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ABTRACT

Background and study aims Endoscopic and surgical

techniques have been utilized for palliation of gastric outlet

obstruction (GOO). Enteral stenting (ES) is an established

technique with high clinical success and low morbidity

rate. Endoscopic ultrasound-guided gastroenterostomy

(EUS-GE) is a novel approach that aims to provide sustained

palliation of GOO. We conducted a comprehensive review

and meta-analysis to evaluate the effectiveness in terms of

clinical and technical success, as well as the safety profile of

EUS-GE and ES.

Methods We searched multiple databases from inception

through July 2020 to identify studies that reported on safe-

ty and effectiveness of EUS-GE in comparison to ES. Pooled

rates of technical success, clinical success, and adverse

events (AEs) were calculated. Study heterogeneity was as-

sessed using I2% and 95% confidence interval.

Results Five studies including 659 patients were included

in our final analysis. Pooled rate of technical and clinical

success for EUS-GE was 95.2% (CI 87.2-.98.3, I2 = 42) and

93.3% (CI 84.4–97.3, I2 = 59) while for ES it was 96.9% (CI

90.9–99, I2 = 64) and 85.6% (CI 73–92.9, I2 = 85), respec-

tively. Pooled rate of re-intervention was significantly lower

with EUS-GE i. e. 4% (CI 1.8–8.7, I2 = 35) compared to ES,

where it was 23.6% (CI 17.5–31, I2 = 35), p =0.001. Pooled
rates of overall and major AEs were comparable between

the two techniques.

Conclusion EUS-GE is comparable in terms of technical

and clinical effectiveness and has a similar safety profile

when compared to ES for palliation of GOO.

Supplementary material is available under

https://doi.org/10.1055/a-1341-0788
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Introduction
Gastric outlet obstruction (GOO) can result from a variety of
benign and malignant diseases and often leads to nausea, vo-
miting, and poor oral intake and can preclude the oral delivery
of medications. Malignant causes of GOO include gastric or
duodenal cancer, ampullary cancer, pancreatic cancer, bile
duct cancer, gallbladder cancer among others [1, 2]. The onset
of malignant GOO portends a poor prognosis, with patients
having a median survival of 3–6 months [3]. On the other
hand, benign causes of GOO include chronic pancreatitis with
duodenal stenosis, recurrent acute pancreatitis, surgical anas-
tomosis, peptic strictures of the pylorus and duodenum, and
other etiologies [4].

Traditionally, open or laparoscopic surgical gastroenterost-
omy (S-GE) and enteral stenting (ES) using self-expandable
metal stents (SEMS) have been the primary management op-
tions for both benign and malignant GOO. While S-GE achieves
long term effectiveness, major limitations of this approach in-
clude prolonged recovery times delaying chemotherapy for
malignancy-related obstructions, delayed gastric emptying
and gastroparesis, increased risk for adverse events (AEs), as
well as substantial procedure-associated costs and the challen-
ges of performing surgery in patients who often have unresect-
able disease [5–7]. In patients with malignant GOO with con-
comitant biliary obstruction needing surgical intervention, S-
GE is often combined with choledochojejunostomy. (biliary by-
pass) which carries considerable morbidity and mortality [8, 9].
Complications including post-operative ileus have been report-
ed in over 50% of patients, leading to a prolonged hospital stay,
often ranging from 14–24 days [1, 10, 11].

ES is a widely used alternative to surgery, with a high clinical
success and low morbidity rate, however clinical course is often
complicated due to the recurrent obstruction caused by either
stent migration or tumor infiltration occurring in as many as 50
% patients at 6 months in patients who live this long [5, 12–15].
Endoscopic ultrasound guided gastroenterostomy or EUS-GE
was first described by Fritscher-Ravens et al. in the early
2000s, but it was only after the availability of a bi-flanged lu-
men-apposing metal stent (LAMS) that the technique was clini-
cally adopted. EUS-GE is a novel approach that can potentially
provide sustained palliation of outlet obstruction while main-
taining a minimally invasive endoscopic approach. The tech-
nique involves insertion of a LAMS under EUS and fluoroscopic
guidance from the stomach to the small bowel distal to the ob-
struction. While several studies on EUS-GE have reported re-
covery of oral intake in 90% of patients, without the risk of tu-
mor ingrowth and/or overgrowth, and avoiding the potential
morbidity of surgery [16–20], it remains an evolving endo-
scopic technique in its early stages of development. Additional-
ly, there is paucity of data comparing outcomes of EUS-GE to
ES.

We conducted a comprehensive review and meta-analysis to
evaluate the effectiveness in terms of clinical and technical suc-
cess, as well as the safety profile of EUS-GE and ES.We hypothe-
sized that EUS-GE and ES have comparable outcomes in terms
of clinical effectiveness and safety profile.

Methods

Search strategy

The literature was searched by a medical librarian for studies re-
porting outcomes of EUS-GE compared to ES. Search strategy
was created using a combination of keywords and standardized
index terms. A systematic and detailed search was run in July
2020 in Ovid EBM Reviews, ClinicalTrials.gov, Ovid Embase
(1974+), Ovid Medline (1946+ including epub ahead of print,
in-process & other non-indexed citations), Scopus (1970+) and
Web of Science (1975+). Results were limited to English lan-
guage manuscripts. All results were exported to Endnote where
142 obvious duplicates were removed leaving 187 citations.
The full search strategy is available in Appendix-1. As the in-
cluded studies were observational in design, the MOOSE
(Meta-analyses Of Observational Studies in Epidemiology)
Checklist was followed and is provided as Supplementary Ap-
pendix-2. PRISMA Flowchart for study selection and PRISMA
checklists were followed and are provided as Appendix-3a&b
[21, 22]. Reference lists of evaluated studies were examined to
identify other studies of interest.

Study selection

In this meta-analysis, we only included studies that compared
the clinical outcomes of EUS-GE and ES. Studies were included
irrespective of whether they were published as full manuscripts
or conference abstracts, performed in inpatient or outpatient
setting, follow-up time, presence or absence of surgically al-
tered anatomy, and country of origin as long as they provided
the appropriate data needed for the analysis.

Our exclusion criteria were as follows: (1) studies reporting
individually on EUS-GE [19, 23–30] and EUS-GE compared to
surgical gastroenterostomy [31–33] (2) case reports and case
series studies, (2) studies with sample size < 10 patients, (3)
studies performed in the pediatric population (Age <18 years),
and (4) studies not published in English language. In cases of
multiple publications from a single research group reporting
on the same patient same cohort and/or overlapping cohorts,
data from the most recent and/or most appropriate compre-
hensive report were retained. The retained studies were deci-
ded by two authors (MB, SC) based on the publication timing
(most recent) and/ or the sample size of the study (largest). In
situations, where a consensus could not be reached, overlap-
ping studies were included in the final analysis and any poten-
tial effects were assessed by sensitivity analysis of the pooled
outcomes by leaving out one study at a time.

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 (MB, ARS). Authors SC, SRK, DR, NB cross-ver-
ified the collected data for possible errors and two authors (SC,
SRK) did the quality scoring independently. The Newcastle-Ot-
tawa scale for cohort studies was used to assess the quality of
studies [34]. This quality score consisted of 8 questions, the de-
tails of which are provided in Supplementary Table 1.
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Outcomes assessed

The outcomes assessed were as followed:
1. Pooled rates of technical success (defined as proper stent

positioning as determined via endoscopy and fluoroscopy or
as reported by study authors).

2. Pooled rate of clinical success (defined as ability to tolerate
oral intake without vomiting for 90 days following the pro-
cedure or as reported by study authors)

3. Pooled rate of reintervention (defined as need for perform-
ing a repeat procedure for palliation of symptoms)

4. Pooled rate of overall AEs
5. Pooled rate of major AEs (defined by the ASGE lexicon for

endoscopic AEs and AE subtypes. [35]

Statistical analysis

We used meta-analysis techniques to calculate the pooled esti-
mates in each case following the methods suggested by DerSi-
monian and Laird using the random-effects model [36]. When
the incidence of an outcome was zero in a study, a continuity
correction of 0.5 was added to the number of incident cases be-
fore statistical analysis [37].

We assessed heterogeneity between study-specific esti-
mates by using Cochran Q statistical test for heterogeneity,
95% confidence interval (CI) and the I2 statistics [37–39]. In
this, values of < 30%, 30% to 60%, 61% to 75%, and >75%
were suggestive of low, moderate, substantial, and consider-
able heterogeneity, respectively. We assessed publication bias,
qualitatively, by visual inspection of funnel plot and quantita-
tively, by the Egger test [40]. When publication bias was pres-
ent, further statistics using the fail-Safe N test and Duval and
Tweedie’s “Trim and Fill” test was used to ascertain the impact
of the bias [41]. Three levels of impact were reported based on
the concordance between the reported results and the actual
estimate if there were no bias. The impact was reported as
minimal if both versions were estimated to be same, modest if
effect size changed substantially but the final finding would still
remain the same, and severe if basic final conclusion of the a-
nalysis is threatened by the bias [42].

Meta-regression analysis was attempted, when feasible, to
study the effects of patient variables on the pooled outcomes.
Knapp-Hartung two-tailed P<0.05 was considered statistically
significant and R2 value was calculated to study the goodness-
of-fit. All analyses were performed using Comprehensive Meta-
Analysis (CMA) software, version 3 (BioStat, Englewood, New
Jersey, United States).

Results
Search results and population characteristics

A total of five studies, with 659 patients were included in the
final analysis [43–47]. A schematic diagram demonstrating our
study selection is illustrated in Supplementary Fig. 1. A total of
278 patients underwent EUS-GE and 381 patients underwent
ES. There were 379 males and 280 females included in our anal-
ysis. While the etiology in majority of patients undergoing EUS-
GE and ES was malignant GOO, 5 patients had GOO secondary
to chronic pancreatitis [45]. Mean age ranged from 62 years to

72.7 years. Length of stay (LOS) ranged from 7.4 to 11.3 days.
Median follow up time ranged from 103–234 days for EUS-GE
and 61 to 180 days for ES. Further details of location and etiol-
ogy of GOO along with the population characteristics are de-
scribed in ▶Table1 and ▶Table 2.

Characteristics and quality of included studies

All the included cohort studies were retrospective in design.
Three studies were published as abstracts [45–47], while two
were published as full manuscripts. Two studies were conduct-
ed as single center experiences [43, 45], whereas the others
were multi-center. Details of the technique used for performing
EUS-GE was described in only two studies [43, 48]. Based on the
New-Castle Ottawa scoring system, 3 studies [46–48] were
considered to be of high quality and 2 studies [43, 45] were
considered to be of medium quality. There were no low-quality
studies.

Meta-analysis outcomes

The pooled rate of technical success for EUS-GE was 95.2% (CI
87.2–.98.3, I2 = 42) and for ES was 96.9% (CI 90.9–99, I2 = 64).
There was no statistically significant difference between the
two, P=0.6 (▶Fig. 1)

The pooled rate of clinical success for EUS-GE was 93.3% (CI
84.4–97.3, I2 = 59) and for ES was 85.6% (CI 73–92.9, I2 = 85).
There was no statistically significant difference between the
two, P=0.2 (▶Fig. 2).

The pooled rate of reintervention with EUS-GE was 4% (CI
1.8–8.7, I2 = 35) and for ES was 23.6% (CI 17.5–31, I2 =35).
The difference between the two was statistically significant,
P = 0.001 (▶Fig. 3).

The pooled rate of overall AEs with EUS-GE was 10.7% (CI
4.3–24.5, I2 = 63) and with ES was 19.7% (CI 8.9–37.9, I2 = 92).
The difference between the two was not statistically signifi-
cant, P=0.3 (Supplementary Fig. 1).

The pooled rate of major AEs, per ASGE Lexicon, with EUS-GE
was 3.7% (CI 0.8–9.3, I2 = 59) and with ES was 2.8% (CI 0.6–
12.2, I2 = 75). The difference between the two was not statisti-
cally significant, P=0.8 (Supplementary Fig. 2).

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 the heterogeneity.

Heterogeneity

We assessed dispersion of the calculated rates using the I2 per-
centage values and the values are reported with the pooled
rates in ▶Table 1. Overall, moderate to considerable heteroge-
neity was noted across the analysis. This can potentially be ex-
plained by two factors. First, all of the included studies were
retrospective in design with most being multi-center experien-
ces. This likely resulted inter-operator variability influencing
procedural outcomes. Second, in three studies [43, 45, 48], the
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number of patients undergoing EUS-GE was significantly smal-
ler than those undergoing ES.

Publication bias

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

Discussion
Based on our meta-analysis, we conclude that EUS-GE is com-
parable to ES in terms of technical and clinical effectiveness.
EUS-GE also has a similar safety profile. While the overall pro-
portion of major AEs was higher in EUS-GE, the difference was
not statistically significant. Our results also support the conclu-
sion that EUS-GE is associated with a lower recurrence of GOO
and need for re-intervention when compared to ES. To the best
of our knowledge, this is the first meta-analysis comparing out-
comes of EUS-GE and ES in patients with GOO in a large cohort
of patients.

Endoscopic placement of self-expanding metal stents was
first described in 1992 [49] and has been and remains widely
utilized in the palliation of gastric outlet obstruction, most
commonly due to malignancy. Studies have reported clinical
success with ES to be between 75 and 90% depending on the
definition of clinical success [50]. AEs including both immedi-
ate/early and late AEs have been reported in 10 to 40% in varies
series [51]. While ES placement showed no statistically signifi-
cant difference in terms clinical success, mortality, or complica-
tions when compared to S-GE, it has a shorter time to oral in-
take and length of survival [52]. With advances in intervention-
al EUS techniques and the availability of LAMS, EUS-GE has
emerged as a novel procedure. EUS-GE theoretically provides
the same benefits as S-GE by allowing for a complete enteral
bypass around the region of the obstruction, without the sub-
stantial morbidity and mortality associated with surgical inter-
vention.

Our analysis showed that the overall pooled rate of AEs as
well as major AEs was comparable between EUS-GE and ES.
Chen et al reported a total of 11 AEs, 5 in EUS-GE group and 6
in ES group. These included misdeployment of the stent into
the peritoneum (n=3), abdominal pain requiring hospitaliza-
tion (n =2), pancreatitis (n = 2), cholangitis (n =2) and perfora-
tion (n =1). Ge et al reported that while patients with ES had a
greater number of AEs (40.2% vs. 20.8%) and incidence of stent
ingrowth (16.5% vs. 4.2%) compared to the EUS-GE, the differ-
ence between the two groups was not statistically significant.
Additional AEs occurring in the enteral stent group included
stent obstruction (7.2%), stent migration (2.1%), inadequate
stent length requiring repeat intervention (2.1%), stent-related
bleeding (1.0%), and stent-related biliary obstruction (2.1%).
Vazquez-Sequeiros et al reported that while one patient each
in the EUS-GE and ES groups had perforation, the incidence of
stent dysfunction was significantly higher in the ES group (22%
vs 4%). In our analysis, while the pooled rate of serious AEs was
higher with EUS-GE than ES (3.7% vs 2.8%), the difference be-
tween the two was not statistically significant. Overall, when
considering all AEs, EUS-GE and ES have a comparable safety
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profile. ES is a simple, fast, and easy procedure which does not
require the operator to have expertise in EUS. Two small ran-
domized, controlled trials of ES versus laparoscopic gastrojeju-
nostomy demonstrated effectiveness of both techniques, with
fewer AEs and shorter hospital stay for patients who underwent
enteral stenting [53, 54]. EUS-GE, on the other hand, is a high-
end skill requiring more hardware and more experience and in-
cludes a perforation (albeit an iatrogenic one). It is important
to recognize that all studies included in our review included
EUS-GE performed at tertiary care centers with expert ad-
vanced endoscopists. Therefore, the AE rate might not be gen-
eralizable. Further studies will be needed to clarify this.

There are several strengths to our review: systematic litera-
ture search with well-defined inclusion criteria, careful exclu-
sion of redundant studies, inclusion of good quality studies

with detailed extraction of data and rigorous evaluation of
study quality. All the included studies in our analysis reported
outcomes of EUS-GE and ES, which allowed us to perform a
comparative meta-analysis between the two techniques. Iqbal
et al performed a separate systematic review and meta-analysis
evaluating the safety and effectiveness of EUS-GE in GOO.
While pooled technical and clinical success was achieved in
>90% of patients, this analysis included only 285 patients from
12 studies [55]. Similarly, two other studies also reported on
the effectiveness of EUS-GE [56, 57]. However, none of the
aforementioned studies included a comparator intervention
group such as ES. To the best of our knowledge, ours is the first
and most comprehensive analysis evaluating outcomes of EUS-
GE as compared to ES.

Group by Study name Statistics for each study Event rate and 95% CI
intervention  Event Lower Upper
 rate limit limit

ES Chen, 2017a 0.942 0.836 0.981
ES Ge, 2019a 0.995 0.924 1.000
ES Iqbal, 2019 (abs)a 0.991 0.866 0.999
ES Marya, 2020 (abs)a 0.997 0.950 1.000
ES Vasquez-Sequeiros, 2020 (abs)a 0.891 0.764 0.954
ES  0.969 0.909 0.990
EUS-GE Chen, 2017 0.867 0.694 0.949
EUS-GE Ge, 2019 0.980 0.749 0.999
EUS-GE Iqbal, 2019 (abs) 0.994 0.495 0.997
EUS-GE Marya, 2020 (abs) 0.977 0.940 0.991
EUS-GE Vasquez-Sequeiros, 2020 (abs) 0.957 0.842 0.989
EUS-GE  0.952 0.872 0.983

−1.00 −0.50 0.00 0.50 1.00

▶ Fig. 1 Forest plot of technical success.

Group by Study name Statistics for each study Event rate and 95% CI
intervention  Event Lower Upper
 rate limit limit

ES Chen, 2017a 0.673 0.536 0.786
ES Ge, 2019a 0.773 0.679 0.846
ES Iqbal, 2019 (abs)a 0.904 0.789 0.959
ES Marya, 2020 (abs)a 0.954 0.907 0.978
ES Vasquez-Sequeiros, 2020 (abs)a 0.870 0.739 0.940
ES  0.856 0.730 0.929
EUS-GE Chen, 2017 0.833 0.657 0.929
EUS-GE Ge, 2019 0.958 0.756 0.994
EUS-GE Iqbal, 2019 (abs) 0.875 0.463 0.983
EUS-GE Marya, 2020 (abs) 0.977 0.940 0.991
EUS-GE Vasquez-Sequeiros, 2020 (abs) 0.935 0.816 0.979
EUS-GE  0.933 0.844 0.973

−1.00 −0.50 0.00 0.50 1.00

▶ Fig. 2 Forest plot of clinical success.
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There are several limitations to this study, most of which are
inherent to any meta-analysis. First and foremost, three of the
included studies in our analysis were published only as ab-
stracts. While the outcomes of interest for the purposes of
meta-analysis were clearly reported in these studies, details
about patient characteristics, technique used and procedural
outcomes were limited. We attempted to contact the abstract
authors to obtain further details. While we did not receive any
correspondence from two authors, one author declined to
share their study details. Secondly, the included studies were
not entirely representative of the general population and com-
munity practice, with most studies being performed in tertiary-
care referral centers by expert endoscopists. This is important
because EUS-GE techniques remain unstandardized, the learn-
ing curve for EUS-GE is still unknown, and the rate of AEs in
EUS-GE might be higher in novice advanced endoscopists. All
the studies included in our analysis were retrospective in nature
contributing to selection bias. Third, only two studies included
in our analysis reported the specific EUS-GE technique that was
employed. Chen et al reported that of the 30 patients undergo-
ing EUS-GE, EUS-guided balloon-occluded gastrojejunostomy
bypass (EPASS) technique was used in 22, balloon-assisted GE
in six and direct EUS-GE in two patients. In the study by Ge et
al, all 22 patients underwent direct EUS-GE. We were unable
to analyze if one EUS-GE technique was superior to the other.
In our analysis, only three studies reported on the location of
obstruction [43, 46, 47]. This was duodenal bulb in 130 pa-
tients, second portion of duodenum in 190 patients and distal
duodenum in 129 patients. We were unable to assess if the lo-
cation of GOO had any influence of the clinical and technical
success of either technique. While there was no statistically sig-
nificant difference in the technical and clinical effectiveness of
EUS-GE and ES, it is important to note that statistical non-sig-
nificance is an indication of uncertainty and not necessarily of
equivalence. We used confidence intervals to estimate the un-
certainty of the difference in success and failure rates between

the two approaches. Finally, our analysis has the limitation of
moderate to significant heterogeneity.

Conclusion
In conclusion, EUS-GE in expert hands has comparable effec-
tiveness and safety profile compared to ES. It is associated with
a lower rate of recurrence of GOO and need for re-intervention
when compared to ES, making it an acceptable therapeutic in-
tervention for patients with gastric outlet obstruction. The
learning curve for EUS-GE will need to further evolve before it
can be used as first line therapy in patients with GOO. Further
prospective randomized controlled trials are needed to validate
our findings.
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