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Abstract

laparoscopy-assisted placement of a second LAMS.

spectrum of possible strategies of treatment.

phases of training of EUS-guided gastroenterostomy.

Gastroenterostomy, Complications

Background: Gastric outlet obstruction can result from several benign and malignant diseases, in particular gastric,
duodenal or pancreatic tumors. Surgical gastroenterostomy and enteral endoscopic stenting have represented effec-
tive therapeutic options, although recently endoscopic ultrasound-guided gastroenterostomy using lumen-apposing
metal stent (LAMS) is spreading improving the outcome of this condition. However, this procedure, although mini-
invasive, is burdened with not negligible complications, including misdeployment.

Main body: We report the case of a 60-year-old male with gastric outlet obstruction who underwent ultrasound-
guided gastroenterostomy using LAMS. The procedure was complicated by LAMS misdeployment being managed by

We performed a systematic review in order to identify all reported cases of misdeployment in EUS-GE and their
management. The literature shows that misdeployment occurs in up to 10% of all EUS-GE procedures with a wide

Conclusion: The here reported hybrid technique may offer an innovative strategy to manage LAMS misdeployment
when this occurs. Moreover, a hybrid approach may be valuable to overcome this complication, especially in early

Keywords: Lumen-apposing metal stent, EUS-guided gastroenterostomy, Gastric outlet obstruction,

Background

Gastric outlet obstruction (GOO) is a potential compli-
cation in malignancies of the upper gastrointestinal tract
including gastric, duodenal, pancreatic or biliary tumors
[1]. Conventionally, surgical gastroenterostomy (SGE)
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and endoscopic enteral stenting (ES) are common treat-
ment options. However, SGE has higher complication
and mortality rates than ES, which on the other hand
demonstrates unsatisfactory patency in patients with life
expectancy higher than 6 months [2, 3]. In recent years,
endoscopic ultrasound-guided gastroenterostomy (EUS-
GE) using lumen-apposing metal stent (LAMS) has been
introduced in order to overcome these limitations. Nev-
ertheless, technical success is still suboptimal (around
90%) and complication rates are not negligible (9-17%)
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[4]. This case report shows a hybrid approach for LAMS
deployment, in order to reduce LAMS-associated com-
plications. We further lay focus on recent literature on
complications in surgical and endoscopic gastrointestinal
anastomosis.

Main text and case presentation

We report the case of a 60-year-old male patient affected
by metastatic pancreatic adenocarcinoma who devel-
oped symptoms related to GOO (nausea, vomiting). No
prior surgical intervention for his oncologic condition
or other abdominal problems were performed. During
esophagogastroduodenoscopy a duodenal bulb stenosis
was diagnosed. Therefore, decision was taken to perform
EUS-GE using an electrocautery enhanced (EC)-LAMS
15 x 10 mm (Hot-Axios, Boston Scientific Corp., Mar-
Iborough, Massachusetts, USA), which was performed
under general anesthesia in the operating theater for
logistical reasons.

For stent deployment, endoscopic antegrade freehand
technique was used [5]: over a guidewire, a nasocystic
tube was passed over the stricture and the jejunum was
filled with contrast and methylene blue; under EUS-guid-
ance, the target loop was identified and punctured using
a 19 gauge needle, with aspiration of methylene blue con-
firming correct needle position in the jejunum. While
maintaining the target loop in EUS-view, the EC-LAMS
was deployed. However, LAMS release was complicated
by misdeployment of the first flange which opened in the
lesser sac, probably due to lack of penetration by the EC-
LAMS cystotome into the jejunum.

As the endoscopic procedure was performed in an
operating room, the chance of immediate exploratory
laparoscopy was given. Three laparoscopic trocars were
placed (one 10 mm supraumbilical trocar and two 5-mm
trocars in the right and left upper quadrants), the gastro-
colic ligament was sectioned and the lesser sac explored.
The first flange of the stent was found open outside of the
posterior gastric wall (Fig. 1), leaning against the trans-
verse mesocolon. Jejunal and transvers colonic perfora-
tions were excluded.

EC-LAMS was removed endoscopically. Then, lapa-
roscopically, the first jejunal loop after the ligament of
Treitz was identified and placed near the stomach. With
laparoscopic guidance, we endoscopically released a
second EC-LAMS 15 x 10 mm through the previous fis-
tulous gastric tract, performing a laparoscopy-assisted
gastroenterostomy (GE). A secure apposition of the
LAMS was finally obtained, correct deployment was con-
firmed both endoscopically and laparoscopically (Fig. 2).

Procedure time for laparoscopy was 95 min and EUS-
guided anastomosis via LAMS deployment needed
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Fig. 1 Misdeployment: view of the EC-LAMS opened on the
posterior gastric wall

gy

Fig. 2 Hybrid technique: laparoscopic view of
gastroenteroanastomosis with the EC-LAMS

6 min. No intraprocedural adverse events occurred
(Additional file 1: Video S1).

Seventy-two hours after the procedure oral nutrition
was initiated and the patient was discharged on postop-
erative day 7.

Discussion and conclusions

Establishing gastrointestinal anastomoses is a rela-
tively new endoscopic procedure implemented in 2012
by Binmoeller and Itoi et al. using covered double-
anchored metal stents placed via endoscopic ultra-
sound guidance [6, 7], it rapidly achieved acceptance as
a valued alternative for SGE as it was proven to be effec-
tive, less invasive and associated with less procedure-
related morbidity and mortality. Since 2012, foremost
case reports or small case series have been published.
Recently, two randomized controlled trials compar-
ing endoscopic vs. surgical GE were published [8, 9] A
study by Perez-Miranda et al. study of Perez-Miranda
et al. showed that endoscopic GE was associated with
fewer postoperative complications and higher technical
success than surgical GE (differences non-statistically
significant). In a study by Kashab et al. no significant
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difference was found between endoscopical and surgi-
cal GE for adverse events. Technical success was sig-
nificantly higher in patients treated with surgical GE.
Very recently an international multicenter comparison
showed that for patients with gastric outlet obstruction
EUS-GE and surgical GE have almost identical techni-
cal and clinical success; however, reduced time to oral
intake, shorter median hospital stay and lower rate of
adverse events suggest that the EUS-guided approach
might be preferable [10].

Patients with GOO, in which GE becomes necessary,
are usually fragile and prone to high morbidity and mor-
tality due to underlying diseases. Therefore, it is neces-
sary to reduce procedure-related mortality as effectively
as possible. Use of LAMS for EUS-GE is still considered
an off label indication by the American Society of Gastro-
intestinal Endoscopy [11]. Technical and clinical success
rates are reported to be as high as 93 and 90%, respec-
tively [12]. Complications/adverse events associated with
LAMS, including misdeployment, are as high as 12% in
recent meta-analyses [4].

Various technical endoscopic approaches for EUS-GE
exist [5, 13] and so far, it is not clear which one should
be favored in order to reduce rate of complications. Chen
et al. compared the “direct puncture” with the “balloon
assisted” method in a cohort of 77 patients resulting in
comparative results concerning complications, technical
and clinical success. Only procedure time has been dif-
ferent favoring the direct approach [14]. The “EPASS”-
procedure (EUS-guided  double-balloon-occluded
gastrojejunostomy bypass), which uses a double-balloon-
guided occlusion of the jejunal part which will then be
connected to the gastric cavity via LAMS, was recently
described as one of the safest approaches [15, 16] because
of the stable fixation which thereby helps to avoid mal-
positioning or unsafe LAMS deployment. As for now, it
remains in the hands of the endoscopist, which kind of
treatment approach to choose, mostly depending on his
own experience.

In recent reviews, reported complications associated
with EUS-GE are ranging around 12%, including postin-
terventional pain, bleeding, stent obstruction, stent
migration, peritonitis and LAMS misdeployment [4, 12,
17, 18]. A recent multicenter study by Ghandour et al.
reported a total of 9.85% (46/467) stent misdeployments
counting for one of the most important complications of
EUS-GE [19].

Different technical problems can occur during LAMS
deployment. Both the proximal or distal flange can be
misdeployed, resulting in gastric or jejunal perfora-
tion. Also non-target organ puncture can be part of the
misdeployment, such as transversing the mesocolon
or the transverse colon itself. No standard strategies to
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overcome LAMS misdeployment exist, its management
is up to clinical expertise of each endoscopist.

In order to identify common problems with LAMS
deployment/misdeployment and associated problem-
solving strategies, we conducted a systematic literature
research.

A literature search up to September 2021 among com-
mon databases, including PUBMED, SCOPUS, World
of Science (WoS), was performed using the following
research terms: “axios, lumen-apposing metal stent, gas-
troenteric anastomosis, gastroenterostomy.’

Publications were accepted in any format, language or
publication status. All retrospective, prospective and ran-
domized controlled studies, case reports and case series
on humans were included, while studies on animal mod-
els were excluded. Studies not mentioning complications
related to endoscopic ultrasound-guided gastroentero-
anastomosis were excluded.

The initial research identified 323 studies. A total of 75
studies were excluded because of duplicates. Seventy-six
were excluded after screening through title and abstract,
because not fulfilling the criteria mentioned above. Full
text evaluation of 172 studies was fully assessed and
included in this systematic review. A total of 151 studies
were excluded because of Editorials, review, systematic
review with meta-analysis, not reporting misdeployment
or duplication of data. Twenty-one studies reported mis-
deployment (see Fig. 3 and Table 1).

We hereby name the most frequently used strategies
according to the initial issue of LAMS misdeployment:

A) LAMS proximal flange misdeployment: The fistulous
tract into the jejunum is already established but the
proximal flange is misdeployed into the peritoneum
and is not anchored in the gastric wall. Through the
gastric puncture site, another LAMS or a fully cov-
ered metal stent can be placed in order to bridge the
already placed LAMS [8, 20]. Alternatively, LAMS
can be removed completely, the gastric puncture site
closed with an over-the-scope-clip (OTSC, Ovesco,
Tibingen, Germany) and a new LAMS placed via a
new access [21, 22].

B) LAMS distal flange misdeployment: During puncture
of the jejunum, the jejunum dislocates, and the distal
flange cannot be opened or is only partially opened
into the target site. The distal flange therefore par-
tially remains in the peritoneum creating a free per-
foration of the gastric wall. Here, either LAMS can
be completely removed and a fully covered bridging
stent or a second LAMS be inserted [20, 23]. During
misdeployment of the distal flange without punctur-
ing the jejunum in two patients reported by Kashab
et al, LAMS removal and only conservative treat-
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ment were performed. An additional option is to cre-
ate a NOTES access in which the originally created
fistulous tract, created by the LAMS, can be secured
endoscopically [20, 24]. In cases where the jeju-
nal wall defect could not be reached by endoscopy,
Wannhoff et al. preferred to insert a duodenal fully
covered stent to bridge the GOO inducing tumor,
whereas the jejunal puncture was not occluded [22].
Interestingly, this did not result in further peritonitis
originating from the jejunum.

C) Stent misdeployment perforating other organs such
as the mesocolon or the transverse colon is a compli-
cation which needs surgical intervention [25].

D) Stent misdeployment into the peritoneal cavity: in
rare cases, when LAMS cannot be retrieved endo-
scopically from the peritoneal cavity, stent removal
by abdominal surgery might be necessary [26].

The hybrid technique described in this case report
has several significant advantages. Probability of incor-
rect deployment of the first flange is up to 27% [17].
Therefore, a laparoscopically assisted procedure out-
performs the limitation of a 2-dimensional endoscopic

exam, in this case the incorrect visualization of the tar-
get loop by endoscopic ultrasound and furthermore the
lack of correct cystostome penetration of the jejunal
wall.

Furthermore, this hybrid approach may have the abil-
ity to considerably shorten overall procedure time while
securing success of endoscopic LAMS deployment. Mean
procedure time for laparoscopic GE varies widely from
75 to 170 min in the literature [27]. In our case, time for
laparoscopy was 95 min, which included the exclusion
of jejunal and colonic perforations and recovery of the
flange of EC-LAMS. However, procedure time for GE by
LAMS was only 6 min.

Another advantage of this hybrid approach may be the
possibility of performing anastomoses between the pos-
terior gastric wall and the first jejunal loop, therefore
maintaining a maximum of intestinal absorption surface
and reducing the risk of malabsorption and malnourish-
ment [28].

However, limitations are mainly related to the availabil-
ity of infrastructure and medical staff. EUS-GE usually
is not performed in an operating theater. Moreover, this
hybrid approach requires simultaneous involvement of
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two teams, surgeons and endoscopists, which is uncom-
mon and more costly.

To our knowledge, this clinical case reported is the first
to show a combined endoscopic and surgical treatment
approach in order to overcome endoscopic restrictions
for GE, in particular LAMS misdeployment. In cases
where endoscopic orientation is difficult and LAMS
deployment therefore is at risk, we propose a combined
endoscopic and surgical approach in order to reduce pro-
cedure time and provide higher safety standards. Further
studies need to confirm this observation.

Abbreviations

ES: Endoscopic enteral stenting; EUS: Endoscopic ultrasound; EUS-GE: Endo-
scopic ultrasound-guided gastroenterostomy; GE: Gastroenterostomy; SGE:
Surgical gastroenterostomy; GOO: Gastric outlet obstruction; LAMS: Lumen-
apposing metal stent.
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