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ABSTRACT
Background and Objectives: Gastric varices (GVs) are associated with a higher risk of uncontrolled bleeding and death when
compared with esophageal varices. While endoscopic glue injection therapy has been traditionally used for secondary prophylaxis
in GV, data regarding primary prophylaxis continue to emerge. Recently, EUS–guided therapies have been used in GV bleeding.

Methods:Weconducted a comprehensive search of several major databases from inception to June 2022. Our primary goals were to
estimate the pooled rates of treatment efficacy, GV obliteration, GV recurrence, and rebleeding with EUS-guided therapy in primary and
secondary prophylaxis. Overall adverse events and technical failures were assessed. Random-effects model was used for our meta-
analysis, and heterogeneity was assessed using the I2 % statistics.

Results: Eighteen studies with 604 patients were included. In primary prophylaxis, pooled rate of GV obliteration was 90.2% (confidence
interval [CI], 81.1–95.2; I2 = 0). With combination EUS–glue and coil therapy, the rate was 95.4% (CI, 86.7%–98.5%; I2 = 0). Pooled rate of
posttherapy GV bleeding was 4.9% (CI, 1.8%–12.4%; I2 = 0). In secondary prophylaxis, pooled rate of treatment efficacy was 91.9% (CI,
86.8%–95.2%; I2 = 12). With EUS-glue, EUS-coil, and combination EUS–glue and coil, the rates were 94.3% (CI, 88.9%–97.1%; I2 = 0),
95.5% (CI, 80.3%–99.1%; I2 = 0), and 88.7% (CI, 76%–95.1%; I2 = 14), respectively. Pooled rate of GV obliterationwas 83.6% (CI, 71.5%–

91.2%; I2 = 74). With EUS-glue, EUS-coil, and combination EUS–glue and coil, the rates were 84.6% (CI, 75.9%–90.6%; I2 = 31), 92.3%
(CI, 81.1%–97.1%; I2 = 0), and 84.5% (CI, 50.8%–96.7%; I2 = 75), respectively. Pooled rates of GV rebleeding and recurrencewere 18.1%
(CI, 13.1%–24.3%; I2 = 16) and 20.6% (CI, 9.3%–39.5%; I2 = 66), respectively.

Conclusion:Our analysis shows that EUS-guided therapy for GVs is technically feasible and clinically successful in both primary and
secondary prophylaxis of GV.
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BACKGROUND

Gastroesophageal variceal bleeding is amajor complication of por-
tal hypertension, especially in patients with cirrhosis, and accounts
for 10% to 30%of all cases of bleeding from the upper gastrointes-
tinal tract.[1] Development and growth of gastroesophageal varices
each occur at a rate of approximately 7% per year among patients
with cirrhosis.[2] While gastric varices (GVs) account for approxi-
mately 20% of all variceal bleeds, they are associated with more risk
of uncontrolled bleeding, higher transfusion requirements, and higher
rates of rebleeding and death when comparedwith esophageal var-
ices.[3,4] According to the Sarin classification, GVs are categorized
as gastroesophageal varices type 1 (GOV1), which extend over the car-
dia and lesser curvature, gastroesophageal varices type 2 (GOV2),
which represent a continuationof esophageal varices (EVs) into the fun-
dus of the stomach, isolatedGV type 1 (IGV1), which are in the fundus
of the stomach and isolatedGV type 2 (IGV2), located anywhere in the
stomach. Whereas GOV1 represents 75% of all the GVs, GOV2,
IGV2, and IGV1 represent 21%, 4%, and less than 2%, respectively.

Gastric varices are further classified as primary and secondary
GVs. Primary GVs are varices noted on initial endoscopic exami-
nation, before any therapy being performed. These are present in
approximately 17% of patients with cirrhosis, and the prevalence
is higher in bleeders than in nonbleeders: 24% versus 7%. Second-
ary GVs appear for the first time after therapy for esophageal
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varices has been applied and are seen in approximately 9% of pa-
tients with portal hypertension.[5] This classification has therapeu-
tic implications as current guidelines recommend endoscopic ther-
apy with tissue adhesives such asN-butyl-cyanoacrylate or throm-
bin as the preferred definitive modality for GV bleeding, that is,
secondary prophylaxis. However, guidelines have not supported
any form of treatment for primary prophylaxis for GV.[6,7]

Over the past few years, several EUS–guided options for both primary
and secondary prophylaxis for GV have been reported. These include
EUS-guided N-butyl-cyanoacrylate or glue therapy (EUS-glue),
EUS-guided coil embolization (EUS-coil), EUS-guided sclerotherapy,
EUS-guided thrombin injection, and EUS-coil injection with simul-
taneous use of glue (EUS-coil/glue). Although several previous stud-
ies have reported on the safety and efficacy of these approaches,[8–10]

a global understanding of their overall efficacy is lacking.

We conducted an updated systematic review and meta-analysis to
assess the safety and efficacy of EUS-guided treatments for both
primary and secondary prophylaxis in GV.
METHODS
Search strategy

A comprehensive search of several databases from 2009 toMay 24,
2019, limited to English language only and excluding animal stud-
ies, was conducted to evaluate for studies reporting on the outcomes
of EUS-guided therapies in patients with GV. The same search was
updated on June 13, 2022. The databases used (and their content
coverage) is Ovid MEDLINE (1946 + and Epub Ahead of Print,
In-Process, and Other Non-Indexed Citations), Ovid EMBASE
(1988+), Ovid Cochrane Central Register of Controlled Trials
(1991+), Ovid Cochrane Database of Systematic Reviews (2005+),
and Scopus via Elsevier (1778+).

The search strategywas designed and conducted by amedical librar-
ianwith input from the study's principal investigator. Controlled vo-
cabulary supplemented with keywords was used. The full search
strategy is available in Appendix 1, http://links.lww.com/ENUS/
A338. In the case of non-English studies, electronic language trans-
lation service was used to convert the text to English.

As the included studies were observational in design, the MOOSE
(Meta-analyses Of Observational Studies in Epidemiology) Checklist was
followed[11] and is provided as Supplementary Appendix 2, http://links.
lww.com/ENUS/A338. The quality of evidence presented in the random-
ized controlled trials (RCTs) was assessed using the GRADE (Grading of
Recommendations Assessment, Development and Evaluation) meth-
odology, outlined in Appendix 3 and Supplementary Figure 1,
http://links.lww.com/ENUS/A338.[12] Reference lists of evaluated
studies were examined to identify other studies of interest. PRISMA
(Preferred Reporting Items for Systematic Reviews andMeta-analyses)
flowchart for study selection is provided as Supplementary Figure 2,
http://links.lww.com/ENUS/A338. Reference lists of evaluated studies
were examined to identify other studies of interest.

Study selection

In this meta-analysis, we included studies that reported on the use
of EUS-guided treatment modalities for GV as either a primary or
secondary prophylaxis approach. Studies in which outcomes of
EUS-guided therapies were reported either by themselves or in
combination with outcomes of conventional endoscopic therapies
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were included in our analysis. Studies were included irrespective
of patients with underlying liver cirrhosis, inpatient/outpatient set-
ting, geography, and abstract/manuscript status, as long as they
provided data needed for the analysis.

The following were our exclusion criteria[1]: studies reporting on only
endoscopic guided therapy of GV[2] individual case reports,[3] studies
performed in the pediatric population (age <18 years),[4] and studies
that did not provide clear data on outcomes of interest (primary,
secondary prophylaxis management of GV by EUS-guided treat-
ment modalities).

In cases of multiple publications from the same cohort and/or overlap-
ping cohorts, data from the most recent and/or most appropriate com-
prehensive report were included. Primary study authorswere contacted
via email in cases where any study-related clarificationwas needed.

Data abstraction and quality assessment

Data on study-related outcomes in the individual studies were ab-
stracted onto a standardized form by at least 2 authors (S.C., B.P.M.),
and 2 authors (B.P.M.,D.R.) independently performed the quality scor-
ing using the Newcastle-Ottawa scale.[13] The details can be found in
Supplementary Table 1 (http://links.lww.com/ENUS/A338).

Outcomes assessed

I. In patients undergoingEUS-guided therapies for primaryprophylaxis:

(1) Pooled rate of complete variceal obliteration, as confirmed
by follow-up endoscopic and EUS examination

(2) Pooled rate of posttherapy GV bleeding as observed during
the follow-up period

(3) Pooled rate of technical failures, defined as failure to success-
fully perform EUS-guided therapy

II. In patients undergoing EUS-guided therapies for secondary
prophylaxis:

(1) Pooled rate of treatment efficacy, defined as complete cessa-
tion of bleeding during index procedure

(2) Pooled rate of complete variceal obliteration, as confirmed
by follow-up endoscopic and EUS examination

(3) Pooled rate ofGV rebleeding, including early and late rebleeding

(4) Pooled rate of GV recurrence as seen on follow-up endo-
scopic examination

(5) Pooled rate of technical failures, defined as failure to success-
fully perform EUS-guided therapy

In addition,where permissible, the resultswere further classified based
on the type of EUS-guided treatment performed. Other outcomes
assessed were the mean number of EUS-guided sessions performed,
mean number of coils deployed, mean volume of cyanoacrylate
(CYA) glue injected, overall pooled rate of adverse events, and over-
all pooled rate of rescue interventions needed.

Comparison of outcomes between EUS-guided versus endoscopic
therapies
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Statistical analysis

We used meta-analysis techniques to calculate the pooled estimates
and relative risk (RR) in each case following the methods suggested
byDerSimonian and Laird using the random-effectsmodel.[14]When
the incidence of an outcome was zero in a study, a continuity correc-
tion of 0.5 was added to the number of incident cases before statisti-
cal analysis.[15] We assessed heterogeneity between study-specific es-
timates by using the Cochran Q statistical test for heterogeneity,
95% confidence interval (CI), which deals with the dispersion of the
effects,[16–18] and the I2 statistics.[19] In this, values of <30%, 30%
to 60%, 61% to 75%, and >75%were suggestive of low, moderate,
substantial, and considerable heterogeneity, respectively.[20] Publica-
tion bias was ascertained, qualitatively, by visual inspection of funnel
plot and quantitatively, by the Egger test.[21] When publication
bias was present, 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.[22]

All analyses were performed using Comprehensive Meta-Analysis
software, version 3 (BioStat, Englewood, New Jersey).
RESULTS
Search results and population characteristics

Our initial search yielded 1706 results. After deduplication, 212 re-
cords were screened, and 172 full-length articles were assessed for
eligibility. Eighteen studies (comprised of 27 cohorts) with 604 pa-
tients were included in our final analysis. Nine cohorts who were
treated for primary prophylaxis, 13 for secondary prophylaxis and
5 cohorts reporting on combined primary + secondary prophylaxis
outcomes were included in our analysis. EUS–guided therapies for
primary GV prophylaxis were performed in 162 patients, whereas
secondary prophylaxis for active and recent bleeding from GV
was performed in 442 patients.

EUS–guided glue injection as monotherapy was performed in 4
studies,[23–26] EUS-coils were deployed as monotherapy in 5
studies,[24,27–30] combination EUS-coil + glue was performed in 9
studies,[26,28,30–36] EUS-guided thrombin injection was used in 1
study,[37] EUS-guided sclerosant (ethanolamine oleate) injection
was used in 1 study[38] and EUS-guided coils and absorbable he-
mostatic gelatin sponge were used in 2 studies.[39,40]

There were 47 patients with GOV1, 190 patients with GOV2, 297
with IGV1, and 6 patients with IGV2. Overall, 348 male and 218
female patients were included in our analysis. Two studies did not
report on patient sex. Follow-up time period ranged from 1.3 to
57 months.

Further study details including the type of EUS-modality used,
number of sessions, volume of glue/number of coils deployed, and
outcomes are reported in Tables 1 and 2.

Characteristics and quality of included studies

Two RCTs along with 6 case series[29,31,35,38–40] and 9 retrospective
studies were included in our analysis. One RCT compared the out-
comes of EUS-coil and EUS-coil + glue therapy,[28] whereas in the
other, patients were randomized to EUS-guided or routine endoscopic-
guided glue therapy.[32] Based on the Newcastle-Ottawa assess-
ment system for study quality, there were 6 high-quality and 10
medium-quality studies. There were no low-quality studies in our
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analysis. Based on risk-of-bias assessment, the overall certainty of
evidence was graded as high (grade A). The detailed assessment
of study quality is given as Table 1 and Figure 2 in supplementary
material, http://links.lww.com/ENUS/A338.
Meta-analysis outcomes

I. ForpatientsundergoingEUS-guided treatment forprimaryprophylaxis:

(1) Pooled rate of complete variceal obliteration. The overall
pooled rate of gastric variceal obliteration was 90.2% (95% CI,
81.1%–95.2%; I2 = 0) [Figure 1]. Among patients undergoing
combination EUS–glue and coil therapy, the rate was 95.4%
(95% CI, 86.7%–98.5%; I2 = 0).

(2) Pooled rate of posttherapy GV bleeding. The overall pooled
rate of posttherapy bleeding was 4.9% (95%CI, 1.8%–12.4%;
I2 = 0) [Figure 2]. None of the patients had early (<48 hours)
rebleeding. All patients who presented with GV bleeding did
so more than 30 days after the index procedure.

(3) Pooled rate of technical failures. The overall pooled rate of
technical failures was 10.1% (95% CI, 4.2%–22.6%; I2 = 0)
[Figure 3].

II. For patients undergoing EUS-guided treatment for secondary
prophylaxis:

(1) Pooled rate of treatment efficacy. The overall pooled rate of
treatment efficacywas 91.9% (95%CI, 86.8%–95.2%; I2 = 12)
[Figure 4]. Among patients undergoing EUS-glue,[23–26] EUS-
coil,[28–30] and combination EUS–glue and coil,[27,28,30,31,35] the
rates were 94.2% (95% CI, 88.9%–97.1%; I2 = 0), 95.5%
(95% CI, 80.3%–99.1%; I2 = 0), and 88.7% (95% CI, 76%–

95.1%; I2 = 14), respectively.

(2) Pooled rate of complete variceal obliteration. The overall
pooled rate of variceal obliteration was 83.6% (95% CI, 71.5%–

91.2%; I2 = 74; Supplementary Figure 3, http://links.lww.com/
ENUS/A338). Among patients undergoing EUS-glue,[23–25] EUS-
coil,[28–30] and combination EUS–glue and coil,[27,28,30,31,33] the
rates were 84.6% (95% CI, 75.9%–90.6%; I2 = 31), 91.6%
(95% CI, 78.6%–97%; I2 = 0), and 84.5% (95% CI, 50.8%–

96.7%; I2 = 75), respectively.

(3) Pooled rate of GV rebleeding. The overall pooled rate of var-
iceal rebleeding was 18.1% (95% 13.1%–24.3%; I2 = 16; Sup-
plementary Figure 4, http://links.lww.com/ENUS/A338). Ten
patients experienced early rebleeding, and 36 patients experi-
enced late rebleeding.

(4) Pooled rate of GV recurrence. The overall pooled rate of GV
recurrence on follow-up examination was 20.6% (95% CI,
9.3%–39.5%; I2 = 66; Supplementary Figure 5, http://links.
lww.com/ENUS/A338).

(5) Pooled rate of technical failures. The overall pooled rate of
technical failure was 7.3% (95% CI, 3.3%–15.2%; I2 = 33;
Supplementary Figure 6, http://links.lww.com/ENUS/A338).

Among studies reporting outcomes of EUS-coil therapy, the mean
number of coils used to achieve GV obliteration was 3 (95% CI,
2.6–3.5; I2 = 96) (range, 1–8 coils). Among patients who were
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treated with EUS-glue therapy, a mean volume of 2.1 mL of glue
was used per patient (95% CI, 1.8–2.3 mL; I2 = 93), ranging from
1.4 to 3.6 mL. The mean number of sessions to achieve GV oblit-
eration was 1.4 (95% CI, 1.2–1.6; I2 = 96) (range, 1–5 sessions).

Across all studies, the pooled rate ofGVobliterationwas 87% (95%CI,
78.8%–92.4%; I2 = 72) and of GV recurrence was 12.3% (95% CI,
6.5%–22.2%; I2 = 96). The overall pooled rate of adverse events was
11.9% (95%CI, 6.6%–20.3%; I2 = 96), and the pooled rate of patients
needing rescue or salvage therapy was 7.7% (95% CI, 4.8%–12.2%;
I2 = 0). Among these, 7 patients underwent transjugular intrahepatic
portosystemic shunt, 3 patients required liver transplantation, 2 patients
underwent creation of a distal splenorenal shunt, and 1 patient
underwent balloon-occluded retrograde transvenous obliteration.

III. Comparison of EUS-guided vs conventional endoscopic therapy

Overall, 2 prospective,[23,36] 2 retrospective,[26,27] and 1 RCT[32] re-
ported outcomes of EUS-guided verses conventional endoscopic ther-
apies.Details of the studies are summarized inTable 3.Although there
was no statistical difference between the rates of primary hemostasis
(RR, 1.0 [95%CI, 0.97–1.034]; I2 = 0; P = 0.84) and overall adverse
events (RR, 0.869 [95% CI, 0.445–1.695]; I2 = 47.32; P = 0.680),
EUS-guided therapies resulted in a significantly lesser incidence
of GV rebleeding compared with conventional endoscopic therapy
(RR, 0.44 [95% CI, 0.31–0.62]; I2 = 0; P < 0.001; Supplementary
Figures 7–9, http://links.lww.com/ENUS/A338).
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. Upon conclusion of the sen-
sitivity analysis, we concluded that no single study significantly
affected the outcomes for primary and secondary prophylaxis or
the heterogeneity.

Heterogeneity

We assessed the dispersion of the calculated rates using the I2 per-
centage values as reported in the meta-analysis outcomes section.
We found low heterogeneity among all pooled outcomes for pri-
mary prophylaxis. Substantial heterogeneity was noted in pooled
rates of GV obliteration and recurrence among patients undergo-
ing secondary prophylaxis. Although there was low heterogeneity
noted for GV obliteration rates with EUS-glue and EUS-coil–based
therapy, combination glue and coil therapy continued to have sub-
stantial heterogeneity. This can likely be explained by the type of
GV treated and the varying numbers of sessions performed, vol-
ume of glue injected by different users, and the different numbers
of coils used in different patients and studies.

Publication bias

Based on visual inspection of the funnel plot as well as quantitative
measurement that used the Egger regression test, there was no evi-
dence of evidence of publication bias (z = −1.78, P = 0.18; Supple-
mentary Figure 10, http://links.lww.com/ENUS/A338.

DISCUSSION

Our analysis shows that EUS-guided therapy for GVs is technically
feasible and clinically successful in both primary and secondary
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Figure 1. Forest plot, pooled rate, GV obliteration (primary prophylaxis). GV, gastric varices.
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prophylaxis.We found that whereas the pooled rate of GV obliter-
ation with combination EUS–glue and coil therapy was 95.4%,
across all EUS-guided therapies, the pooled rate of successful GV
obliteration was 90.2%. For secondary prophylaxis, EUS-guided
therapies had treatment efficacy between 88.8% and 95.5%. Al-
though endoscopic management of nonbleeding, actively bleeding
or recently bled GVs can be technically challenging, our findings
suggest that EUS-guided treatment is effective in all of the studied
clinical scenarios.

Mortality associated with gastric variceal bleeding can be as high
as 20% within 6 weeks of an index bleeding episode.[41] For second-
ary prophylaxis, consensus guidelines recommend endoscopic ther-
apy with tissue adhesives such asN-butyl-cyanoacrylate or thrombin
for IGV1 andGOV2, and endoscopic variceal ligation or tissue adhe-
sive for bleeding GOV1.[7] A recent network meta-analysis showed
that balloon-occluded retrograde transvenous obliterationwas associ-
atedwith a lower risk of rebleeding fromGVwhen comparedwithβ-
blockers and endoscopic glue injection. For primary prophylaxis,
however, although pharmacotherapy with nonselective β-blockers is
recommended,[7,42] their use has not been shown to reduce the in-
cidence or mortality of first bleeding from GV.[43] As such, thera-
peutic options for primary prophylaxis are not well established.

Endoscopic glue injection has shown efficacy in 70% to 90% of pa-
tients across published studies.[44,45] Gastric varices recurrence and
rebleeding have been reported in as many as 20% to 30% of the pa-
tients undergoing glue injection.[46,47] In addition, CYA injection
has been shown to cause site injection ulcers and lead to systemic ad-
verse events such as cerebral stoke, splenic infarction, pulmonary
emboli, and death.[48,49] In recent years, EUS-guided therapies
Figure 2. Forest plot, pooled rate, posttherapy GV bleeding (primary prophylax

357
including injection of coils alone, glue alone, or both in combi-
nation have been extensively reported in literature for GV bleed-
ing. Although several studies and meta-analysis have shown
high rates of GV obliteration and low rates of recurrence with these
therapies,[8–10] cumulative outcomes based on clinical scenario, that
is, primary or secondary prophylaxis, have not yet been evaluated.

In our analysis, we found that the overall rates of GV obliteration
in patients undergoing primary and secondary prophylaxis were
90.2% and 84%, respectively. Successful hemostasis was achieved
in 91.9% of patients, and the pooled rate of GV bleeding after suc-
cessful primary prophylaxis was low at 4.9%. In addition, the rate
of rebleeding after secondary prophylaxis across all studies was
18.1%. We found an overall pooled rate of adverse events of
11.9%,which included 11 patients with postprocedure fever, 24 pa-
tients with chest and/or abdominal pain, and 16 patients with
pulmonary/systemic embolism. When comparing outcomes of
EUS-guided and conventional endoscopic therapies, we found no
statistical difference between the rates of primary hemostasis (RR,
1.0 [95% CI, 0.97–1.034]; I2 = 0; P = 0.84) and overall adverse
events (RR, 0.869 [95% CI, 0.445–1.695]; I2 = 47.32; P = 0.680).
Interestingly, EUS-guided therapies resulted in a significantly lesser
incidence of GV rebleeding comparedwith conventional endoscopic
therapy (RR, 0.45 [95% CI, 0.31–0.665]; I2 = 0; P < 0.001).

Therapeutic gain from EUS-guided therapies must be weighed
against the cost difference from conventional endoscopic therapy.
Romero-Castro et al[24] reported that the average cost of 1 mL
Histoacryl/Lipiodol was US $72.30, whereas that of one coil, inde-
pendent of the length, was US $99.40. Furthermore, Kouanda
et al[34] reported that based on the 2020 Medicare fee schedule,
is). GV, gastric varices.
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Figure 3. Forest plot, pooled rate, technical failures (primary prophylaxis).
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the estimated cost of EUS-guided coil and CYA injection was
$1831 (facility fee, $1557; physician fee, $274), and the cost of in-
patient hospitalization for GV bleeding was $11,078. Although a
comparative cost analysis between EUS-guided and conventional
endoscopic therapy was beyond the scope of our study, future
cost-effectiveness studies will be important to understand the eco-
nomic value of EUS-guided interventions in comparison to endo-
scopic therapy, especially in resource-limited countries.

Our meta-analysis has several strengths. These include a thorough,
updated, and systematic literature search with well-defined inclu-
sion criteria, careful exclusion of redundant studies, inclusion of
good-quality studies with detailed extraction of data, rigorous
evaluation of study quality, and statistics to establish and/or refute
the validity of the results of our meta-analysis. We reported sepa-
rate outcomes for EUS-based therapies as they apply to primary
and secondary prophylaxis in GV. This is particularly important
as intervention is likely be more challenging in cases with active
GV bleeding when compared with nonbleeding GV. Where per-
missible, we calculated pooled outcomes based on the type of
EUS-based therapy used. A majority of our meta-analysis out-
comes had low heterogeneity suggesting minimal between-study
variability. Finally, we performed subgroup analysis to compare
the outcomes of EUS-guided and conventional endoscopic therapy
based on double-arm comparative studies. Although there was no
Figure 4. Forest plot, pooled rate, treatment efficacy (secondary prophylaxis).
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statistical difference between the rates of primary hemostasis and
overall adverse events, EUS-guided therapies resulted in a signifi-
cantly lesser incidence of GV rebleeding compared with conven-
tional endoscopic therapy.

There are also several limitations to this study, most of which are
inherent to any meta-analysis. First, 5 of the included studies did
not report outcomes separately for primary and secondary prophy-
laxis.[24,32,35,36,40] Although most of the studies included in our
analysis were published as full-length articles, we included 2 re-
cently published conference abstracts. Five of the included studies
were case series, and although in the majority of the studies either
EUS-coil, EUS-glue, or combination EUS–glue and coil were used,
2 studies reported use of coils and absorbable gelatin sponge, 1
study used thrombin, and 1 used sclerosant (ethanolamine oleate).
Second, we were unable to report separate outcomes for EUS-glue,
EUS-coil, and combination EUS–glue and coil therapy in patients
undergoing primary prophylaxis due to paucity of data. Third,
we were unable to assess the rate of GV obliteration based on the
number of EUS sessions or the specific location of GV, given wide
variation. Among patients undergoing EUS-guided therapies for
secondary prophylaxis, we report that the rates of treatment effi-
cacy with EUS-glue, EUS-coil, and combination EUS–glue and coil
were 94.2%, 95.5%, and 88.7%, respectively. In addition, for GV
obliteration, these were 84.6%, 91.6%, and 84.5%, respectively.
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The difference in these outcomes, although not necessarily statistically
significant, should be perceived with caution as the subgroup analysis
was based on a small number of studies, only one of which was an
RCT,[28] whereas the others were observational cohort studies and/
or case series, which may have contributed to potential selection bias.
Furthermore, there was variability in the number of coils and/or vol-
ume of glue used as well as endoscopist expertise and location of
GV, all of which may have contributed to the difference in our out-
comes. Finally, the included studies may not be entirely representative
of the general population and community practice, with most studies
being performed in tertiary-care referral centers.

Nonetheless, our study highlights that in expert hands EUS-guided
therapy is safe and effective in primary as well as secondary pro-
phylaxis for GV bleeding. Further prospective studies comparing
specific EUS-based therapies may help guide future management
of GV in primary and secondary prophylaxis clinical scenarios.
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