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ABSTRACT

Background and study aims Gastric outlet obstruction

(GOO) is traditionally managed with surgical gastroenter-

ostomy (surgical-GE) and enteral stenting (ES). Endoscopic

ultrasound-guided gastroenterostomy (EUS-GE) is now a

third option. Large studies assessing their relative risks and

benefits with adequate follow-up are lacking. We conduct-

ed a comparative analysis of patients who underwent EUS-

GE, ES, or surgical-GE for GOO.

Patients and methods In this retrospective comparative

cohort study, consecutive patients presenting with GOO

who underwent EUS-GE, ES, or surgical-GE at two academic

institutions were reviewed and independently cross-edited

to ensure accurate reporting. The primary outcome was

need for reintervention. Secondary outcomes were techni-

cal and clinical success, length of hospital stay (LOS), and

adverse events (AEs).

Results A total of 436 patients (232 EUS-GE, 131 ES, 73

surgical-GE) were included. The median duration of follow-

up of the entire cohort was 185.5 days (interquartile range

55.25–454.25 days). The rate of reintervention in the EUS-

GE group was lower than in the ES and surgical-GE groups

(0.9%, 12.2%, and 13.7%, P<0.0001). Technical success

was achieved in 98.3%, 99.2%, and 100% (P=0.58), and

clinical success was achieved in 98.3%, 91.6%, and 90.4%

(P <0.0001) in the EUS-GE, ES, and surgical-GE groups,

respectively. The EUS-GE group had a shorter LOS (2 days

vs. 3 days vs. 5 days, P <0.0001) and a lower AE rate than

the ES and surgical-GE groups (8.6% vs. 38.9% vs. 27.4%,

P <0.0001).

Conclusion This large cohort study demonstrates the

safety and palliation durability of EUS-GE as an alternative

strategy for GOO palliation in select patients.

Supplementary material is available under

https://doi.org/10.1055/a-1976-2279
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Introduction
Gastric outlet obstruction (GOO) is a clinical syndrome charac-
terized by abdominal pain and postprandial emesis because of
different benign and malignant etiologies [1, 2]. GOO can sig-
nificantly impair quality of life and require interventions to pal-
liate debilitating symptoms [3]. Surgical gastroenterostomy
(surgical-GE) and enteral stenting (ES) are the historical gold
standard therapies offered for management of GOO. Several
prior studies have compared these two approaches [4–9]. Sur-
gical-GE and ES offer comparable technical and clinical success;
however, ES is limited by stent patency duration, higher rate of
reintervention, and limiting access to the major papilla for con-
current pancreaticobiliary interventions often required in the
palliative setting. Surgical-GE has a higher rate of adverse
events (AEs) and is more invasive.

Endoscopic ultrasound-guided gastroenterostomy (EUS-GE)
has emerged as a third option. This approach allows endos-
copists to create a gastrointestinal anastomosis, which bypas-
ses the obstruction using a lumen-apposing metal stent
(LAMS) inserted and deployed under EUS guidance. It has been
increasingly utilized in recent years, and several studies have
demonstrated its favorable outcomes and safety risk profile
[10–14]. Previous studies have directly compared the relative
risks and benefits of EUS-GE to surgical-GE and ES [15–22].
Most studies had a small sample size and they reported only
short-term follow-up from heterogeneous data compiled from
large number of centers each contributing a small number of
patients, a potential confounding factor. We hypothesize that
EUS-GE can provide similar outcomes to surgical-GE in terms
of luminal patency, but with lower procedural-associated mor-
bidity and can maintain a longer luminal patency period with no
excess risks compared to ES. Therefore, we conducted a large
international comparative study assessing treatment outcomes
and AE of EUS-GE vs. ES and surgical-GE for management of
GOO.

Patients and methods
This was an international comparative retrospective cohort
study of EUS-GE vs. ES and surgical-GE for the treatment of
GOO. Our cohort consisted of GOO cases from two academic
institutions (Mayo Clinic Rochester, n = 265, Universitair Zieken-
huis Brussel, n = 171) between January 2002 and June 2021. This
study was approved by the Mayo Clinic Institutional Review
Board (IRB 19-006760) and was conducted following the guide-
lines outlined in the Declaration of Helsinki.

Patients were identified through the prospectively main-
tained clinical data repository that allows case identification
through its search functionality. Consecutive patients were
adults aged 18 years or older with GOO from either benign or
malignant etiology who underwent ES, EUS-GE, or surgical-GE.
Excluded patients were those with surgically altered upper gas-
trointestinal tract anatomy, insufficient medical records, or in-
adequate follow-up to determine technical or clinical success.
GOO was diagnosed by imaging and/or endoscopy. Information
on patient baseline characteristics, previous treatment at-

tempts (endoscopic balloon dilation or self-expandable stent
placement [SEMS]), GOO characteristics, treatment outcomes,
and AEs was collected in a web-based secured database. The
functional status of patients with malignant GOO was deter-
mined using Eastern Cooperative Oncology Group (ECOG) Per-
formance Status. The severity of GOO was determined accord-
ing to the GOO symptom score system (GOOSS; 0=no oral in-
take, 1 = liquid diet only, 2 = soft diet, and 3= low-residue or full
diet) [23]. Data were extracted up to the last date available in
the medical record or the date of death. Auditing of both cen-
ters’ databases was performed to ensure quality and integrity.

EUS-GE procedure

All procedures were performed under general anesthesia. Dif-
ferent techniques of EUS-GE were used at the discretion of the
performing endoscopist, using 15-mm or 20-mm electrocau-
tery-enhanced LAMS (Hot AXIOS, Boston Scientific Corporation
Inc., Marlborough, Massachusetts, United States) for the crea-
tion of anastomoses. Technical details of these techniques
have been described in previously published studies [11, 14,
24]. In principle, a curved linear-array echoendoscope (EUS)
was introduced into the stomach. A segment of small bowel
was identified by EUS, typically proximal jejunum, and a LAMS
was then advanced through the gastric and enteric wall into
the small bowel, where it was deployed. Advancement was fa-
cilitated by the electrocautery-enhanced tip of the device and
can be directly, without use of any guidewire or over-the-wire,
which was inserted through and following previous puncture by
19-gauge EUS needle.

In the vast majority of cases, EUS-coupling was enhanced by
irrigation of the small bowel behind the obstruction with saline,
often mixed with contrast agent and thus facilitating safe iden-
tification of an enteral segment suitable for creation of EUS-GE.
Such intralumenal injection of saline also allows sufficient dis-
tention of the small bowel by creating a bigger target to ad-
vance the LAMS introducer into and it provides enough space
to deploy enteral flange of the LAMS. Irrigation was performed
by using various devices, including nasoenteral and oroenteral
tubes, a double-balloon occlusion tube in the so-called EPASS
technique or a pediatric gastroscope inserted beyond the ob-
struction in which this particular technique allows both irriga-
tion of the small bowel as well as retrograde visualization of
the puncture and with the possibility of grasping wire and thus
stabilizing and securing the guidewire position. The procedure
was then performed with both the echoendoscope and pedia-
tric gastroscope inserted simultaneously. Less frequently, a bal-
loon catheter technique was used, in which the balloon expan-
ded by saline represents the target for puncture and guidewire
insertion, whereas no saline is directly injected into the enteric
lumen.

Surgical-GE procedure

Patients underwent surgery under general anesthesia in the
standard surgical setting of an operating room. Laparoscopic
surgery was a preferred approach. If patients were not eligible
for a laparoscopic approach, they underwent exploratory lapa-
rotomy with creation of gastroenterostomy.
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ES procedure

The procedure was performed with a therapeutic gastroscope
under general anesthesia. The site of stenosis was traversed by
a guidewire. Contrast was injected via the gastroscope or bal-
loon catheter to assess the length of stenosis and aid in select-
ing an appropriate stent length. An uncovered SEMS was then
deployed across the obstruction under endoscopic and fluoro-
scopic guidance, respectively.

Definitions and outcome assessment

The primary outcome was the rate of reintervention for recur-
rent GOO or inadequate palliation. Secondary outcomes were
technical success, clinical success, length of hospital stay
(LOS), and AEs. Technical success was defined as successful
creation of an anastomosis in the EUS-GE and surgical-GE
groups, and a successful stent deployment and placement
across the obstruction in the ES group. Clinical success was de-
fined as the ability to tolerate at least a full liquid diet within 2
weeks. LOS was the time from procedure to discharge. During
follow-up, if patients developed symptoms concerning for re-
current GOO, an endoscopic and or radiographic evaluation
was then pursued.

Statistical analysis

Data were expressed as mean and standard deviation (SD) for
continuous variables with normal distribution or median and in-
terquartile range (IQR) for skewed data and proportions for ca-
tegorical variables. Continuous data were compared using a
one-way analysis of variance (ANOVA) with Student’s t-test of
each pair if the ANOVA test was significant (F-test < 0.05). Non-
parametric continuous data were compared using the Wilcoxon
rank-sum test with the Wilcoxon rank-sum test of each pair if
the overall P value was significant. Categorical data were ana-
lyzed using a Chi-square test with a pairwise Chi-square test if
the overall P value was significant. A subgroup analysis of pa-
tients with malignant GOO was also performed. Multivariate lo-
gistic regression analysis was performed to determine the inde-
pendent variables influencing the need for reintervention.
Time-to-event analysis based on the Kaplan-Meier method and
the log-rank test was conducted to determine the differences
in the time to reintervention in each treatment arm. The analy-
sis was performed using SPSS version 28.0 (SPSS Inc., Chicago,
Illinois, United States). P < 0.05 was considered significant. A
Bonferroni correction was applied to each set of analyses to
control the family-wise error rate. The Bonferroni adjusted P of
0.0167 (0.05 /3 variables) was used to determine statistical sig-
nificance for a comparison of each pair.

Results
A total of 436 patients (232 EUS-GE, 131 ES, and 73 surgical-
GE) were included from two academic institutions. The mean
age was 64.8 ± 12.6 years, and 40.2% were women. Of the pa-
tients, 97.9% were symptomatic and 82.6% had malignant
etiology. The most common malignant etiologies were pancre-
atic cancer (n =175, 48.6%), metastatic cancer involving the

duodenum (n=67, 18.6%), and biliary/gallbladder cancer (n =
46, 12.8%). The most common benign etiologies were chronic
pancreatitis (n =24, 31.5%), followed by acute or recurrent
pancreatitis (n =13, 17.1%). The median duration of follow-up
of the entire cohort was 185.5 days (IQR 55.25–454.25 days).
The median follow-up for the EUS-GE and the surgical-GE co-
horts was longer at 233 days (IQR 95.3–498.5 days) and 331
days (IQR 66–1071.5 days), respectively, compared to the ES
cohort 56 days (IQR 22–208 days). ▶Table 1 outlines patient
baseline and GOO characteristics stratified by each treatment
modality. Baseline characteristics among the three groups
were comparable except for race, etiology of GOO, symptoms
of GOO, GOOSS, site of GOO, prior treatment attempts, and
ECOG performance status (all P<0.05).

The techniques of EUS-GE used were as follows: direct ap-
proach with no assisting devices (n =22), enteral catheter-assis-
ted method (n =186), balloon catheter-assisted method (n =
11), pediatric gastroscope-assisted method (n=10), and dou-
ble-balloon enteric tube-assisted method (n=3). Two patients
had initial stent maldeployment, but subsequently achieved a
successful LAMS placement with an intervention continued in
the same endoscopic session and modified by using a pediatric
gastroscope-assisted method. These two patients, therefore,
were not considered as technical failures based on our study
definition. For the ES cohort, 127 patients had an uncovered
stent and four patients had a covered stent. In the surgical-GE
cohort, the anastomotic creation techniques were antecolic
gastrojejunostomy in 32 patients, retrocolic gastrojejunostomy
in 10 patients, and no data available in 31 patients.

Clinical outcomes

The treatment outcomes of the three groups are summarized in

▶Table 2. Technical success was achieved in 98.3%, 99.2%, and
100% in the EUS-GE, ES, and surgical-GE groups, respectively (P
=0.58). Of four EUS-GE patients with technical failures, three
were due to stent maldeployment. Following attempted EUS-
GE, one patient underwent surgical-GE, the family of the sec-
ond patient elected comfort care measures only, and the third
patient underwent nasojejunal feeding tube placement. The
fourth patient had a long-segment intramural metastasis to
the small bowel; thus the EUS-GE was not completed and the
patient later underwent surgical-GE.

The clinical success rate for EUS-GE was significantly higher
than in the ES and surgical-GE groups (98.3% vs. 91.6%, and
90.4%, respectively, P=0.002). Furthermore, the rate of rein-
tervention in the EUS-GE group was significantly lower than in
the ES and surgical GE groups (0.9%, 12.2%, and 13.7%, respec-
tively, P<0.0001). The length of post-procedural hospital stay
in the EUS-GE group was shorter than in the ES and surgical GE
groups (median LOS: 2 days [IQR 1–3 days], 3 days [IQR 1–10
days], and 5 days [IQR 2–9 days], respectively, P<0.0001). A
subgroup analysis of treatment outcomes in patients with ma-
lignant GOO demonstrated similar results to the principal anal-
ysis (Supplementary Table 1). Multivariable logistic regression
analysis adjusting for etiology, severity and site of GOO, prior
enteral stenting and endoscopic dilation, and ECOG status
showed that EUS-GE (odds ratio [OR] =0.10 [95% CI 0.01–
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0.94] P=0.04) was a negative predictor of reintervention rela-
tive to ES (▶Table3). Compared to EUS-GE, Kaplan-Meier
curves for time to reintervention demonstrated a shorter inter-
val in the ES group (log-rank test, P<0.0001) and surgical-GE
group (log-rank test, P <0.0001) (▶Fig. 1).

Adverse events

Compared to EUS-GE, the overall rates of AE were higher in both
the ES (38.9% vs. 8.6%, P <0.0001) and surgical-GE groups (27.4
% vs. 8.6%, P <0.0001). Regarding stent-related AEs, stent ob-
struction, tumor ingrowth, and stent migration occurred in 12,

9, and 4 patients in the ES group, respectively, whereas stent ob-
struction, stent migration and inadequate stent expansion oc-
curred in one patient each in the EUS-GE group. In the surgical-
GE group, the most common AEs were ileus/gastroparesis, in-
fection, and anastomotic leak in eight, four, and two patients,
respectively. None of the EUS-GE patients had ileus/gastropar-
esis or wound infection. In one patient with delayed stentmigra-
tion within 1 week after EUS-GE, an anastomotic leak and ab-
dominal infection with peritonitis developed requiring open sur-
gical intervention. Of note, a 15-mm AXIOS stent was used with
no immediate complications and no ascites pre-procedure.

▶Table 1 Patient and GOO characteristics.

EUS-GE

(n=232)

ES

(n=131)

Surgical-GE

(n=73)

Overall

P value

P-value EUS-

GE vs. ES†

P-value EUS-GE

vs. surgical-GE1

Age (years, mean ± SD) 64.5 ± 12.3 66.9 ± 11.8 62.1 ± 14.4 0.03* 0.07 0.16

Male gender (N, %) 135 (58.2) 67 (51.1) 36 (49.3) 0.26 0.19 0.18

Race (N, %) 0.02* 0.06 0.02

▪ White 228 (98.3) 124 (94.7) 67 (91.8)

▪ Other 4 (1.7) 7 (5.3) 6 (8.2)

Prior treatment attempts (N, %)

▪ Prior enteral stent placement 15 (6.5) 39 (29.8) 15 (20.5) < 0.0001* <0.0001* < 0.0001*

▪ Prior endoscopic dilation 12 (5.2) 31 (23.7) 22 (30.1) < 0.0001* <0.0001* < 0.0001*

ECOG status (mean ± SD) 1.2 ± 0.6 1.5 ± 1.2 0.4 ± 0.6 < 0.0001* 0.03 0.005*

Presence of ascites (N, %) 57 (24.6) 36 (27.5) 11 (15.1) 0.13 0.20 0.02

Presence of peritoneal carcinomatosis (N, %) 27 (11.6) 26 (19.8) 7 (9.6) 0.05* 0.03 0.63

Etiology of GOO (N, %) < 0.0001* <0.0001* < 0.0001*

▪ Malignant 191 (82.3) 126 (96.2) 43 (58.9)

▪ Benign 41 (17.7) 5 (3.8) 30 (41.1)

Symptomatic GOO (N, %) 231 (99.6) 130 (99.2) 66 (90.4) < 0.0001* 1.00 < 0.0001*

▪ Nausea/vomiting 194 (83.6) 113 (86.3) 53 (72.6) 0.04* 0.50 0.04

▪ Abdominal pain 113 (48.7) 94 (71.8) 34 (46.6) < 0.0001* <0.0001* 0.75

▪ Weight loss 115 (49.6) 87 (66.4) 22 (30.1) < 0.0001* 0.002* 0.004*

Severity of GOO (mean ± SD) 1.3 ± 0.8 0.8 ± 1.1 1.3 ± 1.1 < 0.0001* <0.0001* 0.80

Site of GOO (N, %)

▪ Antrum/pylorus 11 (4.7) 13 (9.9) 20 (27.4) < 0.0001* <0.0001* < 0.0001*

▪ Duodenal bulb 27 (11.6) 44 (33.6) 20 (27.4)

▪ 2nd part duodenum 109 (47.0) 54 (41.2) 20 (27.4)

▪ Distal duodenum 84 (36.2) 18 (13.7) 9 (12.3)

▪ Other 1 (0.4) 2 (1.5) 4 (5.5)

Duration of follow-up (days, median [IQR]) 233 (95.3–
498.5)

56 (22–
208)

331 (66–
1071.5)

< 0.0001* <0.0001* 0.18

* statistically significant
ECOG, Eastern Cooperative Oncology Group performance status; ES, enteral stenting; EUS-GE, endoscopic ultrasound-guided gastroenterostomy; GOO, gastric
outlet obstruction; IQR, interquartile range; surgical-GE, surgical gastroenterostomy.
1 P<0.0167 indicates statistical significance based on a Bonferroni correction
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▶Table 2 Treatment outcomes and adverse events.

EUS-GE

(n=232)

ES

(n=131)

Surgical-GE

(n=73)

Overall

P value

P value EUS-

GE vs. ES†

P value EUS-GE

vs. surgical-GE1

Technical success (N, %) 228 (98.3) 130 (99.2) 73 (100.0) 0.58 0.66 0.58

Clinical success (N, %) 228 (98.3) 120 (91.6) 66 (90.4) 0.002* 0.002* 0.005*

Length of hospital stay (days, median [IQR]) 2 (1–3) 3 (1–10) 5 (2–9) < 0.0001* <0.0001* 0.18

Rate of re-intervention (N, %) 2 (0.9) 16 (12.2) 10 (13.7) < 0.0001* <0.0001* < 0.0001*

AEs, N (%) 20 (8.6) 51 (38.9) 20 (27.4) < 0.0001* <0.0001* < 0.0001*

▪ Abdominal pain 2 (0.9) 1 (0.8) 2 (2.7)

▪ Stent maldeployment 4 (1.7) 0 0

▪ Ileus/gastroparesis 0 1 (0.8) 8 (10.9)

▪ Infection 8 (3.4) 9 (6.9) 4 (5.5)

▪ Anastomotic leak 1 (0.4) 0 2 (2.7)

▪ Bowel leak/perforation 0 3 (2.3) 1 (1.4)

▪ Bleeding 4 (1.7) 4 (3.1) 2 (2.7)

▪ Stent migration 1 (0.4) 4 (3.1) 0

▪ Stent tumor ingrowth 0 9 (6.9) 0

▪ Stent obstruction 1 (0.4) 12 (9.2) 0

▪ Stent inadequate expansion 1 (0.4) 0 0

▪ Biliary obstruction 1 (0.4) 2 (1.5) 1 (1.4)

▪ Others 5 (2.2) 12 (9.2) 6 (4.6)

* statistically significant
AE, adverse event; ES, enteral stenting; EUS-GE, endoscopic ultrasound-guided gastroenterostomy; surgical-GE, surgical gastroenterostomy.
1 P <0.0167 indicates statistical significance based on a Bonferroni correction

▶Table 3 Multivariate logistic regression analysis of predictors of
need for reintervention.

Reintervention

Type of treatment

ES 1 Ref

EUS-GE 0.10 (0.01–0.94) 0.04*

Surgical-GE 1.29 (0.24–6.79) 0.77

Type of GOO (malignant vs.
benign)

– 0.99

GOO severity 0.76 (0.35–1.64) 0.48

Site of GOO (distal duodenum
vs. others)

0.46 (0.08–2.48) 0.37

Prior enteral stenting 1.63 (0.35–7.48) 0.53

Prior endoscopic dilation 1.30 (0.24–7.16) 0.76

ECOG status 1.00 (0.51–1.98) 0.76

ECOG, Eastern Cooperative Oncology Group performance status; ES, enteral
stenting; EUS-GE, endoscopic ultrasound-guided gastroenterostomy; GOO,
gastric outlet obstruction; surgical-GE, surgical gastroenterostomy.
* Indicates statistical significance

Treatment group
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 Surgical-GE
 1-censored
 2-censored
 3-censored

0 1000 2000 3000 4000
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▶ Fig. 1 Kaplan-Meier curves of time to re-intervention: EUS-GE,
ES, and Surgical-GE. Log-rank test: < 0.0001.
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Discussion
Given the limitations of ES and surgical-GE, the advent of EUS-
GE represents an appealing alternative for management of
GOO, as it is a minimally invasive option with improved pallia-
tion [18, 20]. In this study, we performed a large, international
two-center analysis of all three techniques and demonstrated a
decreased rate of reintervention in the EUS-GE cohort compar-
ed to surgical-GE and ES with superior clinical resolution of the
GOO and safety over an extended period of follow-up. These
findings persisted in a subgroup analysis of malignant GOO
and in a multivariate logistic regression after adjustment for
potential confounders.

Our study reported a technical success rate of 98.3% that
was comparable to ES (99.2%) and surgical-GE (100%) (P=
0.58). EUS-GE is considered technically challenging, with a re-
ported failure rate of close to 10% in the literature [12, 13, 17,
18, 20]. It should be noted that all EUS-GE procedures in our
study were performed by experienced endoscopists. Two pa-
tients who had initial stent maldeployment subsequently
achieved successful LAMS placement with a rescued interven-
tion in the same endoscopic session. Etiologies of stent malde-
ployment during EUS-GE include lack of appropriate endo-
scopic accessories to stabilize the targeted small bowel during
stent deployment, misidentification of the transverse colon as
small bowel, and premature expansion of the distal LAMS
flange in the peritoneal cavity [13, 24]. Although we have dem-
onstrated that a reattempt at EUS-GE during the same session
can be successful, we do advocate for caution and careful as-
sessment of risksw, benefits, and alternative approaches in the
setting of sent maldeployment. In addition, the consequences
and need for endoscopic closure of the maldeployed LAMS tract
is still not clear.

The EUS-GE technique is still in early phases of development
and will continue to evolve with the advent of purpose-built ac-
cessories to improve the efficiency and safety of this technique.
Several EUS-GE techniques have been described; however, the
optimal approach has not yet been established [10, 11, 24]. In
our study, four technically unsuccessful EUS-GE cases were
from different techniques, including direct method with no as-
sisting devices (n =2) and enteral catheter-assisted method (n =
2). Further studies are needed to address the optimal technique
to maximize a safe and successful LAMS placement.

Clinical success was significantly higher in the EUS-GE
(98.3%) compared to the ES (91.6%) and surgical-GE groups
(90.4%). In our surgical-GE cohort, eight patients (10.9%) had
post-surgical gastroparesis prohibiting them from tolerating
diet. This AE is not uncommon after surgical-GE, reportedly 2%
to 10% in previous studies [18, 20, 25]. Abdominal surgeries,
especially pylorus-preserving operations, are a common trigger
for postoperative gastroparesis. This AE usually occurs when a
patient starts on solid diet. Importantly, gastroparesis was not
observed after EUS-GE in our cohort or in the published litera-
ture, possibly contributing to the higher clinical success rate
observed with EUS-GE [12, 14, 16–18, 20].

We hypothesized that EUS-GE has a lower rate of procedure-
associated morbidity than surgical-GE. Our study demonstrat-

ed a significantly lower AE rate in the EUS-GE group than the
other two modalities. The most common AEs of EUS-GE were
infection (3.4%), followed by stent maldeployment (2.2%) and
bleeding (1.7%). Stent obstruction was the most common AE of
ES (n =12, 9.2%). This AE was much less common in the EUS-GE
group and occurred in one case (0.4%). This could arise from
the loss of the silicone coating covering the LAMS, resulting in
ingrowth of surrounding tissue into the stent lumen. Although
rare, this situation could be salvaged by a stent-in-stent place-
ment endoscopically as previously described [26]. About 25%
of the EUS group had ascites. A previous study [27] showed
comparable clinical success and survival rates between patients
with and without ascites undergoing EUS-GE. The rate of peri-
tonitis/sepsis was 8.3% in the ascites group, compared with
none in the no-ascites group. Further study is needed to deter-
mine the appropriate candidates for EUS-GE with ascites. None-
theless, the risk-benefit discussion with a patient for shared de-
cision-making in the setting of risk mitigation with prophylactic
antibiotic and paracentesis should be exercised.

The significantly lower reintervention rate in EUS-GE group
can be attributed to permanently indwelling coated LAMS,
with only rarely observed overgrowth by mucosal hyperplasia
and almost absent observations of stent ingrowth. Regardless
of the stent designs (covered or uncovered), stent dysfunction
due to ingrowth and overgrowth was frequently observed in
the ES group, which limits stent durability. In the EUS-GE
group, in contrast, stent ingrowth and overgrowth were rarely
observed. Stent occlusions in the EUS-GE group are also rarely
seen, both in 15-mm and 20-mm diameter stent size. Low-fiber
diet was the standard in all stented patients and short length of
LAMS is likely to contribute favorably to the statistically signifi-
cant lower reintervention rate. In the surgical group, most rein-
terventions were related to disease progression, anastomotic
stricture, adhesions, and jejunogastric intussusception.

This study has several limitations inherent in its retrospec-
tive methodology. These include residual confounders that we
could not adjust for in the analysis, selection bias based on the
non-randomized nature of the study, heterogeneity introduced
by inclusion of multiple endoscopists and surgeons, missing
data for some patients, limited follow-up duration, and chang-
es in practice patterns over time. However, we attempted to
adjust for confounders using statistical modeling and we lim-
ited the study to two centers to minimize heterogeneity and
control data quality by cross auditing the data. Second, it also
should be noted that candidates who underwent ES or EUS-GE
might be too ill to undergo surgery, which could lead to selec-
tion bias. Third, most of our cohort (69.7%) died during the
study period secondary to underlying malignancy.

Conclusions
In conclusion, EUS-GE could offer a lower rate of reintervention,
longer patency duration compared to ES, and a lower rate of
AEs compared to ES and surgical-GE with comparable technical
success and higher clinical success rates. However, further
studies are needed to confirm these findings and address the
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optimal EUS-GE technique and patient selection to maximize
technical success and clinical benefits.
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