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Abstract

Introduction: Self-expanding metal stents (SEMS) are an es-
tablished option for treating leaks in the upper gastrointesti-
nal tract, and endoscopic vacuum therapy (EVT) has become
a promising alternative. A novel approach is the use of an
esophageal hybrid SEMS (VACStent®), which can maintain
esophageal passage during EVT. We present the first study
demonstrating successful use of the VACStent® for treating

leaks of the upper gastrointestinal tract. Method: We per-

formed a retrospective, single-center study of all patients
who underwent endoscopic stenting with the VACStent® of
leaks in the upper gastrointestinal tract. Results: Indications
for treatment with the VACStent® were: iatrogenic esopha-
geal perforation (n = 1), spontaneous perforation (n = 2),
esophageal fistula (n = 2), and anastomotic leak after upper
gastrointestinal surgery (n = 5). Successful application of the
VACStent® was achieved in all patients (n = 10; 100%) with a
~total of 15 interventions. VACStent® therapy was used as a
first-line treatment in 5 patient (success rate 80%; 4 out 5 pa-
tients) and as a second-line treatment after failed previous
endoscopic therapy in 5 patients (success rate 60%; 3 out of
5 patients). Overall, VACStent® treatment was successful in
70% of the patients (7 out of 10). No severe VACStent® treat-

ment-related adverse events occurred. Conclusion: The ini-
tial experience has been that the technical application of the
VACStent® is safe and technically feasible. However, due to
the small number of patients this study could not show the
clear advantages of this novel hybrid stent. More studies are
necessary to show significant advantages.

© 2020 S. Karger AG, Basel

Introduction

Benign esophageal perforations and leaks following
upper gastrointestinal surgery and endoscopy are severe
adverse events [1, 2]. Various therapeutic strategies, rang-
ing from surgical repair to a variety of endoscopic inter-
ventional techniques, have been developed [3, 4]. Self-
expanding metal stents (SEMS) represent an established
therapeutic option, and endoscopic vacuum therapy
(EVT) has become a promising alternative [5-7]. Cur-
rently, there is no conclusive evidence to suggest the su-
periority of either of these methods [8, 9].

An innovative approach to the treatment of esopha-
geal leaks is the combination of SEMS with EVT [10, 11].
This method is aimed at optimizing the suction power by
using the stent to create a seal between the sponge and the
esophageal mucosa.

Since 2019, a fully covered esophageal hybrid SEMS
(VACStent®; Moller Medical GmbH, Germany) is avail-
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Fig. 1. The VACStent®. a Fully covered SEMS (dimensions: 30 x 14 x 72 mm) coated with polyurethane foam
and connected to a blue suction tube. b VACStent® inside the delivery system. ¢ End of the delivery system with
the blue suction tube. d Complete delivery system.
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Fig. 2. VACStent® treatment.
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able on the German market [12]. It was designed to com- So far, there is no existing data regarding the safety and
bine the advantages of both methods in 1 device, i.e., seal-  efficacy of VACStent® treatment for leaks in the upper
ing the leak and maintaining esophageal passage for oral ~ gastrointestinal tract. This paper reports our initial expe-
intake (SEMS) while supporting effective drainage (EVT).  rience with the VACStent® in 10 consecutive patients.

2 Visc Med » Chon/Téx/Lorenz/Rieck/Wagner/
DOI: 10.1159/000512320 Kleinert/Fuchs/Goeser/Quaas/Bruns

2} 3:26.26 PM




Materials and Methods

This study was performed at the Department of General, Vis-
ceral, Cancer, and Transplant Surgery at the University Hospital
Cologne, which is a national referral center for surgery of the upper
gastrointestinal tract. The VACStent® was used in 10 consecutive
patients who were treated at our hospital between May and Sep-
tember of 2019 after endoscopic diagnosis of an esophageal leak.
Data was collected from our prospectively managed endoscopic
database Clinic WinData (version 8.08; E&L Medical Systems
GmbH, Erlangen, Germany) and our hospital database Orbis (ver-
sion 08043301; Agfa HealthCare N.V., Belgium).

Patient Selection for the VACStent®

In our institute, with more than 200 upper gastrointestinal ma-
lignancy cases each year, the standard endoscopic treatment ap-
proach for upper gastrointestinal leaks is either fully covered SEMS
treatment or EVT [6, 7). If a leak presents with a septic condition
of the patient, immediate ICU treatment and specific antisepsis
treatment are administered, including drainage of fluid collections
through endoscopic intervention, CT-navigated drainage, or re-
operation and drain insertion.

VACStent® _

The esophageal VACStent® (Moller Medical GmbH, Germa-
ny) (Fig. 1a) consists of a delivery system loaded with a fully cov-
ered SEMS which is mounted on an inner catheter and constrained
by an outer tube (Fig. 1b-d). The delivery system has a length of
1,000 mm and a diameter of 14 mm (42 F). The SEMS is made of
nitinol wire and fully covered with a silicone-parylene layer to pre-
vent tissue ingrowth. The outside of the stent body is covered by
an open-pore polyurethane foam, which is connected to a drainage
tube (length of 2,000 mm and diameter of 10 F) inside the inner
catheter. The SEMS is released distally by retracting the outer tube.
When it is completely expanded, the VACStent® has a dumbbell
shape with an inner body diameter of 14 mm, which increases to
30 mm at both flare ends to prevent stent migration. The VAC-
Stent® is only available in one size (length of 720 mm and diameter
of 14 mm), and it is CE (Conformitée Européenne) certified.

Stent Treatment

The procedures from which we gathered the data presented in
this study were performed by 2 experienced interventional endosco-
pists (i.e, S.-H.C., U.T.) either under sedation with propofol (e.g.,
Fresenius Kabi Germany GmbH) or under general anesthesia, de-
pending on the general condition of the patient. For endoscopic
guidance throughout the stent placement, a flexible video esophago-
gastroduodenoscope (e.g., GIF-H190 and GIF-XP180N; Olympus
Medical Systems, Tokyo, Japan) was used. After assessing the size of
the leak, we determined the stent position according to the following
criteria: (1) sufficient coverage of the leak by the polyurethane foam
and (2) a distance of 1 cm from both stent ends to the leak.

After advancing the delivery system to the leak over the guide
wire, the VACStent® was carefully deployed under endoscopic
guidance, and sufficient expansion of it was verified. Afterward,
the drainage tube was moved from the oral to the nasal cavity and
connected to an electric vacuum pump (e.g., VivanoTec® Hart-
mann AG, Germany) with a continuous suction of 125 mm Hg
(Fig. 2). The VACStent® was exchanged after 24 days. Two hours
before the extraction started, the electric vacuum pump was turned
off. Just before the endoscopic extraction, 20 mL of sterile water
(e.g., Ampuwa®; Fresenius Kabi Germany GmbH) was injected via
the drainage tube to wet the sponge and thus facilitate removal.
After successful retrieval of the VACStent® using a standard rat
tooth forceps, the leak was screened for any remaining pathology.
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Fig. 3. The VACStent® treatment is shown in patient No. 1. a Endoscopy showing a large abscess cavity before
sponge treatment. b After 1 session with tailored EVT. ¢ Placement of the guidewire for the VACStent®.
d-e Implantation of the VACStent®. f Sealed anastomotic leak with vital granulation. g Follow-up endoscopy
after 1 month. h Follow-up endoscopy after 6 months.

Results

A total of 10 consecutive patients underwent VAC-
Stent® treatment for esophageal leaks at our hospital be-
tween May and September of 2019 (Table 1). Endoscopic
images of 2 patients are shown in Figures 3 and 4.

The causes of the esophageal leaks were: iatrogenic
perforation after transesophageal echocardiography (n =
1), Boerhaave syndrome (n = 2), esophageal fistula (n =
2), and anastomotic leak after upper gastrointestinal sur-
gery (n=5). Successful application of the VACStent® was
achieved in all of the interventions (n = 15; 100%).

Although we achieved technical success in 100% of the
cases, we faced some technical issues throughout: After
VACStent® placement, the inner diameter of the stent
body did not expand to the full diameter of 14 mm in any
of these patients. This was resolved by pneumatic balloon
dilations (e.g., CRE™ Balloon Dilatation Catheter; Bos-
ton Scientific, Marlborough, MA, USA), which we ad-
ministered specifically to ensure the possibility of oral in-
take.

The sponge was lost in the esophagus during the ex-

traction procedure in 3 patients (No. 1, 4, and 8) because

the sponge had grown into the tissue. In addition, the
first-generation VACStent® lacked fixation of the sponge
at the stent body. The sponges had to be removed sepa-
rately directly after the stent extraction. We mobilized the
sponge in the esophagus and pushed it into the stomach,
from where we evacuated it with a standard endoscopic
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snare. After treatment of 5 patients, we received the new-
generation VACStent® and this problem did not occur
again.

Clinical success without the need for further interven-
tions or surgery was achieved in 7 out of 10 patients
(70%). Five out of 10 patients (50%) had undergone pre-
vious endoscopic therapy using SEMS, EVT, or an over-
the-scope-clip (OTSC). The VACStent® was used as first-
line treatment in 5 patients (success rate: 80%; 4/5) and as
second-line treatment in 5 patients (success rate: 60%;
3/5). The median overall duration of this treatment was 5
days (range: 3-18). No stent-related complications dur-
ing the treatment (e.g., migration or leak persistence) oc-
curred. No severe VACStent® treatment-related adverse
events occurred. After VACStent® treatment no patient
developed a stenosis of the anastomosis or needed further
endoscopic management.

VACStent® treatment was not successful in 3 patients.
Patient No. 9 was diagnosed with a complex enteropleu-
ral fistula at the esophageal-gastric anastomosis after on-
cological Ivor Lewis esophagectomy. VACStent® treat-
ment failed to permanently close the fistula, and several

interventional procedures, including a tailored EVT (e.g., -

Eso-SPONGE® Aesculap AG, Germany), were necessary
for complete fistula closure. VACStent® treatment also
failed to achieve closure of an iatrogenic esophageal per-
foration in patient No. 8. Since the sponge of the VAC-
Stent® and an additional CT-guided external drainage

could not sufficiently clean the pleural cavity, we switched
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Fig. 4. The VACStent® treatment is shown in patient No. 8. a Endoscopy showing an insufficient closure with
OTSC. b Esophageal perforation after OTSC removal. ¢ Placement of the VACStent®. d X-ray showing the posi-
tion of the VACStent® (arrow). e Area of the flare end after VACStent® removal. f VACStent® removal: vital

_ granulation tissue but no healing progression. g Treatment change to EVT (Eso-SPONGE®). h Complete closure
of the leak after completed tailored EVT treatment.

Fig. 5. Histopathological specimen of patient No. 10. a Position of
the VACStent® at the esophagogastric junction (star: esophageal
perforation). b, ¢ Esophageal mucosa around the upper flare end
of the VACStent®: focal mucosal erosion and ulceration down to
the submucosa. Submucosal edema. Partial overcoating by high
columnar epithelium with reactive nuclear alterations, as a high
extension of Barrett epithelium. d, e Location of the perforation:
transmural ulceration (i.e., perforation) into the adjacent fatty tis-

A Novel Hybrid Stent for Leaks of the

sue. At the base of the ulceration granulation tissue is demarcated,
consisting of fibroblasts and in-growth of capillaries. Neutrophilic
granulocytes dominate the inflamed tissue reaction on the side of
plasma cells and lymphocytes. f, g Gastric mucosa around the low-
er flare end of the VACStent®: histomorphologically unremark-
able gastric cardiac mucosa. Hematoxylin and eosin (b-g). x2.5
(b, d, f) and x10 (c, e, g).
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to EVT using a tailored Eso-SPONGE® which we placed
in the wound cavity in patient No. 8. Patient No. 10 was
referred to our hospital with Boerhaave syndrome. The
.patient became increasingly clinically unstable with a sep-
tic shock so that an esophagectomy was necessary. In the
histological examination of the esophagus of patient No.
10, we detected granulation tissue around the perforation
with direct sponge contact, although the VACStent®
treatment was not successful (Fig. 5). Further, in'the area
of direct contact between the upper flare end of the stent
and the esophageal tissue, no esophageal damage subja-
cent to the submucosa was found. Additionally, the car-
diac gastric mucosa was unaffected even in the area of the
lower flare end of the VACStent®.

Discussion

Esophageal perforations and postoperative esophageal
leaks are considered life-threatening conditions with a
high morbidity and mortality [1, 2].

Endoscopic treatment options include the well-estab-
lished therapy with SEMS as well as EVT, a promising
alternative [3-7]. An innovative therapeutic approach in
this context is the use of an esophageal hybrid SEMS
(VACStent®) for leak management [12]. This SEMS
combines the technology of the 2 established methods
(SEMS and EVT) in a single medical device.

A major advantage of using VACStent® treatment is
the possibility of maintaining the esophageal passage for
oral intake while simultaneously sealing and draining the
leak through EVT. In fact, 4 of our patients (No. 2, 3, 5,
and 6) were able to drink liquids for the duration of the
treatment.

In our experience, the possibility to focus the suction
force toward the leak and surrounding tissue results in
faster and more efficient granulation (Fig. 3f, 4f) [13].
Our data showed a shorter treatment duration (median 5
days) compared to studies with a mono treatment with
EVT, which may imply that this treatment combination
has a positive effect on the healing process [7, 14, 15].

Serious adverse events of using SEMS are migration
and perforation. Migration of self-expanding esophageal
stents occurs in up to 36% of cases [5, 16-18]. In our
study, the radial expansion force of the SEMS in combi-
nation with the suction force of EVT was able to keep the
VACStent® in position in all of the patients, especially
those with different diameters of the intestinal lumen
(e.g., esophagogastrostomy). Perforations of the gastro-
intestinal tract due to SEMS can be caused by incorrectly
selected diameters and the radial expansion force [19].
The VACStent® develops contrary traction forces in the
esophagus, i.e., a push effect caused by the radial expan-
sion force of the SEMS and a pull effect caused by the suc-
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tion force of EVT. These opposing forces arise especially
in the transition zone between the flare ends and the suc-
tion area of the stent shaft so that the risk of perforation
can increase. In our study, no serious adverse event in
terms of esophageal damage occurred. While the histo-
pathological examination of the esophagus of patient No.
10 showed focal mucosal erosion and ulceration down to
the submucosa with submucosal edema in the area of the
flare ends, no damage subjacent to the submucosa was
found (Fig. 5). These results seem to suggest that the com-
bination of a SEMS and vacuum therapy is safe to use,
especially in this critical zone. Nevertheless, the patho-
logical examination of a larger patient cohort is needed to
verify our results.

The VACStent® treatment has a few limitations. First-
ly, it cannot be used in close proximity to the upper
esophageal sphincter, as smaller dimensions are not avail-
able and the application in a proximal position is associ-
ated with significant discomfort for the patient. Another
limitation of VACStent® treatment are leaks with big
wound cavities. While EVT can be applied inside a cavity
by using an individualized sponge to achieve efficient and
complete drainage, the sponge of the VACStent® remains
intraluminal and may have a lower impact on the con-
taminated tissue inside the cavity as a result of the missing
direct contact.

From an economic perspective, the costs of EVT are
twice as high compared to those of SEMS treatment due
to the higher rate of necessary endoscopies [20]. The costs
of VACStent® treatment are estimated to be even higher
since they were exchanged in the same interval as EVT in
our study. On the other hand, efficacy concerning leakage
closure may be higher and the optimal exchange interval
has yet to be determined.

Since the VACStent® is a new and unestablished treat-
ment option, close patient monitoring is essential, and
exit strategies such as salvage surgery need to be consid-
ered continuously.

Our results show that VACStent® treatment for leaks
in the esophagus represents a safe and technically feasible
option. The number of patients in this study was not
enough to show clear advantages of the new technique.
Nevertheless, our study demonstrates that the VAC-
Stent® is a new, promising, and safe alternative to EVT
and SEMS for selected patients. Larger studies are needed
to identify criteria to improve patient selection and to
support the significant advantages of VACStent® treat-
ment.
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