
Introduction
Endoscopic negative pressure therapy (ENPT, synonymous with
endoscopic vacuum therapy or EVT) was developed for treat-
ment of complex gastrointestinal leaks, perforations and fistu-
lae. ENPTwas originally applied for postoperative rectum condi-
tions such as leaks and perforations [1], but soon its usefulness

became evident for treating perforations, leaks and fistulae of
the esophagus [2].

Until now ENPT has been performed using drains, which are
constructed from open-pore polyurethane foam and a drainage
tube (OPD) [3]. In brief, an open-pore polyurethane foam is
fixed with sutures at the distal end of a drainage tube
(▶Fig.1). The OPD is then placed endoscopically with a grasper
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ABSTRACT

Background and study aims Endoscopic negative pres-

sure therapy (ENPT) has been developed to treat gastroin-

testinal leakages. Up to now, ENPT has usually been per-

formed with open-pore polyurethane foam drains (OPD). A

big disadvantage of the OPDs is their large diameter. We

have developed a new, small-bore open-pore film drainage

(OFD). Herein we report our first experience in a case series

of 16 patients.

Patients and methods OFD is constructed with a drain-

age tube and a very thin double-layered open-pore drain-

age film (Suprasorb CNP, Drainage Film, Lohmann & Rau-

scher International, Germany). The distal end of the tube is

wrapped with only one layer of film. OFD is placed into the

gastrointestinal leakage site with common endoscopic

techniques. The tube is connected to an electronic vacuum

device and continuous negative pressure of –125mmHg

applied.

Results From 2013 to 2016, 16 patients were treated with

the new OFD device. In 10 patients, transmural intestinal

defects (4 esophageal, 4 rectum/colon, 1 duodenal, 1 pan-

creatic cyst) were closed with ENPT in median time of 12

days (range 3–34 days). Five of the 10 patients were treat-

ed solely with OFD devices. In five patients ENPT started

with ODP and changed to OFD when the cavity was shrun-

ken to a channel with a small opening. In four patients post-

operative gastric reflux was eliminated for 5 to 16 days.

Conclusions Small-bore OFD opens up promising new

treatment options within ENPT. OFD can be used in endo-

scopic closure management of intestinal leakages in the

upper and lower gastrointestinal tract. Gastric reflux can

be eliminated in an active manner. OFD can be inserted na-

sally. OFD may be an adequate substitute for OPD, especial-

ly when placement of the larger OPD is difficult.

Meeting presentations: The authorsʼ experience was first

reported in an oral presentation at the 46th Kongress der

Deutschen Gesellschaft für Endoskopie und Bildgebende

Verfahren in Mannheim (DGE-BV), 17.–19.03.2016.
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through the defect into an extraluminal cavity (intracavitary
ENPT) or intraluminally onto the defect zone (intraluminal
ENPT) [4]. Application of negative pressure to the OPD with an
electronic vacuum device results in collapsing of the wound
cavity and/or intestinal lumen around the polyurethane foam
(i. e. distal end of OPD). The constant suction of debris and ma-
terial along with the collapse of the lumen and rapid fibrin de-
position and epithelialization results in secondary wound clo-
sure of the defect, while the secretions are constantly suc-
tioned through the drainage tube.

Until recently most OPDs had been self-constructed, but
now a commercial system has become available in Europe.
However, one potential disadvantage of these devices is a distal
diameter of 15mm to 30mm, which hinders endoscopic place-
ment through the hypopharynx and small openings.

We have developed a novel open-pore film drainage (OFD)
system for vacuum therapy using open-pore film instead of
foam. The major advantage of this system is its smaller distal
diameter, making it easier to place and manipulate endoscopi-
cally [5–8]. Herein we report our first experience with these
small-bore vacuum drainage devices.

Patients and methods
This is a retrospective, single-center, open-label, consecutive
case series using film-based OFD for treatment of gastrointesti-
nal leaks, perforations, fistula and drainage of postoperative re-
flux. Inclusion criteria included adult patients aged >18 years
with iatrogenic or natural gastrointestinal leaks, perforations
and fistula. Exclusion criteria included pregnancy, non-correct-
able coagulopathy, and failure or inability to provide informed
consent. All patients provided informed consent for the proce-
dure and the study was conducted according to the Helsinki
guidelines.

For construction of this OFD, a gastric drainage tube (Ven-
trol, 12 and 18 Ch×120 cm; Covidien Argyle, Dublin, Ireland)

and a very thin double-layered open-pore drainage film (Supra-
sorb CNP, Drainage Film; Lohmann & Rauscher International
GmbH &Co.KG, Rengsdorf, Germany) are used (▶Fig. 1).

A commercially available double-layered open-pore drain-
age film that was developed for abdominal negative pressure
treatment was utilized. The film consists of two perforated
membranes with a small interspace, which does not collapse
when vacuum is applied onto the film. With negative pressure,
fluid secretions are guided through and along the film.

To create a single-lumen OFD, a strip of the film (3 cm wide
and 3 to 25 cm in length) is cut (▶Fig. 2). The distal end of the
drainage tube is wrapped with the film and fixed by twisting a
suture around it (▶Video 1 and ▶Fig. 1). In addition, a loop is
formed with the suture at the tip of the tube, which can be
grasped with endoscopic forceps to facilitate placement.
Small-bore open-pore drains with a single lumen constructed
with this method have a diameter of 4mm to 6mm. Thus, inser-
tion through small openings becomes feasible and is easily ac-
complished. ▶Table1 shows the specific data on OPD and OFD.

▶ Fig. 2 Open-pore polyurethane foam (oP) and open-pore double
layer film (oF) stuck on with a needle. a View from above on the
micro pores (mp) of the open-pore film (oF). b Cutting (scissors) a
strip (str) of the film for construction of an OFD.

▶ Fig. 1 Consider the scale. a Open-pore polyurethane foam drainage (OPD), long with 15-mm diameter, is used for intraluminal endoscopic
negative pressure therapy (ENPT) in the esophagus; shorter OPD is used for intracavitary ENPT. A standard gastroscope has a 9-mm diameter.
b New open-pore film drainage, diameter 4 to 6mm, construction of OFD with open-pore film (oF), suture (S) and drainage tube (t), nasal
endoscope diameter 5mm
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To allow enteral nutrition during vacuum therapy, OFD
drainage can also be constructed as a double-lumen OFD de-
vice with intestinal feeding tube. Therefore, the lateral drainage
openings of a triluminal tube (FrekaTrelumina, CH/Fr 16/9, 150
cm, Fresenius Kabi AG, Bad Homburg, Germany) were coated
with the open-pore film for suction. The ventilation channel of
the tube was blocked with a clamp. Furthermore, OFD was
made by wrapping the distal end of a urinary balloon catheter,
which enabled fixation of the device in a cave by dilatation of
the balloon (▶Fig. 3).

The procedure for placing OFD for use in the upper gastroin-
testinal tract is similar to that for gastroduodenal or intestinal
feeding tubes. First, the OFD is inserted nasally and then the
tip of the drain is grasped with forceps and pushed forward un-
der direct endoscopic view, which is also our standard tech-
nique for the lower gastrointestinal tract. This OFD can be
placed intraluminally as well as intracavitary.

Alternative placement techniques are insertion using a
guidewire or Seldinger technique or positioning by pull-
through maneuver [9]. OFD is removed by pulling on the prox-
imal part of the drainage tube, complete removal being assured
by endoscopic inspection.

For the placement procedure, we use a standard gastro-
scope and CO2 insufflation. To avoid dislocation, we prefer to
check the correct position using a small-bore nasal endoscope.
Vacuum is applied to the drainage tube using an electronic va-
cuum device (KCI V.A.C. Freedome, KCI USA Inc., San Antonio,
Texas, United States). In all cases, we used our standard nega-
tive pressure of –125mmHg for endoscopic vacuum therapy
with continuous suction to drain fluids in an active manner.

Results
From 2013 to 2016 we treated 16 patients with ENPT using the
new OFD system. The following regions or organs were treated:
esophagus (4×), rectum/colon (4 ×), stomach (4 ×), pancreatic
cyst (1 ×), duodenum (1×) and complicated wounds (2 ×). A
120-cm-long drainage tube was adequate for treatment. The
length of the film drainage segment of the tube was adapted
according to the length of the inner wound. To eliminate gastric
reflux, the segment was up to 25 cm long. For duodenal, gastric
and esophageal treatment, the tube was inserted directly
through the nose, similar to a gastroduodenal tube.

In 10 patients transmural intestinal defects (4 esophageal, 4
rectum/colon, 1 duodenal, 1 pancreatic cyst) were closed with
ENPT in a median time of 12 days (range 3–34 days). Five of 10
patients were treated solely with OFD devices. In five patients
ENPT started with ODP and then changed to OFD when the cav-
ity was shrunken to a channel with a small opening.

In detail, four leaks in the esophagus (two after Ivor-Lewis
esophagectomy, one after gastrectomy and one patient with
Boerhaave’s perforation [7]) were healed with ENPT. In three
patients ENPT started with OPD. After shrinkage to a small
channel, the last treatment period was done with a single-lu-
men OFD. In one patient with a small opening, therapy was

Video 1 Construction of an OFD, demonstration of insertion
and removal of an OFD through a small transgastric opening [5]
and in a preformed thoracic wound channel.

▶ Table 1 Specific data on OPD and OFD.

Data Open-pore film drainage (OFD) Open-pore polyurethane foam drainage (OPD)

Material Very thin double layered film membrane Polyurethane foam

Diameter of drainage tube 4– 6mm 4–6mm

Diameter of distal end of drainage tube
with open-porosity element

4– 6mm 1.5–3.2 cm

Length of distal end of drainage tube with
open porosity element

3– 25 cm 3–12 cm

Visible effect of negative pressure Pimpled pattern Erosive pattern

Endoscopic techniques Push, pull, pull-through, guide-wire, Seldinger
technique

Push, pull, pull-through

Negative pressure therapy variants Intraluminal and intracavitary Intraluminal and intracavitary

Insertion Nasally and through openings smaller than
1.5 cm in diameter

Orally and through openings more than 1.5 cm in
diameter
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done solely with an OFD. The treatment period with OFD was 4
to 6 days. All leaks were closed after ENPT in 6 to 34 days total.

In the rectum, OFD was used in three patients (1 leakage and
1 fistula) after anterior rectal resection and one perforation
after hemorrhoidopexy and in the colon in one patient in a
case of anastomotic leak after resection of sigmoid. In two pa-
tients ENPT started with OPD. After shrinkage to a small chan-
nel, the last treatment period was done with a single-lumen
OFD-device. In one patient, a perforation after stapled hemor-
rhoidopexy was treated with single-lumen OFD. In one patient,
an anastomotic fistula after rectum resection was treated with
a balloon-OFD device. Treatment period with OFD was 3 to 13
days. All leaks in the rectum and colon were closed.

In one case of duodenal perforation after ERCP, duodenal se-
cretions were drained intraluminally with negative pressure [6].
In that case, a complementary diagnostic laparoscopy was
done, but no operative closing procedure was necessary. A sin-
gle-lumen OFD-device was used for 6 days and then the defect
healed.

In one patient, OFD was used to drain an infected pancreatic
cyst after transgastric necrosectomy to shrink and collapse the
persisting retro-gastral cavity [5]. A single-lumen OFD was in-
serted transgastrically; the cyst collapsed completely and
healed after 10 days of treatment with ENPT.

Using the smaller diameter of the OFD compared to the
OPD, we switched to OFD when shrinking wound openings led
to wound cavities that still needed treatment. Generally, we
terminated therapy when the wound cavity was covered with

granulation tissue and self-cleaning. In the case of small wound
openings, the latter can lead to prolonged therapy as fluid re-
tention may reactivate wound inflammation and thus become
a septic focus.

In four patients, OFD-devices were placed to drain increased
postoperative reflux in an active manner. The aim was to empty
the stomach completely in patients who suffered from therapy-
refractory aspirations postoperatively. In two patients, we used
single-lumen drains and in two patients, double-lumen OFD
with an enteral feeding tube, which enabled simultaneous ent-
eral nutrition. In all patients, reflux was eliminated completely
for 5 to 16 days with negative pressure.

In two patients, EVT with OFD was done in cases of compli-
cated wound infection. One patient had an infected sacral
wound after rectum extirpation and the other had complicated
wound healing after colostomy. In both cases, ENPT started
with OPD and changed to OFD. Treatment duration was 14
days in total; 7 and 10 days, respectively, for OFD.

In 11 patients, OFD was used for intracavitary ENPT and in
five patients, it was used for intraluminal drainage.

▶Table2 shows details of ENPT with OFD devices.
In general, after application of vacuum with an electronic va-

cuum device, OFD drains fluid liquids (wound secretions, gas-
tric juices, duodenal secretions) well in an active manner. Vis-
cous saliva or feces block the pores of the film similar to the
OPD foam.

We did not observe any complications related to use of OFD.
Compared to an OPD with negative pressure, an OFD did not

▶ Fig. 3 Variants of OFD. a Open-pore film (oF) is wrapped around the tip of a balloon catheter (t). b Filled balloon. c Construction of a
double-lumen OFD with a gastric channel (t) wrapped with an open-pore film (oF) and an intestinal feeding channel (IC), endoscope (E).
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adhere to the tissue to the same degree. An indication of the
correct function of suction is a typical “pimpled” pattern on
the tissue in contact with the film (▶Fig. 4). With negative
pressure, the tissue in contact with the film is sucked into the
pores of the open-pore film. The resulting pattern resembles
small nipples. When the suction was stopped, this pattern dis-
appeared within a few hours.

Discussion
In this study, we demonstrated that a novel small-bore OFD is a
promising new treatment option for patients with complex gas-
trointestinal leaks and perforations. This thin membrane, small-
bore drainage system can be placed easily and effectively in all
patients, including those in whom traditional OPD is impossi-
ble. An attractive aspect of our OFD system is the feasibility of
nasal insertion, similar to a gastric tube. Therefore, OFD may be
an adequate addition or even substitute for OPD, especially
when placement of the larger OPD is difficult or impossible or
it has failed.

In the past few years, endoscopic negative pressure therapy
with OPD has become one of the most interesting endoscopic
methods to treat anastomotic, spontaneous and iatrogenic gas-

trointestinal leaks [10]. To date, 210 patients have been report-
ed in 11 retrospective studies for treatment of esophageal leaks
with a success rate of 90% healing [11]. Recently, Neumann et
al. demonstrated a first case series with successful endoscopic
treatment of mucosal ischemia following esophagectomy [12].
Leeds et al. reported on a first case series of nine patients treat-
ed with ENPT for staple line leaks after laparoscopic sleeve gas-
trectomy [13]. In addition, new treatment indications and tech-
niques have been found for leaks of the duodenum, pancreas,
stomach, colon and biliary system [14–16].

The newly developed OFD system has the major advantage
of small distal diameter, which allows for easy endoscopic inser-
tion, maneuverability and positioning. The length of the open-
pore film element can be adapted according to local circum-
stances; we used 3-cm to 25-cm segments. Importantly, liquid
fluids such as biliary, duodenal, and gastric secreta and wound
edema around the vacuum drainage are removed in an active
manner through and along the pores of the covering film.

Therefore, this tubing has advantages for use as a primary or
secondary drainage system. When using this system as a pri-
mary drainage method, it can be placed into the gastrointesti-
nal lumen around a small perforation or leak or inside a cavity
with small-diameter access. Bile is well known to have a deleter-

▶ Table 2 Data on ENPTwith OFD.

Region of

treatment

Diagnosis and reason

for treatment with

ENPT

Type of OFD (sin-

gle lumen (SL),

double lumen

(DL), balloon (B)

Negative

pressure

(–mmHg)

Total

duration

of ENPT

(d)

ENPT

Duration

with OFD

(d)

ENPT

with

OFD

alone' (n)

ENPT with OFD

complimentary or

consecutive with

OPD (n)

Esophagus
n=4

1× Boerhaave’s syn-
drome [7], 3 × anasto-
motic leakages (2 × Ivor-
Lewis esophagoectomy,
1 × gastrectomy)

SL, DL 125 6–34 3–6 1 × 3×

Rectum
n=3

1× anastomotic leakage
and 1× fistula after rec-
tum resection, 1x per-
foration after haemor-
rhoidopexy

SL, B 125 3–26 3–13 2 × 1×

Colon
n=1

1× anastomotic leakage
after resection of sig-
moid

SL 125 6 3 – 1×

Stomach
n=4

Increased postopera-
tive reflux (1 ×gastro-
jejunostomy, 1 ×gastro-
pancreaticostomy, 2 ×
Whipple operation)

SL, DL 125 5–16 2–16 3 × 1×

Duodenum
n=1 [6]

1 × perforation after
ERCP

SL 125 6 6 1 × –

Pancreas
n =1 [5]

1 × infected pancreatic
cyst

SL 125 10 10 1 × –

Superficial
wound
n=2

Complicated wound
healing (1 × colostoma,
1 × infected sacral cav-
ity)

SL 125 14 7,10 – 2×
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ious effect on wound healing. Therefore, this OFD system can
be used as an adjunct after closing upper endoluminal gastroin-
testinal perforations or for prophylactic drainage after an ex-
tensive endoscopic submucosal dissection. In contrast to tradi-
tional nasogastric tubes with large suctioning holes which can
further damage the neighboring mucosa, the micro-pore film
will not damage the surrounding tissue. The open-pore func-
tion of the new drainage seems to be similar to an OPD. How-
ever, there is a big difference in the suctioning mechanism.
From our clinical experience and that of other experts we
know that conventional suction tubes used for open pore drain-
age, such as wound drains or catheter with large lateral open-
ings get blocked sooner or later when a vacuum of 125mmHg
is applied. In addition, tissue is often sucked into the lateral

openings of these suctioning tubes. The current material dif-
fers from the open-pore film or foam material in that the flat
suctioning mechanism is present along the entire surface of
the film or foam. The film-wrapped tip of the drainage adheres
onto the tissue via suction. Therefore, even if some of the pores
are blocked, suction is still maintained along the whole surface
of the film because of the open-pore communication of the
pores and the small interspace between the membranes. This
is a major difference for small-bore conventional wound drain-
age or gastric tubes, which can become blocked with negative
pressure application.

The main advantage of the OFD is its small diameter, which
enables insertion through the nose similar to a gastric or intes-
tinal feeding tube. Because placement through small openings
was easy, new applications of OFD are possible, such as for urin-
ary vacuum therapy [8].

Recently two cases of severe bleeding with use of tradition-
al, sponge-based intracavitary OPD in the esophagus [17] and
ingrowth and device disintegration [18] have been described.
OPD can adhere to the tissue with negative pressure; in con-
trast we found that OFD does not become so adhered. This
may be explained by the regular spacing of pores in the film.
Further development may lead to use of the drainage film to
cover sponge-based OPD, as proposed by Wallstabe et al. [15].
Nevertheless, only larger experience with OFD and comparative
studies will show which system has the least number of adverse
events.

One limitation of any endoscopic vacuum method is the pre-
requisite for establishment and maintenance of continuous
suction. Therefore, electronically controlled vacuum devices
and awareness of the endoscopic signs of effective therapy are
necessary. Interruption of therapy caused by malfunction of the
electronic device, dislocation of the film and blockage of film or
tube must be always avoided. After removing the OFD, the typ-
ical appearance of a pimpled pattern should be seen on the tis-
sue in contact with the drainage.

Therefore, physicians and nursing staff need to be carefully
trained in vacuum therapy. A non-working vacuum drainage
can be a septic focus as interruption of the system may be ha-
zardous for the patient. Other limitations are passage of the
tubes through the nose, anus or wound openings, which could
lead to local discomfort. At a minimum, negative pressure ther-
apy is a surgical treatment for inner wounds. Given the need for
regular endoscopic monitoring of wound healing and system
changes, the number of endoscopic examinations will rise.

We would like to mention potential limitations of this study.
First, the study was relatively small. However, it is the largest
experience using small-bore OFD published so far. The insights
gained from our experience should allow for design of a larger
prospective comparative study. Second, this was an open-label,
observational feasibility study. Based on the current study, we
do not have evidence of clinical superiority. However, that will
be pursued with future studies. Nevertheless, we believe that
because of its simplified design and advantageous suctioning
membrane-mechanism, this system holds much promise for
treatment of leaks and perforations. Third, the endoscopists
that participated in this study are experts in the field of thera-

▶ Fig. 4 Typical pattern on the tissue treated with ENPT. Suction
patterns are a sign of good function of ENPT. a Endoscopic view
with a standard gastroscope of a shrunken wound channel with
erosive patterns (ErP) after removal of an OPD. b Endoscopic view
with a small-bore nasal endoscope of a shrunken wound channel
with pimpled patterns after removal of an OFD.
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peutic endoscopy. However, expertise in therapeutic endos-
copy is widespread and the technique and results should be ea-
sily reproducible in similar centers elsewhere.

Conclusion
In summary, small-bore OFD opens up promising new treat-
ment options within ENPT, including in patients in whom tradi-
tional OPD has failed. Use of OFD in ENPT seems to have broad
applications. Furthermore, this tube can be inserted nasally
similar to a gastric tube. Therefore, OFD may become an ade-
quate complement to or substitute for OPD, especially when
placement of the larger OPD is difficult or impossible.

Prospective, multicenter, randomized studies comparing
OPD and OFD are warranted.
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