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Abstract 

Background: Anastomotic leakage (AL) in the upper gastrointestinal (GI) tract is associated with high morbidity 
and mortality rates. Especially intrathoracic anastomotic leakage leads to life‑threatening complications. Endoscopic 
vacuum therapy (EVT) for anastomotic leakage after transthoracic esophageal resection represents a novel concept. 
However, sound clinical data are still scarce. This retrospective, single‑center study aimed to evaluate the feasibil‑
ity, effectiveness, and safety of EVT for intrathoracic anastomotic leakage following abdomino‑thoracic esophageal 
resection.

Methods: From March 2014 to September 2019 259 consecutive patients underwent elective transthoracic esopha‑
geal resection. 72 patients (27.8%) suffered from AL. The overall collective in‑hospital mortality rate was 3.9% (n = 10). 
Data from those who underwent treatment with EVT were included.

Results: Fifty‑five patients were treated with EVT. Successful closure was achieved in 89.1% (n = 49) by EVT only. 
The EVT‑associated complication rate was 5.4% (n = 3): bleeding occurred in one patient, while minor sedation‑
related complications were observed in two patients. The median number of EVT procedures per patient was 3. The 
procedures were performed at intervals of 3–5 days, with a 14‑day median duration of therapy. The mortality rate of 
patients with AL was 7.2% (n = 4). Despite successfully terminated EVT, three patients died because of multiple organ 
failure, acute respiratory distress syndrome, and urosepsis (5.4%). One patient (1.8%) died during EVT due to cardiac 
arrest.

Conclusions: EVT is a safe and effective approach for intrathoracic anastomotic leakages following abdomino‑tho‑
racic esophageal resections. It offers a high leakage‑closure rate and the potential to lower leakage‑related mortalities.

Trial registration: This trial was registered and approved by the Institutional Ethics Committee of the University of Hei‑
delberg on 16.04.2014 (Registration Number: S‑635/2013).

© The Author(s) 2021, corrected publication 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver 
(http:// creat iveco mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a 
credit line to the data.

Open Access

*Correspondence:  christine.zhang@med.uni‑heidelberg.de
1 Department of Gastroenterology, Heidelberg University Hospital, 
University of Heidelberg, Im Neuenheimer Feld 410, 69120 Heidelberg, 
Germany
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-021-01651-6&domain=pdf


Page 2 of 10Zhang et al. BMC Gastroenterol           (2021) 21:72 

Introduction
Anastomotic leakage is a severe and life-threatening 
complication that occurs after esophageal resections. 
Especially intrathoracic leakages often lead to mediasti-
nitis, pneumonia, bronchoesophageal fistulas, and sepsis 
[1–7]. The reported incidence of intrathoracic anasto-
motic leakages after esophageal resections vary widely 
from 1 to 35% [8–14]; reported mortality rates range 
from 7.2 to 60% [15–19]. After an esophageal resection, 
the presence of an anastomotic leakage doubles the mor-
tality rate [15]. Several multicenter studies have identified 
anastomotic leakage as a strong independent prognostic 
factor for long-term survival [20].

The treatment of anastomotic leakages remains to be 
an interdisciplinary challenge. A delay in therapy for 
more than 24 h is associated with a threefold increase in 
mortality rates [21, 22]. To date, several treatment strat-
egies for anastomotic leakage after esophageal surger-
ies are available. The therapeutic standards differ widely 
between centers and geographic regions. In cases with-
out mediastinitis and those with only small leakages, a 
conservative approach may be undertaken. This involves 
treating the patient with antibiotics, maintaining nil per 
os, giving parenteral nutrition temporarily, or applying 
endoscopic metal clips or over-the-scope clips (OTSC) 
for defect closure [23–26]. For cases with larger leakages, 
the placement of self-expanding covered metal or plastic 
stents (SEMS or SEPS) has served as the first-line ther-
apy [26–29]. The reported success rates of stent therapy 
range between 65 and 91% [26, 30, 31]. However, com-
mon complications have been observed. These include 
stent migration with a consequent inadequate defect 
closure, bleeding, local necrosis of the esophagus by 
stent pressure, ingrowth of the stent making later stent 
removal impossible, and development of an aortoesopha-
geal fistula [30, 31]. The reported mortality rates of stent 
therapy vary widely and range from 0 to 83% [13, 32–35]. 
In case of an unsuccessful stent therapy and the develop-
ment of septic conditions, esophageal diversion and cer-
vical esophagostomy serve as ultima ratio [12, 23, 36].

Recently, endoscopic vacuum therapy (EVT) was estab-
lished as the initial therapy for anastomotic leakages 
after esophageal resections. With regards to the upper 
GI tract, Wedemeyer et al. described, for the first time in 
2008, the endoscopic insertion of a polyurethane sponge 
to the defect side and the application of an external vac-
uum [37]. The negative pressure therapy decreased and 
prevented bacterial contamination of the wound and 

promoted perfusion and granulation of the defect. Hence, 
the combination of the EVT with defect closure and an 
effective internal drainage were introduced. Different 
case reports or case series show favorable results to EVT 
in terms of sealing rates. Reported treatment success 
ranges from 66.7 to 100% [38, 39]. However, evidence 
on EVT application in the upper GI tract is still rare and 
mostly based on small retrospective study cohorts with 
heterogeneous esophageal defects of different etiologies, 
e.g. benign perforations and postoperative anastomotic 
leakages [12, 24, 25, 39].

To date, there is still no consensus on the therapeutic 
regimen of intrathoracic anastomotic leakages. The aim 
of this study was to evaluate the feasibility, effectiveness, 
and safety of EVT in terms of success rate and associated 
mortalities and morbidities. This retrospective single-
center study focused on intrathoracic anastomotic leak-
ages following transthoracic esophageal resections.

Patients and methods
The reporting of this study conforms to the STROBE 
statement [40].

Study design and population
This single-center study was conducted at the Interdis-
ciplinary Endoscopy Center of the University Hospital 
of Heidelberg. Data from all patients during the study 
period from March 2014 to September 2019 were pro-
spectively collected and retrospectively analyzed. The 
study protocol conformed to the Declaration of Helsinki. 
It was approved by the Institutional Ethics Committee of 
the University of Heidelberg on 16.04.2014 (S-635/2013). 
A written informed consent was obtained from each 
patient or from his legally authorized representative.

Unlike several other retrospective studies on EVT, the 
inclusion criteria for this homogenous study population 
were only on intrathoracic anastomotic leakages after 
transthoracic esophageal resections and subsequent 
treatment with EVT. Anastomotic leakage was diagnosed 
either by endoscopy, computed tomography (CT) scan, 
detection of gastrointestinal content or methylene blue 
after oral application via drains or by air outlet via drains 
after air insufflation during EGD. Patients with persis-
tent leakage after prior revisional surgery (n = 2) or prior 
placement of a fully-covered, self-expanding metal stent 
(SEMS, n = 4) (“Niti-S™ Esophageal Stent”, TaeWoong 
Medical, South Korea) were also included in this study. 
Exclusion criteria included etiologies for esophageal 
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leakages other than postoperative genesis. Examples of 
these are spontaneous or iatrogenic causes. Initial opera-
tions other than transthoracic esophageal resections 
were also excluded. The patients’ demographic and clini-
cal characteristics were retrieved. Furthermore, the leak-
age characteristics, surgical, and EVT procedural data 
were collected and analyzed.

The primary endoscopic treatment modality for anas-
tomotic leakages in our institution was SEMS placement 
before the established use of EVT. In 2015, EVT was 
introduced into clinical routine use at our institution 
and we changed our endoscopic first-line treatment from 
SEMS placement to EVT.

Primary and secondary endpoints
The primary endpoint of the study was a successful leak-
age closure rate with EVT. This was defined as endoscop-
ically-verified resolution of the leakage and the presence 
of surface epithelium on the former defect. EVT failure 
was defined as follows: persistent leakage or fistula after 
termination of EVT; change of treatment strategy; need 
for surgical reoperation due to anastomotic leakage after 
EVT; and, death before confirmation of healing.

Secondary endpoints included the feasibility of the 
EVT procedure (application of the sponge), duration of 
EVT, number and frequency of sponge changes, pro-
cedure-related complications of EVT (i.e. endoscopic 
treatment-associated complications such as bleeding 
and peri-interventional associated complications such 
as aspiration and oxygen desaturation during sedation), 
duration of intensive care unit (ICU) and intermedi-
ate care unit (IMC) hospitalization, overall hospital stay 
length, course of inflammatory markers during EVT (i.e. 
white blood cell (WBC) count and levels of c-reactive 
protein (CRP)) and procedure-related and in-hospital 
mortality.

Surgical procedure of abdomino‑thoracic esophageal 
resection
All patients underwent elective esophageal resection 
with abdomino-thoracic incision, combined with imme-
diate reconstruction, using a tubularized stomach. The 
blood supply was based on the right gastro-epiploic 
artery [41, 42]. A combination of midline laparotomy and 
right thoracotomy was performed for esophageal resec-
tion and two-field lymphadenectomy. For the intratho-
racic anastomosis at the apex of the chest, a circular 
stapler was used. The stomach was divided with a linear 
stapler to resect the lesser curvature and the adjacent 
lymph nodes [43, 44]. A nasogastric tube was placed into 
the proximal tubularized stomach and two basal pleural 
drains were inserted. The postoperative patient manage-
ment was standardized. From days 1 to 5, only water and 

tea were allowed. From day 6 onwards, the oral intake 
was increased in a stepwise fashion.

Surgical procedure of esophageal diversion
Esophageal diversion was in general performed as an 
abdomino-cervical approach. From the abdomen tran-
shiatal the intrathoracic anastomosis was disconnected 
and the thoracic esophagus was dissected bluntly or 
using an energy dissection device. A percutaneous feed-
ing tube was inserted into the remaining gastric tube. The 
cervical esophagus was transected from the left side via 
an oblique cervical incision. The proximal esophagus was 
exteriorized via the cervical incision and an esophago-
cutaneostomy was constructed at the level where the 
esophagus is macroscopically well perfused.

Endoscopic vacuum therapy (EVT)
Endoscopic vacuum therapy was performed as previ-
ously reported and described by Wedemeyer et  al. [37, 
45]. If the leakage size was large enough and the cavity 
was accessible to the endoscope, the sponge was inserted 
into the abscess cavity (intracavitary localization of the 
sponge). The intracavitary localization of the sponge was 
documented by CT scan at the beginning of EVT. It was 
adjusted in case there was close proximity to large ves-
sels. With a diminishing defect size, the sponge was 
transferred from its initial intracavitary position into an 
intraluminal position. For cases with only small defects 
which could not be passed by the endoscope initially, the 
sponge was placed into the lumen of the esophagus to 
cover the leak (intraluminal localization of the sponge). 
The intracavitary-positioned sponge was changed after 
3 days. The intraluminal-positioned sponge was changed 
after 5–7 days. These changes were done until the defect 
size became too small for further sponge placements and 
until the defect was lined with surface epithelium (Fig. 1).

The endoscopic procedures were performed either 
under conscious sedation or general anesthesia, depend-
ing on the medical condition of each patient. If pleural 
drains were extracted at the time of the leakage diagno-
sis and the sponge was placed intraluminally, the decision 
for additional external drainage was based on the CT-
scan report and the clinical course of the patient.

Generally, in our institution, the further management 
of anastomotic leakage was based on the size and etiol-
ogy of the leak, the degree of local contamination, and 
the severity of the associated systemic response. The 
decisions for further treatment (i.e. conservative, endo-
scopic (SEMS, EVT), or operative) were made by a group 
consisting of a surgeon, surgical endoscopist, and anes-
thesiologist. In 2014, this special team was established 
and tasked with decision-making regarding cases of sus-
pected leakage in the early postoperative period after 
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esophageal resections to optimize the clinical manage-
ment of these patients [46].

Statistical Analysis
Descriptive statistics were calculated for all parameters. 
The results were expressed as means ± SD (standard 
deviation) or as median and interquartile ranges for con-
tinuous variables. For categorical variables, counts and 
percentages were used. The student’s t-test was used to 
compare the differences between means and medians. A 
p ≤ 0.05 was considered statistically significant. The anal-
yses were performed using the SPSS software (SPSS Inc., 
Chicago, IL version 1.07).

Results
A total of 259 patients (217 men, 42 women) with a 
mean age of 62  years underwent elective esophageal 
resection through an abdomino-thoracic incision at 

our institution from March 2014 to September 2019 
(Fig. 2). Seventy-two patients (27.8%) suffered from an 
anastomotic leakage. Of these 72 patients, eight (11.1%) 
were treated conservatively. Eleven patients (15.3%) 
received SEMS therapy. EVT was applied as the pri-
mary therapy for anastomotic leakage in 49 patients 
(68%). Two patients (2.8%) received revisional surgery 
while another two patients (2.8%) underwent esopha-
geal diversion. A change of therapy was encountered in 
six patients, who were either initially treated by SEMS 
(n = 4) or had an unsuccessful revisional surgery (n = 2) 
and received EVT later. Six patients underwent esopha-
geal diversion after unsuccessful EVT (n = 5) or SEMS 
therapy (n = 1). The overall successful treatment of all 
anastomotic leakages was achieved in 87.5% of patients 
(n = 63). The overall collective mortality rate was 3.9% 
(n = 10).

Fig. 1 Anastomotic leakage and treatment by endoscopic vacuum therapy (EVT). a Anastomotic leakage before treatment. b Closure of the defect 
and recovery of the mucosal surface after EVT

Fig. 2 Study flow chart. Different treatment strategies of patients with anastomotic leakage during the study period. EVT: endoscopic vacuum 
therapy, SEMS: self‑expanding metal stent
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Demographics of the EVT collective
Fifty-five patients (46 men, 9 women) with a median age 
of 63  years (range 38–82  years) were treated with EVT 
for intrathoracic anastomotic leakages (Table  1). Forty-
nine patients (89.1%) received EVT as the first-line ther-
apy, while six patients (10.9%) were treated with EVT 
after revisional surgery and persistent leakage (n = 2; 
3.6%) or failure of SEMS treatment (n = 4; 7.3%). All 55 
patients underwent elective Ivor-Lewis esophageal resec-
tion due to malignancies of the esophagus (SCC: n = 7, 
12.7%; AEG: n = 47, 85.5%; and, GIST: n = 1, 1.8%). A 
total of 46 patients (83.6%) received neoadjuvant ther-
apy: 37 patients (67.3%) underwent chemotherapy prior 

to surgery and 9 patients (16.4%) received combined 
neoadjuvant radiochemotherapy. The mean endoscop-
ically-detected leakage size was 10  mm ± 9  mm with 
a median of 5  mm (range 1–30  mm). These were con-
secutively graded at the time of diagnosis into small 
defects at 0–9 mm (n = 34; 61.8%), intermediate defects 
at 10–20 mm (n = 14; 25.5%), and large defects > 20 mm 
(n = 7; 12.7%).

Feasibility of Endoscopic vacuum therapy (EVT)
EVT data are shown in Table 2. Technically, EVT could 
be performed on all patients included in this study. The 
method is easily applicable and can be learned quickly. 
In total, 272 polyurethane sponges were inserted in this 
study population. Defects were detected at a median of 7 
postoperative days (range, 0–29). The median duration of 
EVT was 14 days (range, 3–60) with a median number of 
3 EVT procedures per patient (range, 1–14). Forty-four 
patients (80%) received an intraluminal sponge place-
ment at the initiation of EVT therapy. In 11 patients 

Table 1 Patient demographics

EVT: endoscopic vacuum therapy, GIST: gastrointestinal stromal tumor, SCC: 
squamous cell carcinoma, AEG: adenocarcinoma of esophago-gastric junction, 
CTx: chemotherapy, RCTx: radiochemotherapy, SD: standard deviation, SEMS: 
self-expanding metal stent

* Grading of defect size performed at initial endoscopy: small: 0–9 mm; 
intermediate 10–20 mm; large > 20 mm

Overall patients, n 55

Age, years

 Mean ± SD 62 ± 22

 Median 63

 Min 38

 Max 82

Gender, n (%)

 Male 46 (83.6)

 Female 9 (16.4)

Indication for surgery prior to EVT, n (%)

 Malignancy 55 (100)

 SCC 7 (12.7)

 AEG 47 (85.5)

 GIST 1 (1.8)

Neoadjuvant therapy, n (%)

 Total 46 (83.6)

 CTx 37 (67.3)

 RCTx 9 (16.4)

Leakage size, mm

 Mean ± SD 10 ± 9

 Median 5

 Min 1

 Max 30

Leakage grade*, n (%)

 Small 34 (61.8)

 Intermediate 14 (25.5)

 Large 7 (12.7)

Procedures prior EVT, n (%)

 None 49 (89.1)

 Revisional Surgery 2 (3.6)

 SEMS 4 (7.3)

Table 2 Endoscopic vacuum therapy data

EVT: endoscopic vacuum therapy, SD: standard deviation, ICU: intensive care 
unit, IMC: intermediate care unit

First EVT, postoperative days

 Mean ± SD 7.8 ± 5

 Median 7

 Min 0

 Max 29

Number of EVT per patient

 Mean ± SD 3.9 ± 2.6

 Median 3

 Min 1

 Max 14

Localization of sponge at EVT initiation, n (%)

 Intracavitary 11 (20.0)

 Intraluminal 44 (80.0)

Duration of EVT, days

 Mean ± SD 16.6 ± 10.3

 Median 14

 Min 3

 Max 60

Length of ICU/IMC stay, days

 Mean ± SD 29.2 ± 20.4

 Median 23

 Min 2

 Max 106

Overall length of hospital stay, days

 Mean ± SD 46.8 ± 20.8

 Median 39

 Min 17

 Max 109
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(20%), the sponge was placed primarily into the cavitary. 
Later, it was transferred into an intraluminal position 
during the course of the healing process upon a dimin-
ishing defect size. The median length of the intensive care 
unit (ICU) and intermediate care unit (IMC) stay was 
23 days (range, 2–106 days). The median overall hospital 
stay was 39 days (range, 17–109 days).

Effectiveness of EVT: successful closure rate and failure 
of therapy
The overall successful healing of the anastomotic leak-
ages was achieved in 49 of 55 patients (89.1%). These 
patients had a reduction of the cavity size and closure of 
the leakage by granulation tissue (Table 3). Two patients 
with EVT as the second-line therapy after unsuccessful 
revisional surgery and four patients with a therapeutic 
switch to EVT after failure of the SEMS treatment due 
to insufficient sealing were treated successfully with EVT.

The EVT overall failure rate of this study was 10.9% 
(n = 6). Five patients (9.1%) received an esophageal 
diversion: two of them had an necrosis of the con-
duit (3.6%); another 2 patients (3.6%) showed persis-
tent elevated inflammatory markers during EVT and 
no further response to EVT during multiple endoscopic 
interventions; and, the last of the five patients (1.8%) 
suffered from symptomatic bleeding during EVT. For 
this patient, the CT-scan revealed a pseudoaneurysm 
of the thoracic aorta. It was successfully bridged with a 
thoracic endovascular aortic repair (TEVAR), followed 
by an esophageal diversion, and a successful restoration 
of bowel continuity. The sixth patient died during EVT. 
This patient suffered from an unclear cardiac arrest. The 
reanimation was also unsuccessful. The relatives denied 
autopsy; hence, the underlying cause of death remains 
unclear.

Inflammatory markers during EVT
White blood cell count (WBC) and c-reactive protein 
(CRP) levels are shown in Fig. 3. CRP values (Fig. 3A) and 
WBC count (Fig. 3B) were measured at the beginning of 

EVT, daily during EVT, and during the first day follow-
ing the termination of EVT. All patients showed signs 
of a systemic inflammatory response at the beginning of 
EVT with elevated CRP levels frequently accompanied by 
leukocytosis. The median CRP value at the beginning of 
EVT was 202.5  mg/l (range, 18–385  mg/l). The median 
WBC count at the beginning of EVT was also elevated 
at 14 /nl (range, 6–41 /nl). Both inflammatory markers 
decreased during EVT treatment. The median CRP value 
was 30.5 mg/l on the first day following the termination 
of EVT (range, 2–98 mg/l) while the median WBC count 
was 8.5 /nl (range, 4–14.7 /nl). Both inflammatory mark-
ers showed a significant reduction after the termination 
of EVT compared to values at the beginning of EVT 
(CRP: p ≤ 0.001; WBC: p ≤ 0.001).

Safety of EVT: Procedure‑related and in‑hospital morbidity 
and mortality
As shown in Table  4, the overall EVT-associated com-
plication rate in our study was 5.4% (n = 3): One com-
plication (1.8%) during EVT was the minor bleeding of 
the above-mentioned patient which led to the diagno-
sis of an aortoesophageal fistula successfully treated by 
TEVAR and esophageal diversion. This patient recovered 
fully thereafter and achieved restoration of the bowel 
continuity by a colon pull-up eight months later. Minor 
procedural complications occurred in 2 other patients 
(3.6%) during EGD with conscious sedation (oxygen 
desaturation in one patient and aspiration in the other). 
Both patients recovered fully with intermittent assisted 
ventilation via respiratory mask after the termina-
tion of endoscopy. They underwent the EVT procedure 
under general anesthesia thereafter without any further 
complications.

The in-hospital mortality rate was 7.2% (n = 4). In con-
trast to the above-mentioned patient who suffered a car-
diac arrest under ongoing EVT, three other patients died 
after successful EVT and endoscopically-assured leak-
age closure. The causes of deaths in these patients were 
septic shock with multi-organ failure (MOF), urosepsis, 
and severe acute respiratory distress syndrome (ARDS), 
respectively.

Discussion
This study indicates the feasibility, effectiveness, and 
safety of EVT for intrathoracic anastomotic leakages after 
esophageal resections. For many years, the placement of 
self-expanding stents had served as the first-line therapy 
for anastomotic esophageal leakages [26–29]. Several 
studies had indicated the effectiveness and safety of stent 
therapy exclusively on the basis of non-randomized evi-
dence [26, 27, 29–31]. However, the reported mortality 
rates of stent therapy had varied widely from 0 to 83% 

Table 3 Successful closure and failure of therapy rates of EVT for 
intrathoracic anastomotic leakages

EVT: endoscopic vacuum therapy, SEMS: self-expanding metal stent

Overall successful closure rate, n (%) 49 (89.1)

 EVT as first‑line, n (%) 42/49 (85.7)

 Revisional surgery prior EVT, n (%) 2/2 (100)

 SEMS prior EVT, n (%) 4/4 (100)

Failure of therapy, n (%) 6 (10.9)

 Esophageal diversion 5 (9.1)

 Death before confirmation of healing 1 (1.8)
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[13, 32–35]. The reported failure rate of stent therapy 
had been about 15–30%. These rates included mortalities 
despite stent therapy and failures of anastomotic healing 
[27, 29–31].

Recently, there has been growing evidence on the effec-
tiveness of EVT as an initial therapy for anastomotic leak-
ages after esophageal resections. Although in contrast 
to stent placement, EVT requires multiple endoscopic 

procedures, there are several advantages of EVT over 
stent therapy: the vacuum system provides optimal 
drainage of the wound and an effective sepsis control in 
case of mediastinitis. Perfusion is also promoted. These 
culminate in granulation formation and healing of the 
defect [36]. The wound cavity can be visualized regularly 
and deterioration may be detected early.

Nevertheless, data regarding EVT for intrathoracic 
anastomotic leakages are still rare. Previously published 
studies were mostly case reports. These considered small 
patient cohorts with only 1–39 patients [12, 39, 47]. The 
reported success rates of EVT for anastomotic leakages 
are high (66–100%) [12, 13, 36, 39, 47–58]. Accordingly, 
complication rates are low (0–14.8%) [12, 39, 47, 51, 52]. 
These data are consistent with the results of our current 
study, which indicates a success rate of 89.1% and an 
overall procedure-related complication rate of only 5.4%.

The observed successful closure rates and effective sep-
sis control of EVT were accompanied by a rapid decrease 
in inflammation markers (CRP and white blood cell 
count). In accordance with the study results of Laukoet-
ter et  al. [12], we showed a significant decrease in both 

Fig. 3 Inflammatory markers during EVT. a CRP levels before the beginning of EVT decrease significantly compared to CRP levels one day after 
the termination of EVT. b White blood cell count (WBC) before EVT shows a significant reduction compared to values obtained one day after the 
termination of EVT. Pre‑EVT: values before EVT. Post‑EVT: values one day after termination of EVT. *** indicates a p value ≤ 0.001

Table 4 Overall complication and in‑hospital mortality rates

ARDS: acute respiratory distress syndrome

Overall complication rate, n (%) 3 (5.4)

 Bleeding 1 (1.8)

 Oxygen desaturation 1 (1.8)

 Aspiration 1 (1.8)

In‑hospital mortality, n (%) 4 (7.2)

 Cardiac arrest 1 (1.8)

 Multi‑organ failure 1 (1.8)

 Urosepsis 1 (1.8)

 Severe ARDS 1 (1.8)
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inflammatory markers compared to initial values after 
the termination of EVT.

Several studies show higher success rates of endoscopic 
vacuum therapy compared to stent placement for anas-
tomotic leakages. Berlth et  al. included only patients 
after upper GI surgery for malignancies and compared 
77 SEMS-treated patients with 34 EVT-treated patients 
[47]. The success rate of EVT was more favorable at 85.7% 
compared to SEMS treatment (72.4%). However, this 
result was not statistically significant. This study included 
the highest number of patients to date. Although only 
patients with anastomotic leakages after oncological gas-
troesophageal surgery were analyzed, it included not only 
patients with intrathoracic anastomosis, but also patients 
with cervical and abdominal leakages.

A significantly higher closure rate of EVT compared 
to SEMS therapy for treatment of intrathoracic leak-
ages was found by Brangewitz et  al. (84.4% vs. 53.8%, 
respectively) [51]. The authors compared 39 stent-treated 
patients with 32 EVT-treated patients. They also detected 
a higher stricture rate after SEMS treatment. However, 
the patients’ cohorts of this study were heterogeneous 
since patients who underwent esophageal resection, gas-
tric fundoplication, iatrogenic perforation, and those who 
developed Boerhaave syndrome were included in the 
analyses.

Three further studies with only small cohorts com-
pared the outcomes of SEMS and EVT for anastomotic 
leakages following esophageal resection or gastrec-
tomy: Schniewind et al. showed significantly lower mor-
tality rates for EVT (n = 17) compared to those for 
SEMS (n = 6) in systemically ill patients (12% vs. 83%, 
p = 0.0014) [13]. The study results of Mennigen et  al. 
indicated a higher success rate of anastomotic healing for 
15 EVT-treated patients compared to 30 SEMS-treated 
patients (93.3% vs. 63.3%) [36]. Hwang et  al. reported 
higher success rates of EVT (100%, n = 7) compared to 
SEMS (63.6%, n = 11) [59]. A lower complication rate for 
EVT was also noted (0% vs. 54.5%).

Recently, Rausa et  al. performed a meta-analysis of 
four studies and found significantly higher closure rates, 
shorter treatment durations, and lower complication and 
mortality rates for EVT compared to those for SEMS for 
esophageal leakages of different etiologies [60].

Our current study only included patients with intratho-
racic anastomotic leakages after esophageal resections. 
We focused only on abdomino-thoracic incisions. In our 
study population, we showed a successful EVT closure 
rate of 89.1%. Compared to our own homogenous his-
toric patient cohort (n = 32) (article in preparation) about 
intrathoracic anastomotic leakages following abdomino-
thoracic esophageal resection and treatment with SEMS 
placement, a success rate of 62.5% was detectable. This 

was notably lower than the success rate of EVT in our 
study (89.1%). Overall, the in-hospital mortality rate of 
patients with EVT therapy in our study was 7.2% while 
the mortality rate in our historic SEMS-treated patient 
cohort was clearly higher at 15.7%. These data are con-
sistent with the above-mentioned studies. They indicate 
a favorable effect of EVT compared to stent placement in 
terms of successful closure, complications, and mortality 
rates for intrathoracic anastomotic leakages [36, 51, 59].

Although the data from our SEMS group are not novel, 
these definitely compare two homogenous patient popu-
lations with only intrathoracic anastomotic leakages after 
abdomino-thoracic esophageal resections. These proce-
dures were performed at our institution according to the 
same standardized procedures. Although the success rate 
of 62.5% in our stent cohort was at the lower end of the 
reported success rates of other groups evaluating only 
SEMS therapy for esophageal leakages [26, 30, 31], it is 
in congruence with studies comparing EVT and SEMS 
placement [36, 51, 59]. All comparative studies have 
the same limitations. A historical SEMS-treated patient 
cohort served as the comparison group. This may have 
led to a disruption of stent therapy at an earlier stage 
as soon as EVT was available. Without EVT serving as 
the alternative therapeutic option, the SEMS treatment 
would likely have been continued to avoid esophageal 
diversion.

With regards to the prospectively collected data, but 
retrospective analysis our cohort study has certain limi-
tations. These include the non-randomized design and 
limited number of patients included. On the other hand, 
no prospective randomized or comparative trials for this 
topic have been published. Our study presents the larg-
est single-center cohort of a homogenous population of 
EVT-treated patients suffering intrathoracic anastomotic 
leakage after abdomino-thoracic esophageal resection. 
Apart from this, considering that the above-mentioned 
studies showed an apparent superiority of EVT com-
pared to stent therapy, one can doubt how ethical a rand-
omized trial in this context might be.

Conclusion
Endoscopic vacuum therapy is a feasible, effective, and 
safe method of endoscopic treatment for intrathoracic 
anastomotic leakages following abdomino-thoracic 
esophageal resections. This strategy leads to high rates of 
anastomotic healing and has the potential to reduce the 
overall mortality.

Abbreviations
AEG: Adenocarcinoma of esophago‑gastric junction; AL: Anastomotic leakage; 
ARDS: Acute respiratory distress syndrome; CRP: C‑reactive protein; CT: Com‑
puted tomography; EVT: Endoscopic vacuum therapy; GI: Gastrointestinal; 



Page 9 of 10Zhang et al. BMC Gastroenterol           (2021) 21:72  

MOF: Multiple organ failure; OTSC: Over‑the‑scope clip; SCC: Squamous cell 
carcinoma; SEMS: Self‑expanding metal stent; TEVAR: Thoracic endovascular 
aortic repair; WBC: White blood cell count.

Acknowledgements
Not applicable.

Authors’ contributions
Study concept and design: CCZ and AS. Acquisition of data: CCZ, LL, AS. 
Analysis and interpretation of data: CCZ, AS. Drafting of the manuscript: CCZ, 
AS. Critical revision of the manuscript for important intellectual content: CR, 
LL, RKl, RKo, TS, MKD, TH, BMS, PS, MWB. Statistical analysis: CCZ. Study supervi‑
sion: AS. Final approval of the article. All authors read and approved the final 
manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
The datasets generated during and analysed during the current study are not 
publicly available due to compromise of individual privacy but are available 
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study protocol conformed to the Declaration of Helsinki. It was approved 
by the Institutional Ethics Committee of the University of Heidelberg 
(S‑635/2013). A written informed consent was obtained from each patient or 
from his legally authorized representative.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Gastroenterology, Heidelberg University Hospital, Univer‑
sity of Heidelberg, Im Neuenheimer Feld 410, 69120 Heidelberg, Germany. 
2 Department of General, Visceral and Transplantation Surgery, Heidelberg 
University Hospital, Heidelberg, Germany. 

Received: 15 October 2020   Accepted: 28 December 2020

References
 1. Alanezi K, Urschel JD. Mortality secondary to esophageal anastomotic 

leak. Ann Thorac Cardiovasc Surg. 2004;10(2):71–5.
 2. Hulscher JB, van Sandick JW, de Boer AG, Wijnhoven BP, Tijssen JG, Fock‑

ens P, Stalmeier PF, ten Kate FJ, van Dekken H, Obertop H, et al. Extended 
transthoracic resection compared with limited transhiatal resection for 
adenocarcinoma of the esophagus. N Engl J Med. 2002;347(21):1662–9.

 3. Orringer MB, Marshall B, Chang AC, Lee J, Pickens A, Lau CL. Two thou‑
sand transhiatal esophagectomies: changing trends, lessons learned. Ann 
Surg 2007, 246(3):363–372; discussion 372–364.

 4. Biere SS, van Berge Henegouwen MI, Maas KW, Bonavina L, Rosman C, 
Garcia JR, Gisbertz SS, Klinkenbijl JH, Hollmann MW, de Lange ES, et al. 
Minimally invasive versus open oesophagectomy for patients with 
oesophageal cancer: a multicentre, open‑label, randomised controlled 
trial. Lancet. 2012;379(9829):1887–92.

 5. Luketich JD, Pennathur A, Awais O, Levy RM, Keeley S, Shende M, Christie 
NA, Weksler B, Landreneau RJ, Abbas G, et al. Outcomes after minimally 
invasive esophagectomy: review of over 1000 patients. Ann Surg. 
2012;256(1):95–103.

 6. Bailey SH, Bull DA, Harpole DH, Rentz JJ, Neumayer LA, Pappas TN, Daley J, 
Henderson WG, Krasnicka B, Khuri SF. Outcomes after esophagectomy: a 
ten‑year prospective cohort. Ann Thorac Surg 2003, 75(1):217–222; discus‑
sion 222.

 7. Seely AJ, Ivanovic J, Threader J, Al‑Hussaini A, Al‑Shehab D, Ramsay T, 
Gilbert S, Maziak DE, Shamji FM, Sundaresan RS. Systematic classification 

of morbidity and mortality after thoracic surgery. Ann Thorac Surg 2010, 
90(3):936–942; discussion 942.

 8. Blencowe NS, Strong S, McNair AG, Brookes ST, Crosby T, Griffin SM, 
Blazeby JM. Reporting of short‑term clinical outcomes after esophagec‑
tomy: a systematic review. Ann Surg. 2012;255(4):658–66.

 9. Low DE, Kuppusamy MK, Alderson D, Cecconello I, Chang AC, Darling G, 
Davies A, D’Journo XB, Gisbertz SS, Griffin SM, et al. Benchmarking com‑
plications associated with esophagectomy. Ann Surg. 2019;269(2):291–8.

 10. Schmidt HM, Gisbertz SS, Moons J, Rouvelas I, Kauppi J, Brown A, Asti E, 
Luyer M, Lagarde SM, Berlth F, et al. Defining benchmarks for transtho‑
racic esophagectomy: a multicenter analysis of total minimally invasive 
esophagectomy in low risk patients. Ann Surg. 2017;266(5):814–21.

 11. Crestanello JA, Deschamps C, Cassivi SD, Nichols FC, Allen MS, Schleck 
C, Pairolero PC. Selective management of intrathoracic anastomotic leak 
after esophagectomy. J Thorac Cardiovasc Surg. 2005;129(2):254–60.

 12. Laukoetter MG, Mennigen R, Neumann PA, Dhayat S, Horst G, Palmes 
D, Senninger N, Vowinkel T. Successful closure of defects in the upper 
gastrointestinal tract by endoscopic vacuum therapy (EVT): a prospective 
cohort study. Surg Endosc. 2017;31(6):2687–96.

 13. Schniewind B, Schafmayer C, Voehrs G, Egberts J, von Schoenfels W, 
Rose T, Kurdow R, Arlt A, Ellrichmann M, Jurgensen C, et al. Endoscopic 
endoluminal vacuum therapy is superior to other regimens in managing 
anastomotic leakage after esophagectomy: a comparative retrospective 
study. Surg Endosc. 2013;27(10):3883–90.

 14. Rutegard M, Lagergren P, Rouvelas I, Lagergren J. Intrathoracic anas‑
tomotic leakage and mortality after esophageal cancer resection: a 
population‑based study. Ann Surg Oncol. 2012;19(1):99–103.

 15. Kassis ES, Kosinski AS, Ross P Jr, Koppes KE, Donahue JM, Daniel VC. 
Predictors of anastomotic leak after esophagectomy: an analysis of the 
society of thoracic surgeons general thoracic database. Ann Thorac Surg. 
2013;96(6):1919–26.

 16. Messager M, Warlaumont M, Renaud F, Marin H, Branche J, Pies‑
sen G, Mariette C. Recent improvements in the management of 
esophageal anastomotic leak after surgery for cancer. Eur J Surg Oncol. 
2017;43(2):258–69.

 17. Lang H, Piso P, Stukenborg C, Raab R, Jahne J. Management and results 
of proximal anastomotic leaks in a series of 1114 total gastrectomies for 
gastric carcinoma. Eur J Surg Oncol. 2000;26(2):168–71.

 18. Ikeguchi M, Oka S, Gomyo Y, Tsujitani S, Maeta M, Kaibara N. Postoperative 
morbidity and mortality after gastrectomy for gastric carcinoma. Hepato‑
gastroenterology. 2001;48(41):1517–20.

 19. Pennathur A, Luketich JD. Resection for esophageal cancer: strategies for 
optimal management. Ann Thorac Surg. 2008;85(2):S751‑756.

 20. Markar S, Gronnier C, Duhamel A, Mabrut JY, Bail JP, Carrere N, Lefevre JH, 
Brigand C, Vaillant JC, Adham M, et al. The impact of severe anastomotic 
leak on long‑term survival and cancer recurrence after surgical resection 
for esophageal malignancy. Ann Surg. 2015;262(6):972–80.

 21. Biancari F, D’Andrea V, Paone R, Di Marco C, Savino G, Koivukangas V, 
Saarnio J, Lucenteforte E. Current treatment and outcome of esophageal 
perforations in adults: systematic review and meta‑analysis of 75 studies. 
World J Surg. 2013;37(5):1051–9.

 22. Smallwood NR, Fleshman JW, Leeds SG, Burdick JS. The use of endolumi‑
nal vacuum (E‑Vac) therapy in the management of upper gastrointestinal 
leaks and perforations. Surg Endosc. 2016;30(6):2473–80.

 23. Licht E, Markowitz AJ, Bains MS, Gerdes H, Ludwig E, Mendelsohn RB, 
Rizk NP, Shah P, Strong VE, Schattner MA. Endoscopic management of 
esophageal anastomotic leaks after surgery for malignant disease. Ann 
Thorac Surg. 2016;101(1):301–4.

 24. Bludau M, Fuchs HF, Herbold T, Maus MKH, Alakus H, Popp F, Leers JM, 
Bruns CJ, Holscher AH, Schroder W, et al. Results of endoscopic vacuum‑
assisted closure device for treatment of upper GI leaks. Surg Endosc. 
2018;32(4):1906–14.

 25. Kuehn F, Loske G, Schiffmann L, Gock M, Klar E. Endoscopic vacuum 
therapy for various defects of the upper gastrointestinal tract. Surg 
Endosc. 2017;31(9):3449–58.

 26. Ong GKB, Freeman RK. Endoscopic management of esophageal leaks. J 
Thorac Dis. 2017;9(Suppl 2):S135–45.

 27. Tuebergen D, Rijcken E, Mennigen R, Hopkins AM, Senninger N, Bruewer 
M. Treatment of thoracic esophageal anastomotic leaks and esophageal 
perforations with endoluminal stents: efficacy and current limitations. J 
Gastrointest Surg. 2008;12(7):1168–76.



Page 10 of 10Zhang et al. BMC Gastroenterol           (2021) 21:72 

 28. Mennigen R, Senninger N, Laukoetter MG. Novel treatment options for 
perforations of the upper gastrointestinal tract: endoscopic vacuum ther‑
apy and over‑the‑scope clips. World J Gastroenterol. 2014;20(24):7767–76.

 29. van Boeckel PG, Sijbring A, Vleggaar FP, Siersema PD. Systematic review: 
temporary stent placement for benign rupture or anastomotic leak of the 
oesophagus. Aliment Pharmacol Ther. 2011;33(12):1292–301.

 30. Dasari BV, Neely D, Kennedy A, Spence G, Rice P, Mackle E, Epanomerita‑
kis E. The role of esophageal stents in the management of esophageal 
anastomotic leaks and benign esophageal perforations. Ann Surg. 
2014;259(5):852–60.

 31. Aryaie AH, Singer JL, Fayezizadeh M, Lash J, Marks JM. Efficacy of endo‑
scopic management of leak after foregut surgery with endoscopic cov‑
ered self‑expanding metal stents (SEMS). Surg Endosc. 2017;31(2):612–7.

 32. D’Cunha J, Rueth NM, Groth SS, Maddaus MA, Andrade RS: Esophageal 
stents for anastomotic leaks and perforations. J Thorac Cardiovasc Surg 
2011, 142(1):39–46 e31.

 33. Nguyen NT, Rudersdorf PD, Smith BR, Reavis K, Nguyen XM, Stamos 
MJ: Management of gastrointestinal leaks after minimally invasive 
esophagectomy: conventional treatments vs. endoscopic stenting. J 
Gastrointest Surg 2011, 15(11):1952–1960.

 34. Schweigert M, Dubecz A, Stadlhuber RJ, Muschweck H, Stein HJ. 
Treatment of intrathoracic esophageal anastomotic leaks by means 
of endoscopic stent implantation. Interact Cardiovasc Thorac Surg. 
2011;12(2):147–51.

 35. Dai YY, Gretschel S, Dudeck O, Rau B, Schlag PM, Hunerbein M. Treatment 
of oesophageal anastomotic leaks by temporary stenting with self‑
expanding plastic stents. Br J Surg. 2009;96(8):887–91.

 36. Mennigen R, Harting C, Lindner K, Vowinkel T, Rijcken E, Palmes D, Sen‑
ninger N, Laukoetter MG. Comparison of endoscopic vacuum therapy 
versus stent for anastomotic leak after esophagectomy. J Gastrointest 
Surg. 2015;19(7):1229–35.

 37. Wedemeyer J, Schneider A, Manns MP, Jackobs S. Endoscopic vacuum‑
assisted closure of upper intestinal anastomotic leaks. Gastrointest 
Endosc. 2008;67(4):708–11.

 38. Loske G, Schorsch T, Muller CT. Not Available. Chirurg. 2016;87(9):790–2.
 39. Wichmann D SU, Mothes B, Stüker D, Königsrainer A, Schweizer U, Werner 

CR: Endoscopic vacuum therapy for intrathoracic anastomotic insufficien‑
cies following oncological resections. Ann Esophagus 2019, 2.

 40. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke 
JP, Iniciativa S. The strengthening the reporting of observational studies 
in epidemiology (STROBE) statement: guidelines for reporting observa‑
tional studies. Rev Esp Salud Publica. 2008;82(3):251–9.

 41. Liebermann‑Meffert DM, Meier R, Siewert JR. Vascular anatomy of the 
gastric tube used for esophageal reconstruction. Ann Thorac Surg. 
1992;54(6):1110–5.

 42. Schilling MK, Mettler D, Redaelli C, Buchler MW. Circulatory and anatomic 
differences among experimental gastric tubes as esophageal replace‑
ment. World J Surg. 1997;21(9):992–7.

 43. Akiyama H, Miyazono H, Tsurumaru M, Hashimoto C, Kawamura T. Use of 
the stomach as an esophageal substitute. Ann Surg. 1978;188(5):606–10.

 44. Buchler MW, Baer HU, Seiler C, Schilling M. A technique for gastroplasty 
as a substitute for the esophagus: fundus rotation gastroplasty. J Am Coll 
Surg. 1996;182(3):241–5.

 45. Wedemeyer J, Brangewitz M, Kubicka S, Jackobs S, Winkler M, Neipp M, 
Klempnauer J, Manns MP, Schneider AS. Management of major postsurgi‑
cal gastroesophageal intrathoracic leaks with an endoscopic vacuum‑
assisted closure system. Gastrointest Endosc. 2010;71(2):382–6.

 46. Schaible A, Brenner T, Hinz U, Schmidt T, Weigand M, Sauer P, Buchler 
MW, Ulrich A. Significant decrease of mortality due to anastomotic leaks 

following esophageal resection: management makes the difference. 
Langenbecks Arch Surg. 2017;402(8):1167–73.

 47. Berlth F, Bludau M, Plum PS, Herbold T, Christ H, Alakus H, Kleinert R, Bruns 
CJ, Holscher AH, Chon SH. Self‑expanding metal stents versus endo‑
scopic vacuum therapy in anastomotic leak treatment after oncologic 
gastroesophageal surgery. J Gastrointest Surg. 2019;23(1):67–75.

 48. Weidenhagen R, Gruetzner KU, Wiecken T, Spelsberg F, Jauch KW. 
Endoscopic vacuum‑assisted closure of anastomotic leakage follow‑
ing anterior resection of the rectum: a new method. Surg Endosc. 
2008;22(8):1818–25.

 49. Loske G, Liedke M, Schloricke E, Herrmann T, Rucktaeschel F. Endoscopic 
negative‑pressure therapy for duodenal leakage using new open‑pore 
film and polyurethane foam drains with the pull‑through technique. 
Endoscopy. 2017;49(12):E300–2.

 50. Weidenhagen R, Hartl WH, Gruetzner KU, Eichhorn ME, Spelsberg 
F, Jauch KW. Anastomotic leakage after esophageal resection: new 
treatment options by endoluminal vacuum therapy. Ann Thorac Surg. 
2010;90(5):1674–81.

 51. Brangewitz M, Voigtlander T, Helfritz FA, Lankisch TO, Winkler M, Klemp‑
nauer J, Manns MP, Schneider AS, Wedemeyer J. Endoscopic closure of 
esophageal intrathoracic leaks: stent versus endoscopic vacuum‑assisted 
closure, a retrospective analysis. Endoscopy. 2013;45(6):433–8.

 52. Schorsch T, Muller C, Loske G. Endoscopic vacuum therapy of per‑
forations and anastomotic insufficiency of the esophagus. Chirurg. 
2014;85(12):1081–93.

 53. Kuehn F, Schiffmann L, Janisch F, Schwandner F, Alsfasser G, Gock M, Klar 
E. Surgical endoscopic vacuum therapy for defects of the upper gastroin‑
testinal tract. J Gastrointest Surg. 2016;20(2):237–43.

 54. Mencio MA, Ontiveros E, Burdick JS, Leeds SG. Use of a novel technique 
to manage gastrointestinal leaks with endoluminal negative pressure: a 
single institution experience. Surg Endosc. 2018;32(7):3349–56.

 55. Pournaras DJ, Hardwick RH, Safranek PM, Sujendran V, Bennett J, Macaulay 
GD, Hindmarsh A. Endoluminal vacuum therapy (E‑Vac): a treatment 
option in oesophagogastric surgery. World J Surg. 2018;42(8):2507–11.

 56. Noh SM, Ahn JY, Lee JH, Jung HY, AlGhamdi Z, Kim HR, Kim YH. Endo‑
scopic vacuum‑assisted closure therapy in patients with anastomotic 
leakage after esophagectomy: a single‑center experience. Gastroenterol 
Res Pract. 2018;2018:1697968.

 57. Ooi G, Burton P, Packiyanathan A, Loh D, Chen R, Shaw K, Brown W, 
Nottle P. Indications and efficacy of endoscopic vacuum‑assisted 
closure therapy for upper gastrointestinal perforations. ANZ J Surg. 
2018;88(4):E257–63.

 58. Min YW, Kim T, Lee H, Min BH, Kim HK, Choi YS, Lee JH, Rhee PL, Kim JJ, Zo 
JI, et al. Endoscopic vacuum therapy for postoperative esophageal leak. 
BMC Surg. 2019;19(1):37.

 59. Hwang JJ, Jeong YS, Park YS, Yoon H, Shin CM, Kim N, Lee DH. Compari‑
son of endoscopic vacuum therapy and endoscopic stent implantation 
with self‑expandable metal stent in treating postsurgical gastroesopha‑
geal leakage. Medicine (Baltimore). 2016;95(16):e3416.

 60. Rausa E, Asti E, Aiolfi A, Bianco F, Bonitta G, Bonavina L: Comparison of 
endoscopic vacuum therapy versus endoscopic stenting for esophageal 
leaks: systematic review and meta‑analysis. Dis Esophagus 2018, 31(11).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Feasibility, effectiveness, and safety of endoscopic vacuum therapy for intrathoracic anastomotic leakage following transthoracic esophageal resection
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Patients and methods
	Study design and population
	Primary and secondary endpoints
	Surgical procedure of abdomino-thoracic esophageal resection
	Surgical procedure of esophageal diversion
	Endoscopic vacuum therapy (EVT)
	Statistical Analysis

	Results
	Demographics of the EVT collective
	Feasibility of Endoscopic vacuum therapy (EVT)
	Effectiveness of EVT: successful closure rate and failure of therapy
	Inflammatory markers during EVT
	Safety of EVT: Procedure-related and in-hospital morbidity and mortality

	Discussion
	Conclusion
	Acknowledgements
	References


