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Abstract

Background Perforations and anastomotic leakages of the

upper gastrointestinal (GI) tract cause a high morbidity and

mortality rate. Only limited data exist for endoscopic

vacuum therapy (EVT) in the upper GI tract.

Methods Fifty-two patients (37 men and 15 women, ages

41–94 years) were treated (12/2011–12/2015) with EVT

for anastomotic insufficiency secondary to esophagectomy

or gastrectomy (n = 39), iatrogenic esophageal perforation

(n = 9) and Boerhaave syndrome (n = 4). After diagnosis,

polyurethane sponges were endoscopically positioned with

a total of 390 interventions and continuous negative pres-

sure of 125 mm of mercury (mmHg) was applied to the

EVT-system. Sponges were changed endoscopically twice

per week. Clinical and therapy-related data and mortality

were analyzed.

Results After 1–25 changes of the sponge at intervals of

3–5 days with a mean of 6 sponge changes and a mean

duration of therapy of 22 days, the defects were healed in

94.2 % of all patients without revision surgery. In three

patients (6 %), EVT failed. Two of these patients died due

to hemorrhage related to EVT. Four postinterventional

strictures were observed during the follow-up of up to

4 years.

Conclusion Esophageal wall defects of different etiology

in the upper gastrointestinal tract can be treated

successfully with EVT, considering that indication for EVT

should be weighed carefully. EVT can be regarded as a

novel life-saving therapeutic tool.
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complications � Upper gastrointestinal tract

Abbreviations

GI Gastrointestinal

EVT Endoscopic vacuum therapy

SEMS Self-expanding metal stent

SEPS Self-expanding plastic stent

CT Computed tomography

OTSC Over-the-scope clip

WBC White blood cell count

CRP c-reactive protein

PVC Polyvinyl chloride

Failures of the esophageal continuity are diverse and occur

as postoperative complications [1], during diagnostic or

interventional endoscopy [2], iatrogenic [3], or sponta-

neously [4, 5]. Esophageal leakages often lead to severe

septic conditions which are difficult to treat and give rise to a

high morbidity and mortality [6]. Particularly, the incidence

of anastomotic insufficiency secondary to esophagectomy

or gastrectomy ranges from 5 to 30 % and is associated with

a morbidity and mortality rate of 20–50 % [7, 8]. Delays in

the treatment for more than 24 h are associated with a

threefold increase in mortality rates [4, 9]. Comparative

studies between different treatment modalities are rare

resulting in lack of clinical evidence for directing treatment

modalities [10]. Therefore, therapy differs depending on

institutions and primary attending disciplines. In recent
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years, interventional endoscopy has evolved as an effective

alternative to primary surgery in these cases. Endoscopic

interventions, including endoscopic suturing, application of

metal clips, over-the-scope clips (OTSC) and injection of

fibrin glue, can be used for small-sized defects with

uncompromised tissue perfusion and in the absence of sepsis

[11, 12]. Subsequently, the placement of self-expanding

fully or partially covered metal or plastic stents (SEMS or

SEPS) has become the first-line therapy in esophageal

anastomotic leakages or perforations, if the patient is in a

non-septic condition [13–15]. This procedure has helped to

avoid the considerable risk of emergency surgery, including

two-stage esophageal reconstruction with discontinuity

resection and cervical esophagostomy. However, stent

therapy might be accompanied by the necessity of additional

abscess drainage, local pressure necrosis of the esophagus,

stent migration with consequently inadequate defect clo-

sure, persistence of the leak or stent ingrowth with the

impossibility of a later stent removal. Moreover, success

rates after endoscopic stenting vary considerably [16]. The

well-established stent therapy is now being challenged

increasingly by endoscopic vacuum therapy (EVT), which

already has been established successfully for anastomotic

leaks after rectal resection [17]. The principles of continu-

ous or intermittent negative pressure lead to decrease of

bacterial contamination, secretion, local edema and pro-

motion of perfusion and granulation. By endoscopic inser-

tion of a polyurethane sponge into the defect cavity and

transnasal application of external vacuum, defect closure

and effective drainage are united. However, data for its

application in the upper Gl tract consist of only case reports

and small case series. In our department, EVT has become

the treatment of choice for perforations and anastomotic

leakages of the upper GI tract. We report, to our knowledge,

the worldwide largest single-center experience of EVT for

substantial esophageal wall defects comprising results with

intracavitary and intraluminal variants of EVT in 52 con-

secutively treated patients with spontaneous, iatrogenic, or

postoperative leaks in the upper GI tract. In addition, we

propose a treatment algorithm based on these results.

Materials and methods

Seventy-three patients with esophageal leakage were trea-

ted during the study period (December 2011–2015) at our

institution. Indications and inclusion criteria for EVT in the

study cohort were anastomotic leakages, iatrogenic eso-

phageal perforations or Boerhaave syndrome accompanied

with no prior or post therapeutic modalities. Twenty-one

referred patients with prior stent therapy (n = 11) and prior

surgery (n = 10) were excluded from this study. To avoid

a bias in patient selection, all patients with an untreated

diagnosis of an esophageal wall defect regardless the eti-

ology of the defect were consecutively treated with EVT in

the upper GI tract within the study period and prospectively

documented and included into this report. Leaks in the

upper GI tract were diagnosed by primary endoscopy with

application of contrast agent under direct visualization by

radioscopy. In addition, every patient received computed

tomography (CT) scan of neck, thorax or abdomen

depending on the localization of the defect. Defect sizes

ranged from small (\10 %), intermediate (10–40 %) to

large ([45 %) defect sizes of circumferential involvement

of the anastomosis at any esophageal height (Table 1).

Except patients suffering from Boerhaave Syndrome, all

patients had extraluminal abscesses ranging from pro-

nounced mediastinal abscesses to extraluminal cavities. All

included patients received EVT as first-line therapy after

diagnosis and did not undergo additional surgery during the

course of therapy. Besides the positive vote of the local

ethical review committee, written consent was obtained

from each patient or their legally authorized representative

prior to the initiation of EVT. The primary end point of the

study was leak closure. Patients were followed up after

discharge from hospital for a median of 162 days

(95–1475 days). By review of charts and recent follow-up

visits, the following parameters were analyzed: initial

interventional or operative procedure, size and localization

of the leak, duration of EVT, number and frequency of

sponge changes, complications and side effects of EVT,

duration of hospitalization, in-hospital mortality and suc-

cess rate as documented by endoscopy and x-ray contrast

study. White blood cell (WBC) count and C-reactive pro-

tein (CRP) were recorded as inflammatory markers. Data

were expressed as numbers with percentages or as median

with range. Statistics were performed using nonparametric

tests (Wilcoxon rank sum test).

Endoscopic vacuum therapy (EVT)

EVT was performed as previously described by our group

and as shown in Figs. 1 and 2A [14, 18, 19]. Briefly,

depending on the size of the defect, EVT was carried out,

either by endoscopic insertion of an open-pore polyurethane

sponge (e.g., VivanoMed� Foam, Paul Hartmann AG,

Heidenheim, Germany) into the abscess cavity (Figs. 1B,

2C2), or in cases of only small defects without a cavity by

endoscopic insertion of a sponge in the lumen of the

esophagus covering the leak (Figs. 1A, 2B). With dimin-

ishing defect size, sponge placement could be changed from

its initial intracavitary position to an intraluminal position. If

the defect was initially not wide enough to accommodate the

endoscope (\10 mm) and an abscess cavity was suspected,

the opening was dilated by endoscopic balloon dilatation

(Esophageal Balloon Dilatation Catheter, 10–12 mm,
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Table 1 Overview of EVT

Overall

patients

Anastomotic

insufficiency

Boerhaave

syndrome

Iatrogenic

perforation

Indication for EVT

Total n of patients 52 39 4 9

Male (n) 37 31 3 3

Female (n) 15 8 1 6

Age (years)

Median 65 60.5 57.5 77

Min 41 42 41 72

Max 94 82 81 94

Indication for surgery prior to EVT (n)

Malignancy 34 34

Other 5 5

Neoadjuvant therapy (n)

Total 23 23

CTx 9 9

RCTx 14 14

Insufficiency gradea (n)

Small 19

Intermediate 14

Large 6

Additional superficial ischemia of the cranial gastric

conduit

18

Interval until initiation of EVT (d)

Median 8 8 5 5.5

Min 0 3 0 1

Max 25 25 13 19

Overall number of EVT procedures

Total (n) 390 305 24 61

Number of EVT per patient

Median 6 6 6 5

Min 1 1 3 2

Max 25 25 9 14

Duration of EVT (days)

Median 22 20 23.5 25

Min 3 3 10 8

Max 104 104 32 43

Nutrition mode during EVT (n)

Parenteral nutrition 32 21 4 7

Transnasal enteral feeding tube 12 10 0 2

PEG 2 2 0 0

J-tube 6 6 0 0

Additional OTSC application

Total number 7 7 0 0

Success rate

Percentage (%) 94.2 92.3 100 100

Length of stay (days)

Median 53 60 43 49

Min 16 16 20 29

Max 180 180 50 105

Surg Endosc (2017) 31:2687–2696 2689

123



Boston Scientific, Ratingen, Germany) to allow extralumi-

nal inspection. An additional suture loop (L-loop) was

placed at the tip of the sponge (Fig. 2A1). This loop was

grasped with endoscopic forceps, pulled close to the endo-

scope, and the sponge drainage system was guided in par-

allel to the endoscope (‘‘backpack-method’’, Fig. 2A2) and

placed in the leakage cavity under direct endoscopic visu-

alization (intracavitary) (Fig. 2C2). Moreover, in large

leakage cavities or in cavities apart from each other, up to

two sponges could be placed separately to allow rapid and

sufficient drainage. Controlled continuous negative pressure

of 100–125 mmHg, generated by an electronic vacuum

pump system (e.g., VivanoTec�, Paul Hartmann AG, Hei-

denheim, Germany), was applied via a polyvinyl chloride

(PVC) gastroduodenal tube (e.g., CovidienTM Salem

SumpTM, 14 Fr/Ch (4.7 mm) 9 114 cm; CovidienTM, MA,

USA) connected to the sponge (Fig. 2A). Parenteral feed-

ing, a transnasal enteral feeding tube, a percutaneous

endoscopic gastrostomy (PEG) or a jejunostomy feeding

tube ensured enteral nutrition. The entire procedure was

performed under conscious sedation (with midazolam and

propofol) or under general anesthesia, depending on the

medical condition of the patient in our endoscopy unit. A

scheduled change of sponges took place every 3–5 days. At

each session, the size of the defect was assessed and treated

with an individually prepared sponge, cut to fit the lesion’s

dimensions. EVT was stopped when the defect size became

too small for further sponge placements, and the defect was

Table 1 continued

Overall

patients

Anastomotic

insufficiency

Boerhaave

syndrome

Iatrogenic

perforation

Mortality (n)

EVT related 2 2 0 0

30 day mortality (after termination of EVT 3 3 0 0

Total number 5 5 0 0

Follow-up (days)

Median 162 187.5 119 126

Min 95 95 97 95

Max 1475 1475 736 160

Strictures during follow-up

Total (n) 4 4 0 0

EVT endoscopic vacuum therapy, CTx chemotherapy, RCTx radiochemotherapy, PEG percutaneous endoscopic gastrostomy, J-tube jejunostomy

feeding tube
a Grading of defect size performed at initial endoscopy: small,\10 %; intermediate, 10–40 %; large,[45 % of circumferential involvement of

the anastomosis

Fig. 1 Endoscopic vacuum

therapy (EVT). EVT was either

performed intraluminally (A) or

intracavitary (B) depending on

the characteristics of the defect.

Controlled continuous negative

pressure (100–125 mmHg) was

applied via a transnasal gastric

tube using a electronic vacuum

pump
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lined with surface epithelium (Fig. 2B2, C3). In some cases,

complete closure was achieved by clipping the residual

defect with an Over-The-Scope Clip (OTSC�; Ovesco

Endoscopy AG, Tübingen, Germany). In case of failure of

EVT (one patient), the persisting leakage was covered with a

fully covered self-expanding nitinol stent (aixstent� OEL,

28/34 mm, Leufen Medical GmbH, Berlin, Germany) in

addition to an external drainage.

Results

Patient demographics

Between 2011 and 2015, 52 patients (37 men and 15

women) with a median age of 65 years (range 41–94) were

treated with EVT for anastomotic insufficiency secondary

to esophagectomy (n = 30) or gastrectomy (n = 9),

iatrogenic esophageal perforation (n = 9) and Boerhaave

syndrome (n = 4). Defects were detected at a median of 8

postoperative days (range 3–25), whereas iatrogenic per-

forations and Boerhaave syndrome were diagnosed in

median on day 5 (range 0–19). The esophageal defects

were located 15–40 cm distal to the dental arch, and the

defect size of anastomotic insufficiencies ranged from

small (\10 %) to large ([45–\90 %) circumferential

involvement of the anastomosis accompanied by larger

wound cavities.

Endoscopic vacuum therapy (EVT)

In total, 390 polyurethane sponges were inserted in 52

patients with different upper gastrointestinal defects.

Overall successful healing of the various defects was

Fig. 2 A shows sponge preparation (A1) and principle of insertion

into the esophagus using a forceps in a ‘‘backpack-method’’ (A2).

Example of EVT for Boerhaave syndrome (B1–3) and late

anastomotic insufficiency (C1–3). EVT treatment resulted in recovery

of the mucosal surface with re-epithelialization and closure of the

defect

Surg Endosc (2017) 31:2687–2696 2691
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achieved in 49 of 52 patients (94.2 %), of which 42 defects

healed with vacuum therapy only and without any addi-

tional measures. In 7 cases, final complete closure was

performed by additional clipping of residual superficial

defects with an OTSC. Median duration of EVT was

22 days (range 3–104) with a median number of 6 (range

1–25) sponge insertions per patient. The median changing

interval of sponges was 3.5 days (range 3–5). Hospital

length of stay was 53 days (range 16–180 days) for

patients overall, 60 days (range 16–180) for anastomotic

insufficiency, 43 days (range 20–50) for Boerhaave syn-

drome and 49 days (range 29–105) for iatrogenic perfora-

tions. Overall clinical results are summarized in Table 1.

After the start of EVT, rapid debridement of the cavity and

formation of granulation tissue was visible in all patients.

EVT resulted in a reduction of size of the cavity and

consecutive closure by granulation tissue. Conversion to a

surgical intervention was not needed in any patient. After

closure of the leakage, only a small fibrin scar remained

(Fig. 2B3, C3).

Inflammatory markers during EVT

All patients showed initially signs of a systemic inflam-

matory response with elevated WBC and CRP levels. Both

inflammatory markers normalized during the course of

EVT and showed a significant reduction after therapy

compared to pre-treatment (Fig. 3).

Complications and failure

Minor EVT—associated complications occurred in 4.1 %

(n = 16) of all performed interventions. Of 390 sponge

insertions, 11 sponge dislocations were seen (2.8 %); the

sponge dislocation occurred when the leakage was already

small and EVT was performed intraluminally due to

swallowing and coughing. Five minor bleedings (1.3 %)

occurred after sponge removal. None of these bleedings

needed additional therapy, and EVT could be successfully

continued in all cases.

EVT failed in three patients. Inexplicably, one patient did

not show any response to EVT during a course of therapy of

57 days and 16 endoscopic interventions consisting of con-

secutively performed sponge insertions following anasto-

motic insufficiency secondary to esophagectomy. The

persisting leakage was subsequently covered with a fully

covered SEMS in addition to an external drainage.

Two patients, suffering from a late anastomotic insuf-

ficiency after distal esophagectomy, died due to fatal

hemorrhage during EVT. After initial EVT over a period of

56 and 12 days, respectively, one patient died after acute

hemorrhage and subsequent edema of the cerebrum

accompanied by the finding of intracranial air inclusion

with revealing a cardiac infarction as cause of death but

simultaneously a close proximity of the treated insuffi-

ciency cavity to a pseudoaneurysm of the right atrium by

autopsy. The other patient died due to a fulminant and non-

manageable hemorrhage during the third scheduled endo-

scopic change of the sponge in the endoscopy unit. After

successful removal of the sponge from the cavity, a non-

manageable, sudden hemorrhage occurred while inserting

the new sponge drainage system assuming a rupture of the

descending aorta. Despite these two cases, there was sub-

sequently no additional need for termination of EVT due to

a close contact of the sponges with cardiovascular

structures.

Hospital mortality

A hospital mortality of 9.6 % was observed. In addition to

the above-mentioned fatal adverse events, one patient died

due to multiorgan failure and two patients died due to

severe pneumonia after successful EVT.

Follow-up

During a median follow-up of 162 days (range 95–1475),

strictures after EVT were detected in 4 of 47 patients

(8.5 %) (Table 1). A total of 3 patients required endoscopic

dilation of moderate anastomotic strictures after comple-

tion of EVT. However, it remains unclear, if manifestation

of strictures in these cases could be ascribed to EVT.

Discussion

This prospective single-center study, comprising 52 con-

secutive patients, is to our knowledge, the largest patient

cohort with upper GI defects treated with EVT, published so

far. Since its first description by Wedemeyer et al. [20] and

Loske et al. [21, 22], EVT is known to be applicable even

with variations in the procedure. The previously published

studies, encompassing cohorts ranging from 1 to 35 patients

(137 patients in total), have shown success rates ranging

from 84 to 100 % [5, 9, 23–30]. Recently, we discussed that

EVT in the upper GI tract seems to be not only feasible but

superior to previous therapeutic procedures such as surgical

revision and stent placement for esophageal defects

[14, 19]. Although EVT requires multiple endoscopic pro-

cedures (every 3–4 days), its advantages with regard to

previous treatment options are the regular visualization of

the wound cavity and the optimal drainage provided by the

vacuum system. This leads to effective sepsis control and

final closure of the defect. In accordance with other reports

and studies [3, 20, 22–26, 28, 29, 31, 32], the present study

reaffirms the role of EVT as a minimally invasive
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endoscopic option for leaks of the upper gastrointestinal

tract with an extraordinary success rate. Our leak closure

rate of 94.2 % was characterized by rapid decrease of

inflammation and closure of the defect site by rejection of

necrosis and development of granulation tissue starting at

the first system change even independently from potential

different physiological characteristics of different entities of

esophageal leakages. Although, for example, the physio-

logical situation after occurrence of a leakage after gas-

trectomy if a Roux en Y reconstruction is used is

characterized by a smaller output of intestinal juice and bile,

the behavior when treated with EVT does not significantly

differ from leakages after esophagectomy. Due to the con-

struction of the sponge drainage system with the open tip

allowing additional suction capacity beside the attached

sponge, only the amount of evacuated fluid differs between

these two entities of anastomotic leakages rather than the

process of wound closure characterized by the formation of

granulation tissue. In regard to this observation, it has to be

emphasized that due to EVT followed by a prompt recovery

from the sepsis, the limitation and especially duration of

recovery and finally closure of the leak are more limited to

the respective size of the defect rather than to the septic

conditions and potential different physiological character-

istics of leakages of different etiology. Previous studies

reporting heterogeneous types of upper GI tract leakages

reported comparable success rates without procedure-re-

lated complications [3, 9, 23–29, 31–33]. Further compar-

ative retrospective studies demonstrated that EVT is

superior to surgical revision and stent placement in

managing major esophageal leaks, especially in septic

patients [19, 25, 26] and showed the benefit of EVT in

combination with revision surgery in terms of improved

control of septicemia and successful closure of the defects

[9, 23, 32]. We implemented EVT as our first-line proce-

dure even in advanced stages of esophageal leakage 4 years

ago. Based on our experience and increasing number of

cases, we have modified our management algorithm using

EVT as gold standard for the treatment of any kind of leak

in the upper GI tract allowing small residual fistulas

(1–2 cm deep) following EVT to be closed by additional

OTSCs.

Our locally established and generally recommended

treatment algorithm of defects and leaks in the upper GI

tract is based on the algorithm of Schorsch et al. [27] and

shown modified in Fig. 4 emphasizing that EVT is not

reasonable and should not be performed in patients with

complete insufficiency of the anastomotic region after

upper GI surgery. An anastomotic leak, leading to a com-

plete discontinuity of the passage, should only be treated

Fig. 3 Inflammatory markers

during EVT. CRP levels (A) and

leukocyte counts

(B) normalized during the

course of therapy and showed

significantly lower levels

following EVT compared to

pre-treatment. Post EVT, first

day following the termination of

EVT; ***indicates a P value

\0.0001
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by EVT in critically ill patients in terms of a bridging

technique allowing later surgical repair since a complete,

straightforward healing of such a defect cannot be expected

in such cases. Moreover, it seems to be unlikely that

patients with no response to EVT show progress in healing

after 22 days, which is based on the median duration of

therapy leading to defect closure in our study. We rec-

ommend that these patients should be evaluated for a dif-

ferent therapy regime.

Nonetheless, Ahrens et al. [31] were the only group

reporting about a fatal incidence indirectly related to EVT.

One of their patients died of acute severe hemorrhage from

an aortoanastomotic fistula after a dilatation procedure

following a completed EVT. Since we experienced two

severe critical events of fatal hemorrhage in patients suf-

fering from a late anastomotic insufficiency after distal

esophagectomy, we strongly recommend EVT for eso-

phageal perforations to be performed combined with a CT

scan of the thorax done directly before or after every first

endoscopic placement of the sponge to exclude close

proximity of the sponge to cardiovascular structures with

subsequent risk of erosion bleeding. Even though the

autopsy of one patient did not reveal a direct correlation

between EVT and the cause of death and an autopsy, on the

other patient, was not performed due to the missing consent

of the relatives, a coincidence with EVT and the fatal

course of therapy has to be assumed in both patients. One

of these patients suffered from a squamous cell carcinoma

and the other patient from an adenocarcinoma of the distal

esophagus. Both patients developed a late anastomotic

insufficiency after distal esophagectomy (12 and 18 days

after surgery, respectively) assuming to have led to an

erosive precondition of adjacent vascular structures. Even

though a close contact with cardiovascular structures, but

also with the tracheobronchial system, is a common

situation in our study cohort, the reported two severe

critical events of fatal hemorrhage occurred in patients,

who retrospectively showed no intermediate tissue layer

between the sponge and a pseudoaneurysm of right atrium

and the descending aorta, respectively, defining the close

proximity to cardiovascular structures and revealing a

major complication risk for EVT in the upper GI tract in

these patients. Neither the height nor the quadrant of the

defect in the esophagus showed a correlation with these

fatal events. Even though the application of a lower neg-

ative pressure to the sponge system than the

100–125 mmHg used in this study might theoretically

reduce the risk of erosions, no available data concerning

lower pressure levels in these particular cases are present in

the literature up to date. Therefore, we recommend a crit-

ical evaluation of comparable patients in terms of potential

different therapy regimes and exit strategies such as stent

placement even though procedure-related complications

like hemorrhage, migration, and perforation have been

reported after placement or removal of endoscopic stents

with a mortality rate up to 13 % in the upper GI tract [16].

Our data confirm the initially promising results of EVT that

have been reported so far but also strengthen, despite the

potentially upcoming euphoria, the assumption that the risk

factors of EVT still need to be monitored very closely.

Especially the risk of hemorrhage by erosion of major

vessels due to, e.g., ongoing inflammatory processes needs

to be considered just like a pre- or post-interventional

sponge position control by computertomography is indis-

pensable. Therefore, exit strategies, such as stent therapy

combined with an external drainage of the septic focus,

even by additional surgical intervention, remain valuable

options. Although prospective studies for the use of EVT in

the upper GI tract are scarce, EVT can already be regarded

as a novel life-saving therapeutic tool.

Fig. 4 Treatment algorithm for

leakages in the upper

gastrointestinal tract (modified

according to Schorsch et al.

[27])
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