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INTRODUCTION

Anastomotic insufficiency in the postoperative period after 
esophageal surgery is the most feared complication and is 
associated with high morbidity and mortality rates. The inci-
dence varies greatly, with studies reporting it to be up to 60%, 
and it correlates with factors such as surgical experience, case 
load, and general health of the patient.1,2 The consequences of 

anastomotic insufficiency include high risk of postoperative 
mortality and prolonged intensive care unit and hospital stay, 
which subsequently lead to increased hospital costs and neg-
ative long-term outcomes, such as worse long-term survival 
and quality of life.3-5

Insufficiency of the esophagogastrostomy can be man-
aged with surgical exploration or conservative management 
through nil per mouth, antibiotics, and drainage.6 However, as 
soon as an operative revision is performed, mortality rates in-
crease and can exceed 60%.7 During the last decades, different 
non-operative measures have played an increased role in the 
treatment of anastomotic insufficiency following esophageal 
surgery. Of these measures, endoscopic treatment procedures 
are the most important to mention, including endoscopic 
clipping, injection of fibrin glue, and implantation of self-ex-
panding plastic stents (SEPS) and self-expanding metal stents 
(SEMS).8-10 Recently, endoluminal vacuum therapy (EVT) has 
been introduced to treat defects of the upper gastrointestinal 
tract. EVT was first described by Weidenhagen for controlling 
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anastomotic leakage during rectal surgery.11 The same proce-
dure was adopted for defects in the upper gastrointestinal tract 
in 2006.12

To date, however, the treatment of anastomotic insufficiency 
remains controversial, as the indications for conservative, en-
doscopic, or surgical treatment remain non-standardized.13,14 
Recently, the Surgical Working Group on Endoscopy and Ul-
trasound (CAES) developed a classification for intrathoracic 
anastomotic leaks, suggesting a classification and treatment 
algorithm.15

The aim of this study was to evaluate the endoscopic treat-
ment options for postoperative intrathoracic anastomotic 
leaks, mainly comparing SEMS and EVT in a tertiary univer-
sity center and outlining a more standardized approach for the 
future.

MATERIAL AND METHODS

Study Population
Between 2010 and 2020, all patients who underwent Ivor 

Lewis esophagectomy for an underlying malignancy were in-
cluded in this study. All patients who developed post-surgical 
anastomotic leaks were further analyzed. This led to a total 
of 28 patients who were treated for anastomotic leak at our 
hospital. In addition, the following parameters were examined: 
date of surgery, postoperative day of detection of an anasto-
motic leak, CAES classification, type of treatment used, me-
dian combined intensive care unit and intermediate care stay, 
median hospital stay, tumor histology, tumor grading, neoad-
juvant therapy, number of lymph nodes harvested, R-status, 
operation method, operation time, morbidity, and mortality. 
Regarding endoscopic treatment, the following variables were 
analyzed: location of the defect, size of the defect, number of 
stents or vacuum sponges used, event-related complications, 
length of treatment, and treatment outcome.

Diagnosis of Anastomotic Insufficiency
An anastomotic leak was defined as a communication 

between the intra- and extraluminal compartments through 
a defect in the integrity of the intestinal wall of the anasto-
mosis. Routine examination using a dynamic swallow study 
was performed until 2016. If the dynamic swallowing study 
suggested the presence of an anastomotic leak, it was followed 
by an upper endoscopy (UE) or computed tomography (CT). 
After 2016, routine examination of the anastomosis was abol-
ished and was only performed if patients showed symptoms 
suggestive of a leak. If so, a combination of UE and CT was 
performed. Subsequently, patients with macroscopic visible 
mediastinal leakage cavity (referred to as the “extraluminal 

cavity”) were always treated using EVT. In contrast to this 
group, patients with smaller anastomotic defects and none or 
small leakage cavity (called “intraluminal cavity”) were treated 
with stent therapy. In addition, EVT has become increasingly 
established as a standard therapy over the past few years.

EVT
If an anastomotic leakage was clinically suspected or con-

firmed using a CT scan, EVT was evaluated as a therapeutic 
option. A sufficient external thoracic drainage was inserted in 
the case of a huge mediastinal septic abscess. In cases of con-
firmed or suspected anastomotic leakage, UE was performed 
in sedated or mostly intubated patients (GIF-H180, GIF-H190; 
Olympus Co., Tokyo, Japan). If there was evidence of a large 
extraluminal leakage cavity, which could only be inspected us-
ing a small-caliber nasal endoscope (GIF-N180) but not with 
a normal endoscope (GIF-H180, GIF-H190), the defect was 
expanded using balloon dilatation (CRETM Wireguided 12–15 
mm; Boston Scientific, Marlborough, MA, USA). During the 
initial endoscopy, the leakage cavity was cleaned and measured 
to determine the required length and diameter of the sponge, 
which was then reshaped accordingly. Open-pore polyure-
thane sponges, Eso-SPONGE® (B. Braun Melsungen AG, 
Melsungen, Germany) with a primary diameter of 24×55 mm 
and a 12 CH Redon drain or an individually adapted sponge 
(V.A.C. VERAFLOTM Dressing Kit; KCI, St. Paul, USA) fixed 
to a drain (ArgyleTM Edlich Gastric Lavage Tube; 16 CH, Med-
sitis, USA), were used. 

In general, the intraluminal placement of the sponge in the 
case of small anastomotic defects (usually less than 8 to 10 
mm) or residual cavities with no infection can be differentiat-
ed from the intracavitary placement of the sponge, where it is 
introduced through the wall defect into the extraluminal, i.e., 
mediastinal, cavity. The intracavitary version of EVT was pre-
ferred. For placement of the sponge, two endoscopic methods 
were used, the “push” technique or the “piggyback” technique. 
Using the push technique, the sponge was advanced to the 
correct location along an overtube with a pusher or the en-
doscope, and a specially approved device (Eso-SPONGE®; B. 
Braun Melsungen AG, Melsungen, Germany). Using the pig-
gyback technique, the sponge was placed in the leakage cavity 
under direct endoscopic vision, while a suture loop placed at 
the tip of the sponge was grasped using endoscopic forceps 
and the sponge was pulled close to the endoscope. While the 
first technique is often used for small anastomotic leaks with 
intraluminal positioning of the sponge, the second technique 
is preferably used for intracavitary placement of the sponge. 
The drainage tube was placed transnasally and connected to a 
variable-speed medical vacuum pump (V.A.C. ULTA®; KCI, 
San Antonio, Texas, USA). Suction was applied at a negative 
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pressure of 75–125 mmHg. In addition, a transnasal gastric or 
duodenal tube was inserted for enteral nutrition. After a dwell 
time of 3–5 days, the next endoscopy was performed. In this 
procedure, the sponge was removed orally after it was discon-
nected from the vacuum pump. The treated cavity was then 
examined using an endoscope to document the success of the 
treatment, particularly with a focus on subsequent granula-
tion. A new sponge was inserted after re-measuring the size of 
the cavity to determine the size of the new sponge. To promote 
effective cavity closure, the diameter of the sponge was first 
reduced without reducing its length to allow for closure of the 
remaining channel in subsequent treatment cycles from the 
distal part of the channel to the proximal part. EVT was con-
tinued until the cavity was reduced to less than 1 cm. During 
each endoscopy, the CAES grading of anastomotic insufficien-
cy in the esophagus was reevaluated retrospectively. 

Figure 1 illustrates the typical clinical course of treatment in 
one of the study patients undergoing successful EVT. 

SEMS
Similar to the principles of EVT, endoscopic evaluation was 

carried out with regard to the size of the defect, existence of 
an extraluminal leak cavity, and perfusion of the anastomosis 
or the gastric sleeve. SEMS were mostly inserted under direct 
endoscopic view in the intensive care unit (ICU) without 
radiological control. First, a stiff wire (Amplatz Super Stiff 
Guidewire; Boston Scientific) was placed down to the stomach 
under endoscopic control. A fully or partially covered SEMS 
with a diameter of 22–28 mm was inserted and released under 
endoscopic view (Wall FlexTM Esophageal Stent, partially cov-
ered, 22–28 mm, Boston Scientific) with a total length of 100 
mm. The SEMS was removed after approximately three weeks. 
In the case of persistent insufficiency, another stent was insert-
ed. CAES grading was reevaluated retrospectively. 

Figure 2 illustrates the management of an anastomotic leak 
in one of the study patients using an SEMS.

A

D

B

E

C

F

Fig. 1. Management of anastomotic leakage by endoluminal vacuum therapy (EVT). A 75-year-old patient with ypT3 pN1 M0 R0 Barrett’s carcinoma treated with 
thoracoabdominal esophagectomy after neoadjuvant chemotherapy. (A, B) An approximately 3-cm large anastomotic leakage cavity on the 10th postoperative day  in 
which deeper fistulas could be excluded. (C, D) After EVT for 10 days, there was a clear tendency towards granulation. (E) The insufficiency cavity was significantly 
smaller and the EVT was completed after 14 days. (F) Endoscopic control after a total of 24 days showed an almost closed insufficiency.



61

El-Sourani N et al. Endoscopic Management of Intrathoracic Leaks

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics 

Version 24 64-Bit-Version for Mac OS (IBM Co., Armonk, 
NY, USA). Continuous variables are presented as medians. 
To compare these variables, we employed analysis of variance 
(ANOVA) with multiple factors. Categorical variables were 
compared using the chi-squared test. Statistical significance 
was defined as p<0.05.

RESULTS

Patient Characteristics
Between 2010 and 2020, 141 patients underwent Ivor Lew-

is esophagectomy for underlying malignancy. All relevant 
patient characteristics are presented in Table 1. A total of 28 
patients were diagnosed with postoperative anastomotic leak-
age, resulting in an anastomotic insufficiency rate of 19.9%. 
Of these patients, three patients were treated conservatively, 
13 patients were treated with EVT, seven patients were treated 
with SEMS, one patient was treated with a hemoclip, and four 
patients received primary surgery to treat the defect (Fig. 3). 
Six patients required surgical revision after the initiation of 
endoscopic treatment. All 28 patients were classified using the 
CAES classification.

Of the 28 patients, 23 were men and five were women. The 
median age was 58.5 years (range: 32–75 years). The median 
body mass index and American Society of Anesthesiologists 
classification were 25 kg/m2 and 2, respectively. The reasons 
for esophagectomy were adenocarcinoma in 25 patients 
(89.3%) and squamous cell carcinoma in three cases (10.7%). 
Twenty of the 28 patients received neoadjuvant chemotherapy 
or radiotherapy. All but one patient underwent open Ivor Lew-
is esophagectomy with a median operation time of 290 min 
(range: 144–624 min). 

Overall Clinical Outcomes
Of the 141 patients, 28 (19.9%) were diagnosed with post-

operative anastomotic insufficiency. The median time from 
surgery to diagnosis was 7.5 days (range: 2–30 days). The 
median distance from the upper incisor to the defect was 25 
cm (range: 18–30 cm), with a median defect size of 10 mm 
(range: 5–30 mm). In 10 patients, the defect developed into a 
macroscopic visible extraluminal cavity. The median hospital 
stay was 48.5 days (range: 9–193 days) with a median ICU/in-
termediate care (IMC) stay of 22 days (range: 9–193 days). Of 
the 28 patients who developed anastomotic insufficiency, 20 
(71.4%) were treated successfully, while eight (28.6%) patients 
died. The overall endoscopic findings are presented in Table 2. 
Eight patients were treated with alternative methods to EVT 

C D

Fig. 2. Management of anastomotic leakage using 
a self-expanding metal stent (SEMS). A 67-year-old 
patient with pT1b (sm1) pN0 M0 R0 adenocarcinoma 
was treated with transhiatal distal esophagectomy. (A) 
CT scan in the region of the anastomosis (a) with de-
tection of extraluminal free air (b) and contrast medium 
(c) on the 7th postoperative day. (B) Endoscopy with 
detection of an approximately 6-mm small anastomotic 
leakage with an otherwise vital anastomosis. (C) In the 
absence of evidence for an abscess, a fully covered 
self-expanding metal stent with a diameter of 28 mm 
was implanted. (D) The stent was removed after three 
weeks. The small anastomotic leakage was almost 
completely closed.

A B

ab

c
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Table 1. Patient Characteristics

Sex

  Male 23 (82.1)

  Female 5 (17.9)

Age 58.5 (32–75) years

Tumor type

  Adenocarcinoma 25 (89.3)

  Squamous cell carcinoma 3 (10.7)

Neoadjuvant therapy

  No therapy 8 (18.6)

  Neoadjuvant therapy 20 (71.4)

Open surgery 27 (96.4)

Laparoscopic assisted surgery 1 (3.6)

Operation time 290 (144–625) min  

Lymph nodes harvested 19.5 (6–37)

R0 28 (100)

Grade

  Grade 1–2 17 (60.7)

  Grade 3 11 (39.3)

Combined ICU/IMC stay 22 (9–193) days

Hospital stay 48.5 (9–193) days

Data are presented as the number (%) or median (range).
ICU, intensive care unit; IMC, intermediate care.

Fig. 3. Treatment algorithm for patients treated for anastomotic leak after esophagectomy. Of the 28 patients, 13 were treated with endoluminal vacuum therapy  
(EVT), seven with self-ex panding metal stents (SEMS), one with a clip, three were treated conservatively, and four patients required surgery to treat the defect. 

Anastomotic leak after esophagectomy (n=28)

Upper endoscopy (n=28)

EVT
n=13

SEMS
n=7

Clipping
n=1

Conservative
n=3

Surgery
n=4

or SEMS. Of these eight patients, four underwent primary sur-
gery, two of whom required additional surgical revision and 
died postoperatively. Three of the eight patients were treated 
conservatively, and one patient was treated with endoscopic 
clipping of the defect. All patients receiving non-surgical al-

ternative treatments were successfully treated. The median 
combined IMC/ICU and hospital stay were 12 and 29 days, 
respectively. The median defect size was 3.5 mm (range: 2–4 
mm) for the conservative group and 22.5 mm (range: 10–25 
mm) for the surgical group.
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Clinical Outcomes: EVT
Thirteen patients (46.4%) with a mediastinal leakage cavity 

(extraluminal cavity) were treated with EVT. The median time 
to diagnosis of anastomotic leak after the primary surgery was 
8 days. All patients with an extraluminal cavity were treated 
using EVT, and all of those within the EVT group who died 
had an extraluminal cavity. No EVT-related complications 
were observed. The median time for EVT was 24.5 days (range: 
8–80 days) with a median of five exchanged sponges (range: 
4–18). The median defect size was 15 mm, and the median 
defect was located 26 cm from the upper incisor. Eight patients 
were successfully treated (61.5%), while five patients passed 
away. However, complete closure of the defect was achieved 
in 12 patients (92.3%). Five patients needed surgical revision 
during EVT, and 4 of those patients died. All of these patients 
required surgery due to complications that could not be at-
tributed to EVT. The reasons for surgery were ischemia of the 
colon, necrosis of the pancreas, postoperative incarcerated hi-
atal hernia, and hemothorax. The median ICU/IMC stay was 
38 days (range: 9–193 days), with a median hospital stay of 74 
days (range: 9–193 days). The overall outcomes of EVT are 
shown in Table 3.

Clinical Outcomes: SEMS
Seven patients (25%) were treated with SEMS. In the stent 

group, none of the patients had an extraluminal cavity. The 
median duration of SEMS therapy was 22 days (range: 3–31 
days), with a median of one SEMS exchange (range: 1–2). The 
median defect size was 6 mm, and the median defect was lo-

cated 23 cm from the upper incisor. Six patients were success-
fully treated (85.7%), while one patient required surgical revi-
sion and died. The median ICU/IMC stay was 20 days (range, 
16–57 days) with a median hospital stay of 41 days (range: 
22–123 days). The median time to diagnosis of anastomotic 
leak was 7 days. During SEMS treatment, event-related com-
plications, including stent migration (n=1) and perforation 
(n=1), were noted. A close defect was achieved in six out of 
seven patients (85.7%). The overall outcomes of SEMS therapy 
are shown in Table 3.

Comparison of SEMS and EVT
Statistical analysis to compare SEMS and EVT revealed that 

there was a statistical significance (p<0.05) in terms of defect 
size, presence of an intraluminal or extraluminal cavity, and 
sponges/stents used. No other difference in outcomes between 
the two treatment options were statistically significant. The 
results of the statistical analysis comparing the two modalities 
are presented in Table 3.

DISCUSSION

Post-surgical anastomotic insufficiency is one of the most 
feared complications and is associated with high morbidity 
and mortality rates. Therefore, the goal of every physician 
involved in the treatment of patients following esophageal 
surgery is to diagnose and manage the event and its related 
complications in a timely manner. As already mentioned, the 

Table 2. Overall Endoscopic Findings

Defect size 10 (4–30) mm

Defect location 25 (18–30) cm

Intraluminal 18 (64.3)

Extraluminal cavity 10 (35.7)

CAES grading

  I 3 (10.7)

  II 15 (53.6)

  IIIa 8 (28.6)

  IIIb 2 (7.1)

Endoluminal vacuum therapy 13 (46.4)

Self-expanding metal stent therapy 7 (25)

Clipping of the defect 1 (3.6)

Data are presented as the number (%) or median (range).
CAES, The Surgical Working Group on Endoscopy and Ultrasound.
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incidence of anastomotic leaks after surgery can be up to 50% 
and is associated with a mortality rate of 20%. However, if 
operative revision is necessary, the mortality rate can exceed 
60%. Historically, the damage was controlled through a com-
bination of surgery and conservative management with nil per 
mouth, antibiotics, and drainage. In the last decade, however, 
EVT and SEMS have been used to successfully manage intra-
thoracic anastomotic insufficiency. In 2018, the German CAES 
group suggested a classification and treatment algorithm for 
intrathoracic leaks. Here, surgical revision was only suggested 
in cases of graft necrosis or in patients with pre-sepsis.15

Endoscopic therapy for intrathoracic leaks includes clipping 
of the defect, use of EVT, and insertion of different types of 
stents. Schaheen et al. performed a systematic review of the 
use of stents in the management of anastomotic leaks and 
found 25 studies.16 Endoscopic placement was successful in 
72% of patients, with an overall mortality of 15%. The types 
of stents used included SEMS and SEPS, with an average time 
remaining in situ of 6 and 8 weeks, respectively. Stent-related 
complications included stent migration, perforation, bleed-
ing, and tissue ingrowth. These findings mirror the results of 
our retrospective analysis. SEMS treatment was successful in 
85.7% of the patients, with a mortality rate within the group 

of 14.3%. Two out of seven patients had event-related com-
plications, including stent migration (14.3%) and perforation 
(14.3%). However, due to the small sample size, the results 
were not statistically significant (p>0.05). The median num-
ber of stents used was one. The systematic review concluded 
that endoscopic stenting remains an experimental therapy 
as stenting has the ability to “stent the seal” but not “heal the 
leak”; therefore, mortality remains high even after endoscopic 
stenting.

EVT is another option for treating anastomotic leaks. 
Similar to wound vacuum for secondary wound infections, a 
sponge is placed intraluminally and intracavitarily with added 
suction through a transnasal drain. A systematic review of 
three available studies showed that 37 out of 40 patients (93%) 
were successfully treated with EVT without the presence of 
EVT-related complications.17-19 This is also reflected in our re-
sults. In 12 out of 13 patients (92.3%), complete closure of the 
leak was achieved with no EVT-related complications noted. 

Unfortunately, five patients required surgery during EVT 
due to complications that could not be attributed to the thera-
py. The reasons for surgery were ischemia of the colon, necro-
sis of the pancreas, incarcerated hiatal hernia, and hemotho-
rax. This is also reflected by the CAES classification (EVT vs. 

Table 3. Outcomes of Endoluminal Vacuum Therapy and Self-Expanding Metal Stent Therapy

EVT group 
(n=13)

SEMS group
(n=7) Statistical analysis

Time to diagnose insufficiency 8 (5–30) days 7 (6–11) days F=1.992; p>0.05

Defect size  15 (4–30) mm 6 (5–20) mm F=4.561; p<0.05

Defect location 26 (20–30) cm 23 (20–28) cm F=3.004; p>0.05 

CAES classification χ2=4.929; p>0.05

  I 0 0

  II 8 6

  IIIa 4 0

  IIIb 1 1

Intraluminal 3 7 χ2=10.769; p<0.05

Extraluminal cavity 10 0 χ2=10.769; p<0.05

Duration of EVT 24.5 (8–80) days 22 (3–31) days F=1.392; p>0.05

Number of procedures/patient 5 (4–18) 1 (1–2) F=12.047; p<0.05

Complete closure 12 (92.3) 6 (85.7) χ2=0.220; p>0.05

Procedure-related complications 0 (0) 2 (28.6) χ2=0.196; p>0.05

Combined ICU/IMC stay 38 (9–193) days 20 (16–57) days F=3.210; p>0.05

Hospital stay 74 (9–193) days 41 (22–123) days F=3.890; p>0.05

Data are presented as number (%) or median (range).
CAES, The Surgical Working Group on Endoscopy and Ultrasound; EVT, endoluminal vacuum therapy; ICU, intensive care unit; IMC, 
intermediate car; SEMS, self-expanding metal stents.
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SEMS), as shown in Table 3. However, due to the small sample 
size, there was no statistical significance regarding CAES clas-
sification (p>0.05).

The difference in defect size between the SEMS and EVT 
groups was very noticeable in our retrospective analysis. There 
was a tendency to treat patients with smaller defects and no 
mediastinal leakage cavity with stent therapy. The defect size 
in the SEMS group was 6 mm compared to 15 mm in the EVT 
group, yielding a 2.5-fold size difference. A comparison of the 
defect size between the two groups using multivariate analysis 
was statistically significant (p<0.05). In addition, all patients 
who had an extraluminal cavity on endoscopic findings were 
treated with EVT instead of SEMS (p<0.05), and only pa-
tients in the EVT group had a worse outcome, underlying the 
importance of extraluminal, i.e., mediastinal, cavities for the 
overall prognosis. As already outlined, there was a tendency to 
treat more critically ill patients with EVT. These results suggest 
that SEMS treatment is only warranted in patients with a small 
defect size and with no extraluminal cavity. Unfortunately, we 
were not able to find similar results across published data of 
other groups analyzing EVT and SEMS therapy, as defect size 
and presence of an extraluminary cavity were not specifically 
described and analyzed. Only one study group mentioned the 
size of the defect and the presence of a cavity in their study.20 
In our opinion, these are two crucial findings that seem to be 
related to treatment and patient outcomes and should be ana-
lyzed further.

This study has some limitations. First, this was a retrospec-
tive, non-randomized study. Second, the sample size was small 
and, therefore, it was difficult to compare the two treatment 
modalities to identify a statistically significant difference. 
However, although these limitations are present, it is one of 
the only available studies mentioning defect size and analyzing 
its potential outcome on the treatment option that should be 
chosen. 

In summary, our results suggest that EVT seems to be a 
better treatment option for patients with a large defect size and 
the presence of an extraluminal cavity compared to SEMS. It 
can be safely applied to critically ill patients with large defects. 
SEMS therapy seems only warranted in non-septic patients 
with a small defect size and no extraluminal cavity. Primary 
surgical revision should be reserved only for septic patients 
with graft necrosis.
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