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Abstract
Introduction: Several endoscopic methods can be em-
ployed to manage post-bariatric leaks. However, endolumi-
nal vacuum therapy (EVT) and endoscopic internal drainage
(EID) are relatively new methods, and studies regarding
these methods are scarce. We performed a systematic re-
view of the literature and a meta-analysis to evaluate the ef-
ficacy of EVT and EID. Methods: Databases were searched for
eligible studies. The clinical success of leak closure was the
primary outcome of interest. A proportional meta-analysis
was performed for pooling the primary outcome using a
fixed-effects model. A meta-analysis or descriptive analysis
of other outcomes was performed based on the data avail-
ability. Results: Data from 3 EVT and 10 EID studies (n =279)
were used for evidence synthesis. The leak closure rates
(95% confidence interval [Cl]) of EVT and EID were 85.2%
(75.1%-95.4%) and 91.6% (88.1%-95.2%), respectively. The
corresponding mean treatment durations (95% Cl) were 28
(2.4-53.6) and 78.4 (50.1-106.7) days, respectively. However,
data about other outcomes were extremely limited; thus, a
pooled analysis could not be performed. Conclusions: Both
EVT and EID were effective when used as the first-line treat-
ment for post-bariatric leaks. However, larger studies must
be conducted to compare the efficacy of the 2 interventions.
© 2021 S. Karger AG, Basel

Introduction

Bariatric surgery is effective against obesity and meta-
bolic syndrome. However, previous studies have reported
several life-threatening complications associated with
this procedure. That is, approximately 1.1% and 0.6% of
patients who underwent sleeve gastrectomy (SG) [1] and
Roux-en-Y gastric bypass (RYGB) [2] experienced staple
line and anastomotic leakage, respectively. If leakage oc-
curs, infection control must be prioritized, which can be
achieved with prompt surgical or percutaneous drainage.
The mortality rate of individuals with post-bariatric leaks
is approximately 0.8%-9% [2, 3].

To date, advanced therapeutic endoscopy plays an es-
sential role in post-bariatric leak management. Among
available interventions, self-expandable metallic stent
(SEMS) placement has been most commonly examined.
Meta-analyses have shown that the leak closure rates of
SEMS placement are 82%-93% [4, 5]. However, approxi-
mately 15%-32% of patients experience stent migration
[4, 5], and the use of >1 stent, which is expensive, might
be required during treatment.

Recently, endoluminal vacuum therapy (EVT) and
endoscopic internal drainage (EID) have gained popu-
larity. Two meta-analyses have shown that EVT result-
ed in 16%-21% increase of the orifice closure rate com-
pared with SEMS in nonbariatric anastomotic leakage
and transmural defect [6, 7]. After EID was introduced
in 2012, it became the first-line management method
for post-bariatric leaks at some centers [8—11]. Success-
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tul fistula closure (90%) following EID was also report-
ed outside the bariatric field [12]. However, relatively
few studies have assessed EVT and EID. Most of those
studies assessed the treatment effect in a small number
of patients. Because of the limited evidence, we system-
atically reviewed publications that used both proce-
dures as the first-line modality for post-bariatric leak-
age. Nevertheless, pooling of the treatment effect of
EVT versus EID could not be performed owing to the
lack of original studies comparing both techniques.
Thus, the effects of each treatment were meta-analyzed
separately.

Methods

This study is registered at PROSPERO (CRD42021236024) and
is reported in accordance with the PRISMA [13], MOOSE [14],
and AMSTAR-2 [15] guidelines.

Search Strategies and Study Selection

The following search terms were used: “bariatric surgery,”
“sleeve gastrectomy,” “Roux-en-Y gastric bypass,” “leak,” “fistula,”
“endoluminal vacuum therapy,” “endoscopic internal drainage,”
and “septotomy.” See online suppl. Table 1 (for all online suppl.
material, see www.karger.com/doi/10.1159/000518946) for more
details. Septotomy was included as a search term because it in-
volves drainage of leaks, similar to EVT and EID, which are the
interventions of interest in the current study. There was no lan-
guage restriction when searching the MEDLINE (via PubMed),
Scopus, and Embase databases to identify relevant studies from
inception to February 8, 2021. The cited literature of the included
studies was assessed for additional articles.

Studies that reported the clinical success rate of post-bariatric
leak/fistula treatment from the interventions of interest were eli-
gible. However, studies that reported interventions that are not the
first-line endoscopic treatment were excluded from this study.
Case series, nonrandomized comparative studies, and randomized
clinical trials were reviewed. However, small case series (<5 pa-
tients treated with the intervention of interest) and case reports
were not considered. Studies were selected for further analysis by
2 independent reviewers (I.L. and W.K.). Any disagreement was
resolved by a third reviewer (A.T.).

Data Extraction and Quality Assessment

The following data were extracted from the eligible articles:
interventions, patients’ mean (or median) age and BMI, percent-
age of male patients, comorbidities, time from index bariatric
surgery to initial endoscopic treatment, follow-up duration, and
co-intervention (i.e., surgical, radiological, or endoscopic proce-
dures). For further analysis, information about the total number
of patients, clinical success rate, mean (or median) treatment
duration and endoscopy sessions, duration of hospital stay,
complications, and mortality was extracted. Cross-tabulated
data of interventions and outcomes were collected from com-
parative studies (i.e., randomized and nonrandomized studies).
However, none of the comparative studies were eligible after a
full-text screening. Equivocal data were clarified by contacting
the author.

The quality of the included studies was assessed using the Na-
tional Institutes of Health tool for case series if the full-text article
was available. This tool can be used to rate the quality of studies as
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follows: good, fair, and poor. Both processes were independently
performed by 2 reviewers (I.L. and T.A.). Any disagreement was
resolved by a third reviewer (A.T.).

Statistical Analysis

A random-effects model was used to pool data on clinical suc-
cess rates, mean treatment duration, and mean endoscopy sessions
across studies if heterogeneity was observed (i.e., I > 25 or Co-
chrane’s Qtest, p < 0.1). Otherwise, a fixed-effects model was used.
In case data were presented as the median, the value was trans-
formed to mean using Wan’s method before pooling [16]. A meta-
regression was considered for the assessment of heterogeneity.
However, it was not performed due to the lack of covariate data.
As no comparative study was included, publication bias assess-
ment was not required. Sensitivity analysis was conducted exclud-
ing studies with poor quality. All statistical analyses were per-
formed using STATA 16. Other outcomes with limited data that
were not appropriate for pooling were reported descriptively.

Results

Characteristics and Quality of the Included Studies

Of 577 articles, 13 case series [9, 17-28] (n = 279)
were eligible (Fig. 1). One study [22] was only present-
ed as an abstract, without the full text, at a conference.
At least 230 and 35 patients who underwent SG and
RYGB, respectively, were analyzed. Among studies that
reported patients’ characteristics, age, BMI, and per-
centage of men ranged from 32.4 to 46.6 years, 33-53
kg/m?, and 7.1%-60.6%, respectively (Table 1). Most of
the leaks following SG occurred at the proximal staple
line. Unfortunately, most studies did not report the type
of leak (i.e., acute, early, late, and chronic) at the time
of presentation and radiologic findings. Seven studies
included the duration from the index bariatric proce-
dure to the initial endoscopic treatment, which ranged
from 4 to 60.5 days [17, 19, 20, 25-28]. However, only
few studies included information regarding the follow-
up duration (57 days to 1 year) [17, 19, 20, 24, 25]. To
prevent infection, pre-endoscopic surgical or percuta-
neous drains were used according to each center’s treat-
ment protocol. The percentage of drain placement var-
ied across studies, of which one routinely used pre-en-
doscopic drainage [25] (Table 1).

To comply with the review question, we did not con-
sider studies that included cases in which other endo-
scopic modalities for leak closure were unsuccessful. For
example, studies of patients who underwent unsuccessful
SEMS placement were excluded [11, 29, 30]. However,
this review included studies that involved some adjunct
endoscopic management procedures, such as SEMS
placement, balloon dilation, and botulinum toxin injec-
tion, which aim to correct sleeve stenosis or pyloric spasm.
Four studies reported the additional use of endoscopic
procedures (21.4%-50%) [18, 21, 25, 26]. There were 7
studies about septotomy [31-37]. However, most reports
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Fig. 1. Study selection diagram.

involved late or chronic leak, thereby making the first-
line endoscopic management equivocal. Thus, these stud-
ies were not included in the full-text assessment phase.
The quality of the included studies, which was assessed
only if the full text was available, was rated as good (2),
fair (9), and poor (1) (online suppl. Table 2).

Endoscopic Techniques

In EVT studies, the EVT systems were delivered via
the orifice into the leak cavity (intracavitary). However,
intraluminal vacuum (a system placed inside the stom-

Vacuum and Internal Drainage for
Post-Bariatric Leak

ach lumen instead of the leak cavity) was applied in one
study [26]. The vacuum systems used were either com-
mercially available systems or homemade versions.
Homemade systems could be constructed using foam or
open-pore film drainage wrapped around the catheter.
The entire vacuum system was delivered under endo-
scopic guidance or using a guide wire. In 2 EVT studies
[23, 26], the vacuum system was changed every 5-7 days.
With the use of EVT, continuous collection drainage
could be provided, and granulation tissue growth could
be promoted.
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Table 1. Study characteristics

Additional endoscopic

treatment (%)
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or interventional
radiology (%)
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Surgery

57 (13-450)

n/a
n/a

n/a

EID
EID
EID

n/a
n/a

242 462 (35-70) SG(33)
n/a SG (5)

20

1

41.3 (18-60)

28-57

Sportes et al. [24]

4-13

Lazzarin et al. [27]

Median 14 (IQR 7-34)

Prox SL (5)

495 n/a SG (5), RYGB (1)

Fuentes-Valenzuela et al. [28]

BMI, body mass index; EG, esophagogastric; EID, endoscopic internal drainage; EVT, endoluminal vacuum therapy; IQR, interquartile range; IR, interventional radiology; n/a, not available; Prox SL, proximal
staple line; RYGB, Roux-en-Y gastric bypass; SD, standard deviation; SEMS, self-expandable metallic stent; SG, sleeve gastrectomy. * Not included definite surgery such as total gastrectomy and conversion from

SG to RYGB.
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EID involved bridging the orifice with double-pigtail
plastic stents with or without a nasocystic catheter.
Multiple stents could be inserted simultaneously. The
rationale of bridging with the plastic stent is to drain the
fluid collection, prevent further leaks by occluding the
orifice, and induce fistula re-epithelialization. In one
study, follow-up endoscopy was performed at 4-week
intervals until leak closure was validated [25], whereas
pigtail stents were changed every 3 weeks in another
study [24]. In other studies [9, 18], follow-up endos-
copy was performed 6-8 weeks after double-pigtail
stent insertion.

Clinical Success

This meta-analysis included 3 EVT [22, 23, 26] and 10
EID [9, 17-21, 24, 25, 27, 28] studies. EVT was employed
in 47 patients. The summary data are provided in online
suppl. Table 3. Clinical success was defined as clinical plus
endoscopic or radiologic resolution. The pooled clinical
success rates (95% confidence interval [CI]) of EVT and
EID were 85.2% (75.1%-95.4%) and 91.6% (88.1%-—
95.2%), respectively (Fig. 2, 3). No heterogeneity was ob-
served in both pooling (I* = 0%). When the EID study [21]
with poor quality was excluded, the pooled success rate
did not significantly change (clinical success rate = 91.2%
(87.6%-94.9%)).

Treatment Duration and Endoscopy Sessions

Information about the treatment duration was avail-
able for pooling in 9 studies [9, 17, 20, 22, 23, 25-28].
The mean pooled treatment durations (95% CI) of EVT
and EID were 28 (2.4-53.6) and 78.4 (50.1-106.7) days,
respectively (online suppl. Fig. 1, 2). The results re-
vealed extremely high heterogeneity (I* = 97.1% and
97.9%, respectively). Nevertheless, a meta-regression
analysis was not performed due to unavailability of co-
variate data.

The pooling of endoscopy sessions was achieved in 6
EID studies [17-20, 25, 28]. The mean corresponding
pooled endoscopy session (95% CI) was 2.9 (2.4-3.3)
times (online suppl. Fig. 3). The results showed high het-
erogeneity (I* = 76.2%), and a meta-regression analysis
was not performed.

Duration of Hospital Stay, Complications, and

Mortality

The mean duration of hospital stay was 19 + 15.1 days
in one EVT study [26], and it ranged from 8 to 21 days in
3 EID studies [9, 19, 28]. No procedure-related death was
reported. In one EVT study, 1 patient experienced bleed-
ing [26]. Four EID studies recorded complications in-
cluding stenoses (n = 8), perforation (n = 1), esophageal
ulceration (n = 3), bleeding (n = 2), and splenic hemato-
ma (n = 1) [17, 19, 24, 28].
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Fig. 3. Forest plot of successful leak closure from endoscopic internal drainage studies.

Discussion

This meta-analysis used data from 3 EVT and 10 EID
studies, and the results showed a high rate of successful
leak closure after both interventions (85.2% and 91.6%,
respectively). However, the number of studies on EVT for

Vacuum and Internal Drainage for
Post-Bariatric Leak

the management of post-bariatric leaks is extremely lim-
ited. Hence, data of only 47 patients were included in this
analysis. Additionally, 2 EVT studies [29, 38] were identi-
fied via title and abstract screening. However, these stud-
ies were excluded because they did not meet the eligibil-
ity criteria. Considering the lack of data, more studies
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Table 2. Reasons of not including some key studies

Study Intervention Patients, Reason
n

Pequignot et al. [8] EID 7 Overlapping with Rebibo et al. [9]

Christophorou et al. [40] EID 30 Not reported the number of EID used as a first-line treatment and a number of
successful first-line EID cases

Gonzalez et al. [10] EID 22 Success rate included using second-line endoscopic interventions (SEMS and OTSC)

Lorenzo et al.[11] EID 22 Included previously failed endoscopic treatment (31% of the cases), overlapping
with Gonzalez et al. [10]

Siddique et al. [30] EID 20 Included previously failed endoscopic treatment (85% of the cases)

Leeds et al. [29] EVT 9 Included previously failed endoscopic treatment (5/9)

Morell et al. [38] EVT 6 Unique technique; SoS

EID, endoscopic internal drainage; EVT, endoluminal vacuum therapy; OTSC, over-the-scope clip; SEMS, self-expandable metallic stent;

SoS, Stent-over-Sponge.

with a larger number of patients must be performed to
confirm the efficacy of EVT for post-bariatric leak man-
agement. Nevertheless, the present study is the only
meta-analysis conducted in a clinical setting. The pooled
success rate of this study is comparable to that of a previ-
ous meta-analysis on EVT for leakage after esophageal
and gastric resection [7].

The success rate of EID was slightly higher in the pres-
ent study than in previous meta-analyses. In a previous
meta-analysis, gastric leaks after SG with EID were suc-
cessfully managed in 84.7% of patients [39]. However,
there were several overlapping studies included in that
meta-analysis, and the management of these overlaps was
not sufficiently explained. Our review excluded overlap-
ping studies, and only the most updated publication from
the same group of patients was included. Studies that re-
cruited patients with unsuccessful endoscopic treatments
were excluded from our review. The reasons for exclud-
ing some key studies [8, 10, 11, 29, 30, 38, 40] are ex-
plained in Table 2. In addition, more recent studies were
incorporated in the current meta-analysis.

Initially, we planned to review septotomy for post-bar-
iatric leak management because it is similar to EVT and
EID in terms of the treatment concept. That is, it is em-
ployed for drainage of collected fluid. However, most sep-
totomy studies involved late or chronic leaks, which com-
monly evolved from early leaks. Hence, septotomy is
more likely to be performed after failure of other endo-
scopic treatments. The inclusion of septotomy in this
study may be in conflict with the review question. There-
fore, an independent analysis should be performed.

The present study pooled the clinical success rates of
each first-line intervention and described the outcomes
separately. A better endoscopic intervention was not in-
dicated in this meta-analysis due to the lack of original
studies that performed direct comparison. Comparative
studies should be conducted in the future. However, en-
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rollment in a randomized clinical trial is unlikely to be
successful due to the limited number of post-bariatric
leak cases. Therefore, retrospective studies using data
from a more extensive database with appropriate statisti-
cal adjustment should be conducted.

The present study did not assess the intervention effect
of salvage procedures. Data from studies about unsuccess-
ful management are required for the assessment of salvage
interventions. The number of such studies is limited, and
they are challenging to identify. The variations between
the EVT and EID techniques were not analyzed individu-
ally considering the small number of eligible studies.

Reports of the duration of treatment and endoscopy ses-
sions were missing from some studies. High heterogeneities
were observed from pooling, and they may be explained by
differences in the treatment protocol among centers.

Not all treatment outcomes were reported in original
articles. Most studies did not include information about
the length of hospital stay. Moreover, procedure-related
complications were not thoroughly explained. Only 1 pa-
tient presented with bleeding associated with EVT. Mean-
while, there were various complications correlated with
EID. Among all complications, splenic injury from the
proximity of stents may be caused by EID [41-43], and
only 1 patient presented with this complication.

This study had some strengths. It is the first meta-anal-
ysis to assess the efficacy of EVT for post-bariatric leaks.
Moreover, it can be considered an updated meta-analysis
about EID. The number of participants was higher when
pooling is performed in a meta-analysis, thereby making
the assessment of effect size more precise than small in-
dividual studies. However, the present study also had sev-
eral limitations. Only few studies were included in evi-
dence synthesis. The reason for this was that there are
only a few studies in this area, especially if only post-bar-
iatric leaks were considered. Fewer studies could be in-
cluded as a result of the strict eligibility criteria. If the in-
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clusion criteria were more lenient, all successful closures
might have been considered regardless if the patients
were required to undergo one or more endoscopic proce-
dures. The lack of covariate data is another problem that
can inhibit the evaluation of heterogeneity via a meta-
regression analysis.

In conclusion, both EVT and EID were feasible and ef-
fective for leak closure after bariatric surgery. Neverthe-
less, whether one intervention is more effective than the
other should be evaluated in large comparative studies,
which could be conducted using real-world information
from a registered database. This meta-analysis should be
updated when more data are available.
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