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Abstract
Background  Percutaneous endoscopic gastrostomy is commonly used for enteral nutritional access, but gastrocutaneous 
fistulae (GCF) may persist after tube removal, posing clinical challenges. The use of endoscopic closure devices, including 
over-the-scope clips (OTSC), has shown promise in managing non-healing fistulae, although data in the pediatric popula-
tion are limited.
Methods  A retrospective multicenter study analyzed pediatric patients who underwent GCF closure following gastrostomy 
tube removal. Data from seven centers across multiple countries were collected, including patient demographics, procedural 
details, complications, and outcomes. Closure techniques were compared between OTSC and surgical closure.
Results  Of 67 pediatric patients included, 21 underwent OTSC closure and 46 had surgical closure. Surgical closure dem-
onstrated a higher success rate (100%) compared to OTSC closure (61.9%, P < 0.001). While procedural duration was 
shorter for OTSC closure (25 vs. 40 min, P = 0.002), complications, and scar quality were comparable between techniques. 
A subsequent sub-analysis did not reveal differences based on center experience.
Conclusion  OTSC closure is feasible and safe in pediatric patients, but surgical closure remains superior in achieving sus-
tained GCF closure, although OTSC offers benefits, such as shorter procedural duration, potentially reducing the duration of 
general anesthesia exposure. Non-operative approaches, including OTSC, may be a valuable alternative to surgical closure.
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Percutaneous endoscopic gastrostomy (PEG) has become a 
common procedure for establishing enteral nutritional access 
in patients unable to maintain adequate oral intake, even if 

modern laparoscopic techniques represent valid alternatives 
[1–3]. Both approaches can serve as a temporary or perma-
nent solution and offering an alternative route for nutritional 
support [3, 4]. Resuming normal oral nutrition, especially 
in children, often allows the gastrostomy to be removed. 
The standard removal of tubes is typically straightforward 
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and can be performed in a clinical outpatient setting and 
spontaneous closure of the gastrostomy tract may take up 
to 1–2 weeks. However, a gastrocutaneous fistula (GCF) 
may persist even for months, posing clinical complications, 
such as local infections or major leaks [5–7]. The occur-
rence of persistent (> 1–3 months) GCF ranges from 4.5% 
to 44%, depending on various risk factors and definitions [6, 
8–11]. Age at gastrostomy placement and timing of removal 
are recognized as predisposing factors for GCF, as well as 
prolonged non-use or extended tube retention time. Indeed, 
one-third of children with predictable risk factors includ-
ing age at gastrostomy and length of time of tube retention 
face challenges in managing the tube removal, mainly due 
to persistent GCF [9]. Moreover, cauterization and outpa-
tient procedures may be frequently unsuccessful in persis-
tent GCF management, and surgical closure is then often 
required [10].

The emergence of endoscopic closure devices in recent 
years has revolutionized the approach to non-healing fistu-
lae, marking a shift away from traditional surgical interven-
tions. Novel techniques, including endoscopic clips, per-
cutaneous sutures, skin glues, and balloon catheters, have 
shown promise in reducing complications, shortening hospi-
tal stays, and facilitating the resumption of oral feeding [12, 
13]. Experience in non-operative management of persistent 
GCF in children remains scarce; a systematic review of 142 
cases reported an 80% success rate, with endoscopy show-
ing a 75% success rate, with no specific adverse events [9].

Among the spectrum of endoscopic closure devices, over-
the-scope clips (OTSC) have gained prominence as a ver-
satile tool in several indications, including persistent GCF 
(Fig. 1) [14–18]. Originally developed for adult endoscopic 
practice, the OTSC has demonstrated long-term efficacy 
of > 50% in a large range of applications, from acute hemo-
stasis to various kinds of fistulae of the whole gut [12, 15, 
19, 20]. Even so, the application of OTSC in the pediatric 
population, especially in the context of post-gastrostomy 
fistulae, remains poorly reported [21].

Given the limited pediatric data available on the applica-
tion of OTSC in post-gastrostomy fistulae, our study aimed 
to investigate the management and outcomes of GCF pro-
cedural closure following the removal of the tube and to 
compare the outcomes of OTSC closure (Figs. 2 and 3) with 
those of traditional surgical closure.

Materials and methods

This retrospective multicenter study included pediatric 
patients who underwent closure of GCF following tube 
removal from June 2014 to June 2023. Data were col-
lected from seven centers: Lille (France), Sheffield (United 
Kingdom), Le Havre (France), Milan Ospedale Maggiore 

Policlinico (Italy), Milan Buzzi Children Hospital (Italy), 
Rome (Italy), and Omaha (Nebraska, USA).

We included all pediatric patients (< 18  years) who 
underwent closure for GCF, with a minimum follow-up of 
3 months. Clinical data were retrospectively extracted from 
medical records in an anonymized electronic case report 
form. The collected variables included patient demograph-
ics (sex, age at removal, age at fistula closure), procedural 
details (time intervals between gastrostomy placement, 
removal, and fistula closure), reasons for gastrostomy inser-
tion, and underlying conditions (e.g., neuromuscular dis-
eases, severe food aversion). The type of gastrostomy was 
determined, including Push One-Step PEG, Pull-Through 
PEG, or others (e.g., surgical or radiologic placement).

Specific information about the OTSC procedure was 
recorded, including the type, size, and depth of the OTSC, 
as well as any technical difficulties. Additional procedural 

Fig. 1   Most used over-the-scope clip (OTSC) devices and their spe-
cifics [36]. The “a clip” with round teeth is used if blunt compres-
sion of the tissue is intended. The “t clip” has spikes and is used if 
additional anchoring of the clip is intended, e.g., in fibrotic tissue. 
A standard 9–10-mm pediatric gastroscope was typically used for 
the OTSC procedure, accommodating the deployment of 11-mm or 
12-mm clips
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aspects, such as the need for grasper or anchor forceps, the 
use of extra devices, and the time required for OTSC place-
ment, were documented. Early outcomes were assessed, 
including days of hospitalization after the procedure, 
weight at fistula closure, and associated drugs. Complica-
tions were categorized as immediate (during the procedure), 
early (within 7 days), and late (7 days or after). Compli-
cations including pain, bleeding, local or systemic infec-
tions, and modalities for the management of complications 
were recorded. The success or failure of the closure was 
documented, with success defined as closure of the fistula 
confirmed 3-month post-procedure. Patients from the same 
centers of comparable age, who presented persistent GCF 
and underwent surgical closure, were chosen as a control 
group. The scar quality was assessed by querying caregivers 
at least 3-month post-procedure regarding their perception 
of its esthetic appearance (good, fair, poor).

The study was conducted using protocols, good clinical 
practice, and relevant laws and regulations. This study was 
approved by the Ethics Committee of the Gastroenterology, 
Hepatology, and Nutrition French Speaking Group (ID: 2023-
45). The study was declared to the Data Protection Authority 

and conducted according to the Helsinki Declaration. All data 
were anonymized.

Study data were collected and managed using REDCap® 
electronic data capture tools hosted at “Centre Hospitalier 
Universitaire de Lille” in France. Descriptive statistics were 
presented as mean (standard deviation) or median (interquar-
tile range (IQR)) in the case of non-normal distribution for 
quantitative variables and as frequency and percentage for cat-
egorical variables. The normality of distribution was assessed 
graphically and using the Shapiro–Wilk test. Bivariate com-
parison between the OTSC and surgical closure groups was 
performed using the Chi-square test or Fisher’s exact test for 
categorical variables and the Mann–Whitney U test for quan-
titative variables. Statistical testing was conducted at the two-
tailed α level of 0.05. Data were analyzed using SAS software 
(version 9.4; SAS Institute, Cary, NC).

Fig. 2   Persistent gastrocutane-
ous fistula at the time of the 
closure with over-the-scope clip 
(OTSC) (A) and at 8 months 
later (B), when biopsies of 
the mucous bud found gastric 
mucosa

Fig. 3   Endoscopic aspect of 
an over-the-scope clip (OTSC) 
closure (A), 8 months after the 
procedure (B)
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Results

Patients’ characteristics

In total, 67 pediatric patients with GCF were included. 
Twenty-one patients underwent OTSC placement and 46 
with a surgical closure (Table 1).

The median age at fistula closure for the entire cohort 
was 7.1  years (IQR 4.5–11.5), with a median time of 
4.3 months (IQR 1.4–8.2) between tube removal and fistula 
closure. Considering the 67 patients, 62.7% had their gas-
trostomy placed via PEG, while 32.8% had it placed surgi-
cally (open/laparoscopic). Overall, patients maintained the 
gastrostomy for an average of 4.9 years (IQR 2.7–7). No 
significant statistical difference was observed between the 
two groups regarding the median time from the removal 

to the fistula closure (2.8 vs. 4.7 months, P = 0.13) and 
gastrostomy retention time (62 vs. 51.2 months, P = 0.24). 
In addition, no significant differences were detected across 
factors, such as procedural challenges, patient sex, under-
lying conditions, age, or weight at the time of closure.

OTSC closure: technical aspects

The majority (66.7%) of OTSC applied were 11 mm in 
diameter, while the remaining clips were 12 mm. In most 
cases (61.9%), the clip depth was 6 mm. Type t clips were 
preferred rather than type a (85.7% vs. 14.3%). In patients 
who underwent fistula closure with OTSC, an average pro-
cedure duration of 25 min was observed, and no technical 
difficulties or complications were encountered during clip 
application.

Table 1   Comparison of the population according to the type of GCF closure

GCF gastrocutaneous fistula, OTSC over-the-scope clips, IQR interquartile range

Fistula closure, N (%)

OTSC
N = 21

Surgery
N = 46

P value

Characteristics
 Sex Male 11 (52.4) 18 (39.1) 0.31

Female 10 (47.6) 28 (60.9)
 Type of gastrostomy insertion Push 7 (33.3) 17 (37.0)

Pull 7 (33.3) 11 (23.9)
Other 7 (33.3) 18 (39.1)

 Gastrostomy indication Inadequate nutritional intake 18 (85.7) 39 (84.8) 1.00
Unsafe swallow 9 (42.9) 13 (28.3) 0.24
Other 4 (19.0) 14 (30.4) 0.33

 Underlying disease Food aversion/eating disorders 5 (23.8) 12 (26.1) 0.84
Neurological impairment 12 (57.1) 18 (39.1) 0.17

 Tube removal indication Gastrostomy no longer needed 16 (76.2) 37 (80.4) 0.75
Major leaks at the gastrostomy 7 (33.3) 14 (30.4) 0.81
Other 5 (23.8) 14 (30.4) 0.58

 Duration of gastrostomy in place Months (IQR) 62 (35.9–139.2) 51.2 (30.5–78.3) 0.24
 Time between removal and fistula closure Months (IQR) 2.8 (0.8–5.8) 4.7 (2.1–8.8) 0.13
 Age at fistula closure Years (IQR) 8 (5.4–16.7) 6.5 (4–9.9) 0.14

GCF closure procedure
 Outcome Success 13 (61.9) 46 (100.0)  < 0.001
 Closure procedure duration Min (IQR) 25 (18–30) 40 (30–48) 0.002
 Hospitalization duration Days (IQR) 1 (1–2) 1 (1–2) 0.32
 Post-procedure complications Yes 6 (28.6) 17 (37.0) 0.50
 Need for complication management Yes 7 (33.3) 7 (15.2) 0.11
 Quality of the scar Good 7 (58.3) 17 (70.8)

Fair 3 (25.0) 6 (25.0)
Bad 2 (16.7) 1 (4.2)
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Comparison of outcome of OTSC and surgical 
closure

Surgical closure was successful in 100% of cases at 3 months 
of follow-up, whereas OTSC closure demonstrated a 61.9% 
success rate (P < 0.001). Indeed, we observed 8 cases of 
closure failure with OTSC postoperatively (n = 3), within 
1 week (n = 3), and within one month after the procedure 
(n = 2). We could not find any risk factor associated with 
failure in the OTSC group.

The duration of the closure procedure was significantly 
shorter in the OTSC group than in the surgery group (25 min 
vs. 40 min, P = 0.002) (Table 1).

When considering the occurrence of complications and 
scar quality, no significant differences were found between 
the two groups (Fig. 2). Considering all 67 patients, 23 
(34.3%) experienced complications. No intra-procedural or 
late (≥ 7 days) complications were found. The most com-
mon early complications were postoperative pain and local 
wound infections, occurring in 12% of cases. No significant 
difference was found in hospitalization duration between the 
two groups.

To address a possible bias related to the variable expe-
rience of the centers and learning curves effect on OTSC 
placement, a sub-analysis was conducted comparing 12 
OTSCs performed in the most experienced centers (> 3 
OTSC closures already performed) with the 9 cases from 
less-experienced centers, or early cases from experienced 
centers. We could not find any difference either in success 
or in complication rates (P = 0.67).

Discussion

Our results show that OTSC is feasible and safe in chil-
dren as young as 2 years or weighing more than 10 kg. To 
the best of our knowledge, our study is the first to compare 
OTSC with surgical closures of GCF in children and shows 
that surgery is superior in achieving sustained closure of 
GCF, with a persistent fistula occurring in more than 1/3 
of the OTSC closure group. The shorter procedural dura-
tion for OTSC compared with surgery aligns with the exist-
ing literature on the potential advantages of GI endoscopic 
techniques in terms of procedural efficiency and duration, 
which our results confirm [22, 23]. Indeed, while endoscopic 
closure is a viable technique, its selection should be based 
on individual patient circumstances. Our findings suggest 
that surgical closure should remain the standard of care for 
persistent GCF in pediatric age, with OTSC serving as an 
alternative when surgery is contraindicated or has failed.

Nonetheless, it is useful to consider the benefits of 
OTSC beyond just numerical outcomes, especially its role 
as a minimally invasive approach in addressing GCF [24]. 

Potentially, OTSC and other non-operative methods could 
offer significant advantages over traditional surgical options, 
including reduced complication rates, shorter hospital stays, 
and faster return to oral feeding [9, 25–27]. However, it is 
important to clarify that while OTSC is less invasive than 
surgery, it still requires general anesthesia in pediatric 
patients. This necessity ensures the safety and immobility 
of the pediatric patient during the procedure, similar to the 
surgical approach [21, 28]. Thus, the primary advantage 
of OTSC could be related to its reduced procedural dura-
tion and a potentially quicker postoperative recovery, rather 
than the avoidance of general anesthesia. Moreover, given 
the growing concern over the neurodevelopmental effects 
associated with general anesthesia in pediatric patients, the 
ability to minimize procedural time could be an advantage 
[29, 30]. However, recent evidence suggests no increased 
risk associated with general anesthesia for procedures under 
1 h, even in younger pediatric patients [31]. Consequently, 
a 15-min difference in procedural time between OTSC and 
surgical closure might not be clinically significant in terms 
of anesthesia exposure risk, particularly when considering 
the higher success rate associated with surgical closure.

The shorter duration of the endoscopic procedure con-
firmed by our results emphasizes the need for prompt effec-
tiveness and suitable safety of non-operative techniques. A 
systematic review suggests that such non-operative modali-
ties have shown promise [9], especially in avoiding unneces-
sary or longer exposure to general anesthesia in vulnerable 
pediatric patients [32–34]. There are limited pediatric data 
on the application of OTSC while existing evidence primar-
ily pertains to adults. Our study is the largest series of OTSC 
applications in children (n = 21) and confirms the applicabil-
ity and functional results of previous reports. Sharma et al. 
reported the clinical success of OTSC closure in site fistulae 
in 6 of 7 children [21]. Wright et al. reported clinical suc-
cess in 5 of 6 children [18]. In terms of complications, scar 
quality, and hospitalization duration, both techniques offer 
comparable safety profiles. Moreover, in cases of a first-
line endoscopic approach, OTSC would not interfere with 
an eventual future surgery, if needed [35].

While OTSC offers advantages, such as reduced proce-
dural duration and potentially decreased hospital stay, it 
should be viewed as an option rather than the first treat-
ment for pediatric GCF. Thus, the use of OTSC in pediat-
ric patients should be considered on a case-by-case basis, 
particularly when standard approaches have failed to close 
the fistula or when specific clinical conditions make conven-
tional techniques less suitable. This approach provides a bal-
anced perspective on integrating OTSC into pediatric care, 
recognizing the need to tailor interventions to individuals.

The strength of our study lies in its multicenter design, 
collecting data from seven different centers. This approach 
enhances the generalizability of our findings, as it considers 
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diverse patient populations, settings, and varying clinical prac-
tices. Indeed, the lack of significant differences in success rates 
or complications between more- and less-experienced cent-
ers in the OTSC cases underscores the consistency and reli-
ability of this new endoscopic device across diverse settings, 
both in terms of case history and various surgical/pediatric 
competencies. Inherent limitations of this study include the 
potential for selection bias in treatment modalities and reli-
ance on retrospective data with varying levels of GCF severity 
and underlying diseases. Although a 3-month follow-up was 
selected to define the success or failure of the GCF closure, 
we acknowledge that a longer follow-up period could capture 
additional late recurrences. However, extending follow-up 
might increase the likelihood of losing patients, thus limiting 
the reliability of long-term data. Therefore, while our current 
data provide valuable insights, further studies with extended 
follow-up would be useful to rule out the risk of late recur-
rence of the fistula. We acknowledge that variability in the 
techniques used across our patient cohort and among different 
centers could influence the results. This heterogeneity presents 
a limitation in our statistical analysis, potentially affecting the 
robustness of the comparisons between the OTSC and surgi-
cal closure groups. Another limitation of our study is that we 
could not identify any at-risk groups of children where OTSC 
was likely to fail, although it is possible to hypothesize that 
certain characteristics of the gastrostomy fistula (diameter, 
colonization with gastric mucosa, as shown in Figs. 2 and 3) 
might influence the outcome.

Even if OTSC closure demonstrates feasibility and safety 
in pediatric patients, surgical closure maintains superiority in 
achieving sustained closure of GCF in pediatric patients, with 
a 100% success rate in our cohort. Our study prompts further 
considerations for the integration of endoscopic techniques 
such as OTSC into the pediatric clinical practice, always bal-
ancing the benefits and risks of each approach for the specific 
patient and considering surgery in cases of stable and suitable 
patients.
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