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Abstract

Endoscopic management of leakages and perforations
of the upper gastrointestinal tract has gained great
importance as it avoids the morbidity and mortality of
surgical intervention. In the past years, covered self-
expanding metal stents were the mainstay of endo-
scopic therapy. However, two new techniques are now
available that enlarge the possibilities of defect closure:
endoscopic vacuum therapy (EVT), and over-the-scope
clip (OTSC). EVT is performed by mounting a polyure-
thane sponge on a gastric tube and placing it into the
leakage. Continuous suction is applied via the tube re-
sulting in effective drainage of the cavity and the induc-
tion of wound healing, comparable to the application of
vacuum therapy in cutaneous wounds. The system is
changed every 3-5 d. The overall success rate of EVT in
the literature ranges from 84% to 100%, with a mean
of 90%; only few complications have been reported.
OTSCs are loaded on a transparent cap which is mount-
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ed on the tip of a standard endoscope. By bringing the
edges of the perforation into the cap, by suction or by
dedicated devices, such as anchor or twin grasper, the
OTSC can be placed to close the perforation. For acute
endoscopy associated perforations, the mean success
rate is 90% (range: 70%-100%). For other types of
perforations (postoperative, other chronic leaks and
fistulas) success rates are somewhat lower (68%, and
59%, respectively). Only few complications have been
reported. Although first reports are promising, further
studies are needed to define the exact role of EVT and
OTSC in treatment algorithms of upper gastrointestinal
perforations.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The novel technique of endoscopic vacuum
therapy has recently been developed for the closure of
upper gastrointestinal (GI) perforations. A sponge is
connected to a gastric tube, and then endoscopically
placed into the perforation or cavity. The first case se-
ries demonstrate excellent healing rates with very low
procedure-related morbidity; it appears likely that this
technique will become the new standard for upper GI
perforations. A second novel endoscopic option is the
over-the-scope clip (OTSC) which allows full thickness
closure of smaller defects and fistulas. Both endoscopic
vacuum therapy and OTSC are valuable contributions to
endoscopic therapy of upper GI perforations.

Mennigen R, Senninger N, Laukoetter MG. Novel treatment
options for perforations of the upper gastrointestinal tract: En-
doscopic vacuum therapy and over-the-scope clips. World J
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INTRODUCTION

Perforations and fistulas of the upper gastrointestinal
(GI) tract occur as postoperative complications (anasto-
motic dehiscence or fistula)', during diagnostic or inter-
ventional endoscopy", iatrogenic as a consequence of
other therapeutic measures (e.g., gastric tube placement,
percutaneous endoscopic gastrostomy, transesophageal

echocardiography)”, or spontaneously (ulcers, tumors,
Boerhaave syndrome, and others)¥. These perforations
often lead to severe septic conditions which are difficult
to treat and give rise to a high morbidity and mortality,
especially if leading to mediastinitis or peritonitis'".

The management of upper GI perforations depends
on the severity of the complication and on the condition
of the patient. Small leakages or fistulas without septic
complications (Clavien-Dindo classification™ T and 1I)
permit conservative management including the placement
of a nasogastric tube and antibiotic therapy. Grade Il
perforations, defined by onset of fever or sepsis without
organ failure, require endoscopic, surgical or radiological
intervention. These grade Il complications are in pat-
ticular the domain of endoscopic treatment modalities. A
typical example is the partial dehiscence of an esophago-
gastric anastomosis following esophagectomy, with a vital
gastric tube and a mediastinal cavity developing from the
leakage.

In recent years interventional endoscopy has evolved
as an effective alternative to primary surgery in these cas-
es. The placement of self-expanding fully or partially cov-
ered metal or plastic stents (SEMS or SEPS) has become
the first line therapy in esophageal anastomotic leakages
or perforations, if the patient is not in critical septic
condition®”. Due to the success of these techniques and
their avoidance of the considerable risks of emergency
surgery, the indications for endoscopic intervention are
being widened to even encompass grade IV petforations,
defined by critical states involving single or multiorgan
failure. However, it must be carefully evaluated whether
endoscopic intervention is sufficient to control the septic
condition; surgical revision remains mandatory in cases
of severe sepsis or life threatening conditions.

Although the placement of self-expanding stents has
become the mainstay of endoscopic therapy of upper
gastrointestinal perforations, failure of stent therapy still
occurs in about 15%” of cases.

The well-established stent therapy is now being chal-
lenged by two relatively new endoscopic options, the first
being endoscopic vacuum therapy (EVT). While it can
already be considered as standard therapy for leakages
of lower colorectal anastomoses, its use in the upper GI
tract only evolved several years later. Yet soon after first
reports of the technical feasibility of endoscopic vacuum
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| several case seties with

therapy in the upper GI tract”™”
good success rates were published. The technique ap-
pears to have potential as a first line therapy for postop-
erative upper GI leaks.

The second new option is a novel endoscopic clipping
device, the over-the-scope clip (OTSC; Ovesco Endos-
copy AG, Tiibingen, Germany)"'". This device has dra-
matically increased the possibilities of endoscopic defect
closure, as compared to through-the-scope clips (TTSC).
Much as for EVT, the number of promising case series
being published for OTSC based management of upper
GI leakage is ever increasing;

In this review, we describe both novel endoscopic op-
tions. We examine technical aspects, summarize the cur-
rent literature with a focus on success rates for different
indications, and discuss the role of the new techniques
for management algorithms of upper GI perforations.

RESEARCH

A review of the available literature on endoscopic vac-
uum therapy and over-the-scope clips was performed
with the latest search date being October 15, 2013. Ref-
erences of all articles were searched to identify further
relevant publications. For both novel techniques, the
exact procedure is described in the section “Develop-
ment and technical aspects”, based on published reports
and the authors’ own experience. The success rates stated
in the literature are summarized in the “Results” section
for each technique. To this end, patient numbers of all
available studies were added and pooled means were cal-
culated. When a center published more than one paper
on their patient series, only the newest publication was
considered. For illustration purposes, a clinical case is
presented from the authors’ institution demonstrating
the use of both EVT and OTSC. Finally, in the section
“Therapy algorithms of upper GI perforations including
the novel techniques”, the potential roles of EVT and
OTSC in clinical practice are critically discussed.

ENDOSCOPIC VACUUM THERAPY

Development, technical aspects

Over the last decade, endoscopic treatment has changed
the approach to intrathoracic leakage after esophagec-
tomy and esophageal petforation. The reported leak rates
after esophagectomy vary widely from 1% to 30%"*".
Anastomotic leakage accounts for approximately 40%
of all postoperative fatalities'” and is highly challenging
to treat: Control of the septic focus is essential, thus the
already critically ill patient often requires intensive addi-
tional measures that themselves are associated with high
morbidity, adding to the clinical burden. A number of
competing treatment modalities ranging from conserva-
tive to surgical approaches are available for the manage-
ment of this situation'”, The surgical treatment options
include revision of the anastomosis, closure of the defect
and perifocal drainage or complete surgical deviation and
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Figure 1 Sponge mounted on a gastric tube for endoscopic vacuum ther-
apy (A), and over-the-scope clip mounted on a gastroscope (B). A suture
loop at the tip of the sponge facilitates endoscopic handling (A).

creation of a cervical stoma'™'", These procedures are
usually difficult and carry a high risk for severe complica-
tions associated with high morbidity and mortality rates.
Therefore re-operation is not always a reasonable option.

In this context, numerous minimally invasive treat-
ment options have more recently become available to
treat a variety of secondary surgical complications. Con-
servative management may be advantageous if reliable
endoscopic methods are available. Endoscopic clips,
fibrin glue injection!"”, absorbable plugs, and endoscopic
suturing (EndoCinch)"*'” have been used to close smaller
defects. At present, the placement of completely covered
metal or plastic stents is the favored conservative treat-
ment option for esophageal leakage”. The implanta-
tion of these stents has been thoroughly studied and was
proven to be effective”**. However, stent implantation
does not always lead to a sufficient sealing of the leakage,
and dislocation rates of up to 40% have been reported””.
Another important complication is failure of stent extrac-
tion due to ingrowth of granulation tissue and/or sec-
ondary strictures due to scarting”*, While stents bridge
the defect intraluminally and prevent further leakage, a
continuous local drainage is necessary to prevent inflam-
matory fluids from remaining in the perianastomotic tis-
sues and maintaining inflammation.

The vacuum-assisted closure (VAC) system device is
an established treatment modality for extensive and in-
fected cutaneous wounds™. Negative pressure is applied
to the wound with a vacuum-sealed sponge, resulting
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in drainage of wound secretion, improved blood flow,
reduction of edema, promotion of granulation, and
consecutive wound closure. Since its introduction in the
1990s, the number of indications for the VAC system has
steadily increased. Initial reports have shown good results
for endoscopically placed VAC systems in the treatment
of leakage of rectal anastomoses”**". Encouraged by
these results, EVT was then applied in the endoscopically
accessible upper GI tract.

In brief, EVT is carried out by endoscopic insertion
of polyurethane sponges into the leakage induced ab-
scess cavity (Figures 1A and 2), followed by application
of a controlled continuous negative pressure. Negative
pressure is applied iz a transnasal gastric tube that is
connected to the sponge. Thus, the vital steps towards
leak closure are achieved: drainage of inflammatory fluids
and induction of tissue granulation. Initial placement and
subsequent changing of sponges can be performed un-
der sedation with midazolam and propofol and adequate
monitoring of the patient.

Since its first description by Wedemeyer ¢z 2/ and
Loske et a/** the above mentioned principle is used by
all authors with only little variations in the procedure.

The polyurethane foam sponge (e.g., VAC® Granu-
Foam™, pore size 400-600 pm; KCI" - KineticConcepts,
Inc., TX, United States, and Wiesbaden, Germany) is cut
into shape according to the particular wound size and
geometry as estimated by the endoscopist. The sponge
must be smaller than the wound cavity to promote col-
lapse and subsequent closure. At each session, the size
of the defect is assessed and treated with an individually
prepared sponge, cut to fit the lesion’s dimensions. The
sponge is fixed to the tip of a PVC (polyvinyl chloride)
gastroduodenal tube [eg., Covidien™ Salem Sump'™,
14 Fr/Ch (4.7 mm) X 114 cm; Covidien™, MA, United
States| with a suture at the proximal and distal ends of
the sponge'"***. For successful drainage, it is vital that
the side ports of the tube communicate with the sponge
and that the tube be placed in the middle of the sponge.
Some authors employ ready-to-use sets including an
already connected drainage tube, omitting the need of
manual attachment (eg., Endo-Sponge system, B. Braun,
Melsungen, Germany)m’m].

When placing the sponge into the wound cavity, most
authors grasp the sponge with a forceps, pull it close to
the endoscope and place it in the wound cavity under di-
rect endoscopic vision"***, We prefer this method, and
in our opinion it is further simplified by the placement of
an additional suture loop at the tip of the sponge (Figure
1A). This loop serves as a purchase for the endoscopic
forceps and facilitates manipulation of the sponge into
difficult-to-access cavities and hollow spaces under direct
vision using a regular orthograde video endoscope. The
sponge drainage system is guided in parallel to the endo-
scope (“backpack-method”) and placed appropriately.

Other authors use the overtube-technique that has
been frequently described for rectal applications' ", In
this case, the overtube is placed into the cavity, and, after
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Figure 2 Dehiscence of an esophagogastric stapler anastomosis with esophago-bronchial fistula in a 65-year old woman: endoscopic vacuum therapy
and over-the-scope clip application. A: Anastomotic dehiscence (after extraction of a covered stent); B: Mediastinal cavity; C: Endoscopic vacuum therapy. Gastric
tube with sponge placed in the defect (center), additional tube placed in the duodenum for enteral nutrition; D: Persistent fistula (below) after endoscopic vacuum
therapy; E: Over-the-scope clip (OTSC) closure of the fistula; F: Eleven months after OTSC closure.

the endoscope has been withdrawn from the overtube,
the sponge is brought down by a pusher.

If the defect entrance is not initially wide enough
to accommodate the endoscope, the opening must be
dilated. If however the cavity itself is too small to be ac-
cessed with the scope, the sponge may also be placed in
the esophageal lumen. Over the course of the treatment
and with diminishing defect size, sponge placement can
be changed from its initial intracavitary position to intra-
luminal position at any time. Moreover, in large leakage
cavities, up to two sponges can be placed separately to
allow rapid and sufficient drainage. After sponge place-
ment, the vacuum drainage tube is diverted through the
nose. Some authors first insert the gastric tube nasally
and extract it orally to connect the sponge and then pro-
ceed with the endoscopic placement ",

Continuous suction of 100-125 mmHg generated by a
vacuum pump (e, actiVAC® or VACulta® KCI®) is con-
nected transnasally to the drainage tube under permanent
direct endoscopic vision to ensure that the sponge stays
in position. Vacuum containers can be used in lieu of a
pump™"; however, we prefer pumps as they ensure con-
stant pressure which can be modified if necessary. Ad-
ditionally, a transnasal enteral feeding tube can be placed
in the same session to ensure full enteral nutrition (Figure
2C). In contrast to vacuum therapy for open wounds,
EVT does not require sealing to obtain air tightness'**".

Suction must be discontinued for sponge removal. It
is advisable to flush the tube with 0.9% saline solution
to dissolve the granulation tissue from the pores of the
sponge prior to removal. Subsequently, the tube should
be grasped with the endoscopic forceps close to the dis-
tal end, retracted from the wound cavity with increasing
force and withdrawn through the mouth. In some cases,
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the sponge can be removed without use of an endoscopic
instrument, simply by removing the drainage tube. A sub-
sequent endoscopic exploration of the cavity is obligato-
ry. In accordance with the experience of VAC therapy for
skin defects, the sponge should be replaced twice a week,
until the cavity appears to be clean and firmly closed. The
remaining wound cavity should be smaller than ca. 1 cm
radius X 2 cm depth. After completion of EVT, patients
should be followed up endoscopically once weekly until
complete healing of the defect.

Results of EVT

A synopsis of studies reporting endoscopic vacuum
therapy for upper gastrointestinal perforations is shown
in Table 1. All patients (#z = 101) included in these studies
did not suffer from any intervention related complica-
tions. The overall success of closing the leaks by EVT in
these patients was 90% (84%-100%). One patient died
during dilation of a stenosis after complete healing due to
an aorto-esophageal fistula. The available studies and data
indicate that EVT is feasible, safe and effective. The main
complications associated with EVT are stenosis after
completed therapy due to scarring. EVT is well-tolerated,
effective and associated with good short-term and long-
term clinical outcomes.

OVER-THE-SCOPE CLIP

Development, technical aspects

In the past decades, endoscopic clip application has re-
peatedly been used as a minimally invasive treatment op-
tion for small leakages and fistulas of the upper GI tract.
Most authors used through-the-scope clips (TTSC) that
were designed for endoscopic bleeding control. How-
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Table 1 Synopsis of studies reporting endoscopic vacuum therapy for upper gastrointestinal perforations 7 (%)

Ref. Year Overall Postoperative Other perforations Overall Complications Mortality Stenosis after
(n) (n) (n) success completed therapy

Ahrens et al™ 2010 5 5 0 5/5 (100) 0/5 (0) 1/5 (20)! 2/5 (40)

Brangewitz et al™ 2013 32 30 2 27/32 (84) 0/32 (0) 5/32 (16) 3/32 (9)

Kuehn et al® 2012 9 5 4 8/9 (89) 0/9 (0) 1/9 (11)

Schorsch et al” 2013 24 17 7 23/24 (96) 1/24 (4) 1/18 (6)

Schniewind et al™ 2013 17 17 0 2/17 (12)

Wedemeyer et al®™ 2010 8 8 0 7/8 (88) 0/8 (0) 0/8 (0) 1/8 (13)

Weidenhagen et al™ 2010 6 6 0 6/6 (100) 0/6 (0) 1/6 (17) 1/6 (17)

Overall 101 88 13 76/84 (90) 0/60(0)  11/101 (11) 8/69 (12)

'One patient died during dilation of a stenosis after complete healing (aorto-esophageal fistula).

Table 2 Synopsis of studies reporting over-the-scope clip closure of gastrointestinal perforations n (%)

Ref. Year n Overall success Postoperative  Acute endoscopic and Other chronic Upper Gl Colorectal Complications
interventional perforations leaks and fistulas
Albert et al™ 2011 12 8/12 (66) 5/6 (83) 2/2 (100) 1/4 (25) 7/9 (78) 1/3 (33) 0/12 (0)
Arezzoetal™ 2012 14  12/14(86)  12/14 (86) 12/14 (86) 0/14 (0)
Baron et al™ 2012 36 24/36(67)  10/14 (71) 4/5 (80) 10/17 (59) 19/27 (70) 5/9 (56) 2/36 (6)°
Jacobsen et al® 2012 10 5/10 (50) 5/10 (50) 5/9 (56) 0/1 (0) 0/10 (0)
Disibeyaz et al® 2012 9 5/9 (56) 4/7 (57) 1/1 (100) 0/1 (0) 4/8 (50) 1/1 (100) 0/9 (0)
Galiziaetal®™ 2012 3 3/3 (100) 3/3 (100) 3/3 (100) 0/3 (0)
Gubleretal®™ 2012 14  13/14(93) 13/14 (93)" 4/5 (80) 9/9(100)"  0/14 (0)
Hagel et al™! 2012 17 11/17 (65) 2/3 (67) 7/10 (70) 2/4 (50) 9/15 (60) 2/2 (100> 0/17 (0)
Jayaraman et al™ 2013 21 12/21 (57) 0/21 (0)
Kirschniak et al™ 2007 4 4/4 (100) 4/4 (100) 1/1(100)  3/3(100) 0/4 (0)
Kirschniak et al® 2011 19 14/19 (74) 1/2 (50) 11/11 (100) 2/6 (33) 10/12 (83) 4/7 (57) 0/19 (0)
Manta et al*” 2011 12 11/12(92)  11/12 (92) 7/8 (88) 4/4(100)  0/12(0)
Mennigen et al®® 2013 14  11/14(79)  10/12 (83) 1/2 (50) 8/9 (89) 3/5 (60) 0/14 (0)
Monkemiiller 2013 7 3/7 (43) 1/3 (33) 2/4 (50) 3/7 (43) 0/7 (0)
et al™!
Nishiyama et al* 2013 13 11/13 (85) 7/8 (88) 4/5 (80) 7/9 (78) 4/4(100)  0/13 (0)
Parodi et al"*® 2010 10 8/10 (80) 4/6 (67) 1/1 (100) 3/3 (100) 4/4 (100) 4/6 (67) 0/10 (0)
Pohl et al™”! 2010 2 1/2 (50) 1/2 (50) 1/2 (50) 0/2 (0)
Repici et al™*” 2009 2 2/2 (100) 2/2 (100) 2/2 (100) 0/2 (0)
Sandmann et al*” 2011 10 9/10 (90) 2/3 (67) 3/3 (100) 4/4 (100) 7/8 (88) 2/2(100)  0/10 (0)
Schlag et al™ 2013 6 6/6 (100) 6/6 (100) 6/6 (100) 0/6 (0)
Seebachetal®™ 2010 7 5/7 (71) 2/3 (67) 3/4 (75) 1/2 (50) 4/5 (80) 0/7 (0)
Surace et al"™ 2011 19 8/19 (42) 7/18 (39) 1/1 (100) 7/15 (47) 1/4 (25) 0/19 (0)
Voermans etal®” 2012 36  32/36 (89) 1/1 (100) 31/35 (89) 20/23 (87)  12/13 (92) 2/36 (6)*
Von Renteln 2010 4 2/4 (50) 0/1 (0) 2/3 (67) 2/4 (50) 0/4 (0)
et al®™
Overall 301 220/301(73)  81/120 (68) 95/106 (90)" 32/54 (59) 135/186 (73)  73/94(78)  4/301 (1.3)

°P < 0.01 vs “postoperative” and “other chronic leaks and fistulas”. 'Three patients underwent surgery, however, leak was found to be closed by over-the-
scope clip (OTSC); *One patient underwent surgery, however, leak was found to be closed by OTSC; * Unintended closure of small bowel lumen by OTSC

in two cases; ‘One esophageal perforation, one patient died after delayed operation of colonic perforation with OTSC detached.

ever, the success of these attempts was limited to case
reports' "', and endoscopic clipping of perforations did
not reach widespread routine clinical use. The efficacy
of TTSCs is limited by their little wing span and the low
compression force that the clips can apply.

The novel over-the-scope clip (OTSC; Ovesco En-
doscopy AG, Tibingen, Germany) has revolutionized
the principle of endoscopic clipping and has overcome
the above-mentioned limitations'". Tnstead of introduc-
ing the clip »ia the working channel, a nitinol clip with
the shape of a “bear claw” is loaded on a transparent cap
that is mounted on the tip of the endoscope (Figure 1B).
Different sizes of caps and corresponding nitinol clips
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(11-14 mm) are available for different endoscope types
and lesion characteristics. Clips are available with blunt
(s or a type, atraumatic version) or with pointed teeth (t
type, traumatic version). An additional clip type (gc type)
has been added for the special purpose of closing gastric
wall defects during natural orifice transluminal surgery.
The lesion (bleeding ulcer, fistula, or wall defect) is
pulled into the cap; in the case of adequately mobile tis-
sues, this can be accomplished by suction. A special “an-
chor” is supplied by Ovesco for the treatment of smaller
fibrotic fistulas: the device is introduced into the fistula,
and after opening of the anchor, the fistula as a whole is
pulled into the cap. A further special device is the “twin
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grasper”. This instrument has two lateral branches that
can be opened independently and close against a fixed
central branch. This is especially helpful for adapting the
edges of a larger defect and pulling them into the cap.
However, some endoscopists prefer the use of “non-
dedicated” conventional endoscopic instruments (e.g., rat
tooth, alligator forceps) being introduced zia the working
channel which is possible as well™.

The method of deploying the clip is similar to that
of devices used for rubber band ligation. A string that is
attached to the clip is pulled through the working chan-
nel and is connected to a hand wheel; the clip is fired by
turning the wheel.

The advantages of OTSC over TTSC are: (1) larger
lesions can be closed by one clip (limited by cap diameter
and flexibility of the tissue being pulled into the cap); and
(2) greater compression force. The nitinol OTSC pro-
vides constant compression forces of ca. 8 to 9 Newton,
which is necessary for successful permanent closure of

defects"".

Results of OTSC closure

A literature search in Pubmed was performed with the
key words “over-the-scope clip” and “OTSC” (latest
search date: 15 October 2013). Case reports, and series
without gastrointestinal perforations (e.g., only reporting
OTSC use in GI bleeding) were excluded from further
analysis. Apart from perforations, gastrointestinal bleed-
ing is an important indication for OTSCs, however, this
was not the focus of this review. From the remaining 24
studies, indications for OTSC application, overall success,
success by indication and leak site, and complications
were extracted (Table 2)"*,

Early reports stem from Europe, where the OTSC
device was available first!""!| however, after introduction
of the OTSC to the United States and Japanese market,
several case series signify an increasing use in these coun-
tries as well”***. The indications for OTSC use and the
obtained results are similar to the eatly experiences from
Burope.

There are no randomized trials on OTSC applica-
tion, and most authors provide retrospective case series
with heterogeneous indications and applications. Most
studies included less than 20 patients with gastrointesti-
nal perforations; cases of gastrointestinal bleeding were
excluded from the present analysis. Several publications
report the pooled results of 2 or 3 centers” . The larg-
est numbers of patients with gastrointestinal perforations
treated by OTSC are provided by two multicenter studies.
The first was a prospective European multicenter study
on OTSC application (“the CLIPPER study group”)m,
the second a retrospective study carried out by 3 North
American tertiary-care referral medical centers™, both
reporting on 36 patients with gastrointestinal perforations.

Opverall, 301 patients with gastrointestinal perfora-
tions were included in 24 publications. The etiology of
perforations was highly heterogeneous across all studies;
this must be taken into account when comparing the
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actual success rates. Most studies report initial techni-
cal success, 7., immediate closure of the perforation,
proven by imaging using a contrasting agent. Long term
clinical success was termed to mean lasting closure of
the perforation without need of further endoscopic or
surgical treatment. The reported long term overall suc-
cess rates for the closure of gastrointestinal perforations,
leakages and fistulas range from 42% to 100% (Table 2).
The pooled overall success rate was 73% (220/301). It
is important to note, however, that follow-up times vary
significantly between the studies, and some authors only
provide short follow-up times.

There was considerable heterogeneity regarding the
classification of gastrointestinal perforations throughout
the investigated studies. For more valid comparison of
success rates, we propose the following classification: (1)
Postoperative leaks and fistulas, including acute anasto-
motic dehiscence as well as chronic fistulas. A further
stratification into acute »s chronic leaks should be man-
datory for future studies, but this information could not
be satisfactorily retrieved from the presently investigated
publications; (2) Acute iatrogenic petforations, e., petfo-
rations during diagnostic/therapeutic endoscopy and in-
terventional procedures; and (3) Other chronic leaks and
fistulas. Many authors include chronic leaks and fistulas
in their series that do not meet the definitions of cat-
egories 1 and 2, eg., enterocutaneous fistulas, perforated
ulcers, or persistent gastrocutaneous fistulas following the
extraction of a gastrostomy tube.

We classified all reported patients - for which the nec-
essary information was available in the respective publi-
cation - into these 3 categories and calculated the success
rates for each category as a whole (pooled overall esti-
mate) and per single study. Finally, we analyzed success
rates for upper GI perforations #s5 colorectal perforations.

The overall success rate for acute endoscopic and in-
terventional petforations (category 2) was as high as 90%
(95/106), which is significantly higher than the values for
postoperative petforations (category 1) (68%, 81/120),
and other chronic leaks and fistulas (category 3) (59%,
32/54) Q/Z; P < 0.001). From the technical point of view,
the setting of acute endoscopic perforation is optimal
for OTSC use: the lesion is fresh and without fibrotic
alterations or inflammation and usually free from foreign
bodies in the leakage area, e.g., food. Further, due to the
iatrogenic nature of these perforations, the patient mostly
already is in a specialized endoscopy unit, thus enabling
a rapid OTSC closure. In cases of sufficient closure, the
otherwise mandatory surgical intervention can be avoid-
ed; some authors have already coined the phrase “sparing
the surgeon” for this processm. However, some concerns
remain. Endoscopic therapies with a high risk of perfora-
tion should be performed with COzinsufflation, as the
resulting pneumoperitoneum can resolve much quicker
once the perforation has been closed by OTSC. Massive
pneumoperitoneum and consecutive abdominal pain can
lead to surgical exploration, although the perforation was
sufficiently closed by an OTSC. Gubler ¢z a/*” reported
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successful closure of acute endoscopic perforations in
13/14 patients. Of note: 3 of the patients with success-
ful OTSC closure were still taken to surgery after OTSC
application. Sufficient closure of the perforations was
then, however, documented in the OR; all of these pa-
tients had colorectal perforations. Hagel ez al™” reported
a success rate of 7/10 patients for acute perforations;
however, of the 2 patients with colorectal perforations,
1 underwent surgery which again showed successful
OTSC application. None of the patients with upper GI
perforations treated by OTSC was taken to surgery un-
necessarily. It appears that in clinical practice colorectal
perforations tend to prompt a surgical exploration, as
a persistent colorectal leak can lead to a dismal clinical
course. Among the many encouraging reports, one lethal
case from the European multicenter study by Voermans
et al” deserves special attention. A patient with initially
successful closure of a colonic perforation detetiorated
several hours later and was taken to the OR. During lapa-
rotomy, the OTSC was found to be dislocated and the
perforation reopened. Despite surgical therapy, the pa-
tient died. This case illustrates that the successful applica-
tion of the OTSC should be proven by contrast studies,
patients must be closely monitored, and necessary surgi-
cal therapies must not be delayed.

The overall success rate for postoperative leakages
and fistulas is 68% (81/120). There is a wide span of
indications that are summarized in this category; besides
chronic fistulas of gastric sleeve resection, chronic fistu-
las of esophagogastric or esophagojejunal anastomoses,
chronic fistulas of colorectal anastomoses, some cases
of acute anastomotic dehiscence are included. The num-
bers ate too small to clarify which indications profit the
most from OTSC closure. However, as most leakages
and fistulas were chronic, this likely is the cause for the
lower success rates »s acute endoscopic perforations. The
most frequently mentioned reasons for failure of OTSC
closure are fibrotic alterations of the lesion and active
inflammation - both common featutes of chronic anasto-
motic fistulas.

The same is true for the variety of chronic fistulas of
different etiology summarized in category 3. The success
rate in this category (59%, 32/54) is similar to that of
category 1, comprised of postoperative leakages.

Regarding the site of OTSC application, there were
no significant differences between the outcomes of upper
GI (135/186, 73%) and colorectal (73/94, 78%) place-
ment. Both sites seem suitable for OTSC applications.

Complications are infrequent, indeed most authors
did not observe any at all. Only two multicenter stud-
ies™ report complications: in the European multicenter
studym, one OTSC detached from a colorectal perfora-
tion leading to a delayed operation (as discussed above),
and one esophageal perforation occurred during the in-
troduction of the OTSC device. In the US study”, in 2
patients the lumen of the small bowel was occluded by a
misplaced OTSC, leading to sutgical management. Taken
together, the complication rate in all reported patients
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was 4/301 (1.3%).

REPORT OF A CASE DEMONSTRATING
SUCCESSFUL APPLICATION OF
ENDOSCOPIC VACUUM THERAPY AND
OTSC

In a 65-year-old woman, we performed esophagectomy

with esophagogastric anastomosis using a circular stapler
(Figure 2). The patient developed fever and blood work
showed persisting signs of inflammation, triggering en-
doscopy and diagnosis of anastomotic dehiscence on
day 5. The anastomosis showed a rather small dehiscence
and the patient was in a stable condition without sepsis.
Therefore we placed a covered stent which remained
in place for 6 wk. Surprisingly, after planned extraction
of the stent, the dehiscence had grown in size (Figure
2A), and endoscopy revealed a large mediastinal cavity
(Figure 2B) with a fistula to the right bronchial system
(demonstrated by contrast study). We initiated EVT of
the cavity, with changes of the sponge every 3-5 d (Fig-
ure 2C). During EV'T, enteral nutrition was applied iz a
second gastric tube which was placed in the duodenum.
After 15 d, the former cavity had shrunk to a fistula of
approximately 3 cm in length and 1 cm in width (Figure
2D). Further closure could not be obtained because of
the bronchial fistula. Finally, an OTSC was placed on
the internal esophageal fistula opening which led to per-
manent closure (Figure 2E). Endoscopic control at last
follow-up (11 mo) demonstrated that the OTSC was still
in situ (Figure 2F). This case demonstrates how patients
with stent failure can be successfully managed using the
discussed novel endoscopic treatment options.

THERAPY ALGORITHMS OF UPPER Gl
PERFORATIONS INCLUDING THE NOVEL
TECHNIQUES

Many centers have established algorithms for upper GI
perforations that include endoscopic stent therapy. This
therapy is reported as effective and safe by a large num-
ber of publications, and it is available at most hospitals.
However, the novel techniques have the potential to fur-
ther enlarge the portion of patients that can be managed
by endoscopy; stent failure rates of about 15%" require
the development of a “plan B” beyond stent-placement.
Although the existing reports on both EVT and
OTSC are enthusiastic, the present review of their use
for gastrointestinal perforations has several limitations.
First of all, both novel technical developments were used
as individual, non-standardized therapies in very different
settings. Virtually all publications on these novel tech-
niques include a variety of perforation types, different lo-
calizations, and different underlying diseases. Up to now,

there is no controlled trial to evaluate the value of these
methods in comparison to existing standard therapies,
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such as stent placement.

Only a few studies are focused on a special type of
perforation, the vast majority of studies lack this stan-
dardization. As shown in Table 2 for application of
OTSC, most studies are very small, with patient numbers
below 7 = 20, and include very heterogeneous types of
perforations.

In an effort to organize this heterogeneous data pool
on OTSCs, we propose the classification into the three
types of perforation “postoperative”; “acute endoscopic
and interventional perforations”, and “other chronic
leaks and fistulas”, as we are certain that at the very least,
these categories must be separately examined due to the
completely different settings in which they occur. The
same is true for EVT (Table 1): the number of available
studies is even lower, patient numbers are small, and the
largest studies again include postoperative as well as other
perforations. Keeping these limitations in mind, suitable
indications for EVT and OTSC are as follows.

In the setting of acute endoscopic perforations, the
OTSC obviously is a very effective treatment option,
and in our opinion it is clearly superior to the placement
of covered stents. However, comparative studies are not
available, and in regard of the excellent results obtained
by OTSC, it seems unethical to plan such a study. We
propose that OTSC should be the first line therapy for
acute endoscopic or interventional perforations of the
upper gastrointestinal tract.

Endoscopic treatment of chronic fistulas and leaks
can be challenging. Stent therapy, application of fibrin
glue, or closure with TTS clips have shown disappoint-
ing results in the past. In our opinion, OTSCs are a very
promising option in these situations. The risk of OTSC
application is very low, it is easy to perform, and success
rates of about 60% are satisfactory, especially as OTSCs
often are used in cases refractory to vatrious other treat-
ment modalities. Furthermore, in case of failure, the
OTSC procedure does not impair further treatment, such
as EVT, or surgery™,

We believe that EVT will become the new gold stan-
dard in the endoscopic therapy of acute anastomotic
dehiscence, especially following esophagectomy and
gastrectomy. Usually, these leakages are associated with
mediastinal cavities. After closure of the leak by stent
placement, the drainage of these cavities can be insuffi-
cient. This accounts for many cases of stent failure, as in
our presented case. In contrast to stent therapy, EVT al-
lows optimal drainage of the cavity and additionally the
lesion can be inspected regularly, allowing early detection
of any deterioration. Finally, vacuum therapy leads to
a remarkable debridement of the cavity with ensuing
granulation.

The success rates of defect closure by EVT are excel-
lent and seem to be higher than those reported for stent
therapy. However, there is a paucity of data comparing
EVT to stent therapy: up to date, only two retrospective
studies exist”". Schniewind e# a/”" analyzed the out-
comes of 62 patients with anastomotic leaks following
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esophagectomy. After matching for APACHE-Scores at
the beginning of complication therapy, EVT resulted in a
significantly lower mortality (12%) compared to surgically
treated patients (50%) and patients treated by stent place-
ment (83%). Brangewitz ez a/”” compared 39 patients
managed by stent placement and 32 patients managed by
EVT. The rate of leakage closure was significantly higher
in the EVT group (84% vs 54%). However, in contrast to
Schniewind’s studyw, no difference was found for hospi-
tal mortality.

Although these first data indicate advantages for
EVT, further studies comparing this new technique to
stent therapy are necessary. In the above mentioned stud-
ies™ ) both mortality (83% and 25%, respectively) of
patients treated by stent placement, and defect closure
rate (54%) are dramatically inferior to values published in
current dedicated studies on stent therapy'”. This might
in part be explained by early discontinuation of stent
therapy in favor of EVT; a bias in patient selection in
these retrospective studies could be another explanation.
Taken together, the advantage of EVT will probably be
lower than these two publications suggest.

CONCLUSION

Both novel techniques, EVT and OTSC application, are
comparatively easy to use, and ate safe and effective in
the treatment of upper GI perforations. Anastomotic de-
hiscence with mediastinal cavity appears to profit inten-
sively from EVT, and EVT has the potential to become
the new gold standard for this indication. OTSC closure
is very effective in acute endoscopic perforations and is
a viable option for small chronic fistulas. However, data
on both techniques are limited, and no controlled studies
exist. Further studies are needed to compare the novel
techniques to other treatment modalities, and to define
their exact place in treatment algorithms of upper GI
perforations.
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