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ORIGINAL ARTICLE

EUS-guided gastroenterostomy with a lumen apposing self-expandable metallic
stent relieves gastric outlet obstruction – a Scandinavian case series

R. F. Havrea,b, C. Daia, S. Rougc, S. Novovicc,d, P. N. Schmidtc, E. Feldagerc, J. G. Karstensenc,d and
K. D. C. Phama,b

aDepartment of Medicine, Haukeland University Hospital, Bergen, Norway; bDepartment of Clinical Medicine, University of Bergen, Bergen,
Norway; cGastro Unit, Copenhagen University Hospital Hvidovre, Hvidovre, Denmark; dDepartment of Clinical Medicine, University of
Copenhagen, Copenhagen, Denmark

ABSTRACT
Background: EUS-guided gastroenterostomy (EUS-GE) with lumen-apposing metallic stents (LAMS) in
patients with gastric outlet obstruction (GOO) has proven to be an alternative to luminal stenting in
the duodenum and surgical gastroenterostomy. In severely ill patients, the method can provide
improved quality of life (QoL) and symptom relief by restoration of the luminal passage of fluid and
nutrients to the small intestine.
Aim: To assess the technical and clinical success and safety of EUS-GE.
Material and methods: A dual center retrospective case series of 33 consecutive patients with GOO
due to malignant (n¼ 28) or non-malignant conditions (n¼ 5). The patients were treated with EUS-GE
using cautery enhanced LAMS. Procedures were performed guided by EUS and fluoroscopy in general
anesthesia or conscious sedation.
Results: Technical success was achieved in all patients. The median procedure time was 71min and
the median hospital stay was three days. Thirty (91%) patients were able to resume oral nutrition after
the procedure. Ten patients (30%) experienced adverse events (AEs), including migration of the stent,
bleeding, and infection. Four patients had fatal AEs (12%). All stent-related AEs were handled endo-
scopically. Five patients (15%) needed re-intervention. The median survival time for patients with
malignant obstruction was 8.5weeks (0.5–76), and 13 patients with obstructing malignancies lived
12weeks or longer.
Conclusion: EUS-GE is a minimally invasive and efficient method for restoration of the gastrointestinal
passage and may improve palliative care for patients with GOO. The method has potential hazards
and should only be offered in expert centers that regularly perform the procedure.
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Introduction

Upper gastrointestinal tract and pancreaticobiliary cancers
and metastases may cause gastric outlet obstruction (GOO)
due to either strictures or extrinsic compression of the distal
part of the stomach or the duodenum. This may also be the
case in benign conditions e.g., chronic pancreatitis [1].

Patients with GOO have a decreased quality of life (QoL)
and shortened life expectancy. They are unable to consume
food and liquids, which may lead to malnutrition and dehy-
dration [2]. Frequently, hospitalization due to the need for
intravenous fluids and parenteral nutrition is required.
Gastroduodenal stenting with either self-expandable metal
stents (SEMS) and surgical gastroenterostomy (SGE) are both
effective in relieving obstruction symptoms [3]. Whereas
enteral stenting provides prompt symptom relief and short
hospital stay, it is associated with a considerable rate of stent
malfunction (i.e., migration and obstruction), which often

requires endoscopic or surgical reintervention [3–6]. SGE pro-
vides better long-term effects and less need for reinterven-
tions but is associated with higher morbidity and
mortality [7].

In this setting, EUS-guided gastroenterostomy (EUS-GE)
represents an alternative, minimally invasive procedure,
which may promote adjuvant or palliative treatment. Lumen
apposing metal stents (LAMS), which were initially used for
drainage of pancreatic fluid collections, have also been dem-
onstrated to be applicable to establish a permanent gastro-
intestinal anastomosis in an animal study [7,8]. Since EUS-GEs
usually are positioned far from the primary obstruction, the
risk for tumoral overgrowth is reduced. Therefore, fewer rein-
terventions may be needed after EUS-guided gastroenteros-
tomy compared to SEMS [9,10].

In this retrospective study of consecutive patients treated
with EUS-GE using LAMS, we assessed the technical and clin-
ical success as well as the safety of the procedure.
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Material and method

This is a retrospective Scandinavian dual center study includ-
ing consecutive patients with malignant or benign GOO
treated with EUS-GE from December 2016 to August 2020.
Patient data were extracted from the electronic patient
records. Technical success was defined as the ability under
EUS guidance to place a cautery-enhanced LAMS between
the stomach and the small bowel. Clinical success was
assessed by the patients’ ability to resume oral intake of fluid
or solid foods. The patient’s records were followed until the
time of death or up to the time of the study (1 October
2020). We used the ASGE lexicon for endoscopic adverse
events to classify adverse events (AEs) [11]. The study was
approved by the Institutional Ethics Committees at both cen-
ters and was carried out according to the Helsinki
Declaration on Research in Medicine and Biology.

EUS-GE technique

A linear echoendoscope (EG-3870 UTK, Pentax Medical,
Tokyo, Japan, or GF-UCT 180, Olympus, Tokyo, Japan) with a
3.7–3.8mm working channel was applied for the procedure.
A long 0.025–0.035-inch guide wire was initially advanced
through the stenosis in the upper GI-tract and into the small
bowel. Over the guidewire, a 7–10 Fr naso-biliary catheter
was introduced across the stenosis, and a mixture of indigo
carmine, water, and contrast media (OmnipaqueVR , GE
Healthcare, Chicago, IL) was injected through the catheter to
expand the bowel segment. If we did not manage to pass a
catheter through the stenosis, we performed a direct punc-
ture of the best accessible jejunal loop from the stomach
with a 19G FNA-needle (EZ shot 3, Olympus, Tokyo, Japan).
The jejunum was then expanded with the injection of con-
trast and saline through the FNA-needle. From the stomach,
the echoendoscope was used to find a suitable location for
entering the irrigated and expanded small bowel loop. We
used the direct method for LAMS introduction into the small
bowel, i.e., without a guidewire. We used LAMS with an elec-
trocautery-enhanced delivery system (Hot AxiosVR , Boston
Scientific Corp, Boston, MA) with diameters 15 or 20mm to
create the anastomosis (Figure 1). After inserting the LAMS,
we expanded the stent with a balloon-catheter up to

12–15mm and endoscopically ensured the position in small
bowel by observing small bowel mucosa or the reflux of
indigo-carmine colored fluid through the LAMS (Figure 2).

The first three patients were controlled with a barium
swallow radiograph the day after the procedure. In all other
patients, contrast was administered through the stent lumen
at the end of the procedure under fluoroscopy to visualize a
correct flow of contrast from the stomach into the small
bowel. If this was confirmed, no post-procedure imaging was
performed, and the patient was allowed to ingest liquids
after 4 h and soft diet from the next day.

Table 1. Demographic and procedural data.

Sex, n (%)

Female 13 (39)
Male 20 (61)

Age, mean (SD), years 73 (13.3)
ASA score

2 6 (18)
3 23 (70)
4 4 (12)
Malignant etiology, n (%) 28 (85)
Pancreatic cancer 8 (24)
Colorectal cancer 6 (18)
Duodenal cancer 5 (15)
Pulmonary cancer metastasis 2 (6)
Cholangiocarcinoma 2 (6)
Lymphoma 1 (3)
Urinary tract cancer metastasis 1 (3)
Other 3 (9)
Benign etiology, n (%) 5 (15)
Chronic pancreatitis 3 (9)
Aorto-duodenal syndrome 2 (6)

Place of treatment, n (%)
Centre A 19 (58)
Centre B 14 (42)

Type of anesthesia, n (%)
General 25 (76)
Conscious sedation 8 (24)
Procedure time, median (range), min 71 (34-195)

Stent type, n (%)
LAMS, 10� 15mm 22 (79)
LAMS, 10� 20mm 7 (21)

Figure 2. View from the stomach through the LAMS into the small bowel with
a double-pigtail stent introduced to prevent obstruction and migration.

Figure 1. EUS image from the stomach during deployment of LAMS. The deliv-
ery device has been placed in the water-expanded small bowel and the distal
flange has been released.
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Statistical analysis

All variables are reported as numbers and/or percentages, using
descriptive statistics. Normally distributed data are reported as
mean and standard deviation (SD). For non-normally distributed

data, median, and range are reported. Categorical data were
analyzed in a cross table using the Chi-square test or Fischer’s
exact test as appropriate. Statistical analysis was performed
using SPSS, version 26 (IBM, Armonk, NY).

Results

A total of 33 patients (61% men; mean age 73 years (SD 13.3)
underwent EUS-GE (Table 1). The GOO was due to malignant
tumors or metastases in 28 (85%) and non-malignant condi-
tions in five cases (15%) [12]. An example of a LAMS stent in
place in a patient with malignant duodenal obstruction is given
in Figure 3. The patients were generally in poor clinical condi-
tion before the EUS-GE with a median American Society of
Anesthesiologists (ASA) physical status score of 3 (range 2–4).

The technical success rate was 100% (33/33) (Table 2), but
in two patients two attempts were made before this was
achieved. One of these patients had the first gastric fistula
closed, and a second was made successfully during the same
anesthesia session, while another had the gastric fistula
closed with a clip, and a successful procedure with an EUS-
guided GE-gastroenterostomy one week later. Thirty patients
(91%) had an immediate clinical effect of the procedure,
allowing them to drink and/or eat. One patient reported
post-procedural aggravation of pain. The median hospitaliza-
tion time was 3 days (1–12 days). The stents used had a
diameter of 15mm in 26 cases (79%) and 20mm in 7 cases
(21%). The saddle length of all the stents was 10mm. The
majority of the procedures (76%) were performed under gen-
eral anesthesia, and 24% in sedation. The median procedure
time was 71 (34–195) min.

On follow-up, 25 (89%) of patients with malignant GOO
were deceased. The median survival time was 8.5 (0.5–76)
weeks. Thirteen patients (46%) survived 12weeks or longer,
and only three needed endoscopic reinterventions. Two
patients (one lymphoma, one duodenal cancer) were able to
resume palliative chemotherapy.

We included five patients with non-malignant causes for
GOO (Table 3). These patients had other serious comorbid-
ities that made them unfit for surgical treatment or were
unwilling to undergo surgery. All five patients were male,
and their diagnoses, ASA score, type of anesthesia, survival
time/follow-up time and status at the time of study are given
in Table 3. In all patients with non-malignant causes for
GOO, we experienced technical and clinical success. One of
the patients experienced late stent displacement. The mean
age in the group with malignant tumors causing GOO was

Table 3. Patients with non-malignant indications for EUS guided gastroenterostomy.

Pt. no. Age Diagnose (reason for GOO)
Gen.

anesthesia
ASA
score

Adverse
events

Survival
(weeks) Status

16 80 Aortoduodenal syndr. (AAA inoperable), and multiple
admissions for aspiration pneumonia

Yes 3 None (elective change of
LAMS after 2.5 years)

135 Deceased

20 67 Chron. Pancreatitis, pseudocyst, stenosis of the
proximal duodenum

No 2 Late stent migration
(Moderate)

30 Alive

28 60 Chron. Pancreatitis, compression of the proximal duodenum Yes 2 None 26 Deceased
31 62 Aortoduodenal syndr. (AAA TAVAR treated) Yes 3 None 21 Alive
32 73 Chron. Pancreatitis (previous surgical GEA w

secondary stenosis)
Yes 3 None 20 Alive

Figure 3. CT image of EUS-guided gastroenterostomy made with a lumen
apposing metal stent placed between the greater curvature of the stomach and
a small bowel loop bypassing a tumor-stenosis in the hilar region of the liver.

Table 2. Results for 33 patients with EUS-guided gastroenterostomy.

Technical success, n (%) 33 (100)
In first attempt 31 (94)
In second attempt 2 (100)

Ability to eat after procedure 30 (91)
Hospital stay, median (range), days 3 (1-12)
Overall survival time, median (range), weeks 13 (0.5-135)
Malignant indications (n¼ 28) 8.5 (0.5-76)
Benign indication (n¼ 5) 26 (20-135)

Dead at time of study, n (%) 27a (82)
Alive at time of study, n (%) 6b (18)
a25 malignant.
b3 malignant.
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73.8 years (13.95) and in the group with non-malignant diag-
noses it was 68.4 years (8.2) (n.s.). The median ASA score was
3 in both groups. Two of the patients lived 26 and 135weeks
with their LAMS-based gastroenterostomies. The other three
patients were still alive at the time of the study.

Adverse events (AE) occurred in 10 cases (30%), of which
7 were related to the EUS-GE procedure (Table 4). According
to the ASGE classification [13], one AE could be classified as
mild(10%), five as moderate (50%), and four as fatal (40%).
The fatal AEs included two respiratory tract infections, one
bleeding, and one refeeding syndrome. The fatal AEs
occurred in consecutive patient number 13 in a total of 19
included in center A, and in patients 3, 4, and 7 in a total of
14 included in center B. Two of the AEs occurred during the
procedure and were handled immediately, six AEs occurred
within the first week after the procedure, and two AEs
occurred later. The most frequent AEs were stent displace-
ment/migration, which occurred in three cases (30%), lower
airway infections in three cases (30%), and bleeding in two
cases (20%). A trend of more frequent AEs were seen in
patients who were treated in sedation 4/8 versus 6/25 in
patients treated under general anesthesia (Fischer’s exact:
n.s.). Three of the four fatal AEs happened in patients treated
in general anesthesia.

Stent displacement/migration: One patient had a direct
stent misplacement with the release of the distal flange into
the peritoneum. This event was treated with endoscopic clip-
ping of the gastric mucosal defect and decompression of the
stomach. Two patients experienced stent migration several
weeks after placing the LAMS. In one patient, the distal
flange had dislodged from the small bowel and migrated
into the transverse colon. The stent was removed endoscop-
ically, the gastro-colonic fistula closed with endoscopic
sutures, and a new EUS-GE was created during the same pro-
cedure [13]. In the third patient with stent migration, the
gastric fistula was closed with an over-the-scope clip (OTSC
12/6 GC, OvescoVR , T€ubingen, Germany) using a twin grasper
in the fistula, and the small bowel fistula closed
spontaneously.

Bleeding: One patient experienced acute GI bleeding 1 day
after the EUS-GE procedure below the gastric flange of the
LAMS. The bleeding was stopped by placing an endoscopic

hemoclip. The second patient experienced acute bleeding
from a pancreatic tumor during the removal of an occluded
duodenal stent. The stent removal was done during the
same procedure as the EUS-GE. This patient subsequently
died from bleeding.

Lower respiratory infections: Three patients experienced
post-procedural lower respiratory infections. All were treated
with intravenous antibiotics. One of the patients had periton-
eal carcinomatosis with obstruction of the distal small bowel
and acquired aspiration pneumonia after the procedure. Two
of the patients died of lower airway infections.

Among the 27 (82%) patients who were deceased at the
time of the data analysis, 20 (74%) experienced an event-free
post-procedural period and died from the progression of
their underlying disease. Two patients with non-malignant
GOO died during the follow-up.

Discussion

In this study, we found that EUS-GE had a technical success
rate of 94% in first attempt and 100% in the second. Clinical
success, defined as the ability to tolerate regular intake of
oral nutrients and water without vomiting, was achieved in
30 patients (91%). These numbers are similar to those previ-
ously reported [14–18]. Khashab et al. compared the efficacy
and safety of SGE with EUS-GE in a retrospective series
including 93 patients and found that SGE had a higher tech-
nical success rate than EUS-GE (100% and 87%, respectively),
but a similar clinical success rate [19]. Two systematic
reviews and meta-analyses from 2020, including 285 and 260
patients, respectively, with EUS-GE reported technical success
of 92–93.5% and clinical success 90%. Both studies included
12 studies of GOO and/or studies using LAMS for ERCP
access after gastric surgery [20,21].

We report an AE rate of 30% (Table 3). This rate is higher
than reported in most other studies [1,10,19,20]. Seven AEs
were attributable to the procedure or presence of the LAMS.
A retrospective multicenter study compared 52 patients with
endoscopic luminal stenting and 30 EUS-GE and found AE
rates of 11.5% for luminal stenting and 16.7% for EUS-GE.
The EUS-GE group, however, had a significantly lower need
for re-intervention compared to the luminal stenting group,
4% versus 28.5%, respectively [9,22]. In a study comparing
direct versus balloon-assisted EUS-GE in 77 patients, Chen et
al. reported an AE rate of 6.5% for both methods combined,
and only one AE was categorized as severe [1]. Khashab et
al. compared the safety of SGE (n¼ 63) and EUS-GE (n¼ 30)
in a retrospective study and found an AE rate of 25% in SGE
and 16% in EUS-GE, but due to small numbers, the difference
was insignificant. Sixty percent of AEs in our study occurred
within 2 weeks after the procedure. Unlike other reports, we
experienced four fatal events. Lower respiratory tract infec-
tions occurred in three patients and were fatal in two. Both
these patients had been intubated during the endoscopic
procedure, so the airways had been protected periopera-
tively. We saw a trend in AEs of 4/8 (50%) treated in sed-
ation, only one of these was fatal (bleeding). In patients
treated under general anesthesia, 6/25 (24%) patients had an

Table 4. Adverse events.

Adverse events, n (%) 10 (30)
Stent displacement/migration 3 (9)
Bleeding 2 (6) (1 fatal)
Pneumonia/aspiration 3 (9) (2 fatal)
Re-feeding syndrome 1 (3) (1 fatal)
Two or more attempts/punctures 1 (3)

Adverse events timing, n (% of AE)
Procedural 2 (20)
Post procedural 6 (60)
Late 2 (20)

Adverse events attributable to procedure, n (% of AE)
Definite 7 (70)
Probable 3 (30)

Adverse events, severity, n (% of AE)
Mild 1 (10)
Moderate 5 (50)
Fatal 4 (40)
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AE, and three of these were fatal (two lower respiratory
infections and one refeeding syndrome). The numbers are
very limited and the difference was not significant. However,
we recommend to use general anesthesia, because it renders
the operator more freedom to perform corrective procedures
during the session. A recent European multicenter study of
EUS-GE in malignant GOO from seven centers reported a
similar rate of AEs, 26.7% in a cohort of 46 patients. Five
patients (11.1%) had fatal AEs, four from stent misplacements
leading to perforation and abdominal sepsis, and one due to
postprocedural bleeding [23]. Patients with malignant GOO
often have advanced malignant disease, are fragile, and
lower airway infections may be fatal. The GOO condition
increases the risk of aspiration of bowel contents, and a EUS-
GE may reduce this risk. In one of our patients with carcin-
omatosis, however, a more distal intestinal obstruction was
present, and EUS-GE led to fatal aspiration, probably because
of regurgitation of intestinal contents through the LAMS.
One patient experienced fatal bleeding from pancreatic can-
cer after the removal of an occluded duodenal stent. This AE
was not directly related to the LAMS or the EUS-GE itself.
The last fatal AE happened in a severely malnourished
patient with metastatic lung cancer who developed refeed-
ing syndrome leading to death. In center B, all three fatal
AEs occurred in the first half of the included patients, and
none in the last half. Endoscopic reintervention was needed
in five patients (15%), which is comparable to other reports.
This includes the change of LAMS in one patient after
30months using the established fistula. In a systematic
review and meta-analysis, EUS-GE with LAMS had a fre-
quency of AEs of 12% and a need for unplanned reinterven-
tion in 9%, but many included studies had a limited
observation time [9,20]. The EUS-GE procedure is complex
and technically challenging and requires precision and tim-
ing. In this material the very first cases of EUS-GE performed
at each center are included, which may explain the higher
AE rate.

Patients with malignant GOO have a poor prognosis due
to their advanced malignant disease and tumor-directed
therapy is often discontinued before EUS-GE is considered.
The survival time is dependent on the stage of the disease
at the time of intervention. In this study, we have not regis-
tered the stage of the disease at the time of EUS-GE. As EUS-
GE becomes more established as a treatment modality for
this severely ill group of patients, earlier referral in the
course of the disease may further improve clinical success.
EUS-GE was well tolerated also by very ill patients with a
median ASA score of 3 at the time of the procedure. We
found that these patients with malignant GOO had a median
lifespan of 8.5 (0.5–76) weeks after the procedure. This indi-
cates that the treatment is efficient in restoring the ability to
absorb water and nutrients from the small bowel and may
improve the QoL substantially in the course of the disease.
Other studies report a longer survival time of 116 and
103days, equivalent to 14.7–16.7weeks, perhaps indicating
that EUS-GE was performed at an earlier stage in many cases
[1,9,19)]. However, three of the patients with malignant

conditions were still alive at follow-up, and 13 (46%) patients
with malignancy survived 12 weeks or more.

Using EUS-GE for benign GOO is less studied, but good
results are also reported for this group that needs a minim-
ally invasive but long-lasting solution [14]. In the present
study, all five patients with benign GOO had technical- and
clinical success with a median follow-up time of 26weeks
(20–135) with one case of late stent displacement, which
was handled endoscopically.

The primary limitations of this study are its retrospective
design and the limited sample size. In the future, prospective
randomized studies comparing intraluminal stenting, EUS-GE
and SGE are warranted with the main focus on QoL.

Conclusion

EUS-GE is an efficient and minimally invasive treatment
option in the management of both malignant and benign
GOO. It combines early symptom relief and a short hospital
stay. It is a good option for treatment GOO caused by both
malignant and non-malignant conditions. EUS-GE, however,
remains a technically challenging procedure with a risk of
serious AEs and should therefore be performed only in
expert centers. There is a need for randomized controlled
studies on the treatment options in GOO related to
QoL outcomes.
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