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Abstract

Background During the last two decades, vacuum-assisted wound therapy has been successfully transferred to an endoscopic
treatment approach of various upper and lower gastrointestinal leaks called endoscopic vacuum therapy (EVT). As mostly
small case series are published in this field, the aim of our systematic review and meta-analysis was to evaluate the efficacy
and safety of EVT in the treatment of colorectal leaks.

Methods A systematic search of MEDLINE/PubMed and Cochrane databases was performed using search terms related
to EVT and colorectal defects (anastomotic leakage, rectal stump insufficiency) according to the PRISMA guidelines.
Randomized controlled trials (RCTs), observational studies, and case series published by December 2020 were eligible for
inclusion. A meta-analysis was conducted on the success of EVT, stoma reversal rate after EVT as well as procedure-related
complications. Statistical interferences were based on pooled estimates from random effects models using DerSimonian-
Laird estimator.

Results Only data from observational studies and case series were available. Twenty-four studies reporting on 690 patients
with colorectal defects undergoing EVT were included. The mean rate of success was 81.4% (95% CI: 74.0%—87.1%). The
proportion of diverted patients was 76.4% (95% CI: 64.9%—85.0%). The mean rate of ostomy reversal across the studies was
66.7% (95% CI: 58.0%—74.4%). Sixty-four patients were reported with EVT-associated complications, the weighted mean
complication rate across the studies was 12.1% (95% CI: 9.7%—15.2%).

Conclusions Current medical evidence on EVT in patients with colorectal leaks lacks high quality data from RCTs. Based
on the data available, EVT can be seen as a feasible treatment option with manageable risks for selected patients with colo-
rectal leaks.
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Introduction

Since the first reported data in the late 1990s, vacuum-assisted
wound therapy has captured nearly every field of surgery
by providing a versatile and easy-to-handle method for
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complicated wounds [1]. In 2001, Weidenhagen et al. started
to implement endoscopic vacuum therapy (EVT) at our insti-
tution for complication management of anastomotic leakage
(AL) after rectal cancer surgery, as a “minimally invasive
method for continuous and effective drainage of perianasto-
motic abscesses and fistula in the pelvic region in combination
with debridement and consecutive mechanical closure of the
leakage” [2]. Successful definite treatment in 28 of 29 cases
of AL without surgical reintervention had been achieved [2].

In the further course, EVT has been successfully
applied for interventional treatment of different defects
in the upper and lower gastrointestinal tract [3]. AL and
other colorectal defects such as Hartmann stump leaks are
associated with serious morbidity and mortality [4]. The
incidence of AL in rectal cancer surgery ranges between
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6 and 30% with an average of 11%, depending on the
height of the anastomosis [4]. Therefore, a relevant num-
ber of patients are affected by this serious complication
and require the best available treatment option. Although
preliminary reports showed promising results for EVT in
the treatment of colorectal leaks with high success rates
and anastomotic salvage, data determining the superior-
ity of EVT over other forms of conservative treatment in
diverted anastomoses is lacking [5, 6].

EVT of colorectal leaks is based on the transanal place-
ment of an open-cell microporous sponge intra luminally at
the site of-the AL (or other colorectal defects) or through
the leak into a extraluminal perianastomotic abscess cavity
using a flexible endoscopy [2]. A negative pressure (“‘vac-
uum”) is applied via an evacuation tube fixed to the sponge
[7]. The sponge is usually changed every 2—4 days until the
infection is cleared, and the defect is closed with granula-
tion tissue as proven by endoscopy [7]. This active drain-
age of the infectious focus results in a decrease of bacterial
contamination, local edema, and secretion and is proven to
increase perfusion and induce granulation tissue [7].

The conventional treatment of gastrointestinal defects
with surgical reinterventions often results in gastrointesti-
nal discontinuity. Additionally, there are other endoscopic
therapeutic options like application of stents or attempts
for clip closure with uncertain success rates [3]. Today,
EVT has evolved to a standard treatment of postoperative
surgical leaks in many—mostly European—countries and
surgical departments [7-28]. Yet, evidence on efficacy of
EVT in the treatment of colorectal leaks lacks high-quality
data from randomized controlled trials (RCT), and only
few large observation studies are available [26, 27]. In fact,
most data on EVT are based on small case series [8, 17, 21,
28-30]. Previously published systematic reviews analyzed
the available data on EVT in colorectal defects with small
sample sizes within included studies resulting in analysis
of up to n=334 patients in total [5, 31, 32]. Nevertheless,
in the past few years, the number of studies has increased,
reporting high success and low complication rates [5, 6, 27,
33] including a large retrospective series of n =281 cases
with the use of EVT treatment on colorectal defects from
our institution including the previously published cases of
Weidenhagen et al. [2, 27]. To obtain the best available
evidence for EVT in the treatment of colorectal leaks, we
performed a systematic review and meta-analysis.

Materials and methods
Search strategy
For a systematic review with meta-analysis, no approval by

the institutional review board was needed. A systematic lit-
erature search was carried out by two independent researchers.
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All references until December 2020 were potentially eligible
for inclusion in the study. The following search strategy was
used in PubMed, Embase, and Cochrane Database according
to the PRISMA checklist [34]: ((((((CEVT) OR (endoscopic
vacuum therapy)) OR (endoscopic negative pressure therapy))
OR (endoluminal vacuum therapy)) OR (vacuum-assisted
endoluminal)) OR (endosponge)) OR (Endo-sponge)) OR
(vacuum-assisted drainage)) OR (Endo-vac)) OR (Endovac)).
Subsequently, the reference lists of articles were searched for
further relevant literature. Duplicate articles and conference
reports without availability of full-text versions were excluded.
The remaining articles were screened and filtered by title and
abstract, and ultimately a full-text analysis was performed
for final evaluation. The full texts of the remaining studies
were reviewed independently by two investigators to verify
eligibility, and a third reviewer was consulted in the case of
disagreement.

Eligibility criteria

All comparative and cohort studies evaluating the outcome of
EVT in the treatment of colorectal defects were considered eli-
gible for inclusion including treatment for AL after colorectal
or coloanal anastomosis as well as rectal stump insufficiency
following Hartmann’s procedure.
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Fig. 1 Funnel plot for assessment of publication bias for the EVT
success rate
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Previous meta-analyses, reviews, case reports, editorials,
and letters were excluded. Articles that did not report the
primary outcomes of the present meta-analysis were also
excluded. Furthermore, studies were excluded, if they were
published in any language other than English.

Outcome parameters

First, we aimed to assess the success of EVT treatment of
colorectal defects. Treatment success was usually defined as
granulating closure of the cavity without need for further inter-
ventional or surgical procedures. Other outcome parameters
were the rate of patients with a fecal diversion during EVT
treatment, the rate of EVT-associated morbidity and propor-
tion of reversed ostomies. Furthermore, the treatment duration
and number of sponges was addressed.

Data extraction and management

The following data were collected: author details, country,
recruitment period, study design, median follow-up, sample
size, positive and negative findings, and methodological quality.

Considering the heterogeneity of reported inclusion crite-
ria of each manuscript and lacking sufficient control cohorts,
we aimed to review the literature descriptively without the
intention of comparative analysis.

Assessment of publication bias

Publication bias across the studies was assessed using fun-
nel plots of the standard error of the success rate of EVT

for colorectal defects compared to the success rates in the
reporting studies (Fig. 1).

Statistical analysis

Data were analyzed using meta package version 4.9-1 for R
3.5.0 [35, 36]. We reported pooled rates and their 95% con-
fidence intervals (95% CI) from both fixed effect and random
effects models. The former used inverse variance weighting
based on the variance estimates for the logit-transformed
rates, the latter relied on the DerSimonian-Laird estimators.
For assessment of heterogeneity of the study results, we pro-
vided tau squared, I squared, and Cochran’s Q tests.

Results
Study characteristics

After screening 3889 articles by title, 3801 records were
excluded. Further 54 studies not related to the current study
aims were excluded after a review of the abstracts. Full-text
publications underwent authors’ review and assessment of
inclusion/exclusion criteria. After full-text assessment of
34 articles, irrelevant studies, or studies with less than 2
patients were excluded. The remaining 24 studies published
between 2006 and 2020 were finally selected for analysis
(Fig. 2). Any disagreement during the search and selection
process was resolved by subsequent consensus.

Fig.2 Flow chart of literature ] - -
selection strategy 5 Systematic review of PubMed,
§ Embase and Cochrane Database
= (n = 3889)
5 Records excluded after review of
© .
— ' titles
\ / (n =3801)
CC»
c Abstracts
o (n = 88)
[$]
@ Records excluded after review of
> abstracts
A4 n=54
> ( )
el Full-text assessment
> n=34
S (n=34)
Excluded studies with less than 2
— > patients or irrelevant papers
5 \/ (n=10)
3 Studies included
2 (n=24)
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Table 1 Characteristics of the included studies

Author N Success Diverted Reversed stomas Complication Mean Mean number  Study
patients rate duration of of sponge character
therapy (d) insertions

Nagell et al. [8] 4/4 (100%) NA NA 0/4 (0%) 13 NA R

Meesetal. [28] 5 5/5 (100%) 5/5 (100%) 1/5 (20%) 0/5 (0%) 15 7 R

Van Koperen 16 9/16 (56%) 8/16 (50%) 5/8 (63%) 4/16 (25%) 40 13 R
et al. [9]

Von Bernstorff 26 23/26 (88%) NA NA 1/26 (8%) 22 6 P
etal. [10]

Rissetal. [11] 23 20/23 (87%) 17/23 (74%) 13/17 (76%) 6/23 (26%) 21 NA P

Verlaan et al. 5 5/5 (100%) 4/5 (80%) 4/4 (100%) NA 14 3 R
[29]

Nerupetal. [12] 13 13/13 (100%) 13/13 (100%) 12/13 (92%) 1/13 (8%) 18 8 R

Srinivasamurthy 8 6/8 (75%) 8/8 (100%) 5/8 (63%) 2/8 (25%) 26 4 R
etal. [13]

Arezzoetal. [14] 14  11/14 (79%) NA NA 0/14 (0%) 41 13 R

Keskinetal. [15] 15 12/15 (80%) 14/15 (93%) 10/14 (71%) NA NA 2 R

Strangio et al. 25 22/25 (88%) 13725 (52%) 11/13 (85%) 3/25 (12%) 28 9 R
[16]

Kuehnetal. [3] 41 34/41 (83%) 19/41 (46%) 15/19 (79%) 4/41 (10%) 20 6 R

Mantaetal. [17] 7 7/7 (100%) NA NA 0/7 (0%) NA NA R

Mussetto et al. 11 10/11 91%) 11/11 (100%) 10/11 (91%) 2/11 (18%) 37 16 R
[18]

Milito et al. [19] 14  14/14 (100%) NA NA 0/14 (0%) 35 NA P

Borstlap et al. 30 21/30 (70%) 30/30 (100%) 20/30 (67%) 0/30 (0%) 13 4 P
[20]

Rottoli et al. [21] 8 8/8 (100%) 8/8 (100%) 7/8 (88%) NA 12 3 P

Mencio et al. [37] 10  6/10 (60%) NA NA 0/10 (0%) 23 7 R

Jimenez-Rodri- 22 19/22 (86%) 13/22 (59%) 5/13 (38%) 522 (23%) 22 3 P
guez et al.[22]

Huisman et al. 20 17/20 88% 18/20 (90%) 14/18 (78%) NA 25 9 R
[23]

Wereen et al. [24] 14 NA 14/14 (100%) 7/14 (50%) NA 64 19 R

Kantowskietal. 31 18/31 (58%) 13/31 (42%) 5/13 (38%) 6/31 (19%) 21 6 R
[25]

Abdalla et al. 47 26/47 (55%) NA NA 3/47 (6%) 27 7 R
[26]

Kihnet al. [27] 281 256/281 (91%) 221/281 (79%) 132/221 (60%) 27/281 (10%) 25 8 R

Total 690 566/676 429/568 276/429 64/628

The characteristics of the included studies are shown

in Table 1. The studies were from the following countries
of origin: Italy (n=06), Germany (n=15), Netherlands
(n=35), Denmark (n=2), Spain (n=1), Sweden (n=1),
Austria (n=1), Turkey (n=1), USA (n=1), France
(n=1). These publications comprise 18 retrospective
studies [3, 8, 9, 12-18, 23-29] and 6 prospective studies
[10, 11, 19-22]. Due to the lack of data from RCTs, a
few prospective and mostly retrospective case series on
EVT treatment of colorectal defects were included in this
systematic review.

@ Springer

Patient numbers and indication for EVT

A total of 690 cases were analyzed. Indications for EVT
in this meta-analysis included AL after colorectal surgery,
Hartmann stump insufficiency and colorectal perforation
(traumatic or in diverticular disease).

Number of sponge changes and duration of EVT

In 644 out of 690 cases treated with EVT, treatment suc-
cess was reported after a weighted mean of 6.8 (95% CI:
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5.0-9.1, #=97%, tau>*=0.0701, p <0.01) sponge changes.
With 669 of 690 patients reporting the treatment duration,
the random effects model showed that the weighted mean
of treatment duration was 23.4 days (95% CI: 19.1-28.8,
P=92%, tau>=0.0331, p <0.01). (Data not shown).

Success rates of EVT

In 566 out of 676 patients treated with EVT, treatment suc-
cess was reported. Random effects meta-analysis showed
that the weighted mean success rate of EVT was 81.4% (95%
CI: 74.0-87.1%, I’ =66.3%) (Fig. 3).

Fecal diversion

In 429 of 568 patients, a fecal diversion with any kind
of ostomy was reported. Random effects meta-analysis
showed that the weighted mean fecal diversion rate dur-
ing EVT was 76.4% (95% CI: 64.9-85.0%, I>=74.6%)
(Fig. 4).

Stoma reversal rate

Ostomy closure was achieved in 276 of 429 patients. Ran-
dom effects meta-analysis showed a weighted mean ostomy
reversal rate after EVT of 66.7% (95% CI: 58.0-74.4%,
I? =43.4%) (Fig. 5). Overall 415 of 568 reported patients
did not need a permanent ostomy (76.1%), as is another 139
of 568 patients, no ostomy was necessary at all.

EVT-associated morbidity

Complications occurred in 64 of 628 patients. The pooled
rate from the fixed effects model was 12.1% (95% CI:
9.7-15.2%]. Due to the homogeneity of the study results
(I*=16.0%), the pooled rate from the random effects model
was virtually identical (12.7%, 95% CI: 9.5-16.8%) (Fig. 6).
Anastomotic stenosis accounted for the most frequent com-
plication after EVT in n=24 (0 up to 18.2% [18]) reported
cases, followed by fistulas n=17 (0 up to 28.6% [24]),
abscess formation and chronic sinus (presacral abscess

Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Nagell et al., 2006 4 4 f ~ 1.00 [0.40;1.00] 0.5% 1.7%
Mees et al., 2008 5 5 " 1.00 [0.48;1.00] 0.5% 1.8%
Van Koperen et al.,, 2009 9 16 :§ 0.56 [0.30;0.80] 4.7% 5.8%
Von Bernstorff et al., 2009 23 26 ——{-—+— 0.88 [0.70;0.98] 3.2% 5.1%
Riss etal., 2010 20 23 —t‘—'— 0.87 [0.66;0.97] 3.1% 5.1%
e e T el o

- . - o . = A 0 .
Srinivasamurthy et al., 2013 6 8 - :;L 0.75 [0.35;0.97] 1.8% 3.9%
Arezzo et al., 2015 1 14 r:; 0.79 [0.49;0.95] 28% 4.8%
Keskin et al., 2015 12 15 4,‘ 0.80 [0.52;0.96] 2.9% 4.9%
Strangio et al., 2015 22 25 —:'—*— 0.88 [0.69;0.97] 3.1% 5.1%
Kuehn et al., 2016 34 41 — 0.83 [0.68;0.93] 6.9% 6.5%
Manta et al., 2016 7 7 _— 1.00 [0.59;1.00] 0.6% 1.8%
Mussetto et al., 2017 10 11 _— 0.91 [0.59;1.00] 1.1% 2.9%
Milito et al., 2017 14 14 —{‘—* 1.00 [0.77;1.00] 0.6% 1.8%
Borstlap et al., 2017 21 30 —-'—:— 0.70 [0.51;0.85] 7.5% 6.6%
Rottoli et al., 2018 8 8 B E— 1.00 [0.63;1.00] 0.6% 1.8%
Mencio et al., 2018 6 10 -+ :; 0.60 [0.26;0.88] 2.9% 4.9%
Jimenez-Rodriguez et al., 2018 19 22 —%—*— 0.86 [0.65;0.97] 3.1% 5.0%
Huisman et al,, 2019 17 20 —_— 0.85 [0.62;0.97] 3.0% 5.0%
Kantowski et al., 2020 18 31 B — ;E 0.58 [0.39;0.75] 9.0% 6.8%
Abdalla et al., 2020 26 47 — = 0.55 [0.40;0.70] 13.9% 7.3%
Kuhn et al., 2020 256 281 := == 0.91 [0.87;0.94] 27.2% 7.8%
1

Fixed effect model 676 <> 0.80 [0.77;0.84] 100.0% -
Random effects model e 0.81 [0.74; 0.87] -- 100.0%

Heterogeneity: I2 =66%, ‘I:2 =0.5865, p < 0.01 : : J

I I I I 1

030405060.70809 1

Fig. 3 Forest plot for success rate of EVT across the studies. Success rates are shown with 95% CI
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Fig.4 Forest plot for any kind
of diverting ostomy during EVT
across the studies. Diverting
ostomy rates are shown with
95% CI

Study

Mees etal., 2008

Van Koperen et al., 2009
Riss etal., 2010

Verlaan etal., 2011

Nerup etal., 2013
Srinivasamurthy et al., 2013
Keskin etal., 2015

Strangio et al., 2015

Kuehn et al., 2016

Mussetto et al., 2017
Borstlap et al., 2017

Rottoli et al., 2018
Jimenez-Rodriguez et al., 2018
Huisman et al., 2019
Wereen et al., 2020
Kantowski et al., 2020

Kuhn et al.,, 2020

Fixed effect model
Random effects model

Heterogenetty: I° = 75%, 1° = 0.7276, p < 0.01

persisting > 12 months) in n=15 (0 up to 21.7% [11]), and
bleeding complications n=9 (0 up to 9.7% [25]). There was
no reported mortality related to EVT [7-29, 37].

EVT failure

In 110 of 676 cases, a failure of EVT was reported. Reported
reasons for failure of EVT are summarized in Table 2.

Discussion

EVT was invented and introduced into clinical practice
approximately 20 years ago and is currently applied for
upper and lower gastrointestinal defects in over 40 countries
[2]. However, still no data from RCTs comparing its out-
come to any other endoscopic or surgical approach is avail-
able. The current systematic review offers the best available
evidence for its use in the management of colorectal defects.

Fig.5 Forrest plot for stoma
reversal rate after EVT across
the studies. Stoma reversal rates
are shown with 95% CI

Study

Mees et al., 2008

Van Koperen et al., 2009
Riss etal., 2010

Verlaan et al., 2011

Nerup et al., 2013
Srinivasamurthy et al., 2013
Keskin et al., 2015

Strangio et al., 2015

Kuehn et al., 2016

Mussetto et al., 2017
Borstlap et al., 2017

Rottoli et al., 20180k
Jimenez-Rodriguez et al., 2018
Huisman et al., 20190k
Wereen et al., 2020
Kantowski et al., 2020

Kihn et al., 2020

Fixed effect model
Random effects model

Heterogeneity: IZ =43%, 12 =0.2093, p =0.03
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Events Total

1
5
13
4
12
5
10
11
15
10
20
7

5
14
7

5
132

Weight Weight
Events Total Proportion 95%-Cl (fixed) (random)
5 5 —_— 1.00 [0.48;1.00] 05%  2.8%
§ 16 ——1 050 [0.25;0.75] 4.4%  8.3%
17 23 — 0.74 [0.52;0.90] 4.8%  85%
4 5 L 0.80 [0.28;0.99] 0.9%  4.1%
13 13 I 1.00 [0.75;1.00) 05%  2.9%
8 8 —_ 1.00 [0.63;1.00] 05%  2.9%
14 15 — 0.93 [0.68;1.00] 1.0%  4.5%
13 25 ——— 052 [0.31;072] 68%  9.1%
19 41 —— ! 0.46 [0.31;0.63] 11.1%  9.8%
1M1 11 e S— 1.00 [0.72;1.00] 05%  2.9%
30 30 : — 1.00 [0.88;1.00] 05%  2.9%
8 8 —_— 1.00 [0.63;1.00] 05%  2.9%
13 22 —_— 0.59 [0.36;0.79] 5.8% 8.9%
18 20 A 0.90 [0.68;0.99] 2.0%  6.3%
14 14 i — 1.00 [0.77;1.00] 05%  2.9%
13 3 ———— 0.42 [0.25;0.61] 82%  9.4%
221 281 |- 0.79 [0.73;0.83] 51.4%  10.8%
1
568 < 0.71 [0.67; 0.75] 100.0% =
— 0.76 [0.65; 0.85) ~  100.0%

T 1 17 1 T T 1
03 040506070809 1

Colorectal defects in rectal cancer surgery, surgery for
diverticular disease, or traumatic rectal injury are severe
medical conditions and mostly difficult to treat with relevant
risk for further morbidity and even mortality [4, 38]. With
a weighted mean success rate of 81% in this meta-analysis,
EVT is a promising, interventional treatment option which
is thought to prevent redo-surgery including emergency dis-
continuity resection in the majority of patients. Although the
cumulative experience is still limited and our analysis lacks a
control cohort, EVT can be considered one treatment option
of the abovementioned conditions.

A systematic review of the risk factors for EVT was per-
formed. Only a very few studies reported on predictors for
success or failure for EVT: Von Bernstoff et al. reported
that healing took significantly longer when patients received
neoadjuvant pretreatment with 31.6 days versus 12.3 days
(p<0.001) [10]. Abdalla et al. found female sex (p =0.033)
to be associated with EVT success. Furthermore, EVT

Weight Weight
Proportion 95%-Cl (fixed) (random)
5 —'—«:-— 0.20 [0.01;0.72] 0.9% 2.5%
8 S 7 mmm 0.62 [0.24;0.91] 21% 4.9%
17 —_— 0.76 [0.50;0.93] 3.4% 6.7%
4 s — 1.00 [0.40;1.00] 0.5% 1.5%
13 I 0.92 [0.64;1.00] 1.0% 2.8%
8 B S— 0.62 [0.24,0.91] 2.1% 4.9%
14 B e — 0.71 [0.42;0.92] 3.1% 6.5%
13 —_ 0.85 [0.55;0.98] 1.9% 4.5%
19 —_t 0.79 [0.54,0.94] 3.5% 6.9%
11 S 0.91 [0.59;1.00] 1.0% 2.8%
30 e 0.67 [0.47,0.83] 7.3% 10.1%
8 —_—r——— 0.88 [0.47;1.00] 1.0% 27%
13 —_— 0.38 [0.14,0.68] 3.4% 6.8%
18 = 0.78 [0.52;0.94] 3.4% 6.8%
14 —_— 0.50 [0.23;0.77] 3.8% 7.3%
13 ——tr 0.38 [0.14;0.68] 3.4% 6.8%
221 = 0.60 [0.53;0.66] 58.4%  15.8%
429 <3 0.63 [0.58;0.67] 100.0% -
; : <1<-‘->- : | 0.67 [0.58;0.74] - 100.0%

02 04 06 08 1
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Fig.6 Forrest plot for EVT- Weight  Weight
associated comp]ication rates Study Events Total Proportion 95%-Cl (fixed) (random)
across the studies. Complication Nagell et al., 2006 0 4 0.00 [0.00:0.60] 0.8%  1.2%
rates are shown with 95% CI Mees etal., 2008 0 5 0.00 [0.00;0.52] 0.8%  12%
Van Koperen et al., 2009 4 16 S — 0.25 [0.07;0.52] 5.2% 6.8%
Von Bernstorff et al., 2009 1 26 —— 0.04 [0.00;0.20] 1.7% 2.5%
Riss etal., 2010 6 23 B S 0.26 [0.10;0.48) 7.7% 9.2%
Nerup et al., 2013 1 13—/ 0.08 [0.00;0.36] 1.6% 2.4%
Srinivasamurthy et al., 2013 2 8 0.25 [0.03;0.65] 2.6% 3.7%
Arezzo et al., 2015 0 14— 0.00 [0.00;0.23] 0.8% 1.3%
Strangio et al., 2015 3 25 —m 0.12 [0.03;0.31]) 4.6% 6.1%
Kuehn et al., 2016 4 41 —— 0.10 [0.03;0.23] 6.2% 7.9%
Manta et al., 2016 0 7 0.00 [0.00;0.41] 0.8% 1.3%
Mussetto et al., 2017 2 11 —4— 0.18 [0.02;0.52] 2.8% 4.0%
Milito et al., 2017 0 14— 0.00 [0.00;0.23] 0.8% 1.3%
Borstlap et al., 2017 0 30— 0.00 [0.00;0.12] 0.8% 1.3%
Mencio et al., 2018 0 10— 0.00 [0.00;0.31] 0.8% 1.3%
Jimenez-Rodriguez et al., 2018 5 22 - 0.23 [0.08;0.45] 6.7% 8.3%
Kantowski et al., 2020 6 31 S 0.19 [0.07;0.37]) 8.4% 9.8%
Abdalla et al., 2020 3 47 —— 0.06 [0.01;0.18] 4.8% 6.4%
Kuhn et al., 2020 27 281 = 0.10 [0.06;0.14] 42.1% 23.9%
Fixed effect model 628 <> 0.12 [0.10; 0.15] 100.0% -
Random effects model < 0.13 [0.09; 0.17] 100.0%

Heterogeneity: /> = 16%, 1° = 0.0750, p = 0.26

duration of 21 days or less was associated with a higher
rate of success (p=0.017) undergoing primary EVT with
73% compared to salvage with 33% (p=0.006) and when
EVT was initiated within 15 days with 72.4% compared to
more than 15 days with 27.8% after the diagnosis of AL
(p=0.003) [26]. This was supported by the study of Kiihn
et al. where the risk factors for EVT failure were multi-
visceral resection (p =0.037) and surgical revision after
primary surgery (p =0.009) [27]. Furthermore, Jimenez-
Rodriguez et al. found better results in patients who under-
went earlier EVT < 6 weeks after primary surgery compared
to a later start (p =0.041) [22].

Because in previous reports it was concluded that bowel
diversion is necessary for the effectiveness of EVT in case
of AL [6], we examined the number of any kind of divert-
ing ostomies during EVT in the included studies. Surpris-
ingly, we found a weighted mean fecal diversion rate of only
76%. The exact reasons are not described in the underlying
data, but most likely in some cases with extraluminal defects
or perianastomtic cavities EVT treatment can be success-
fully performed without diverting ostomy. If the sponge can
mainly be placed in the extraluminal defect being accessed
transanally through the anastomatic leak, this ensures free

1 1T 1T T T 1
0 0102 03 04 05 0.6

luminal passage for the bowel content, whereas in cases
the sponge completely obstructs the rectal lumen, EVT is
unlikely to be successful [39].

Ostomy reversal was finally possible in only 63% of
cases, which is in accordance with the other available data
reporting of ostomy reversal rates of 30-40% following
AL [40]. Of note, in this series, also rectal stump insuf-
ficiency following Hartmann’s procedure was included.
Therefore, the ostomy reversal rate should not be con-
sidered as a main indicator for the effectiveness of EVT,
since restoration of bowel continuity (Hartmann rever-
sal) is usually performed in only about 25-47% of cases
even without Hartmann stump insufficiency [41, 42]. On
the other hand, as another 139 patients did not need an
ostomy at all, 76.1% of patients were ostomy free in fur-
ther clinical course (415/568). A recently published meta-
analysis only including EVT in cases of AL and excluding
discontinuity resections reported an ostomy reversal rate
of 73% (95% CI: 62-84%) [31]—-although this might rep-
resent the subgroup with a less severe clinical problem.

Despite the promising results, the possible complica-
tions of EVT should be kept in mind. Considering that
these mostly seriously ill patients have a median weighted

Table 2 Reported reasons for
the failure of EVT

Reason of failure

N (% of 676 cases)

Non-responder (insufficient granulation tissue/progressive pelvic sepsis/
persistent chronic sinus/AL recurrence)

Death due to comorbitities unrelated to EVT

Technical problems

Bleeding

Fistulae

Lack of compliance/patient’s wish
Severe pain

N=80 (11.8%) [7, 9-11,
13-16, 18, 20, 23, 25-27, 37]

N=10 (1.5%) [7, 25, 27, 37
N=6(0.9%) [7, 13, 25]
N=4(0.6%)[7, 9, 15, 25]
N=5(0.7%) [10, 16, 25]
N=4(0.6%) [14, 27, 37]
N=1(0.1%) [9]
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complication rate of only 12%, EVT has an acceptable
safety profile. In this meta-analysis, anastomotic steno-
sis represented the majority of EVT-associated complica-
tions, occurring in a total of 24 patients [7, 11, 12, 18, 22,
27]. As even the rate of anastomotic stenosis following
rectal resection was reported to be 22% [43]. As shown in
the study by Weidenhagen et al. all stenoses could be suc-
cessfully treated with an average of six balloon dilations,
and an overall ostomy closure rate of 88% was achieved
[2]. Other reported complications are fistulas in n=17
[13, 16, 24, 25, 27], abscessesinn=15[9, 11, 16, 22, 23]
and bleeding in n=9 cases [7, 9, 25, 27] in total.

The duration of therapy is one of the major concerns
regarding EVT with a weighted treatment duration of
23.4 days (with a range of up to 258 days). Such a long
treatment duration, however, may be limited to single
cases. One advantage of EVT treatment compared to sur-
gical alternatives is the possibility to transfer a patient into
an outpatient setting during treatment [27].

This systematic review is limited by the sparse—
and overall quality of available data on EVT. Only data
from few prospective studies and no RCT have yet been
reported. Most of the included manuscripts are based on
a small number of patients. It should also be emphasized
that the largest cohort included in this study was pub-
lished from our institution, which could possibly lead to
confirmation bias. The use of EVT in this analysis was
not standardized as it was applied to a variety of indi-
cations using different techniques. Due to this clinical
heterogeneity and the quality of available data, there is
a significant heterogeneity among the studies and their
background. A relevant selection bias regarding the pri-
mary outcome parameter of EVT treatment success needs
to be addressed since a complete anastomotic dehiscence
with generalized peritonitis will not be treated by EVT,
but surgically, and, therefore, is not reported in the
included data. The high success rate of about 80% can
only be applied to the cases with an extraperitoneal defect
without a complete circular necrosis. Therefore, in the
treatment of colorectal defects, patients must be selected
for the appropriate treatment concept. EVT appears to
function well in patients with extraperitoneal colorectal
defects in combination with a diverting stoma and without
signs of a generalized peritonitis. In these selected cases,
EVT is characterized by a good treatment success and
moderate complication rates.

Regarding long-term incidence of complications, but also
oncological outcome, future prospective, comparative stud-
ies with large sample sizes are urgently needed.

@ Springer

Conclusion

This systematic review and meta-analysis is the largest body
of evidence currently collected on EVT. Based on the sparse
data, it shows that EVT is a feasible treatment option with
manageable risk for selected patients with colorectal leaks.
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