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Background: Gastric outlet obstruction for benign indications (bGOO) is an uncommon condition, typi-
cally treated with surgery when medical therapy or endoscopic treatments fail. At present, endoscopic
ultrasound (EUS)-guided gastrojejunostomy (GJ) may prove to be an effective alternative.

Aims: We performed a systematic review with meta-analysis evaluating outcomes of EUS-G] for bGOO.

Keywords: Methods: A comprehensive search was conducted up to February 2025. Pooled estimates were obtained
Gastric outlet obstruction using a random-effects model. Study quality was evaluated using the Newcastle-Ottawa quality scale.
Benign Heterogeneity was evaluated with I? statistic. Technical success, clinical success, recurrence rate, and ad-
GOO verse events (AE) rate were the main outcomes.

bGOO Results: Fifteen (15) studies, including a total of 376 patients, were identified. Pooled technical success
EUS was 95.8 % (CI 95 %, 93.8 %-97.8 %, 12 =0 %), while clinical success was 93.4 % (CI 95 %, 90.4 %-96.5 %,

Endoscopic ultrasound 12= 31.83 %). Pooled recurrence rate was 11.6 % (Cl 95 %, 5.5 %-17.7 %, 12=32.36 %). The pooled rate of

gﬂ;t_rg;ejunosmmy AE was 11.6 % (CI 95 %, 6.8-16.5 %, 12 = 57.18 %). Subgroup analyses found differences in safety when AE
Gastroenterostomy classification was used (17 % use vs. 6 % no use, p = 0.02) and based on quality of studies (low 22 % vs.
Endoscopy moderate 10 % vs. high 3 %, p = 0.04).

Conclusion: In conclusion, our findings show that EUS-GJ is effective and safe in those patients with
bGOO in whom other endoscopic treatments fail, and surgery is not an option or could be performed
as bridge-to-surgery. Our results suggest that safety is influenced by the use of AE classification and the

quality of studies.
© 2025 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Gastric outlet obstruction (GOO) commonly occurs in advanced
malignancies (mGOO) involving and infiltrating the duodenum and
pylorus (pancreatic, duodenal, biliary, gastric or ampullary can-
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cers), sometimes concurrently arising with both duodenal and bil-
iary obstruction [1,2]. GOO may also occur in patients with benign
diseases (bGOO), and requires interventions to overcome the symp-
toms [3]. GOO causes debilitating symptoms such as nausea, vom-
iting, inability to tolerate oral intake, and prevents adequate nu-
tritional intake, influencing severely on the patient’s quality of life
(QoL) [4]. At present, endoscopic ultrasound (EUS)-guided gastroe-
jejunostomy (GJ) is a well-known technique used for the treatment
of mGOO, showing encouraging results [5-8]. The rationale for us-
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ing endoscopic treatment lies in its lower risk of complications
and morbidity compared to surgery [9]. Moreover, EUS-G] may also
have an additional role as a bridging procedure (e.g., for nutri-
tional optimization) in the management of bGOO for those patients
who eventually require subsequent surgery. At the moment, only
small specific studies have been published on bGOO [10], and the
proper use of EUS-GJ is still under evaluation for these patients, so
larger sample sizes are essential to reach conclusions on technical
and clinical outcomes in this setting. Therefore, we performed a
systematic review with meta-analysis evaluating technical success,
clinical success, recurrence rate, and safety of EUS-GJ in cases of
benign GOO.

2. Materials and methods

This systematic review with meta-analysis was undertaken to
evaluate outcomes of EUS-GJ for those patients suffering from
benign GOO. The study followed the recommendations of the
Cochrane Collaboration Group [11], according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement [12]. We searched for studies among the main interna-
tional databases, such as PubMed/Medline, Embase, Web of Science
Core Collection (Clarivate), and Cochrane Library up to February
2025, with no lower date limit. These databases were systemat-
ically searched by two independent reviewers (G.E.M.R. and LT.)
for studies assessing technical success of EUS-G]J in cases of bGOO.
There were no restrictions on publication status. The database
searches were supplemented with hand-cross literature searches of
reference lists from potentially eligible articles and, furthermore, in
international conference platforms to find additional eligible ab-
stracts. The strings used for the search included terms such as
GOO, benign gastric outlet obstruction, EUS-G]J, gastrojejunostomy,
gastroenterostomy, EUS-guided anastomosis, etc. (details in Sup-
plementary Materials).

2.1. Inclusion and exclusion criteria

Two authors (G.E.M.R. and S.M.) assessed the eligibility of the
studies, and discordances in eligibility assessment of individual
studies were solved by discussion with a third author (LT.). Stud-
ies were eligible for the meta-analysis if 1) they included patients
with bGOO, 2) patients with bGOO who underwent EUS-guided
gastroenteroanastomosis (EUS-GJ), 3) outcomes of interest (techni-
cal and clinical success) were reported 4) data regarding patients
with bGOO were extractable in cases of cohorts with mixed eti-
ologies (malignant and benign). Exclusion criteria included non-
human studies, case-control studies, case reports, case series (de-
fined as fewer than 5 patients), review articles, non-English publi-
cations, and studies in which essential information was missing or
could not be obtained from the authors.

2.2. Data extraction

Two authors (G.E.M.R. and S.M.) independently extracted study
level and patient-level variables from all the eligible studies. Study-
level data included the name of the first author, publication year,
design, number of centers and duration of follow-up. Patient-level
and technical data included etiology of the benign disease, type of
lumen apposing metal stent (LAMS) placed, technique of EUS-G],
and time to oral feeding, when available.

2.3. Outcomes
The primary outcome was technical success of EUS-GJ with

LAMS placement. Secondary outcomes were clinical success, safety,
and recurrence of GOO symptoms. Definitions of technical success,
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clinical success, and the use of classifications for reporting AE were
extracted. Clinical success had two definitions: 1) a definition spec-
ifying the type of oral diet tolerated after procedure (“definition
1”); 2), and the resolution of symptoms including tolerating oral
feeding after procedure without specifying what kind of diet (“def-
inition 2”).

2.4. Quality assessment

The Newcastle Ottawa Scale (NOS) was used to assess the qual-
ity of the studies [13], with discrepancies resolved by consensus
among researchers. Each parameter in the NOS scale was scored 0
or 1 or 2. Studies with total scores of 8 or greater were classified
as high quality, those with scores between 6 and 7 were classified
as moderate quality, and scores lower than 5 were classified as low
quality.

2.5. Statistical analysis

Pooled estimates were obtained using a random-effects model
with the generic inverse variance method. The method of mo-
ments estimator, proposed by DerSimonian and Laird, was used
to assess between-study variance [14,15]. Meanwhile, heterogene-
ity among study-specific estimates was assessed using the incon-
sistency index (I2) [16], and cut-off points of <30 %, 30-59 %, 60-
75 %, and >75 % were considered to suggest low, moderate, sub-
stantial, and considerable heterogeneities, respectively. Study char-
acteristics were summarized using descriptive statistics. The Hozo
method was used to convert median to mean age, and weighted
mean according to sample size of each study was used to report
descriptive statistics. We considered a priori subgroups based on
study-level variables (number of centers, type of publication, defi-
nition of clinical success, presence of classification of AE, and study
quality). Cochran’s Q test was used for evaluating significant differ-
ences among the subgroups. We calculated pooled rates with 95 %
confidence intervals (CI) for all outcomes of interest. Cochran’s Q
test (interaction test) was used for subgroup differences, and a
p value <0.05 was considered statistically significant. Because of
the low number of studies (and patients) included in the meta-
analysis, meta-regression analysis was not done, as recommended
by the Cochrane Handbook for Systematic Reviews of Interventions
[16]. Funnel plotting was not used to evaluate potential publication
bias due to its inaccuracy for proportions, as reported by Hunter
et al. [17]; as a result, the Doi plot was used for evaluation of pub-
lication bias [18]. We used a combination plot (Doi-Galbraith plot)
for a graphical overview of both study symmetry and heterogene-
ity at a glance. The LFK index was used to quantify the asymmetry
of the Doi plot. All statistics were processed using the statistical
software STATA (Statistics and data science, version 18, College Sta-
tion, Texas, 77,845, USA).

3. Results

Our primary search identified 70 articles. We excluded 39 stud-
ies because they were not consistent with our aim, including re-
views, editorials, and letters to the editor. In addition, duplicate ar-
ticles were removed. After the identification and screening process,
22 of the initial studies were reviewed for inclusion and exclusion
criteria (Supplementary Figure S1). Finally, 15 studies, including a
total of 376 patients, were selected for meta-analysis. Eleven stud-
ies [10,19-28] were full publications, all of which were retrospec-
tive, four single center [22,24,26,29], three bicenter [19,21,25], and
four multicenter [10,20,23,28]. Four studies were abstracts [29-32],
three of which recently presented at two of the main international
consensus conferences worldwide (European Society of Gastroin-
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testinal Endoscopy [ESGE] and Days and Digestive Diseases Week
[DDW] 2024).

3.1. Clinical and technical findings

Weighted mean age was 59.0 years. Etiology varied across the
studies, moving from more common chronic pancreatitis (CP) to
strictures either due to peptic ulcers or at post-surgical anasto-
motic site (Table 1). Two studies did not report the type of LAMS
placed [29,31], while all the others used Axios type (Boston Sci-
entific). Six studies [19,20,22,24,26,28] specified whether patients
had previous endoscopic treatments (endoscopic dilation or enteral
stenting; Supplementary Table 1). The definition of technical suc-
cess was conceptually homogeneous among the studies reporting
it (defined mostly as “the adequate positioning and deployment
of the stent as determined endoscopically and confirmed radio-
logically”), while the definition of clinical success differed among
studies. Specifically, 7 studies [21,22,24,25,27,28,30] reported def-
inition 1, and eight studies [10,19,20,26,29-32] definition 2 (Sup-
plementary Table 2). Five studies did not report any AE classi-
fication system, while 7 [20-22,24-26,28] used the ASGE (Amer-
ican Society of Gastrointestinal Endoscopy) lexicon grading sys-
tem [33], and two [10,27] applied the AGREE classification for
severity of AE [34]. Kahaleh et al. [23] used a “Classification of
Adverse Events as per Surgical Complications Grade Definition”.
More details regarding AE are reported in Supplementary Table
3. Six studies [19,20,24,26,28,30] reported the rate of LAMS dila-
tion, ranging from 100 % in two studies [19,24] to 9.1 % in one of
the latest studies [28]. The stent removal time was reported in 5
studies [10,22,26,28,32] either as mean or median. The weighted
mean of stent removal time among studies was 136.16 days after
converting the median applying the Hozo method.

3.2. Outcomes

3.2.1. Technical success

The pooled technical success was 95.8 % (CI 95 %, 93.8 %—97.8 %,
Fig. 1A), in the absence of heterogeneity (I2=0 %). Thirteen stud-
ies [10,19,20,22,24-30,32] reported the technique used for EUS-GJ,
including balloon-assisted, oro-jejunal tube-assisted, EUS-guided
double-balloon-occluded gastrojejunostomy bypass (EPASS), direct
gastroenterostomy, and free-hand technique. Subgroups analysis of
technical success showed no significant differences among sub-
groups (Supplementary Figure S2).

3.2.2. Clinical success and recurrence

The pooled clinical success was 93.4 % (CI 95 %, 90.4 %—96.5 %,
Fig. 1B), with a low heterogeneity (I2= 31.83 %). According to the
type of publication, the pooled clinical success for studies in ab-
stract form was 88.3 % (CI 95 %, 80.8 %$—95.9 %, 2=54.67 %), while
it was 96.3 % (CI 95 %, 93.7 %—99 %, 12=0 %) for full publications
(p = 0.05) (Fig. 2A). Subgroups according to study design showed
that studies involving one or two centers had a pooled clinical suc-
cess of 97.1 % (CI 95 %, 94.3 %—100 %, 12=0 %), while multicenter
studies showed a clinical success of 89.3 % (CI 95 %, 83.7 %—94.8 %,
12=48.32 %, p = 0.014, Fig. 2B). Recurrence of symptoms was re-
ported in 8 studies [10,19-22,24,28,32], showing a pooled rate of
11.6 % (CI 95 %, 5.5 %—17.7 %, 12°=32.36 %, Fig. 3) in a weighted
mean of follow-up of 409.64 days. Mean follow-up varied across
the studies, moving from a mean of 150 days to 832 days. No
significant differences were identified in the subgroup analysis re-
garding the pooled recurrence rate (Supplementary Figure S4).

3.2.3. Safety
Safety, in terms of pooled AE rate , was 11 .6 % (CI 95 % , 6.8-
16.5 %, Fig. 4A), with a substantial heterogeneity (I2= 57.18 %). De-
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tails of reported AE are shown in Supplementary Table 3. Accord-
ing to subgroup analysis, the pooled AE rate was 8.6 % (CI 95 %,
3.2 %—14 %, 12=21.91 %) in studies involving one or two centers,
while it was 7.4 % (Cl 95 %, 45 %—10.4 %, 12=74.63 %) among
multicenter studies (Supplementary Figure S5A). The pooled AE
rate was 7 % (ClI 95 %, 3 %—10. %) in the subgroup of abstracts,
while it was 16 % (CI 95 %, 8 %—25 %) among full publication
studies, resulting significantly different (p = 0.04, Supplementary
Figure S5B). Studies using an AE classification system (e.g., ASGE
or AGREE) had a pooled AE rate of 17 % (CI 95 %, 9 %-26 %,
12=68.93 %), which was significantly different (p = 0.002) from
those studies which did not report it (6 %, Cl 95 %, 3 %—10 %,
12=0 %, Fig. 4B).

3.3. Quality assessment

According to the NOS, 1 [10] study was of high quality, 12 stud-
ies [19-22,24-28,30-32] were of moderate quality, and 2 of low
quality [23,29] (Supplementary Table 4). When evaluating clini-
cal success among the subgroups according to quality, those stud-
ies with moderate quality showed a clinical success of 92 % (CI
95 %, 87 %—96 %, 12=44.5 %), which was not significantly differ-
ent (p = 0.39) compared to those with low quality (97 %, CI 95 %,
91 %—100 %, 12)=0 %, Supplementary Figure S6). When evaluat-
ing safety according to quality, significant differences were seen
(p = 0.043) among studies with moderate quality (AE rate: 9.9 %,
Cl 95 %, 6.5 %—13.3 %, 12°=0 %), high quality (1 study, 2.6 %, CI 95 %,
0 %-7.5 %) and low quality studies (21.5 %, CI 95 %, 0 %—59.9 %,
12=93.9 %, Supplementary Figure S7).

3.4. Publication bias

Graphical evaluation of the combined Doi-Galbraith plots
showed asymmetric distribution of the studies in all the outcomes,
suggesting the presence of publication bias. The Doi-Galbraith plot
of technical success is shown in Fig. 5, while those regarding clini-
cal success, recurrence, and safety are reported in the Supplemen-
tary Materials (Supplementary Figure S8). Moreover, the LFK in-
dex was —0.03 for technical success, and —0.28 for clinical success,
suggesting the absence of publication bias [35].

4. Discussion

EUS-G]J for the treatment of GOO is spreading globally, particu-
larly in cases of malignancy, helping to effectively achieve relief of
symptoms, and quickly focus on oncologic outcomes [8]. Data re-
garding the application of EUS-GJ for bGOO have also been slowly
increasing worldwide since 2015, when Khashab et al. treated 7
patients with EUS-GJ [19]. Thus far, benign conditions causing GOO
have rarely been treated with EUS-GJ, likely due to the low inci-
dence and lack of robust data regarding this specific clinical set-
ting, especially regarding long-term outcomes, and the off-label
use of LAMS. Our systematic review highlighted that benign condi-
tions causing GOOs are post-ulcer stenosis, acute pancreatitis, pan-
creatic fluid collections (PFCs), radiation-induced stricture, caus-
tic ingestion, benign tumor, Crohn’s disease, and eosinophilic gas-
troenteritis [36,37]. Obstruction is the least common complication
of peptic ulcer disease, occurring in approximately 2 % of cases.
Even in patients with Zollinger-Ellison syndrome, 10 % of whom
develop duodenal or pyloric strictures, GOO rarely occurs [38].
Chronic pancreatitis and, to a lesser extent, severe acute pancre-
atitis, can cause gastrointestinal (GI) or duodenal obstruction [10],
so we more commonly found CP as cause of bGOO among the in-
cluded studies. Notably, GI obstruction is rare as a clinical presen-
tation in cases of CP compared to other CP-related complications
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Table 1
Characteristics of the studies included in the meta-analysis.
First author, Design Overall Patients with  Age, years Male sex, n (%) Etiology of bGOO Type of LAMS Follow-up length Quality
Year patients, n bGOO, n Mean (SD or assessment
IQR)
Khashab, 2015 Retrospective, 10 7 49.85 + 3.72 5(71.4 %) Chronic pancreatitis: 3; NSAID stricture: 1; Axios, 15 mm Mean 150 days 6
bicenter Peptic stricture: 1 (range 96-227 days)
Duodenal Hematoma: 1; SMAS: 1
Chen, 2018 Retrospective, 26 26 57.7 £ 13.9 14 (53.8 %) Chronic pancreatitis: 11; Surgical anastomosis: ~ Axios 15 mm (2, Median 176.5 (IQR: 7
multicenter 6; Peptic ulcer disease: 5; Acute pancreatitis: 7.7 %); 47 - 445.75)
1; SMAS: 1. Hot Axios 15 mm
(24, 92.3 %)
Kerdsirichairat, Retrospective, 57 9 NR NR Peptic stricture (n = 2, 3.5 %); Surgical Axios Median 319.5 days 7
2019 bicenter anastomotic stricture (n = 2, 3.5 %); SMAS (IQR 168.8 - 598
(n =1, 1.7 %); Small bowel Crohn’s disease days)
(n =1, 1.7 %); Severe adhesion (n = 1, 1.7 %);
Severe intramural duodenal hematoma from
acute pancreatitis (n = 1, 1.7 %); Caustic injury
(n=1,17%)
James, 2020 Retrospective, 22 22 542 + 134 13 (59.1 %) Peptic stricture (n = 5; 22. 7 %); Anastomotic Axios, 15 mm (16, Mean 564 days (+ 7
single center stricture (n = 4; 18. 2 %); Duodenal hematoma  76.2 %) and 20 mm  381)
(n = 3; 13. 6 %); Recurrent acute pancreatitis (5, 23.8 %).
(n = 1; 4. 5 %); Chronic pancreatitis (n = 4;
18. 2 %); Pancreatic pseudocyst (n = 1; 4. 5 %)
and walled off pancreatic necrosis (n = 4;
18.2 %)
Sameera, 2020" Retrospective, 72 17 579 £ 21.5 10 (58.8) Groove pancreatitis (n 14); SMA syndrome (n NR NR 4
single center 1) = postsurgical inflammation (n 1) fl= Other
(n1)
Sobani, 2021 Retrospective, 33 8 44.75+19.51 4 (50 %) Peptic stricture (n 4) = chronic pancreatitis (n Axios, 20 mm Mean 7
single center 2) = SMA syndrome (n 2) (n =8, 100 %) 291.75 £ 211.40
days
Havre, 2021 Retrospective, 56 5 68.4 + 8.20 5 (100 %) Aorto-duodenal syndrome (n = 2); Chronic Axios Median 26 (20-135) 7
bicenter pancreatitis (n = 3) weeks
Kahaleh, 2023 Retrospective, 103 31 58 £ 16.2 19 (61 %) Stricture from various causes” Axios, 15 mm Mean 6.4 months 5
multicenter (n =10, 32 %),
20 mm (n = 21,
67.7 %)
[Cautery tip in
67 .7 %]

(continued on next page)
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Table 1 (continued)

First author, Design Overall Patients with Age, years Male sex, n (%) Etiology of bGOO Type of LAMS Follow-up length Quality
Year patients, n bGOO, n Mean (SD or assessment
IQR)
Rizvi, 2023¢ Retrospective, 72 72 548 +17.8 42 (58 %) Surgical anastomotic stricture (n = 14; 1 9 %); Axios, 20 mm Mean 426.3 7
multicenter Peptic stricture (n = 12; 1 7 %); Chronic (n = 40, 59 %) (+443.9) days
pancreatitis (n = 11; 1 5 %); Acute pancreatitis
(n=29;13%); SMAS (n =7; 10 %); Caustic
stricture (n = 4; 6 %); Crohn’s disease stricture
(n = 2; 3 %); Duodenal hematoma (n = 2; 3 %)
Abel, 2024 Retrospective, 48 18 63.6 + 13.25 11 (61.1 %) Pancreatitis (n = 6); NSAID induced stricture Axios, 20 mm NR 6
single center (n = 4); Peptic stricture (n = 2); SMA (n=14,77.8 %),
syndrome (n = 3) radiation-induced stricture 15 mm (n = 4,
(n = 1); Anastomotic stricture (n = 1) 222 %)
duodenal hematoma (n = 1)
Fimiano. 2024* Retrospective, 8 8 62.75 + 11.69 6 (75 %) Acute pancreatitis (n = 2); Groove pancreatitis ~ NR Mean 12 (+ 6) 6
single center (n = 1); Chronic pancreatitis (n = 3); months
Post-surgical stricture (n = 1); Peptic disease
(n=1)
Martinez-Ortega, Retrospective, 69 69 62.96 + 194 50 (73 %) Intraluminal GI stricture (11 peptic, 3 Axios 20 mm Median 1.2 years 6
2024 multicenter anastomotic, 1 other) (n =50, 72 %) (IQR 0.33-1.3)
Wannbhoff, 2024 Retrospective, 39 39 (median 55 24 (63.1 %) Biliary pancreatitis (n 14) = Alcoholic Axios, 10 mm Median 23 months 8
multicenter 27-76) pancreatitis (n 13) = Post-ERCP pancreatitis (n (n = 1), 15 mm (range 3-45)
53.25 + 8.17% 3) = Pancreatitis - other (n 8) (n=17), 20 mm
(n=17)
Gonzalez, 2024 Retrospective, 87 34 53.22 + 17.39 18 (52.9 %) Chronic pancreatitis (n = 9); Gastroparesis Hot Axios, 20 mm Mean 27.76 (+ 6
single center (n = 16); Aorto-mesenteric pince (n = 1); (n =34, 100 %) 94.46) months
Crohn’s disease (n = 2); Caustic (n = 1);
Surgical dysfunction GJ (n = 2)
Rizzo, 2025 Retrospective, 216 11 682 £ 174 4 (364 %) Chronic pancreatitis stricture 6 (54. 5 %); Axios, 15 mm Median 200 (IQR 6

multicenter

Pyloric stricture after chemotherapy 2

(18. 2 %); Anastomotic stricture 1 (9. 1 %);
Peptic stricture 1 (9. 1 %); Fluid collection after
surgery causing compression 1 (9. 1 %)

(n =5, 45.5 %)
20 mm (n = 6,
54.5 %)

482) days

* Abstract at ESGE Days 2024;.
§ Abstract at DDW 2024;"Abstract;.
# Authors did not specify the benign etiologies,.

° data from 25 patients with follow-up of >3 months,.
& mean and standard deviation were calculated using the Hozo methodbGOO: benign gastric outlet obstruction; AE: adverse events; SD: standard deviation; IQR: interquartile range; EUS: endoscopic ultrasound; LAMS:

lumen-apposing metal stent; NSAID: non-steroidal anti-inflammatory drugs; SMAS: superior mesenteric artery syndrome; GI: gastrointestinal; NS: not specified; NR: not reported.
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A Overall technical success

Proportion Weight
Study Events Total with 95% Cl (%)
Khashab, 2015 7 7 0.94[0.77, 1.00] 1.41
Chen, 2018 25 26 —®—0.96[0.89, 1.00] 7.26
Kerdsirichairat, 2019 8 9 0.89[0.68, 1.00] 0.94
James, 2020 21 22 —®—0.95[0.87, 1.00] 5.23
Sameera, 2020 i 17 ——0.97[0.90, 1.00] 6.88
Sobani, 2021 8 8 —=1——0.94[0.79, 1.00] 1.77
Havre, 2021 5 5 0.92[0.70, 1.00] 0.81
Abel, 2024 18 18 —®—0.97[0.90, 1.00] 7.65
Kahaleh, 2023 25 31 = 0.81[0.67, 0.95] 2.05
Rizvi, 2024 70 72 0.97[0.93, 1.00] 27.52
Fimiano, 2024 8 8 0.94[0.79, 1.00] 1.77
Martinez-Ortega, 2024 67 69 0.97[0.93, 1.00] 25.30
Wannhoff, 2024 36 39 —®———0.92[0.84, 1.00] 5.67
Gonzalez, 2024 31 34 —®———0.91[0.82, 1.00] 4.36
Rizzo, 2025 10 11 . 0.91[0.74, 1.00] 1.37
Overall <€ 0.96[0.94, 0.98]

Heterogeneity: T° = 0.00, I’ = 0.00%, H* = 1.00
Test of 8, = 6;: Q(14) = 8.43, p = 0.87
Testof 6 =0:z=94.29, p=0.00

B Overall clinical success

Proportion Weight
Study Events Total with 95% Cl (%)
Khashab, 2015 7 7 —L— 0.94[0.77, 1.00] 2.98
Chen, 2018 21 25 —®—— 0.84[0.70, 0.98] 3.89
Kerdsirichairat, 2019 7 8 —=—— 0.88[0.65, 1.00] 1.69
James, 2020 21 21 -l 0.98[0.91, 1.00] 12.25
Sameera, 2020 17 17 —l 0.97[0.90, 1.00] 9.86
Sobani, 2021 8 8 —®— 0.94[0.79, 1.00] 3.63
Havre, 2021 5 5 —=— 0.92[0.70, 1.00] 1.81
Abel, 2024 17 18 0.94[0.84, 1.00] 6.32
Kahaleh, 2023 24 25 TI 0.96[0.88, 1.00] 9.73
Rizvi, 2024 57 70 —— 0.81[0.72, 0.91] 7.82
Fimiano, 2024 7 8 —®&——— 0.88[0.65, 1.00] 1.69
Martinez-Ortega, 2024 60 67 —lH— 0.90[0.82, 0.97] 10.29
Wannhoff, 2024 34 36 —l— 0.94[0.87, 1.00] 10.03
Gonzalez, 2024 32 32 4l 0.98[0.94, 1.00] 16.88
Rizzo, 2025 7 10 = 0.70[0.42, 0.98] 1.13
Overall —<€—0.93[0.90, 0.97]
Heterogeneity: 7= 0.00, 1> = 31 .83%, H? =147
Test of 0, = 6;: Q(14) = 20.54, p = 0.11
Testof 6 = 0: z=59.26, p = 0.00

4 6 .8 1

Fig. 1. Forest plots showing: A) overall technical success; B) overall clinical success.
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A Clinical success - subgroup analysis
Proportion Weight

Study Events Total with 95% CI (%)
Abstract form
Rizvi, 2024 57 70 ] 0.81[0.72, 0.91] 7.82
Fimiano, 2024 7 8 S 0.88[0.65, 1.00] 1.69
Martinez-Ortega, 2024 60 67 1= 0.90[ 0.82, 0.97] 10.29
Sameera, 2020 17 17 — 0.97[0.90, 1.00] 9.86
Heterogeneity: T° = 0.00, I’ = 56.72%, H” = 2.31 < - 0.90[ 0.82, 0.97]
Test of 8 = 6 Q(3) =6.93, p = 0.07
Testof 6= 0:z = 23.73, p= 0.00
Full publication
Khashab, 2015 7 7 - 0.94[0.77, 1.00] 2.98
Chen, 2018 21 25 —.— 0.84[0.70, 0.98] 3.89
Kerdsirichairat, 2019 7 8 o 0.88[0.65, 1.00] 1.69
James, 2020 21 21 - 0.98[0.91, 1.00] 12.25
Kahaleh, 2023 24 25 =1 0.96[0.88, 1.00] 9.73
Rizzo0, 2025 7 10 D 0.70[0.42, 0.98] 1.13
Sobani, 2021 0.94[0.79, 1.00] 3.63
Havre, 2021 0.92[0.70, 1.00] 1.81
Abel, 2024 17 18 0.94[0.84, 1.00] 6.32
Wannhoff, 2024 34 36 0.94[ 0.87, 1.00] 10.03
Gonzalez, 2024 32 32 ' 0.98[0.94, 1.00] 16.88
Heterogeneity: T° = 0.00, I = 0.00%, H* = 1.00 @ 0.96[ 0.93, 0.99]
Test of 8 = 6; Q(10) = 8.59, p = 0.57
Testof6=0:z=71.76,p=0.00
Overall —— 0.93[0.90, 0.97]
Heterogeneity: T° = 0.00, I” = 31.83%, H’ = 1.47
Test of 6 = 67 Q(14) = 20.54, p = 0.11
Test of 6 = 0: z = 59.26, p = 0.00
Test of group differences: Qs(1) =2.67, p=0.10

4 6 8 1 12

Fig. 2. Subgroup analyses regarding clinical success according to: A) type of publication B) study design.

like pain, jaundice or pseudocysts. In fact, the CP-related GI ob-
struction can be caused by an underlying pancreatic cancer, even
if it is not known at the time of obstructive clinical presenta-
tion. Additionally, other systemic complications of CP, such as pan-
creatic exocrine and endocrine insufficiency, chronic inflammation,
and dysbiosis can contribute as concurrent and additional factors
related to the development of GI obstruction symptoms. Therefore,
a multidisciplinary approach in tertiary centers is fundamental in
determining the best treatment.

Patients with bGOO requiring EUS-GJ have mostly been those
who have experienced failure of other endoscopic treatments (e.g.,
dilation or enteral stenting) as identified in 6 studies in our analy-
sis [19,20,22,24,26,28], or those who are unfit for surgery or refuse
it. EUS-GJ can sometimes become a bridging therapy, as specified
in one of the included studies [32], showing the use of EUS-G] as
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transitory treatment for 23.2 % of patients. Consequently, data are
scarce, and come from retrospective series, some of which were
recently presented as abstracts in international conferences [29-
32]. Therefore, providing robust data regarding interventional en-
doscopy for bGOO is mandatory for the evolutional era of inter-
ventional endoscopy. Our systematic search identified 15 studies,
including 376 patients, which showed a high technical and clini-
cal success, 95.8 % and 93.4 %, respectively. Unfortunately, all of
the studies were retrospective, thus potentially containing miss-
ing data. Nonetheless, there was low heterogeneity for the primary
outcomes, reflecting similar results among the included studies,
while it was significantly moderate for the AE rate (I2= 57.18 %).
A recent and similar meta-analysis has been published [39],
though it has many limitations: debatable data extraction, inter-
pretation, and analyses, probably resulting in weaker results than
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B Clinical success - subgroup analysis

Proportion Weight
Study Events Total with 95% CI (%)
Multicenters
Chen, 2018 21 25 ——®—— 0.84[0.70, 0.98] 3.89
Kahaleh, 2023 24 25 M- 096[088 100] 973
Rizvi, 2024 57 70 = = 081[0.72, 0.91] 7.82
Martinez-Ortega, 2024 60 67 B 090[082 097] 10.29
Rizzo, 2025 7 10 . 0.70[0.42, 098] 1.13
Wannhoff, 2024 34 36 B 094[087, 1.00] 10.03
Heterogeneity: T = 0.00, I” = 48.32%, H' = 1.94 —@»——0.89[ 0.84, 0.95]
Test of & = 6 Q(5) = 9.68, p = 0.08
Test of 8 = 0: z = 31.30, p = 0.00
One or two centers
Khashab, 2015 7 ———®— 094[0.77, 1.00] 298
Kerdsirichairat, 2019 = 088[065 100] 169
James, 2020 21 21 — 098[091, 1.00] 12.25
Fimiano, 2024 7 8 @ 088[065 100] 169
Sameera, 2020 17 17 — 097[090, 1.00] 9.86
Sobani, 2021 8 B 094[079 100] 363
Havre, 2021 5 5 0.92[0.70, 1.00] 1.81
Abel, 2021 17 18 B 094[084, 100] 632
Gonzalez, 2024 32 32 M 098[094, 1.00] 1688
Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00 @ 0.97[0.94, 1.00]
Test of 6 = 6 Q(8) =2.56, p = 0.96
Test of & = 0: z = 66.90, p = 0.00
overall —4— 0.93[0.90, 0.97]

Heterogeneity: T~ = 0.00, I = 31.83%, H* = 1.47
Test of 6 = 6; Q(14) = 20.54, p = 0.11
Test of 6 = 0: z = 59.26, p = 0.00

Test of group differences: Qs(1) =6.05, p = 0.01

4

6

Fig. 2. Continued

ours. Specifically, our study included a higher number of studies
(15 vs. 10) and consequently higher number of patients (376 vs.
181), highlighting differences in the research process and criteria.
Indeed, authors report definitions of clinical and technical success
among the inclusion criteria, even if the definitions differ among
studies; for this reason we reported the subgroup analysis. Fur-
thermore, they did not specify that one study was not a full pa-
per [29], while we included a total of four abstracts thanks to a
deeper research, also performing a subgroup analysis for explor-
ing differences with full publication papers. It is worth noting that
clinical success is slightly lower and heterogeneous among studies
in abstract form (90 %; 12=56.72 %) compared to full papers (96 %;
12=0 %), though the differences are not significant (p = 0.10). How-
ever, it could suggest less care in extracting and evaluating data
when presenting an abstract. We should pay attention when in-
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terpreting these results until full papers are available. In addition,
the authors of the similar meta-analysis [39] did not report evalua-
tion of publication bias, which we analyzed deeply using adequate
plots for meta-analysis of proportions (Doi-Galbraith plot) associ-
ated with quantitative evaluation of the asymmetry (LFK index),
which did not show publication bias. Our results differ slightly
from their analyses, depending also on differences in the method-
ology: they evaluated clinical success using the total number of
patients as denominator, even if the denominator should be the
total number of technically successful procedures. Moreover, they
considered total patients as denominator for the analysis of recur-
rence and reintervention. Since recurrence can be evaluated only
in those patients achieving clinical success, our analysis considered
the number of patients with clinical success after the procedure as
denominator for the pooled rate of recurrence. Incidentally, the de-
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Overall recurrence

Proportion Weight

Study Events Total with 95% Cl (%)
Khashab, 2015 0 7 = R 0.06 [ 0.00, 0.23] 11.01
Chen, 2018 1 21 . B 0.05[0.00, 0.14] 22.33
Kerdsirichairat, 2019 3 7 ] 0.43[0.06, 0.80] 2.96
James, 2020 5 21 . 0.24[0.06, 0.42] 9.75
Sobani, 2021 0 8 S R 0.06 [ 0.00, 0.21] 12.90
Martinez-Ortega, 2024 7 60 - 0.12[0.04, 0.20] 24.49
Wannhoff, 2024 4 25 -om 0.16[0.02, 0.30] 13.61
Rizzo, 2025 3 7 . 0.43[0.06, 0.80] 2.96
Overall — 0.12[0.06, 0.19]
Heterogeneity: T° = 0.00, I’ = 35.24%, H’ = 1.54

Test of 6 = 6 Q(7) = 10.81, p = 0.15

Testof 8=0:z=3.69, p=10.00

0

2 4 .6 .8

Fig. 3. Forest plots for overall recurrence of symptoms.

nominator of one study [10] differed from the number of clinical
successes, as specified by the authors, who reported 4 recurrences
among those patients (n = 25) with >3 months of follow up. The
latter points, added to our higher number of studies (n = 8 vs.
n = 6 for recurrence), explains our different pooled rate (12 % vs.
7 %).

However, at present no clear predictors of EUS-G] success have
been identified in benign disease causing GOO. Therefore, we per-
formed subgroup analyses to identify variables, which may signifi-
cantly impact the estimated rates, to ensure the robustness of the
results, stimulating new hypotheses regarding factors influencing
the results, and providing potential foundations for future research.

A Overall safety

Proportion Weight
Study AEs Total with 95% ClI (%)
Khashab, 2015 0o 7 - 0.06 [ 0.00, 0.23] 5.37
Chen, 2018 3 26 —— 0.12[0.00, 0.24] 7.69
Kerdsirichairat, 2019 4 9 = 0.44[0.12, 0.77] 1.93
James, 2020 3 22 —u— 0.14[0.00, 0.28] 6.51
Sameera, 2020 0 17 - 0.03[0.00, 0.10] 11.12
Sobani, 2021 1 8 —.— 0.12[0.00, 0.35] 3.44
Havre, 2021 1 5 = 0.20[0.00, 0.55] 1.68
Abel, 2024 3 18 —— 0.17[0.00, 0.34] 5.19
Kahaleh, 2023 13 31 —— 0.42[0.25, 0.59] 5.13
Rizvi, 2024 4 72 s X 0.06 [ 0.00, 0.11] 12.96
Fimiano, 2024 1 8 — - 0.12[0.00, 0.35] 3.44
Martinez-Ortega, 2024 7 69 —- 0.10[0.03, 0.17] 11.50
Wannhoff, 2024 1 39 [ 3 0.03[0.00, 0.08] 13.21
Gonzalez, 2024 6 34 — 0.18[0.05, 0.30] 7.37
Rizzo, 2025 2 M . 0.18[0.00, 0.41] 3.47
Overall o — 0.12[0.07, 0.16]
Heterogeneity: 1° = 0.00, I* = 57.18%, H = 2.34
Test of 6, = §;: Q(14) = 32.70, p = 0.00
Testof 6=0:z=4.73, p=0.00

2 A4 .6 8

Fig. 4. Forest plots for safety: A) overall safety; B) subgroup analysis based on the use of AE classification system.
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Safety

Adverse Proportion Weight
Study Events Total with 95% CI (%)
AEs classification reported
Chen, 2018 3 26 ] 0.12[0.00, 0.24] 7.69
Kerdsirichairat, 2019 4 9 2 0.44[0.12, 0.77) 1.93
James, 2020 3 22 [l 0.14[0.00, 0.28]  6.51
Kahaleh, 2023 13 31 e 0.42[0.25 059 513
Rizz0, 2025 2 11 . 0.18[0.00, 0.41] 3.47
Sobani, 2021 1 N 0.12[0.00, 0.35] 3.4
Havre, 2021 1 0.20[0.00, 0.55] 1.68
Abel, 2024 3 18 ‘n 0.17[0.00, 0.34] 5.19
Wannhoff, 2024 1 39 [ 0.03[0.00, 0.08] 13.21
Gonzalez, 2024 6 34 x| 0.18[0.05, 0.30] 7.37
Heterogeneity: T = 0.01, I” = 68.93%, H’ = 3.22 . 0.17[ 0.09, 0.26]
Test of 6, = 6; Q(9) = 28.97, p = 0.00
Testof 6 = 0: z = 3.90, p = 0.00
Not reported
Khashab, 2015 0 7 R 0.06[0.00, 0.23] 537
Rizvi, 2024 4 72 ] 0.06[0.00, 0.11] 12.96
Fimiano, 2024 1 8 . 0.12[0.00, 0.35] 3.44
Martinez-Ortega, 2024 7 69 B 0.10[0.03, 0.17] 11.50
Sameera, 2020 0 17 [ B 0.03[ 0.00, 0.10] 11.12
Heterogeneity: T° = 0.00, I” = 0.00%, H” = 1.00 4 0.06 [ 0.03, 0.10]
Test of & = 6; Q(4) = 2.30, p = 0.68
Testof 6= 0: z = 3.45, p=0.00
Overall - @ 0.12[ 0.07, 0.16]
Heterogeneity: T° = 0.00, I” = 57.18%, H* = 2.34
Test of 8 =6;: Q(14) = 32.70, p=0.00
Testof86=0:z2=4.73,p=0.00
Test of group differences: Qs(1) = 5.32, p=0.02

0 5 :

Fig. 4. Continued

Unfortunately, we did not find significant differences among the a
priori subgroups when exploring factors influencing technical suc-
cess. In addition, we could not evaluate more deeply further tech-
nical factors, though some were partially reported, such as the
type of LAMS used: (the Axios type [Boston Scientific] was the
LAMS used among all studies reporting it), the stent diameter (20
or 15 mm) or the tip (with or without cautery), so we can limit
our analysis only to a descriptive evaluation (Table 1). Overall, the
LAMS diameter used among the older studies was mainly the 15-
mm, while the larger one slightly increased to be more frequently
used among the most recent studies, both because initially the
20-mm was not available, and because the operators likely devel-
oped higher confidence in the technique and the safety profile over
time from its use in mGOO [40,41]. In the future, we will likely
use mostly the 20-mm LAMS for EUS-GJ. However, the moderate
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heterogeneity seen in clinical success (I12=31.83 %) was partially
based on the variety of its definition, such as “definition 1,” spec-
ifying the type of post-procedural diet, which had a lower clini-
cal success (92 %), while those that did not generally report the
post-procedural resumption of feeding had a higher rate (94 % for
“definition 2”). It is also fundamental to standardize how to re-
port clinical success, including timeframe in the definition, which
was specified only in 4 studies [23,24,26,27]. In addition, clinical
success significantly differed (p = 0.01) depending on the number
of centers, so it was higher (97 %) among single/bicenter studies,
compared to multicentric studies (89 %). Gathering data on this
novel approach in a single center or between two centers could
lead to a reduction in the differences in the management and op-
erators’ learning curve, which seems to impact outcomes. This hy-
pothesis might also explain the heterogeneity among multicentric
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Fig. 5. Graphical evaluation of publication bias through Doi plot (including LFK in-
dex) for technical success.

studies (12=48.32 %), which was not present among the single-
center/bicentric studies (I2=0 %).

The recurrence rate (12 %) could well indicate that those pa-
tients who achieve clinical success (denominator of recurrence) do
not experience recurrence in most cases, given that some recur-
rence was due to reinterventions for stent cleaning of food im-
paction, as reported in 3 studies [20-22]. Therefore, adequate diet
indications and patient support during follow-up might also reduce
this rate. Prospective studies with adequate long-term follow-up
may confirm this hypothesis, and should also focus on finding pre-
dictors of long-term clinical success. In fact, some authors [21,22]
reported that clinical recurrences in patients undergoing a reinter-
vention did not show stent dysfunction, food impaction, or any
other stent-related issue, so it is likely that the patients’ symp-
toms were related to other functional conditions, such as gastro-
paresis, and were finally treated either by prokinetic medications
or by percutaneous gastrostomy.

Our findings showed an acceptable safety profile (AE rate 1 2 %),
even if heterogeneity was moderate, as mentioned above. On the
other hand, surgery for bGOO showed a 33 % rate of post-surgical
AE (43). Our subgroup analysis found significant differences among
studies reporting AE according to standardized classifications and
those which did not use classification systems (AE rate 17 % vs.
12 %, respectively, p = 0.02). This could plausibly be explained by
the fact that when using standard definitions it easier to identify
and report an AE, which leads to a reduction in missing data, thus
increasing the rate, and an AE could likely be missed without the
application of standardized classifications in the internal protocols
of the centers.

To our knowledge, our meta-analysis is the largest and the most
analytical in the evaluation the efficacy and safety of this EUS-GJ
for bGOO. Our study has the strength of having low heterogene-
ity among the included studies; furthermore, the sensitivity anal-
yses allowed investigation of those variables that could influence
the outcomes. Moreover, no publication bias was identified for the
main outcomes (technical and clinical success), increasing the re-
liability of our study. Conversely, the limitations include the ret-
rospective nature of all the studies available in the literature, and
that some included studies had few patients, even if small-study
bias was identified only when evaluating safety and recurrence.
Larger studies may resolve this bias for the latter outcomes in fu-
ture analyses. Another limitation regards the lack of individual data
that would allow a sensitivity analysis based on the etiology of
bGOO, which could lead to a better selection of patients who are
candidates for EUS-GJ.

In conclusion, EUS-GJ is effective and safe in those patients with
bGOO. Our results highlight that using classification systems for
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AE and improving the quality of studies influence the pooled rate
of safety. Further attempts at identifying the best management of
this condition are imperative to standardize the definition of clin-
ical success and to identify proper outcomes in this setting. Other
outcomes, such as the patient QoL or nutritional status are still un-
explored, so future prospective studies with long-term follow-up
should also focus on these and on further technical features, such
as the removal time of the stent, and whether it is beneficial to
exchange the stent in select patients.
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