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ABSTRACT

Background and study aims Only a few studies are avail-

able regarding endoscopic vacuum-assisted closure (E-VAC)

therapy for the post-surgery leakage of the lower gastroin-

testinal tract.

Patients and methods In this multicenter German study,

we retrospectively analyzed patients treated with E-VAC

therapy due to post-surgery leakage of the lower gastroin-

testinal tract from 2000–2020at Hannover Medical School,

University Medical Center Schleswig-Holstein, Campus Lue-

beck, and Robert Koch Hospital Gehrden.

Results Overall, 147 patients were included in this study.

Most patients had undergone tumor resections of the lower

gastrointestinal tract (n =88; 59.9%). Median time to diag-

nosis of leakage was 10 days (interquartile range [IQR] 6–

19). Median duration of E-VAC therapy was 14 days (IQR 8–

27). Increase of C-reactive protein (CRP) levels significantly

correlated with first diagnosis of leakage (P <0.001). E-VAC

therapy led to closure or complete epithelialization of leak-

age in the majority of patients (n=122; 83.0%) and stoma

reversal was achieved in 60.0%. Stoma reversal was sig-

nificantly more often achieved in patients with CRP levels

≤100mg/L at first diagnosis compared to patients with

CRP levels > 100mg/L (78.4% vs. 52.7%; P=0.012). Odds ra-

tio for failure of stoma reversal was 3.36 in cases with CRP

values >100mg/L (P=0.017). In total, leakage- and/ or E-

VAC therapy-associated complications occurred in 26 pa-

tients (17.7%). Minor complications included recurrent E-

VAC dislocations and subsequent stenosis. Overall, 14 leak-

age- or E-VAC-associated deaths were observed most often

due to sepsis.

Conclusions E-VAC therapy due to post-surgery leakage of

the lower gastrointestinal tract is safe and effective. High

levels of CRP are a negative predictor of E-VAC therapy suc-

cess.

* These authors contributed equally.
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Introduction
Anastomotic leakage following colorectal surgery is a serious
complication and associated with early and long-term morbid-
ity and mortality [1, 2]. Anastomotic leakage occur in up to 30%
of patients after colorectal surgery requiring surgical or endo-
scopic treatment [2]. Endoscopic vacuum-assisted closure (E-
VAC) has proven to be a well−tolerated and effective therapeu-
tic option for the treatment of major leaks after rectal anasto-
moses in small retrospective cohorts [3–5].

A recent review delineated that treatment success of E-VAC
for anastomotic leakage varies from 60% to 100% but these re-
sults have to be interpreted with caution due to variable defini-
tion of treatment success in the different studies [6]. These
considerations prompted us to analyze patients from three re-
ferral centers undergoing E-VAC regarding indication, treat-
ment success and complications of this procedure within a
large, real-life cohort.

Patients and methods
Patient population and data selection

Medical and endoscopic records were retrospectively screened
for patients treated with E-VAC for the lower gastrointestinal
tract between 2000 and 2020 at three German institutions
(Hannover Medical School, Hannover, University Medical Cen-
ter Schleswig-Holstein, Campus Luebeck, and Robert Koch Hos-
pital, Gehrden). Patients who were treated with E-VAC due to
post-surgery leakage that had become apparent within the
first-year post-surgery were included. Patient data were retro-
spectively evaluated for baseline and laboratory characteristics
and type and purpose of surgery. The study protocol con-
formed to the ethical guidelines of the 1975 Declaration of Hel-
sinki as reflected in a priori approval by the appropriate institu-
tional review committees.

Endoscopic procedures

Placement and removal of the E-VAC system was performed as
following: A polyurethane foam sponge (pore size 400–600 μm;
KCI, Wiesbaden Germany, Smith & Nephew, Hamburg, Germa-
ny) was adapted to the particular wound size as estimated by
the endoscopist. The sponge size was required to be smaller
than the wound cavity to promote collapse and subsequent clo-
sure of the fistula. The sponge was fixed to the tip of a duodenal
tube with a mersilene suture (Freka Tube, 15 Ch; Fresenius Kabi,
Bad Homburg, Germany; 0.35 mm; Johnson & Johnson, St-Ste-
vens-Woluwe, Belgium). The sponge was grasped with grasping
forceps (Olympus, Hamburg, Germany; Boston Scientific, Marl-
borough, Massachussets, United States) and introduced either
into the necrotic cavity or in the colonic lumen under vision
using a regular orthograde endoscope (Gif-Q165, Gif-Q180H,
Gif-Q190; Olympus). Continuous or intermittent suction of 50
to 100mm Hg was applied using a vacuum pump (KCI, Smith &
Nephew). For sponge removal the suction was discontinued
and the tube was grasped with grasping forceps close to the
distal end pulled out of the wound cavity. The sponge was ex-
changed approximately twice a week until the base of the cav-

ity appeared to be firmly closed or the cavity was completely
epithelialized/granulated. All procedures were performed by
or in the presence of an experienced endoscopist (> 200 colo-
noscopies/year).

Laboratory analysis

Where obtainable, C-reactive-protein (CRP) and a complete
blood count were evaluated before surgery, upon detection of
the leakage and after completion of E-VAC therapy.

Statistical analysis

Statistical analyses were performed using SPSS 26.0 (SPSS Inc.,
Chicago, Illinois, United States). Continuous variables were re-
presented as medians and interquartile ranges (IQRs). Differen-
ces between categorical variables were calculated using Pear-
sonʼs Chi-squared test. Medians were compared using the Wil-
coxon signed-rank test. P<0.05 was considered significant.
Overall survival (OS) was assessed using the Kaplan-Meier esti-
mation. Binary logistic regression was performed to assess cor-
relation of plausible risc factors toward failure of stoma reloca-
tion. Risk subgroups were defined as follows: elevated CRP
above 100mg/dL at time of leakage diagnosis, prior neoadju-
vant therapy and age above median (66 years).

Results
Demographics

Overall, 147 patients treated with E-VAC for post-surgery leak-
age of the lower gastrointestinal tract between 2000 and 2020
were included in this study (Robert Koch Hospital, Gehrden: n =
69; University Medical Center Schleswig-Holstein, Campus Lue-
beck: n =68; Hannover Medical School: n = 10). Majority of pa-
tients were male (n =99/147; 67.3%), of advanced age (median
66 years [55–74]) and underwent tumor resections of the lower
gastrointestinal tract before (n=88/147; 59.9%). All of these
patients presented with either adenocarcinoma of the rectum
or the sigmoid. One patient was diagnosed with synchronous
adenocarcinoma of the sigmoid and adenocarcinoma of the
right colonic flexure. Among the patients with adenocarcino-
mas of the rectum, 23 of 88 patients (26.1%) received neoadju-
vant therapy with combined radiochemotherapy in most cases
(n =18/23; 78.3%). Other indications for surgery included com-
plicated diverticulitis (n =23/147; 15.6%), re-anastomosis (n =
11/147; 7.5%), inflammatory bowel diseases (n=8/147; 5.4%),
among others. Deep anterior rectum resection was the most
common surgery (n =71/147; 48.3%) followed by resection of
the sigmoid and Hartmannʼs operation (n =23/147; 15.6%).
Discontinuity resection including permanent stoma was per-
formed in 32/147 (21.8%) patients. Among the patients with
continuity resection (n =115/147; 78.2%), 78/147 patients
(53.1%) received a temporary, diverting stoma. In total, there-
fore, 110 of 147 patients (74.8%) received primarily an enteros-
toma. Further 17 of 147 patients (11.6%) received a temporary,
secondary stoma after first diagnosis of leakage (further re-
ferred to as rescue stoma). In the remaining 20 of 147 patients
(13.6%) without stoma, E-VAC therapy was performed during
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parenteral nutrition as the patients had contraindications for
re-surgery such as co- or multi-morbidities.

Demographics are summarized in ▶Table 1.

Endoscopic procedures

Median time to diagnosis of leakage after initial surgery was 10
days (IQR 6–19). In all patients, leakage became clinically ap-
parent with fever, pain and/ or increase of laboratory inflamma-
tion parameters. Diagnosis of leakage had been confirmed with
flexible endoscopy of the lower gastrointestinal tract as de-
scribed above. In most cases, E-VAC therapy was performed at
the same time in sedation in the endoscopy unit. Application of
the E-VAC-system was successful in all patients. Median time of
E-VAC changes was 4 days (IQR 2–6). Duration of E-VAC therapy
was median 14 days (IQR 8–27). Median time of hospitalization
after first diagnosis of leakage was 31 days (IQR 20–48). Medi-
an time of intensive care treatment was very short with 1 day
(IQR (1–4,5).

Laboratory values

Dynamics of white blood cell count (WBC) and CRP was signifi-
cantly associated with leakage dynamics. CRP levels significant-
ly increased at first diagnosis of leakage with 127.2mg/L (IQR
64.8–210.4) compared to 7.9mg/L (IQR 3.3–76.5) before sur-
gery (P<0.001, ▶Fig. 1). At termination of E-VAC therapy, CRP
levels significantly decreased again (66.5mg/L [IQR 18.3–
131.8]); P<0001). Accordingly, WBC count significantly de-
creased from 10.7 thsd/µL (IQR 7.9–14.4) to 7.7 thsd/µL (IQR
6–9.9) (P<0.001). In contrast, levels of hemoglobin and plate-
lets did not change significantly.

Safety

In total, leakage- and/ or E-VAC therapy-associated complica-
tions occurred in 26 of 147 patients (17.7%) (▶Table2). Minor
complications mainly included recurrent E-VAC dislocations (n
=4) and the development of subsequent stenosis, which requir-
ed treatment with dilatations in the further course (n=3).
Bleeding complications occurred in two patients and could be
managed by endoscopic intervention. Each one patient devel-
oped a fistula, a small perforation of the small intestine, and a
pneumoperitoneum, which all could be treated conservatively.
Overall, 14 of 147 deaths (9.5%) occurred in the E-VAC-treated
patients due to sepsis in seven patients, colonic ischemia and
necrosis in three patients and due to cardiopulmonary events
and bleeding complications in another four patients.

Efficacy and outcome

The 1-year survival rate was 94%, whereas median overall survi-
val (mOS) was 12 years. In most patients (n =122/147; 83.0%)
E-VAC therapy led to closure or complete epithelialization of
the leakage (▶Fig. 2). In 25 patients (17.0%) E-VAC therapy
alone was not successful. Overall, 16 of 147 patients underwent
re-surgery due to permanent leakage (10.9%). In three pa-
tients, closure of the remaining leakage was finally achieved
with an over-the-scope-clip (OTSC, 2.0%). One patient elected
to stop E-VAC therapy (0.7%). The other five patients were dis-

▶Table 1 Demographics of total population.

Factor n/total (%)

Total 147 /147 (100)

Hospital Gehrden 69 /147 (46.9

Hannover 10 /147 (6.8)

Luebeck 68 /147 (46.3)

Gender Male 99 /147 (67.3)

Female 48 /147 (32.7)

Median age (yr) 66 [55–74]

Purpose of surgery Malignancy 88 /147 (59.9)

Diverticulitis 23 /147 (15.6)

Re-anastomosis 11 /147 (7.5)

Colitis ulcerosa 5 /147 (3.4)

Crohn‘s disease 3 /147 (2.0)

Perforation 3 /147 (2.0)

Adenoma 2 /147 (1.4)

Ileus 2 /147 (1.4)

Stenosis 2 /147 (1.4)

Other1 8 /147 (4.8)

Neoadjuvant ther-
apy (in case of ma-
lignancy)

Any 23 /88 (26.1)

▪ CTX 4 /23 (17.4)

▪ RCTX 18 /23 (78.3)

▪ RTX 1 /23 (4.3)

None 65 /88 (73.9)

Surgery Discontinuity 32 /147 (21.8)

Continuity 115 /147 (78.2)

▪ Rectum resection 71 /147 (48.3)

▪ Sigma resection 23 /147 (15.6)

▪ Other2 53 /147 (36.1)

Stoma Primary 110 /147 (74.8)

▪ Temporary 78 /110 (70.9)

▪ Ileostoma 45 /78 (57.7)

▪ Colostoma 33 /78 (42.3)

▪ Permanent 32 /110 (29.1)

▪ Ileostoma 4 /32 (12.5)

▪ Colostoma 28 /32 (87.5)

Secondary (rescue) 17 /147 (11.6)

▪ Ileostoma 13 /17 (76.5)

▪ Colostoma 4 /17 (23.5)

None 20 /147 (13.6)

CTX, chemotherapy; RCTX, radiochemotherapy; RTX, radiotherapy.
1 Including adhesiolysis, abscess, ischemia.
2 Including hemicolectomy, proctocolectomy, re-anastomosis, rectum ex-
tirpation.
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charged from hospital with permanent leakage and stoma
(3.4%).

Among 95 patients who received a temporary stoma either
during the initial surgery or as a rescue stoma, stoma could
subsequently be closed in 57 of 95 patients (60.0%) (▶Table
3). Patients with CRP levels≤100mg/L at first diagnosis of leak-
age underwent significantly more often stoma closure compar-
ed to patients with CRP levels≥100mg/L (n=29 (78.4%) vs. n =
29 (52.7%); P=0.012). Within regression analysis CRP value
> 100mg/L at time of leakage diagnosis was the only significant
factor among advanced age and neoadjuvant treatment, which
was associated with failure of stoma reversal (odds ratio 3.36
[1.24–9.25], P=0.017) (▶Fig. 3).

Discussion
Anastomotic leakage after colorectal surgery remains a serious
complication which may be addressed by reoperation and/or
endoscopic interventions. The use of E-VAC has augmented
the therapeutic armamentarium in post-surgery leakage and is
increasingly used in specialized centers [6, 7]. Its efficacy has
recently been shown even in the outpatient setting [8]. E-VAC
has replaced placement of self-expanding metal stents (SEMS)
for leakage of the upper gastrointestinal tract in many centers
due to highly effective results [9, 10]. In contrast to the man-
agement of upper gastrointestinal leakage, treatment with
SEMS is not considered a promising endoscopic treatment op-
tion for lower gastrointestinal tract leakage due to higher com-
plication rates emphasizing the need for a better understand-
ing of E-VAC.

In this study, we investigated the clinical practice of E-VAC of
the lower gastrointestinal tract in the largest multi-center co-

▶Table 2 Leakage- and/ or EVAC therapy-associated complications.

Complication n/total (%)

None 121 /147 (82.3)

Any 26 /147 (17.7)

▪ Minor 12 /147 (8.2)

▪ Recurrent dislocation 4 /12 (33.3)

▪ Stenosis 3 /12 (25.0)

▪ Bleeding 2 /12 (16.7)

▪ Pneumonperitoneum 1 /12 (8.3)

▪ Fistula 1 /12 (8.3)

▪ Perforation 1 /12 (8.3)

▪ Major (death) 14 /147 (9.5)

▪ Sepsis 7 /14 (50.0)

▪ Colonic ischemia 3 /14 (21.4)

▪ Cardiopulmonary insufficiancy 2 /14 (14.3)

▪ Myocardial infarction 1 /14 (7.1)

▪ Bleeding 1 /14 (7.1)

▶ Fig. 2 Fifty-four-year-old male patient who suffered from leak-
age of the rectal stump after low anterior resection (LAR) and cy-
stectomy due to colorectal cancer (G2 pT4b pN0 (0 /15) L0 V0 Pn0
R0). a Endoscopic findings at diagnosis with leakage and a deep
superinfected cavity into which a pigtail drainage had been intro-
duced in beforehand. b E-VAC therapy was applied. After 18 days
of therapy, which included five exchanges of the E-VAC system the
patient showed adequate response resulting in cessation of ther-
apy. c Granularized cavity as a sign of therapeutic response. d Fi-
nal result with increasing closure of the leakage.

×

×

×

**
*= P <0.001

prior surgery
diagnosis of leakage
termination of EVAC 

m
g/

L

600

500

400

300

200

100

0

CRP values

▶ Fig. 1 Development of CRP values.

▶Table 3 Stoma closures.

Total Yes No

n % n %

Stoma reversal 95 57 60.0 38 40.0

▪ Primary (tempor-
ary) stoma 78 48 61.5 30 38.5

▪ Secondary
(rescue) stoma 17 9 52.9 8 47.1
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hort, so far. We demonstrate a high primary efficacy of E-VAC
extending 80% to achieve closure and complete epithelization
of the leakage. Combination with other endoscopic methods
such as OTSC placement even increased the rate of closure of
leakage underlining the potential of endoscopic approaches
for this severe post-operative complication. Previous studies
suggested that 60% to 100% of anastomotic leakage of the
lower gastrointestinal tract heal with E-VAC [6, 8]. However, de-
finition of success varied among studies and, therefore, a more
objective definition seems necessary to conclusively assess the
efficacy of the procedure. In addition to closure and complete
epitheliazation of the defect, stoma reversal has been discus-
sed as an additional and clinically important parameter of treat-
ment success [11]. In our cohort, most patients (74.8%) receiv-
ed a primary enterostoma. Previous studies could show that pa-
tients with a primary stoma have a significantly reduced risk for
leakage following rectal surgery [12]. Impressively, only 11.6%
of the patients received a rescue stoma in our cohort underlin-
ing the appropriate selection of patients for a primary stoma in
our centers. Stoma reversal was achieved in 60% of patients
with protective or rescue stoma in our cohort. Efficacy rates
are in concordance with the published data ranging from 31%
to 100% [6, 13]. Of note, our cohort involves patients from
three large referral centers and, thus, comprises a more select-
ed and difficult to treat patient cohort emphasizing the high
treatment success of 80% for leakage closure and 60% for sto-
ma closure, respectively.

Patients with CRP values ≤100mg/L at first diagnosis of
leakage underwent significantly more often stoma reversal
compared to patients with CRP values > 100mg/L. This result
indicates that these patients represent a subgroup with a favor-
able outcome and in whom an early stop of E-VAC therapy
might be evaluated. CRP is one surrogate parameter of inflam-
mation and is widely used to detect infections or infectious
complications after surgery, respectively [14]. The predictive
value of CRP varies among studies, however, its potential use
to detect inflammation and/or infection is generally accepted
[14]. Elevation of CRP levels reflect an activation of immune re-
sponses which are often triggered by infections in critically ill
patients leading to worse outcome [15]. Consequently, CRP is
a useful marker for the prediction of treatment success in E-
VAC for anastomotic leakage of the lower gastrointestinal tract
and may be used for risk stratification of the patients and pos-
sible early switch from endoscopic to surgical treatment.

Overall, our data clearly support that E-VAC of anastomotic
leakage is a safe procedure. In our cohort, E-VAC-associated
complications occurred in 18% of patients and could be mana-
ged conservatively in the majority of cases. However, 14 leak-
age- or E-VAC-associated deaths were observed accentuating
the limits of this interventional approach in these vulnerable
and critically ill patients. Nevertheless, the long-term outcome
is encouraging with a mOS of 12 years and even the 1-year sur-
vival rate of 94% is comparable to in-hospital mortality of pa-
tients who underwent colorectal surgery within large observa-
tional cohorts ranging 95% to 96% [16].

A major limitation of our study is its retrospective nature
with all its potential confounders including incomplete data
such as procedure time. Moreover, diverging therapeutic ap-
proaches of the centers represent possible bias. However, we
thoroughly screened the patient data bases and validated our
data independently by two physicians reducing this bias. Addi-
tionally, significant clinical endpoints are hard to define, as
most definitions of E-VAC success are highly dependent on the
endoscopist’s interpretation. Even stoma reversal as an end-
point independent of the endoscopist’s interpretation has
been discussed contoversly, as it underestimates the success
rate in patients with severe co-morbity, insufficiency of the
anal sphincter, chronic pre-sacral sinus or local recurrence
[11]. Kühn et al defined E-VAC success as granulating closure
of the cavity, more than 90% clean and granulating tissue, de-
creasing wound secretion, reduction of fibrinous tissue and no
interventional or surgical procedure required in further course
[8]. This rather strict and technical definition however resulted
in a median therapy duration of 25 days, which seems long
compared to 14 days in our cohort. As stoma reversal rate
(68% vs. 60%) and treatment success (91% vs, 80%) was com-
parable to our cohort, a more clinical E-VAC termination trigger
might be more appropriate.

Conclusions
In summary, here we present data from a large cohort of pa-
tients treated with E-VAC for leakage of the lower gastrointesti-
nal tract, in three independent centers. We show promising
data for both the, clinically meaningful endpoints, leakage and
stoma reversal. We provide evidence that E-VAC due to post-
surgery leakage of the lower gastrointestinal tract is safe and

 Odds ratio (95% CI) P-value

crp above 100 mg/dl 3.39 1.24–9.25 0.017

neoadjuvant therapy 0.76 0.25–2.31 0.629

age above 66 years 1.49 0.57–3.91 0.414

1.00 2.00 4.00 6.00 8.00 10.000.50
Favors stoma reversal ← Odds ratio → favors EncoVAC failure 

▶ Fig. 3 Forest plot of risk groups to failure of stoma reversal.
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effective in the majority of patients. High levels of CRP are a
negative predictor of E-VAC therapy success.
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