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ABSTRACT

Background and study aims Surgical gastroenterostomy

(SGE) has been the mainstay treatment for gastric outlet

obstruction (GOO). The emergence of endoscopic ultra-

sound-guided gastroenterostomy (EUS-GE) presents a less

invasive alternative for palliation of GOO. We conducted a

comprehensive review and meta-analysis to compare the

effectiveness and safety of EUS-GE compared to SGE.

Methods Multiple electronic databases and conference

proceedings up to April 2021 were searched to identify

studies that reported on safety and effectiveness of EUS-

GE in comparison to SGE. Pooled odds ratios (ORs) of tech-

nical success, clinical success, adverse events (AE) and re-

currence, and pooled standardized mean difference (SMD)

of procedure time and post-procedure length of stay (LOS)

were calculated. Study heterogeneity was assessed using I2

and Cochran Q statistics.

Results Seven studies including 625 patients (372 EUS-GE

and 253 SGE) were included. EUS-GE had lower pooled odds

of technical success compared with SGE (OR 0.19, 95% con-

fidence interval [CI] 0.06–0.60, I2 0%). Among the techni-

cally successful cases, EUS-GE was superior in terms of clin-

ical success (OR 4.73, 95% CI 1.83–12.25, I2 18%), lower

overall AE (OR 0.20, 95% CI 0.10–0.37, I2 39%), and shorter

procedure time (SMD –2.4, 95% CI –4.1, –0.75, I2 95%) and

post-procedure LOS (SMD –0.49, 95% CI –0.94, –0.03, I2

78%). Rates of severe AE (0.89, 95% CI 0.11–7.36, I2 67%)

and recurrence (OR 0.49, 95% CI 0.18–1.38, I2 49%) were

comparable.

Conclusions Our results suggest EUS-GE is a promising al-

ternative to SGE due to its superior clinical success, overall

safety, and efficiency. With further evolution EUS-GE could

become the intervention of choice in GOO.

Supplementary material is available under

https://doi.org/10.1055/a-1765-4035
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Introduction
Gastric outlet obstruction (GOO) refers to restricted emptying
of the stomach caused by mechanical obstruction of the distal
stomach or proximal duodenum. Malignancy accounts for up to
80% cases of GOO including cancers of the pancreas, distal
stomach, duodenum, ampulla, biliary system, and lymphoma,
and metastasis. Benign causes of GOO include peptic strictures,
chronic pancreatitis with duodenal stenosis, and post-surgical
complications [1, 2]. Most patients with malignant GOO have
advanced, non-resectable tumors for which symptom palliation
and improving quality of life are often the goals of treatment.
Surgical gastroenterostomy (SGE) has historically been the
standard palliative intervention for GOO [3, 4]. While SGE is
highly effective in improving tolerance to oral feeds and medi-
cations, it is often associated with postoperative complications,
delayed gastric emptying, prolonged recovery time, and higher
cost [5, 6]. Endoscopic self-expandable metal stent placement
is an alternative to surgery; however, the clinical course is often
complicated by recurrent obstruction caused by stent migra-
tion or tumor infiltration, and therefore, not an adequate long-
term option [7–8].

Endoscopic ultrasound (EUS)-guided gastroenterostomy
(EUS-GE) is a novel minimally-invasive approach for palliation
of GOO [9–12]. The technique involves insertion of a lumen ap-
posing metal stent across the stomach into the small bowel dis-
tal to the obstruction under EUS and fluoroscopic guidance
[13]. Because EUS-GE creates a fistulous tract bypassing the ob-
structed bowel segment, it can be performed regardless of the
degree of stenosis or the type of disease (benign or malignant)
[14]. Studies have demonstrated the feasibility of this tech-
nique with high success rates and few adverse events (AEs), as
well as long-term durability and a low rate of reintervention
[15–18, 12]. Additional studies have found comparable efficacy
and safety to endoscopic stenting but with fewer recurrences
requiring reintervention [19, 20].

EUS-GE can be performed either by direct puncture of the
desired bowel loop under EUS and fluoroscopic guidance or
using assisted techniques such as a balloon passed into the
small bowel and filled with fluid to act as a target for penetra-
tion [9, 21]. The advent of electrocautery-enhanced delivery
system (Hot AXIOS; Boston Scientific, Marlborough, Massachu-
setts, United States) permits stent placement without needle
puncture and guidewire placement potentially reducing the
risk of missing the target during EUS-GE [9, 13, 18]. Despite
these advancements, EUS-GE remains a technically demanding
procedure as access to the small bowel can be difficult and un-
predictable. Loss of visualization of the small bowel due to its
mobility and subsequent stent mis-deployment into the perito-
neum or colon can occur [9, 13].

Individual observational studies have evaluated the per-
formance of EUS-GE against the more established SGE [22–
28]. We conducted a comprehensive review and meta-analysis
of these studies to further compare the effectiveness and safe-
ty profile of EUS-GE and SGE.

Methods
Search strategy

We conducted a comprehensive search of several databases
and conference proceedings, including PubMed, EMBASE, Goo-
gle Scholar, SCOPUS and Web of Science databases, for publica-
tions, e-publications ahead of print, in-process and other non-
indexed citations from inception to April 2021. The search was
restricted to studies in human subjects published in the English
language in peer-reviewed journals. The detailed search meth-
odology is shown in Appendix 1. Two authors (AK, SC) inde-
pendently reviewed the title and abstract of studies identified
in the primary search and excluded studies that did not address
the research question, based on pre-specified exclusion and in-
clusion criteria. Any discrepancy in article selection was re-
solved by consensus, in discussion with the senior author
(PCB). The bibliographic sections of the selected articles, as
well as the systematic and narrative articles were manually
searched for additional relevant articles.

All results were exported to Endnote where 162 obvious du-
plicates were removed leaving 242 citations. We followed the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines, using a predefined protocol to
identify studies reporting outcomes of EUS-GE compared to
SGE (Appendix 2) [29]. As the included studies were observa-
tional in design, the MOOSE (Meta-analyses Of Observational
Studies in Epidemiology) checklist was followed (Appendix 3)
[30]. Reference lists of evaluated studies were examined to
identify other studies of interest.

Study selection

Only studies that compared EUS-GE and SGE were included
(i. e., they needed to have both the EUS-GE and SGE study
arms). Studies were included irrespective of the country of ori-
gin, whether they were published as full manuscripts or confer-
ence abstracts, performed in inpatient or outpatient settings,
follow-up duration, or presence of surgically altered anatomy
as long as they provided the appropriate data needed for the a-
nalysis.

The exclusion criteria included: (1) studies reporting individ-
ually on EUS-GE or SGE, or comparing EUS-GE or SGE to only
endoscopic stenting, (2) case reports and case series studies
with sample size < 10 patients, (3) studies performed in the pe-
diatric population (Age<18 years), and (4) studies not pub-
lished in English language. In cases of multiple publications
from a single research group reporting on the same or overlap-
ping cohorts, data from the most recent and/or most appropri-
ate comprehensive report were retained.

Data abstraction and quality assessment

Data on study-related outcomes from the individual studies
were abstracted independently onto a standardized form by at
least two authors (AK, SC). Authors PCB and AJT cross-verified
the collected data for possible errors and two authors (PRA,
BPM) did the quality scoring independently. The Newcastle-Ot-
tawa scale for cohort studies was used to assess the quality of
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studies [31]. This quality score consisted of eight questions, the
details of which are provided in Supplementary Table 1.

Outcomes assessed

The primary outcomes were as follows:
1. Pooled odds ratio (ORs) of technical success (defined as

successful creation of a gastroenterostomy)
2. Pooled OR of clinical success (defined as the ability to toler-

ate oral intake without vomiting among the technically suc-
cessful cases)

3. Pooled OR of all AEs (included infection, bleeding, stent
migration, perforation, leak, ileus/gastroparesis etc.)

4. Pooled OR of recurrence (defined as recurrence of initial
symptoms of nausea, vomiting or the need for reinterven-
tion due to recurrent GOO).

Secondary outcomes:
1. Pooled OR of severe AEs (defined by the American Society of

Gastrointestinal Endoscopy lexicon for endoscopic AEs and
AE subtypes) [32].

2. Pooled standardized mean difference (SMD) in procedure
time.

3. Pooled SMD in post-procedure length of stay (LOS)

Statistical analysis

Meta-analysis techniques were used to calculate the pooled es-
timates in each case following the methods suggested by Der-
Simonian and Laird using the random-effects model [33]. Sum-
mary estimates calculated were either the pooled ORs or the
SMD with corresponding 95% confidence intervals (CIs), as ap-
propriate.

We assessed heterogeneity between study-specific esti-
mates by using Cochran’s Q statistical test for heterogeneity,
95% prediction interval and the I2 statistics [34]. In this, values
of < 30%, 30%–60%, 61% to 75%, and >75% were suggestive of
low, moderate, substantial, and considerable heterogeneity,
respectively. We assessed publication bias, qualitatively, by vis-
ual inspection of funnel plot and quantitatively, by the Egger
test [35]. Publication bias assessment was deferred if the total
number of studies included in the analysis were less than ten.
All analyses were performed using Comprehensive Meta-Analy-
sis (CMA) software, version 3 (BioStat, Englewood, New Jersey,
United States).

When the original studies only reported median and range
or interquartile range, those were converted to mean and
standard deviation (SD) for the purpose of meta-analysis of
continuous outcome variable [36, 37]. If a study did not report
the measure of dispersion of a continuous variable, SD was im-
puted from the sample size and between group SMD and p-val-
ue, using the Cochrane RevMan calculator [38, 39].

Results
Search results and population characteristics

A total of seven studies involving 625 patients were included in
the final analysis [22–27, 40]. Single-arm studies on EUS-GE
[12, 17, 18, 41–44], and/or comparing EUS-GE to only endo-

scopic stenting [19, 45–47] were excluded. A schematic dia-
gram demonstrating our study selection is illustrated in Sup-
plementary Fig. 1. Overall, 372 patients underwent EUS-GE,
and 253 patients underwent SGE. There were 289 (55.4%)
males and mean age ranged from 62 to 75 years. Etiology of
GOO was malignancy in 87% (n=541, most commonly being
pancreatic cancer) and benign causes were reported in 13% (n
=84) of the individuals. Five studies provided data on EUS-GE
and SGE techniques. Of those 66% (n=131) of EUS-GE were
performed by direct puncture technique and the remaining
using assisted methods (balloon-assisted or balloon-occlusion).
Of the five studies that specified the surgical techniques, 60%
(n=151) were open and the rest were laparoscopic. Mean fol-
low-up time ranged from 56–234 days for EUS-GE and 166–
268 days for SGE. Further details of the study, population char-
acteristics and outcomes are described in ▶Table 1 and ▶Ta-
ble 2.

Characteristics and quality of included studies

All the included cohort studies were retrospective in design.
Four studies were published as full manuscripts [25–28], while
three were published as conference abstracts [22–24]. Three
studies were performed in the United States [22, 23, 27], and
four were multicenter, multinational studies (Spain, USA,
France [26]; USA, Japan [25]; USA, Belgium [24]; Italy, Belgium,
Netherland [28]). Based on the New-Castle Ottawa scoring sys-
tem, six studies[23–28] were considered to be of high quality
and one study [22] was of medium quality. There were no low-
quality studies (Supplementary Table1).

Meta-analysis outcomes

The primary outcomes were as follows:

Technical success

The pooled OR of technical success with EUS-GE vs SGE was
0.19 (95% CI [0.06–0.60]; I2 0%; Q=2.1 [P=0.90]); P=0.005;

▶Fig. 1. The pooled rate of technical success for EUS-GE was
93.6% (95% CI [89.3–96.2]) and 98.5% (95% CI [95.9–99.5])
for SGE.

Clinical Success

The pooled OR of clinical success with EUS-GE vs SGE was 4.73
(95% CI [1.83–12.25]; I2 18%; Q=7.3 [p=0.29]); P=0.001,

▶Fig. 1. The pooled rate of clinical success for EUS-GE was
96.4% (95% CI [93.2–98.2]) and for SGE was 86.4% (95% CI
[77.0–92.4]).

All AEs

The pooled OR of all AEs with EUS-GE vs SGE was 0.20 (95% CI
[0.10–0.37]; I2 39%; Q=9.8 [P=0.13]); p < 0.001, ▶Fig. 1. The
pooled rate of all AEs for EUS-GE was 11.5% (95% CI [6.4–
19.9]) and 38.5% (95% CI [24.8–54.3]) for SGE.
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Technical success
Studyname Statistics for each study Events/Total Odds Ratio and 95% CI
 Odds  Lower Upper  
 ratio limit limit p-Value EUS-GE SGE

Perez-Miranda, 2017 0.11 0.01 2.22 0.15 22/25 29/29
Khashab, 2017 0.05 0.00 0.89 0.04 26/30 63/63
Widmer, 2019 (abs) 1.00 0.02 41.86 1.00 10/10 14/14
Marya, 2020 (abs) 0.47 0.03 8.99 0.62 168/172 39/39
Bondi, 2020 (abs) 0.17 0.01 4.37 0.28 17/18 34/34
Kouanda, 2021 0.20 0.01 4.08 0.30 37/40 26/26
Bronswijk, 2021 (abs) 0.17 0.01 3.20 0.24 73/77 48/48
 0.19 0.06 0.60 0.00 353/372 253/253

Clinical success
Studyname Statistics for each study Events/Total Odds Ratio and 95% CI
 Odds  Lower Upper  
 ratio limit limit p-Value EUS-GE SGE

Perez-Miranda, 2017 0.75 0.04 12.70 0.84 21/22 28/29
Khashab, 2017 5.99 0.33 110.31 0.23 26/26 57/63
Widmer, 2019 (abs) 16.06 0.79 327.50 0.07 10/10 8/14
Marya, 2020 (abs) 36.53 4.34 307.14 0.00 167/168 32/39
Bondi, 2020 (abs) 1.57 0.06 40.51 0.79 17/17 33/34
Kouanda, 2021 2.06 0.42 10.11 0.37 34/37 22/26
Bronswijk, 2021 (abs) 5.07 0.98 26.28 0.05 71/73 42/48
 4.73 1.83 12.25 0.00 346/353 222/253

All adverse events
Studyname Statistics for each study Events/Total Odds Ratio and 95% CI
 Odds  Lower Upper  
 ratio limit limit p-Value EUS-GE SGE

Perez-Miranda, 2017 0.19 0.05 0.79 0.02 3/25 12/29
Khashab, 2017 0.59 0.19 1.79 0.35 5/30 16/63
Widmer, 2019 (abs) 0.11 0.01 2.33 0.16 0/10 4/14
Marya, 2020 (abs) 0.22 0.08 0.66 0.01 8/172 7/39
Bondi, 2020 (abs) 0.32 0.09 1.18 0.09 4/18 16/34
Kouanda, 2021 0.04 0.01 0.16 0.00 9/40 23/26
Bronswijk, 2021 (abs) 0.15 0.05 0.46 0.00 5/77 15/48
 0.20 0.10 0.37 0.00 34/372 93/253

Recurrence of reintervention
Studyname Statistics for each study Events/Total Odds Ratio and 95% CI
 Odds  Lower Upper  
 ratio limit limit p-Value EUS-GE SGE

Khashab, 2017 0.24 0.03 2.00 0.19 1/26 9/63
Widmer, 2019 (abs) 4.58 0.17 124.58 0.37 1/10 0/14
Marya, 2020 (abs) 0.12 0.03 0.54 0.01 3/168 5/39
Bondi, 2020 (abs) 1.00 0.30 3.38 1.00 6/17 12/34
Kouanda, 2021 1.16 0.33 4.05 0.82 8/37 5/26
Bronswijk, 2021 (abs) 0.09 0.00 1.75 0.11 0/73 3/48
 0.49 0.18 1.38 0.18 19/331 34/224
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▶ Fig. 1 Forest Plots of primary outcomes: technical Success, clinical success, all adverse events, recurrence.
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Recurrence

Six studies provided data on recurrence/re-intervention. The
pooled OR of recurrence with EUS-GE vs SGE was 0.49 (95% CI
[0.18–1.38]; I2 49%; Q=9.8 [p=0.08]); p = 0.18, ▶Fig. 1). The
pooled proportion of patients with recurrence after EUS-GE
was 10.1% (95% CI [2.8–30.2]) and after SGE was 18.2% (95%
CI [10.4–29.9]).

Secondary outcomes
Severe AEs

Four studies reported proportions of severe AEs separately. The
pooled OR of severe AE with EUS-GE vs SGE was 0.89 (95% CI
[0.11–7.36]; I2 67%; Q=9.1 [P=0.03]); p = 0.99, ▶Fig. 2. The
pooled proportion of patients with a severe AE for EUS-GE was
3.7% (95% CI [1.5–8.6]) and 5.4% (95% CI [1.3–20.4]) after
SGE.

Procedure time

Based on the three studies that reported on this metric, the
pooled SMD in procedure time for EUS-GE vs SGE was –2.4
(95% CI [–4.1, –0.75]; I2 95%; Q=41.8 [P <0.01]); P=0.004,

▶Fig. 2. The pooled mean procedure time for EUS-GE was 57
mins (95% CI [53–62]) and for SGE was 167 mins (95% CI [80–
254]).

Post-procedure length of stay

Six studies provided data on the post-procedure LOS. The
pooled SMD of LOS for EUS-GE vs SGE was –0.49 (95% CI
[–0.94, –0.03]; I2 78%; Q=21.2 [P<0.01]); p = 0.037, ▶Fig. 2.
The pooled mean LOS for EUS-GE was 7.3 days (95% CI [5.2–
9.4]) and 10.6 days (95% CI [8.1–13.2]) for SGE.

A summary of pooled outcomes from the meta-analysis is
provided in Supplementary Table2.

Severe adverse events
Studyname Statistics for each study Events/Total Odds Ratio and 95% CI
 Odds  Lower Upper  
 ratio limit limit p-Value EUS-GE SGE

Perez-Miranda, 2017 0.56 0.05 6.60 0.65 1/25 2/29

Khashab, 2017 16.16 0.81 323.61 0.07 3/30 0/63

Marya, 2020 (abs) 1.63 0.08 32.22 0.75 3/172 0/39

Bronswijk, 2021 0.12 0.02 0.56 0.01 2/77 9/48

 0.89 0.11 7.36 0.91 97/304 11/179

Procedure time
Studyname Statistics for each study  Std diff  in means and 95% CI
 Std diff   Lower Upper  
 in means limit limit p-Value 

Perez-Miranda, 2017 –1.53 –2.14 –0.92 0.00 

Kouanda, 2021 –4.67 –5.61 –3.73 0.00

Bronswijk, 2021 (abs) –1.21 –1.60 –0.82 0.00
 –2.42 –4.08 –0.75 0.00

Post-procedure length of stay
Studyname Statistics for each study  Std diff  in means and 95% CI
 Std diff   Lower Upper  
 in means limit limit p-Value 

Perez-Miranda, 2017 0.09 –0.45 0.62 0.75 

Khashab, 2017 –0.05 –0.49 0.38 0.82

Widmer, 2019 (abs) –0.44 –1.26 0.38 0.29

Bondi, 2020 (abs) –0.34 –0.92 0.23 0.24

Kouanda, 2021 –1.54 –2.10 –0.98 0.00

Bronswijk, 2021 (abs) –0.64 –1.01 –0.27 0.00
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▶ Fig. 2 Forest Plots of severe adverse events, procedure time, and post-procedure length of stay.
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Validation of meta-analysis results

Sensitivity analysis

To assess whether any one study had a dominant effect on the
meta-analysis, we excluded one study at a time and analyzed its
effect on the main summary estimate. In this analysis, no single
study significantly affected the outcome or its heterogeneity.
Widmer et al reported unusually low clinical success rate for
SGE (57%) compared with EUS-GE (100%); however, excluding
this study did not affect the statistical significance. Removing
the outlier studies by Kouanda et al and Khashab et al for the
meta-analysis of all AEs and severe AEs, respectively, did not af-
fect their statistical significance.

In a subgroup analysis of studies with full-text manuscripts
(excluding three studies available in only the abstract form),
the statistical significance remained unchanged for all meta-a-
nalysis outcomes except for post-procedure LOS (which was nu-
merically lower but no longer statistically significant due to re-
duced sample size)

Heterogeneity

We assessed dispersion of the calculated rates using the I2 per-
centage and Cochran’s Q statistics and the values are reported
with the pooled outcomes in Supplemental Table1. Low to
moderate heterogeneity was noted for the analysis of technical
success, clinical success, all AEs and recurrence. Substantial to
considerable heterogeneity was seen for the outcomes of se-
vere AEs, procedure times and LOS.

Publication bias

Publication bias was not estimated as the number of studies in-
cluded in the analysis was less than 10.

Discussion
Our meta-analysis demonstrated high pooled technical success
rates for both EUS-GE [93.6% (95% CI 89.3–96.2)] and SGE
[98.5% (95% CI 95.9–99.5)]. Although the pooled odds of tech-
nical success of EUS-GE was statistically inferior to SGE [OR 0.19
(95% CI 0.06–0.60)], the overlapping pooled proportions and a
wide CI in the OR indicate that the difference may not be clini-
cally relevant. More importantly, among the technically suc-
cessful cases, EUS-GE was superior to SGE in terms of higher
clinical success [pooled OR 4.73 (95% CI 1.83–12.25)], fewer
overall AEs [pooled OR 0.20 (95% CI 0.10–0.37)] as well as
shorter procedure time (pooled SMD –2.4) and post-procedure
LOS (pooled SMD –0.49). Rates of recurrence and severe AEs
were comparable between the two gastroenterostomy tech-
niques. To the best of our knowledge, this is the first and most
comprehensive analysis comparing outcomes of EUS-GE and
SGE within a large cohort of patients with GOO.

All attempted SGE cases were technically successful,
whereas 19 of 372 (5%) cases of EUS-GE were technically un-
successful. Reported causes of technical failure included stent
dislodgment during deployment needing retrieval and closure
of the access site (n =3) [26], stent deployment into the perito-
neum (n =1), inability to distend a limb of jejunum (n =1), and

failure to identify an adequate target loop (n =1)[27]. It is pos-
sible that patients who underwent EUS-GE were sicker and
therefore deemed to be poor surgical candidates compared to
their SGE counterparts. Similarly, prior surgically altered anato-
my could make EUS-GE more challenging. For example, in the
study by Perez-Miranda et al, 88% of patients in the EUS-GJ
group achieved technical success, however 28% of these pa-
tients had altered anatomy (prior Whipple, Roux-en-Y or partial
gastrectomy) versus zero SGE patients [26]. EUS-GE is still evol-
ving and remains a technically demanding procedure. Further
advancements in tools and technology such as use of forward-
viewing echoendoscopes and change in view from curved to
linear may increase technical success [48]. Despite these limita-
tions, the technical success rate of > 90% demonstrated in this
meta-analysis is still considered excellent in most clinical set-
tings.

Among the cases that were technically successful, a signifi-
cantly higher odds of clinical success (OR 4.73, 95% CI 1.83–
12.25, P=0.001) was seen with EUS-GE compared to SGE. Re-
ported causes of clinical failure included inability to tolerate or-
ally despite a patent GJ (n=2) [26, 27] and post-procedure
stent migration (n =2) [27]. For SGE the causes of clinical failure
included postoperative death before initiating feeds (n =2) [26,
27], persistent inability to tolerate any diet (n =3) [27], and de-
layed gastric emptying (n =6) [23]. Several potential factors
could be responsible for the superior clinical success seen with
EUS-GE versus SGE. SGE involves percutaneous incision and
prolonged anesthesia that may result in postoperative pain,
nausea, gastroparesis and ileus. Two of the studies included in
this meta-analysis indeed reported a shorter time to resump-
tion of oral feeds in patients with EUS-GE compared with SGE
[27, 28]. Additionally, access to the posterior wall of the stom-
ach may be challenging by the laparoscopic approach, and as
bowel loops are mobilized for creating a surgical anastomosis
there is a potential for tension at the anastomosis or creation
of anti-peristaltic anastomosis. EUS-GE is for the most part is
devoid of these procedural concerns.

EUS-GE was associated with five-fold decrease in the odds of
all AEs compared with SGE (OR: 0.20, 95% CI 0.10–0.37, P <
0.001) – unsurprising given the minimally-invasive and less
morbid nature of the endoscopic intervention over a surgical
or laparoscopic GE. The relative safety of EUS-GE over SGE is cri-
tical in patients with malignant GOO who are already plagued
by limited life expectancy and reduced quality of life. As EUS-
GE is often offered preferentially to complex patients with a
higher baseline surgical risk, the adjusted safety difference
may be even larger. Rates of a severe AE were relatively low
among both EUS-GE and SGE (≤5.4%) without a significant dif-
ference between the two, suggesting both interventions are
acceptable in the appropriate clinical setting.

Five studies described the AEs. Perez-Miranda et al found
EUS-GE to be associated with postprocedural bleeding mana-
ged with transfusion (n =2) and peritonitis (n =1), and SGE to
be associated with ileus or gastroparesis (n =3), anastomotic
edema (n=1), bacteremia (n =1), pneumonia (n=1), urinary
tract infection (n =2), and anastomotic leaks requiring surgical
revision (n =2) [26]. In the study by Khashab et al, the AEs with
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EUS-GE were mis-deployment of the stent flange in the perito-
neum (n=3), abdominal pain requiring hospitalization (n =2),
and with SGE were infection (n =8), anastomotic leak (n=4),
persistent ileus (n=1), agitation/delirium (n=2), and pulmo-
nary embolism (n=1) [25]. Widmer et al reported no AE in the
EUS-GE group, and 4 AEs in the SGE group including non-ST ele-
vation myocardial infarction (n =1), pneumonia (n =1), gastro-
cutaneous fistula (n=1), wound hematoma (n=1) [23]. Kouan-
da et al reported the following AEs in their study: EUS-GE- Infec-
tion (n =2), venous thromboembolism (n=1), perforation (n =
1), bleeding (n =1), stent migration (n=4); SGE- infection (n =
9), ileus (n =7), VTE (n =1), bleeding (n =2), AKI (n =3), delirium
(n=1) [27]. In the recently published study by Bornswijk et al,
the AEs with EUS-GE included fever (n=2), sepsis (n =1), intra-
peritoneal stent deployment (n =2) and those who underwent
SGE: anastomotic leak (n =3), anastomotic bleeding (n=2),
need for endoscopy (n=4), and surgical reintervention (n =3)
[28].

Post-procedure mortality was reported variably in four stud-
ies in our meta-analysis. Perez-Miranda et al reported deaths
within the 1–11 days following the intervention (1 in EUS-GE
and 2 in SGE) [26]. Kounada et al reported death within 30
days (12.5% vs 3.8%, P=0.84) [27]. Two other studies reported
post-procedure death rates without specifying the follow-up
period [22, 25]. Patients with malignant GOO have a high mor-
tality rate regardless of gastroenterostomy.

The mean procedure time and post-procedure LOS were
both significantly shorter with EUS-GE versus SGE, albeit with
considerable heterogeneity in the analysis of these outcomes.
Two studies provided a cost analysis and found significantly
lower cost of EUS-GE vs SGE. First study reported procedural
cost based on physician fee and facility fee (EUS-GE vs SGE:
$4515 vs $14,778.80; P <0.001) [26] and the second study re-
ported based on the facility fee ($19,785 vs $42,716, P <0.001)
[27]. Time-to-oral intake was reported in two studies and both
individually found it to be significantly shorter with EUS-GE
than SGE (mean 1.3 vs 4.7 days, P <0.001) [27] and (median 1
day vs 3 days; P<0.001) [28], respectively.

The strengths of our review include systematic literature
search with rigorous process accounting for study quality, lim-
itations and heterogeneity, well-defined inclusion and exclu-
sion criteria, high-quality studies with detailed extraction of
data. A large cohort of GOO patients were included in the anal-
ysis. All included studies in our analysis reported head-to-head
comparison of both interventions i. e. EUS-GE and SGE, which
allowed us to perform a comparative meta-analysis between
the two techniques. This is the most up-to-date systematic re-
view and meta-analysis of available studies on this topic.

There are several limitations to this study, most of which are
inherent to meta-analysis. Three of the included studies in our
analysis were published only as abstracts. Although the primary
outcomes remained statistically unchanged in the subgroup a-
nalysis of full-text studies. Second, the included studies were
mostly performed in tertiary-care referral centers by expert
endoscopists and therefore may not be entirely representative
of the general population and community practice. All the
studies included in our analysis were retrospective in nature

and are subject to inherent bias. There are limitations due to
significant heterogeneity observed in the analysis of severe AE,
procedure duration and post-procedure LOS. The observed het-
erogeneity could be related to combining outcomes of differ-
ent EUS-GE techniques (direct puncture and balloon-assisted;
electrocautery-enhanced and non-enhanced) and SGE tech-
niques (open and laparoscopic), and malignant and benign
etiologies of GOO (while majority of GOO in our analysis had a
malignant etiology and only 15% had a benign etiology). Fur-
thermore, only three studies provided data on prior interven-
tions and altered anatomy, therefore we were unable to assess
if this had any influence on the technical and clinical success of
either technique. Finally, combining multicenter data has lim-
itations due to differences in practices across centers/countries
and inter-operator variability.

Conclusions
In conclusion, our meta-analysis demonstrates that in expert
hands EUS-GE is safe and highly effective. It provides superior
clinical effectiveness and safety profile with a shorter proce-
dure time and post-procedure LOS compared to SGE. Further
advancements in the techniques of EUS-GE are needed to
achieve technical success rates at par with SGE. These charac-
teristics make EUS-GE an attractive minimally-invasive option
for palliation of GOO, particularly where peri-operative risk
with SGE is considerable. Prospective randomized controlled
trials are needed to validate our findings.
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