (22.8%)

Race
 Caucasian 80 (87.0%)
 African American 4 (4.4%)
 Asian 2 (2.2%)
 Hispanic 3 (3.3%)
 Other 3 (3.3%)

Sex
 Male 33 (35.9%)
 Female 59 (64.1%)

Body mass index, kg/m2, mean (SD) 30.7 (10.4)
 < 25 31 (33.7%)
 25–29 19 (20.7%)
 30–34 15 (16.3%)
 > 35 27 (29.4%)

History of bariatric procedure 41 (44.6%)
Insulin dependent diabetes mellitus 13 (14.1%)
Immunocompromised 10 (10.9%)
History of cancer at defect site 12 (13.0%)
Prior radiation treatment at defect site 5 (5.4%)
Smoking history
 Current smoker 9 (9.8%)
 Previous smoker 42 (45.7%)

Number of gastrointestinal defects, mean 
(SD)

1.4 (0.7)

 1 67 (72.8%)
 ≥ 2 25 (27.2%)

Follow-up time, months, median (IQR) 5.5 (12.6)
Patients lost to follow-up 5 (5.4%)
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Cary, NC, USA) statistical software was used for all statisti-
cal analysis. Statistical significance level was predefined as p 
value < 0.05.

Results

A total of 92 patients underwent 150 procedures to endo-
scopically close 117 FTGID (52 leaks, 65 fistulae). Mean 
age was 54.6 ± 15.4 years and patients were 87.0% Cau-
casian and 64.1% female with a mean body mass index of 
30.7 ± 10.4 kg/m2 (Table 1). Most patients (72.8%) had a 
single FTGID. There were no complications secondary 
to the endoscopic intervention and no patients required 
urgent or emergent surgery.

Comparison was undertaken between the patients with 
leaks and those with fistulae (Table 2). Patients with a leak 
were less likely to have a prior history of radiation treat-
ment at the defect site than those with fistulae (0.0% vs. 
7.7%, p = 0.0409). Patients with a leak were more likely 
to have multiple FTGID than those with fistulae (1.85 vs. 
1.38, p = 0.0047). There were no other statistically signifi-
cant differences between the two groups. Among the leaks, 
there were three FTGID (5.8%) without follow-up after the 
last attempt at over-the-scope clip closure and among the 
fistulae there were five FTGID (7.7%) lost to follow-up.

The GI defect characteristics were subsequently com-
pared (Table 3). The majority of defects were located in 
the upper GI tract (64.1%). The median age of the defect(s) 
was lower with leaks than with fistulae (9 vs. 90 days, 
p = 0.0179). Estimated defect diameter was smaller for 

Table 2  Demographics and 
patient characteristics stratified 
by fistula versus leak

SD standard deviation; BMI body mass index; IDDM insulin dependent diabetes mellitus; GI gastrointesti-
nal; IQR interquartile range

Variable Fistula (n = 65) Leak (n = 52) P value

Age, years, mean, SD 54.3 (16.4) 53.8 (12.1) 0.8349
 < 45 16 (24.6%) 7 (13.5%)
 45–65 31 (47.7%) 38 (73.1%)
 > 65 18 (27.7%) 7 (13.5%)

Race 0.2327
 Caucasian 53 (81.5%) 49 (94.2%)
 African American 4 (6.2%) 1 (1.9%)
 Asian 1 (1.5%) 1 (1.9%)
 Hispanic 3 (4.6%) 1 (1.9%)
 Other 4 (6.2%) 0 (0.0%)

Sex 0.1550
 Male 27 (41.5%) 15 (28.9%)
 Female 38 (58.5%) 37 (71.2%)

BMI, kg/m2, mean (SD) 29.7 (9.7) 32.3 (12.3) 0.2214
 < 25 22 (33.9%) 18 (34.6%)
 25–29 14 (21.5%) 10 (19.2%)
 30–34 13 (20.0%) 5 (9.6%)
 > 35 16 (24.6%) 19 (36.5%)

History of bariatric procedure 29 (44.6%) 26 (50.0%) 0.5620
IDDM 10 (15.4%) 11 (21.2%) 0.4191
Immunocompromised 5 (7.7%) 6 (11.5%) 0.4787
Cancer at defect site 9 (13.9%) 3 (5.8%) 0.1525
Prior radiation treatment at defect site 5 (7.7%) 0 (0.0%) 0.0409
Smoking history
 Current smoker 4 (6.2%) 9 (17.3%) 0.5640
 Previous smoker 34 (52.3%) 19 (36.5%) 0.0886

Number of GI defects, mean (SD) 1.38 (0.63) 1.85 (1.00) 0.0047
 1 44 (67.7%) 26 (50.0%)
 ≥ 2 21 (32.3%) 26 (50.0%)

Follow-up time, months, median (IQR) 5.5 (12.8) 5.0 (10.34) 0.2932
Defects lost to follow-up 5 (7.7%) 3 (5.8%)
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leaks than for fistulae (mean 4.6 vs. 6.8 mm, p = 0.0109). 
Leaks were more likely to have an abscess associated with 
the defect (65.4% vs. 18.5%, p < 0.0001) and were more 
likely to have had a percutaneously placed drain present 
at time of endoscopic FTGID closure (67.3% vs. 10.8%, 
p < 0.0001). Groups were equally likely to have undergone 
prior procedural intervention (e.g., percutaneous drainage, 
endoscopic or surgical repair) for the FTGID, with overall 
prior intervention rate at 40.2% with a mean of 0.56 prior 
interventions. Of those with prior intervention, four (all 
in the fistula group) had undergone a previous attempt at 
over-the-scope clip closure prior to referral to our endos-
copy service.

The median follow-up time was 5.5 months (interquar-
tile range 2.2–14.8). The 87 patients with documented 
follow-up were stratified by long-term success and com-
pared (Table 4). Patients with multiple FTGID were only 
counted as successfully managed if all FTGID were closed 
at the end of follow-up. There were 31 patients that failed 
over-the-scope clip management of their FTGID and 56 
with successful management leading to an overall success 

rate of 64.4%. Long-term success was significantly higher 
for leaks than for fistulae (79.6% vs. 55.0%, p = 0.007) 
and more fistulae patients ultimately underwent defini-
tive operative management (16.9% vs. 3.9%, p = 0.0253, 
Table 3). Patients who failed FTGID closure were more 
likely to have had a history of radiation treatment at the 
defect site compared to those successfully managed (12.9% 
vs. 1.8%, p = 0.0329). A history of previous smoking was 
also more common in failed patients than successfully 
closed patients (67.7% vs. 32.1%, p = 0.0014). No other 
statistically significant differences in patient characteris-
tics were noted between the two groups.

Defect characteristics were then compared by long-term 
success (Table 5). Fistula defects were disproportionately 
represented in the failure group compared to the success-
ful management group (73.0% vs. 27.0%, p = 0.0070). All 
defects which had previously undergone attempted over-
the-scope clip closure prior to referral to our endoscopy 
service failed subsequent attempts at closure (comprising 
10.8% of all failures vs. 0.0% of all successes, p = 0.0045). 
More attempts at defect closure were undertaken in the 

Table 3  Gastrointestinal defect characteristics

IQR interquartile range; SD standard deviation

Variable Total defects (n = 117) Fistula (n = 65) Leak (n = 52) P value

Defect location 0.3010
 Upper GI 75 (64.1%) 39 (60.0%) 36 (69.2%)
 Lower GI 42 (35.9%) 26 (40.0%) 16 (30.8%)

Age of defect, days, median (IQR) 35 (115.5) 90 (172) 9 (30) 0.0179
 < 7 22 (18.8%) 2 (3.1%) 20 (38.5%)
 7–30 29 (24.8%) 15 (23.1%) 14 (26.9%)
 > 30 61 (52.1%) 46 (70.8%) 15 (28.9%)
 Unknown 5 (4.3%) 2 (3.1%) 3 (5.8%)

Defect diameter, mm, mean (SD) 5.9 (4.1) 6.8 (4.8) 4.6 (2.4) 0.0109
 Unknown 41 (35.0%) 22 (33.9%) 19 (36.5%)

Prior percutaneous drain placement 42 (35.9%) 7 (10.8%) 35 (67.3%) < 0.0001
Abscess associated with defect 46 (39.3%) 12 (18.5%) 34 (65.4%) < 0.0001
Prior procedural intervention 47 (40.2%) 23 (35.4%) 24 (46.15%) 0.2377
 Number of prior interventions, mean (SD) 0.56 (0.90) 0.57 (1.02) 0.56 (0.75) 0.9457
 History of over-the-scope clip 4 (3.4%) 4 (6.2%) 0 (0.0%) 0.0687

Long-term success 72 (66.1%) 33 (55.0%) 39 (79.6%) 0.0070
 Lost to follow-up 8 (6.8%) 5 (7.7%) 3 (5.8%)

Subsequent procedures
 Over-the-scope clip 0.6438
 None 90 (76.9%) 51 (78.5%) 39 (75.0%)
 1 21 (18.0%) 10 (15.4%) 11 (21.2%)
 2 6 (5.1%) 4 (6.2%) 2 (3.9%)
 Other endoscopy 23 (19.7%) 9 (13.9%) 14 (26.9%) 0.077
 Definitive operative procedure 13 (11.1%) 11 (16.9%) 2 (3.9%) 0.0253

Total over-the-scope clip procedures, mean (SD) 1.32 (0.57) 1.34 (0.59) 1.29 (0.54) 0.6338
Total procedural interventions 2.25 (1.44) 2.26 (1.58) 2.23 (1.26) 0.9071
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failure group compared to the successful management 
group (mean total attempts 2.78 vs. 2.07, p = 0.0083). The 
median age of FTGID did not differ between the success 
and failure groups (31 vs. 49.5 day, p = 0.1630, Fig. 4).

The 150 over-the-scope clip interventions were then 
stratified by GI defect type and compared (Table  6). 
Endoscopic adjuncts were utilized in 90.0% of proce-
dures (Fig. 5). Tissue ablation was less common in leaks 
than in fistulae (39.7% vs. 69.0%, p = 0.0004). Adjustment 
of existing percutaneous drains was attempted more fre-
quently with leaks (19.1% vs. 5.8%, p = 0.0112) as was 
establishment of distal enteral feeding access (30.2% vs. 
10.3%, p = 0.0021). Successful long-term closure, with 
no subsequent endoscopic attempt at closure, was more 

common in procedures for leaks than for fistulae (63.3% 
vs. 43.9%, p = 0.022). Finally, interventions were strati-
fied by long-term success and compared (Table 7). Only 
the adjustment of existing percutaneous drains was more 
common among successful over-the-scope clip interven-
tions compared to failures (14.9% vs. 4.4%, p = 0.0369).

Discussion

This study demonstrates the efficacy and safety of over-
the-scope clip management of FTGID. With 5.5 months 
median follow-up, we successfully closed 64.4% of all non-
acute FTGID endoscopically utilizing the OTSC device. 

Table 4  Demographics and 
patient characteristics stratified 
by long-term success

SD standard deviation; BMI body mass index; IDDM insulin dependent diabetes mellitus; GI gastrointesti-
nal

Variable Success (n = 56) Failure (n = 31) P value

Age, years, mean, SD 52.4 (15.3) 58.0 (15.9) 0.1109
 < 45 15 (26.8%) 4 (12.9%)
 45–65 31 (55.4%) 17 (54.8%)
 > 65 10 (17.9%) 10 (32.3%)

Race 0.2268
 Caucasian 46 (82.1%) 30 (96.8%)
 African American 4 (7.1%) 0 (0.0%)
 Asian 2 (3.6%) 0 (0.0%)
 Hispanic 3 (5.4%) 0 (0.0%)
 Other 1 (1.8%) 1 (3.2%)

Sex 0.9113
 Male 21 (37.5%) 12 (38.7%)
 Female 35 (62.5%) 19 (61.3%)

BMI, kg/m2, mean (SD) 30.0 (9.6) 31.1 (11.4) 0.6590
 < 25 20 (35.7%) 11 (35.5%)
 25–29 11 (19.6%) 6 (19.4%)
 30–34 9 (16.1%) 5 (16.1%)
 > 35 16 (28.6%) 9 (29.0%)

History of bariatric procedure 26 (46.4%) 11 (35.5%) 0.3227
IDDM 5 (8.9%) 7 (22.6%) 0.0770
Immunocompromised 6 (10.7%) 3 (9.7%) 0.8791
History of cancer at defect site 5 (8.9%) 7 (22.6%) 0.0770
Prior radiation treatment at defect site 1 (1.8%) 4 (12.9%) 0.0329
Smoking history
 Current smoker 5 (8.9%) 4 (12.9%) 0.5599
 Previous smoker 18 (32.1%) 21 (67.7%) 0.0014

Number of GI defects, mean (SD) 1.36 (0.62) 1.39 (0.84) 0.8628
 1 40 (71.4%) 24 (77.4%)
 ≥ 2 16 (28.6%) 7 (22.6%)

Defect type 0.0439
 Fistula 27 (48.2%) 23 (74.2%)
 Leak 28 (50.0%) 7 (22.6%)
 Both 1 (1.8%) 1 (3.2%)
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Consistent with other literature, long-term closure success 
differed significantly between leaks (79.6%) and fistulae 
(55.0%). Notably, no patients experienced complications 
from the endoscopic closure procedures and no patients 
required urgent or emergent surgical intervention. Only a 

small subset of patients (14.9%) ultimately underwent a sur-
gical intervention for their FTGID.

Our endoscopic methodology to approach FTGID 
emphasizes the implementation of surgical principles via a 
flexible endoscopic platform. This includes treating under-
lying infection, optimizing nutrition, removing foreign 
bodies, de-epithelizing/ablating mucosa, relieving down-
stream obstructions, and collecting GI effluent. We believe 
that the high closure rate identified in this series (particu-
larly with difficult to manage fistulae) is a reflection of 
adherence to these techniques. The liberal application of 
endoscopic adjuncts to FTGID closure may be as impor-
tant to successful closure as the actual over-the-scope clip 
application itself. This study further demonstrates that the 
successful endoscopic management of a FTGID frequently 
requires multiple endoscopic procedures. We believe that 
despite the repeated procedures, the ultimate avoidance of 
the morbidity of surgical intervention is well warranted. 
The concept of multimodal therapy with repeat interven-
tions as indicated is akin to the endoscopic management 
of GI tract bleeding.

Table 5  Gastrointestinal defect 
characteristics stratified by 
long-term success

IQR interquartile range; SD standard deviation

Variable Success (n = 72) Failure (n = 37) P value

Defect type 0.0070
 Fistula 33 (45.8%) 27 (73.0%)
 Leak 39 (54.2%) 10 (27.0%)

Defect location 0.3094
 Upper GI 48 (66.7%) 21 (56.8%)
 Lower GI 24 (33.3%) 16 (43.2%)

Age of defect, days, median (IQR) 31 (85) 49.5 (87.5) 0.1630
 < 7 15 (20.8%) 7 (18.9%)
 7–30 19 (26.4%) 9 (24.3%)
 > 30 36 (50.0%) 20 (54.1%)
 Unknown 2 (2.8%) 1 (2.7%)

Defect diameter, mm, mean (SD) 6.2 (4.0) 5.1 (4.2) 0.3175
 Unknown 24 (33.3%) 14 (37.8%)

Prior percutaneous drain placement 27 (37.5%) 11 (29.7%) 0.4202
Abscess associated with defect 30 (41.7%) 12 (32.4%) 0.3482
Prior procedural intervention 26 (36.1%) 20 (54.1%) 0.0725
 Number of prior interventions, mean (SD) 0.51 (0.86) 0.76 (1.04) 0.252
 History of over-the-scope clip 0 (0.0%) 4 (10.8%) 0.0045

Subsequent procedures
 Over-the-scope clip 0.5828
 None 57 (79.2%) 26 (70.3%)
 1 12 (16.7%) 9 (24.3%)
 2 3 (4.2%) 2 (5.4%)
 Other endoscopy 14 (19.4%) 9 (24.3%) 0.5543

Total over-the-scope clip procedures, mean (SD) 1.25 (0.52) 1.46 (0.61) 0.0784
Total procedural interventions 2.07 (1.52) 2.78 (1.18) 0.0083

Fig. 4  Trend of long-term FTGID closure success rate after stratify-
ing defect ages by deciles
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Our management algorithm prioritizes closure of inter-
nal defects with external drainage over internal drainage 
whenever possible. As internal drainage of these defects 
has increasingly become an accepted standard of care in the 
management of these defects, we continue to believe that 
internal defect closure is preferable with appropriate defect 
characteristics. We do believe that small internal defects 
with large extraluminal collections are better served by 
internal drainage via double pigtail stents or endoluminal 
vac therapy instead of the algorithm detailed in this manu-
script. However, we believe that other defects are still best 
suited with internal defect closure. Our preference for inter-
nal closure is evidenced by the inclusion in this series of 
defects with small extraluminal collections without internal 
or external drainage.

In our management algorithm, endoscopic stenting had 
a limited role as evidenced by none of the patients included 
in this series having a stent placed at the time of attempted 
endoscopic closure. Endoscopic stenting for management of 
FTGID is currently an off-label application of stents. Stent-
ing in these defects has fallen out of favor in our group given 
experiences with stent migration and concern for the radial 
tension placed on the GI lumen. We favor OTSC manage-
ment of FTGID except in cases of near-complete anasto-
motic disruption.

Table 6  Endoscopic 
interventions stratified by fistula 
versus leak

SD standard deviation

Variable Total proce-
dures (n = 150)

Fistula (n = 87) Leak (n = 63) P value

Number of adjunct therapies used 0.2136
 0 15 (10.0%) 7 (8.0%) 8 (12.7%)
 1 60 (40.0%) 35 (40.2%) 25 (39.68%)
 2 49 (32.7%) 33 (38.0%) 16 (25.4%)
 3 21 (14.0%) 11 (12.6%) 10 (15.9%)
 4 5 (3.3%) 1 (1.2%) 4 (6.4%)

Distal obstruction treatment 12 (8.0%) 6 (6.9%) 6 (9.5%) 0.5583
Foreign body removal 22 (14.7%) 12 (13.8%) 10 (15.9%) 0.7223
Tissue ablation 85 (56.7%) 60 (69.0%) 25 (39.7%) 0.0004
Tissue grab device 58 (38.7%) 36 (41.4%) 22 (34.9%) 0.4227
New percutaneous drain placement 10 (6.7%) 5 (5.8%) 5 (7.9%) 0.5957
Adjustment of existing percutaneous drain 17 (11.3%) 5 (5.8%) 12 (19.1%) 0.0112
Distal enteral feeding access 28 (18.7%) 9 (10.3%) 19 (30.2%) 0.0021
Other adjuncts 9 (6.0%) 5 (5.8%) 4 (6.4%) 0.8782
Number of over-the-scope clips applied per 

FTGID, mean (SD)
1.04 (0.19) 1.08 (0.27) 1.03 (0.18) 0.1880

 1 141 (94.0%) 80 (92.0%) 61 (96.8%)
 2 9 (6.0%) 7 (8.1%) 2 (3.2%)

Success of defect closure
 Immediate, technical 142 (94.7%) 83 (95.4%) 59 (93.7%) 0.6375
 Long-term 74 (52.1%) 36 (43.9%) 38 (63.3%) 0.0220
 Unknown long-term 8 (5.3%) 7 (8.0%) 1 (1.6%)

Fig. 5  Endoscopic adjuncts utilized at time of over-the-scope clip 
placement. A Total number of adjuncts used in each procedure. B 
Types of adjuncts used in each procedure
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This study represents the largest single center study on 
over-the-scope clip management of non-acute FTGID. With 
5.5 months of median follow-up, this study also represents 
one of the longest post-endoscopy follow-up periods after 
over-the-scope clip management of FTGID.

The single center nature of this study permits several ben-
efits despite the retrospective data collection. First, the same 
technical steps were followed during every procedure. Sec-
ond, given that our study includes cases performed by two 
fellowship-trained endoscopic surgeons, the inter-provider 
variability is likely limited. We believe that uniformity is a 
strength of this study.

The study has several limitations. We included only 
patients in whom an over-the-scope clip closure was 
attempted and did not include patients with defects repaired 
with other methods, or in whom over-the-scope clip therapy 
was determined to be not the best option for management. 

The results of this study may therefore be more reflective of 
our group’s previously described treatment algorithm than 
the efficacy of the OTSC system alone [7, 26, 27]. Addi-
tionally, the single center, two surgeon nature of the study 
also means that the results may not be reproducible if the 
techniques are more broadly adopted.

Most studies of over-the-scope clip management of non-
acute FTGID to date have included 30 or less patients except 
for studies by Haito-Chavez et al., Law et al. and Honegger 
et al. [18, 19, 22, 23, 28–32]. The present study, therefore, 
represents one of the largest case series evaluating the suc-
cess of over-the-scope clip management of non-acute FTGID 
with extensive follow-up. Additionally, when focusing on the 
subset of patients with non-acute post-operative leaks that 
were managed with OTSC, it is the largest case series of 
those particular defects.

Table 7  Endoscopic 
interventions stratified by long-
term success

SD standard deviation

Variable Success (n = 74) Other (n = 68) P value

Distal obstruction treatment 6 (8.1%) 5 (8.8%) 0.8783
Foreign body removal 11 (14.9%) 8 (11.8%) 0.5878
Tissue ablation 39 (52.7%) 40 (58.8%) 0.4633
Tissue grab device 26 (35.1%) 29 (42.7%) 0.3586
New percutaneous drain placement 4 (5.4%) 4 (5.9%) 0.9020
Adjustment of existing percutaneous drain 11 (14.9%) 3 (4.4%) 0.0369
Distal enteral feeding access 16 (21.6%) 10 (14.7%) 0.2871
Other adjuncts 6 (8.1%) 2 (2.9%) 0.1822
Number of over-the-scope clips applied per 

FTGID, mean (SD)
1.04 (0.20) 1.06 (0.24) 0.62

 1 71 (96.0%) 64 (92.1%)
 2 3 (4.1%) 4 (5.9%)

No evidence of persistent leak 72 (97.3%) 63 (92.7%) 0.2010
Type of gastrointestinal defect 0.1582
Fistula
 Gastrocutaneous 11 (14.9%) 8 (11.8%)
 Gastrogastric 10 (13.5%) 9 (13.2%)
 Enterocutaneous 3 (4.1%) 10 (14.7%)
 Colocutaneous 2 (2.7%) 4 (5.9%)
 Colovesical 1 (1.4%) 1 (1.5%)
 Enteroenteric 1 (1.4%) 1 (1.5%)
 Colovaginal 1 (1.4%) 1 (1.5%)
 Other 6 (8.1%) 9 (13.2%)

Leak or contained perforation
 Gastric staple leak 13 (17.6%) 15 (22.1%)
 Lower GI anastomotic leak 7 (9.5%) 2 (2.9%)
 Gastric bypass anastomotic leak 5 (6.8%) 0 (0.0%)
 Upper GI contained perforation,  prepyloric 6 (8.1%) 1 (1.5%)
 Rectal staple leak 1 (1.4%) 2 (2.9%)
 Small bowel contained perforation 3 (4.1%) 0 (0.0%)
 Other 2 (2.7%) 2 (2.9%)
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Overall, 64.4% of all patients and 66.1% of all defects 
were managed successfully using the over-the-scope clip 
system. As noted in previous case series, the long-term suc-
cessful closure of fistulae at 55.0% in our study was lower 
than that of leaks at 79.6%. These respective success rates 
are consistent with the rates in previous studies with fistulae 
ranging from 43–53% and leaks from 67–83% [18, 19, 22, 
23, 28, 30]. A systematic review from 2018 with a total of 
388 fistulae and 97 cases of anastomotic dehiscence from 
30 articles reported an overall fistula closure success rate 
of 51.5% and an overall anastomotic dehiscence success 
rate of 66% [33]. We believe that our results, and those of 
Haito-Chavez et al. (fistulae 43%, leaks 73%), are the best 
estimates of true procedural success rates given that the two 
studies reflect the largest case series to date with over-the-
scope clip management of non-acute FTGID.

We failed to identify specific patient characteristics 
associated with failed over-the-scope clip management 
of FTGID. Although history of prior radiation treatment 
at the defect site was more common among patients that 
failed over-the-scope clip management, radiation history 
was also more common among fistula defects and this 
study demonstrates a lower success rate among fistulae. 
Care must be taken in interpreting these results as some 
findings may be more indicative of the underlying disease 
process instead of a predictor of failure or success.

Multiple endoscopic adjuncts were utilized in conjunc-
tion with over-the-scope clip management. We believe 
endoscopic surgical management requires utilization of 
conventional surgical principles such as treatment of the 
underlying infection, nutritional optimization, foreign 
body removal, relieving downstream obstructions, and 
washout and drainage of any infection. We believe our data 
support the use of endoscopic washout and adjustment of 
existing percutaneous drains as these were employed more 
commonly in successful over-the-scope clip interventions. 
Care must be taken to identify all existing defects; our 
data demonstrated that multiple defects were present in 
approximately one quarter of all patients (Fig. 6).

The patients in our study underwent multiple proce-
dural interventions aimed at managing the GI defects. This 
study was not designed to evaluate the cost-effectiveness of 
attempted over-the-scope clip closure of GI defects. Further 
study is necessary to determine the cost-effectiveness of 
over-the-scope clip given the multiple procedural interven-
tions. Additionally, this study was not designed to evaluate 
the optimal timing of deciding over-the-scope clip failure 
and undergoing attempted definitive operative management 
of the FTGID.

Surprisingly, defect age did not vary significantly as 
expected between successfully managed FTGID and fail-
ures indicating that defect age is not a predictor of long-term 
success. This suggests that successful management of these 

defects can be undertaken regardless of defect age and that 
endoscopic closure attempts can be offered to all patients 
regardless of defect age as it appears that other defect char-
acteristics are more predictive of long-term success.

There were four mortalities in this series that were all 
unrelated to the FTGID. No patients required urgent sur-
gical intervention to address the FTGID and there were 
no complications (e.g., bleeding, perforation, aspiration) 
related to endoscopic intervention. It has previously been 
demonstrated that prior attempts at endoscopic closure of 
fistulas do not increase complications if the patient subse-
quently undergoes surgical revision [34]. We believe that 
attempts at over-the-scope clip management of FTGID 
are warranted despite the relatively high rates of failure 
of 45.0% in fistulae and 19.4% in leaks. Over-the-scope 
closure of FTGID represents a low-risk, high-reward 
procedure. The potential to avoid the morbidity of surgi-
cal revision of these defects represents a significant ben-
efit to patients when these endoscopic interventions are 
successful.

The 14.9% rate of definitive operative management of 
FTGID is low and argues in favor of attempting endoscopic 
closure prior to surgical management. Even when definitive 
endoscopic closure failed, the endoscopic adjuncts rendered 
(such as drain repositioning, and placement of downstream 
enteral access) have the potential to improve patient man-
agement. Further, endoscopic therapy failure did not neces-
sitate urgent surgery and did not appear to negatively affect 
or complicate the subsequent surgical repair. It is worth 
noting that many of the patients who underwent over-the-
scope FTGID management were not candidates for surgical 

Fig. 6  Patient with chronic gastric leak from history of gastrostomy. 
Endoscopic view of stomach while percutaneous drain was being 
flushed demonstrating two defects (both defects inside dotted line 
box)—one large and readily apparent on left and a diminutive defect 
on the right
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intervention. Only 41.9% of patients who failed our endo-
scopic closure attempts were ultimately offered a surgical 
intervention, suggesting that endoscopic therapy was being 
offered as a salvage therapy when all other options have 
been exhausted.

Closure of FTGID with the OTSC system falls within 
a spectrum of endoscopic management options. In addi-
tion to OTSC, these options include endoclips, endoscopic 
stents, endoscopic suturing, internal drainage with double 
pigtail stents, endoscopic vacuum therapy, fistula plugs, 
and tissue sealants [27]. The result from this series repre-
sents our use of the OTSC system within a broader spec-
trum of management options for FTGID closure. Future 
study is necessary to develop treatment algorithms that 
appropriately match patients to the best treatment modality 
for management of FTGID.

In conclusion, over-the-scope clip management of 
FTGID represents a safe alternative to potentially morbid 
operative intervention. This study underscores the utility 
of attempted endoscopic management of FTGID. Further 
study is needed to identify predictors of long-term closure 
and to improve success rates.
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