
Introduction
Endoscopic vacuum therapy (EVT) has become the preferred
standard for postoperative leakage management during the
last decade [1, 2, 3], while technical aspects have been further
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ABSTRACT

Background and study aims Endoscopic vacuum therapy

(EVT) has become the most effective therapeutic option for

upper gastrointestinal leakage. Despite its efficiency, this

treatment can necessitate a long hospitalization. The aim

of this study was to evaluate whether additional use of an

over-the-scope-clips (OTSC) closure after successful EVT

can shorten leakage therapy.

Patients and methods All patients treated with EVT for

leakages in the upper gastrointestinal tract at our center

from 2012 to 2022 were divided into two propensity mat-

ched cohorts (EVT+OTSC vs. EVT only). The EVT+OTSC pa-

tients received OSTC application at the end of successful

EVT directly after removal of the last sponge. The primary

endpoint was the time interval from leakage diagnosis until

discharge. Secondary endpoints included EVT efficacy,

complications, and nutritional status at discharge.

Results A total of 84 matched patients were analyzed. EVT

efficacy was 100% in both groups. The time interval from

leakage until discharge was significantly shorter in the EVT

+OTSC vs. EVT group (33 [19–48] vs. 46 days [29–77] P =

0.004). No patient in the EVT+OTSC group required addi-

tional procedures for leakage management, whereas five

(12%) in the EVT group needed additional stent placement

(P =0.021). More patients could be discharged on sufficient

oral nutrition in the EVT+OTSC group (98% vs. 60%; P <

0.001).

Conclusions The addition of OTSCs after successful EVT is

safe and has the potential to shorten leakage therapy, en-

abling earlier discharge along with better functional out-

comes.
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optimized [4]. Especially for postoperative leakages after upper
gastrointestinal tract surgery (UGI), EVT has proven its high
clinical efficacy even in complex situations [5, 6]. We recently
reported the effectiveness and the infrastructural and technical
challenges during EVT implementation at our center, demon-
strating significant improvement concerning morbidity as well
as mortality [4].

Although procedure-related complications such as strictures
or bleeding have been shown to be rare [4, 6, 7], important
drawbacks of EVT include the relatively long therapeutic se-
quence with recurrent endoscopies every 3 to 5 days, patient
inability to take oral nutrition, and compromising nasogastric
tubes. As a promising option to shorten the EVT time, EVT-con-
ditioned defect closure with an over-the-scope-clip (OTSC;
Ovesco Endoscopy AG, Tuebingen, Germany) has been identi-
fied [8]. This technique has been used for gastric or colonic de-
fect closure by grasping a rather large amount of tissue and
closing it by clamping it with an application device from outside
the endoscope [9].

We hypothesized that additional OTSC application after ini-
tial leakage consolidation by EVT could have the potential to
shorten leakage therapy. Therefore, OTSC application after ini-
tial EVT was used in our department in selected individuals
based on clinical decision. The aim of this retrospective propen-
sity-matched analysis was to compare leakage management
and clinical outcomes for EVT alone vs. EVT+OTSC.

Patients and methods
This propensity score matched study covered an 11-year-period
(2012–2022) and was retrospectively conducted in a 1,500-bed
tertiary center. The manuscript was prepared according to the
Standards for Quality Improvement Reporting Excellence
(SQUIRE) [10].

Study design and ethics

Beginning in 2015, information about all patients who received
EVT was prospectively collected in a standardized database.
Data analysis was approved by the local ethics review board in
2015. Since the first application of EVT at our center, local clin-
ical management of UGI leakage has undergone several chang-
es including additional OTSC closure in individual cases. The
first OTSC clip was applied in 2017 but the frequency of use
has increased since 2021.We identified a total of 42 patients
that received OTSC after successful EVT in our patient cohort.
OTSC application was performed directly after sponge removal
during the same endoscopy. The indication for performing
OTSC instead of continuing EVTwas chosen on an individual ba-
sis by the endoscopist, as described below.

To evaluate the impact of additional OTSC clip placement,
the 42 patients were selected for a 1:1 matched propensity
score analysis. Because of the heterogeneity of EVT indications
and clinical situations, we chose to reduce the dataset to
achieve two homogenous patient cohorts. Based on the avail-
able literature and expert knowledge, we chose the following
covariates that could influence the progression and outcome
of leakage therapy: gender, age, Charlson comorbidity index,

underlying disease, surgical procedure, and localization and
size of leakage. Because all EVT+OTSC patients recovered and
none died, only patients in whom EVT was effective were se-
lected for matching.

The analysis focused on clinically important outcome vari-
ables, such as total duration of leakage therapy, time from leak-
age till discharge, and nutritional status at discharge.

Endoscopic vacuum therapy

All endoscopic procedures were performed by experienced gas-
troenterologists with at least 10 years of experience in endos-
copy, who had completed their learning curve for EVT treat-
ment and who also had multiple years of experience in use
OTSCs.

The processes and endoscopic techniques for using both
EVT and OTSCs have been described in detail [6, 9]. The leak
was consolidated using EVT, leading to normalization of sys-
temic infection parameters and allowing antibiotic therapy to
be discontinued. Prerequisites for additional OTSC closure to
end EVT were: 1) absence of systemic inflammation with suc-
cessful discontinuation of anti-infective therapy; 2) sufficiently
refreshed, vital and epithelialized wound edges of leakage; 3)
no more secretion from the defect during endoluminal aspira-
tion with an endoscope; and 4) residual leakage defect < 10
mm enabling technical application of OTSC.

OTSC application was performed using a single mini-OTSC
(mini OTSC Clip 6 t, OVESCO) without an anchor. The clip was
applied with the suction method.

All patients received an endoscopic control 3 to 5 days after
OTSC placement and after ending EVT treatment for residual
leakage. Radiography was performed only in cases for which
the endoscopist could not define success by endoscopy only.

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics
29 (International Business Machines Corporation, Armonk, New
York, United States). Descriptive data are reported as means
with standard deviations, unless otherwise stated. The propen-
sity variable for 1:1 matching was calculated by logistic regres-
sion analysis incorporating the selected covariates. A matching
tolerance of < 0.2 of the standard deviation (SD) of the logit of
the propensity was accepted.

Comparisons between the analyzed cohorts were performed
using chi-square, Fisher’s exact, Mann–Whitney U tests or one-
way analysis of variance, in accordance with data scale and dis-
tribution. Time intervals were compared by Kaplan-Meier anal-
ysis with log rank test. The level of statistical significance was
0.05 (two-sided).

Results
Study population and indications for EVT

From the current database of 219 patients, only 42 received
EVT+OTSC. The propensity matching yielded 42 pairs of EVT
vs. EVT+OTSC, and thus, 84 patients were analyzed (▶Fig. 1).
The 135 non-matched EVT-only patients were excluded. Pa-
tient characteristics are presented in ▶Table1 and baseline
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characteristics before matching are presented in Supplemen-
tary Table 1.

Leakage management

In both groups, patients received EVT within 12 hours after
leakage diagnosis. The mean initial leakage diameter was 10
mm in both groups (EVT alone 5–23mm and EVT+OTSC 6–16
mm). The EVT+OTSC group received the same EVT as the EVT
alone group before OTSC application. OTSC application was
performed at the end of leakage therapy in all patients in this
group.No patient in this group received an additional endo-
scopic intervention.

The duration of leakage therapy was a median 6 days shorter
in the EVT+OTSC group without statistical significance (20 [7–
31] vs. 26 days [15–41]; P =0.059). Patients in the EVT+OTSC
group received in median fewer sponge changes during EVT
without statistical significance (6 [3–9] vs. 8 [4–10]; P =
0.073). Stenosis occurred less frequently in the EVT+OTSC
group (2% vs. 12%; P =0.048). Placement of additional self-ex-
panding-metal-stents (SEMS) was not necessary in the EVT+
OTSC group (0% vs. 12%; P =0.021). Representative endoscopic
findings are shown in ▶Fig. 2.

Patient outcome

Success of EVT treatment was 100% in both groups and there
were no deaths according to the exclusion criteria. Of note,
the mortality rate for all patients treated with EVT in our center
was 2.2% (5/219) regardless of indication or diagnosis. The
overall success rate for all EVTs was 90.9% (199/219). The inter-

Patients treated with EVT (n = 219) 

Matched pair patients (n = 84) 

Treatment with EVT + OTSC
(n = 42) 

Treatment with EVT alone 
eligible for propensity score 

matching (n = 177) 

Treatment with EVT 
(n = 42) 

Propensity matching by:
gener, age, comorbidity 
(CCI), diagnosis, type of 
surgery, localisation of 

leakage, defect size

▶ Fig. 1 Flowchart of propensite score matched analysis.

▶Table 1 Patient characteristics.

Patients, no. (%)

Characteristic EVT only (n = 42) EVT +OTSC (n =42)

Sex ratio, no. (M:F) 31:11 31:11

Age, mean (SD), years 62
(31–79)

60
(31–78)

BMI, mean (SD), kg/m2 25.3
(18.3–52.4)

26.1
(17.8–54.4)

Charlson comorbidity index, mean (SD) 4
(0–10)

4
(0–9)

Benign disease 17 (40) 15 (36)

Malignant tumor 25 (60) 27 (64)

▪ Neoadjuvant therapy 17 (41) 24 (57)

Type of surgery

▪ Esophagectomy 13 (31) 15 (36)

▪ Gastrectomy* 13 (31) 18 (42)

▪ Upper gastrointestinal surgery† 16 (38) 9 (21)

▪ Interval from surgery to diagnosis of leakage, mean (95%CI), days 9 (6–12) 10 (7–13)

Not shown are leakage distance from incisors, other laboratory parameters, and clinical situation at baseline of leakage, because no differences were observed.
Values are n (%) unless otherwise indicated.
BMI, body mass index; CI, confidence interval; EVT, endoscopic vacuum therapy; SD, standard deviation.
*Including transhiatal and partial gastrectomy.
†Including metabolic surgery, hiatal hernia surgery, Heller myotomy.
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val from postoperative leakage to discharge was amedian 13
days shorter in the EVT+OTSC vs. EVT group (33 days [19–48]
vs. 46 days [29–77]; P =0.004). Sufficient oral nutrition at dis-
charge was more frequent in the EVT+OTSC vs. EVT group (98%
vs. 60%; P ≤ 0.001). During further follow-up (1 year), no recur-
rent leakage was observed. Detailed data are shown in ▶Table
2. A representative image of contrast medium swallow after
EVT+OTSC treatment is shown in ▶Fig. 3.

Discussion
The present propensity-matched analysis demonstrates the po-
tential for shortening EVT by OTSC application for the first
time. We were able to demonstrate in our patient cohort that

additional OTSC closure resulted in a clinically relevant shorter
hospital stay after leakage with a higher rate of sufficient oral
nutrition at discharge. Interestingly, no adverse events were re-
corded.

The large number of patients treated with EVT at our institu-
tion enabled a propensity-matched analysis with a reasonable
number of cases. Although propensity matching ruled out ma-
jor bias from group differences, the analyzed cohort was het-
erogeneous overall regarding type of surgery, and therefore,
comorbidities and leakage therapy duration.

We were able to prove that EVT treatment is safe and effec-
tive for leakages in the UGI tract with both techniques. The ef-
ficacy of EVT to improve local and systemic inflammation after

▶ Fig. 2 EVT and OTSC therapy in a leakage after gastrectomy.
▶ Fig. 3 Barium swallow after successful EVT+OTSC (patient after
gastrectomy)

▶Table 2 EVT and outcome.

Patients, No. (%) P value

Characteristic EVT only
(n = 42)

EVT +OTSC
(n =42)

Interval from diagnosis of leakage until start of EVT, mean (95%CI), hours 12 (4–78) 12 (4–24) 1

CRP at start of EVT mean (95%CI) 20.7 (0–42.6) 19.3 (0.3–44.8) 0.576

WBC at start of EVT mean (95%CI) 15.4 (2.1–43.9) 14.5 (8–29.3) 0.603

Initial leakage diameter, mean (95%CI), mm 10 (5–23) 10 (6–16) 1

Duration of leakage therapy, median (quartiles), days 26 (15–41) 20 (7–31) 0.059

Sponge changes, median (quartiles) 8 (4–10) 6 (3–9) 0.073

Development of stenosis 6 (14) 1 (2) 0.048

Additional SEMS placement 5 (12) 0 0.021

Interval from leakage until discharge, median (quartiles), days 46 (29–77) 33 (19–48) 0.004

Oral nutrition on discharge 25 (60) 41 (98) < 0.001

Values are n (%) unless otherwise indicated.
CI, confidence interval; CRP, C-reactive protein; EVT, endoscopic vacuum therapy; SEMS, self-expanding-metal-stent.
*P < 0.05.
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postoperative UGI leakage have been demonstrated in multiple
reports [1, 3, 4, 6]. Local focus control enables granulation and
step-wise closure of the leakage. Long intraluminal EVT may
also promotes development of a stenosis due to luminal granu-
lation.

All patients who developed stenoses in our cohort were on-
cologic patients receiving esophagectomies who had intrathor-
acic esophageal anastomoses. All stenoses occurred in the EVT
only group. A possible explanation for this observation could be
subclinical ischemia of the proximal gastric conduit. This is sup-
ported by a recent meta-analysis on gastric ischemic condition-
ing of prior esophagectomies, which showed fewer leakages
but also stenoses in preconditioned patients [11].

Despite an extensive literature research, we did not find any
reports of treatment comparable to ours. Therefore, we cannot
compare our findings to existing literature. However, recent
studies with smaller numbers describe an overall closure rate
with EVT of 78% [12]. A recently published Spanish multicenter
registry-based study with 102 patients found an 82% closure
success rate [13]. This underscores the importance of gaining
competence with these method(s), as we have shown before
[4].

The ongoing debate about EVT should be favored over SEMS
for leakage treatment gets further support from a recent meta-
analysis showing the superiority of EVT with higher effective-
ness, shorter treatment times, and less septic complications
[14]. Also, a recent study demonstrated the superiority of EVT
vs. SEMS for treatment of leakage after esophagectomies and
the results were comparable to our study, with 90.5% success
in the EVT group [6]. In this study the overall leakage therapy
duration was 16 days in the EVT group vs. 70 days in the con-
ventional treatment group with a wide range from 4 to 142
days vs. 8 to 604, which underscores the heterogeneity in leak-
age treatment duration. In our hands, the effectiveness of EVT
treatment for leakage after esophagectomies with gastric pull-
up and thoracic anastomosis was 90.9% and convincingly su-
perior to SEMS treatment. We also assume that shortening the
EVT treatment may be beneficial for patients in terms of com-
fort because one of the main disadvantages of EVT is its long
treatment course with impaired oral intake, this outcome re-
mains hypothetical, because we did not investigate subjective
measures of patient wellbeing during the treatment period.

In context of emerging treatment options, the recently laun-
ched VACStent (MICROTECH Europe GmbH, Düsseldorf, Ger-
many) represents a combination of the sealing effect of a stent
with the advantages of EVT inducing tissue granulation and
may be useful for leaks with small defects but it is not yet well-
established for granulation tissue [15].

This study contains some limitations. The first is its retro-
spective single-center design. Second, the cohort overall was
heterogeneous and included oncological as well as functional
and bariatric patients. This heterogeneity explains the wide
range of lengths of stay and duration of leakage therapy. Also,
constant improvement and implementation of new therapeutic
options may result in certain learning curves. Also, all patients
whose leakages were closed by EVT+OTSC were clinically
stable without systemic inflammation and were usually treated

on a general ward. This may have led to selection bias. It is not
possible to fully appraise and quantify if or how many of the EVT
group patients might have been candidates for OTSC because
of the retrospective nature of this analysis. The alternative of
OTSC clip application would have been a continuation of EVT
owing to the continued presence of a defect.

We find it important, however, to emphasize that we per-
formed propensity matching to exclude failure to cure patients
to reduce bias. As stated in Supplementary Table1, the un-
matched, non-OTSC cohort has even smaller leakage sizes at
the start of EVT. Therefore, we believe propensity matching
did reduce selection bias.

Numerous confounding factors can affect a patient’s clinical
course during and after EVT. The intention of this analysis was
to compare our OTSC cohort with individually matched patients
of the same age and with the same disease, comorbidity, surgi-
cal procedure, and anastomotic leakage to enable a valid com-
parison. However, individual selection of patients for OTSC ap-
plication remains an important selection bias because the deci-
sion was left to each endoscopist if they estimated that the
leakage was suitable for OTSC.

Nevertheless, the question of alternative leakage manage-
ment with either OTSC or EVT continuation would have led to
other results that can could only be addressed in a prospective
trial with defined criteria for choosing to apply an OTSC.

In addition, all endoscopists were experienced in EVT treat-
ment and use of OTSC, which also may have led to favorable re-
sults that may not be transferable to other centers.

Another benefit of use of OTSCs may be that is it a more
cost-effective approach because treatment time is shortened
as is LOS and fewer sponge changes are needed. Because we
did not measure cost differences between groups, this is an as-
sumption but has not been proven.

Further studies, and particularly prospective trials, are re-
quired to determine standardized clinical criteria after EVT for
application of OTSCs and to identify the optimal timing for ap-
plication after EVT.

Conclusions
Additional OTSC closure might be a safe option in order to re-
duce the duration of postoperative leakage management, num-
ber of endoscopies, and time to hospital discharge. In addition,
it enables most patients to be discharged on full oral nutrition
and may be an option to prevent stenosis after long-lasting EVT
therapy.
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