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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: \We conducted 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 /> % 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; /2 = 0). With combination EUS—glue and coil therapy, the rate was 95.4% (Cl, 86.7%—-98.5%; [* = 0). Pooled rate of
posttherapy GV bleeding was 4.9% (Cl, 1.8%—12.4%; I* = 0). In secondary prophylaxis, pooled rate of treatment efficacy was 91.9% (Cl,
86.8%-95.2%; I° = 12). With EUS-glue, EUS-coil, and combination EUS—glue and coil, the rates were 94.3% (Cl, 88.9%-97.1%; * = 0),
95.5% (Cl, 80.3%-99.1%: > = 0), and 88.7% (Cl, 76%-95.1%; [ = 14), respectively. Pooled rate of GV obliteration was 83.6% (Cl, 71.5%—
91.2%; I? = 74). With EUS-glue, EUS-coil, and combination EUS—glue and coil, the rates were 84.6% (Cl, 75.9%-90.6%; * = 31), 92.3%
(Cl,81.1%-97.1%; > = 0), and 84.5% (Cl, 50.8%-96.7%:; [ = 75), respectively. Pooled rates of GV rebleeding and recurrence were 18.1%
(Cl, 18.1%-24.3%; I = 16) and 20.6% (Cl, 9.3%-39.5%; I* = 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
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varices has been applied and are seen in approximately 9% of pa-
tients with portal hypertension.”! This classification has therapeu-
tic implications as current guidelines recommend endoscopic ther-
apy with tissue adhesives such as N-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.1*7!

Opver 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,’® %!
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 to May 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 strategy was designed and conducted by a medical librar-
ian with 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™! and is provided as Supplementary Appendix 2, http:/links.
Iww.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.['2 Reference lists of evaluated
studies were examined to identify other studies of interest. PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-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 criterial; studies reporting on only
endoscopic guided therapy of GV!?! individual case reports,*! studies
performed in the pediatric population (age <18 years),"*! 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 authors were contacted
via email in cases where any study-related clarification was 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.'*! The details can be found in
Supplementary Table 1 (http:/links.lww.com/ENUS/A338).

Outcomes assessed

L. In patients undergoing EUS-guided therapies for primary prophylaxis:

(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 of GV 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 results were 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
by DerSimonian and Laird using the random-effects model.!"* 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.™>! 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,!'*18 and the I statistics.™! In this, values of <30%, 30%
t0 60%, 61% to 75%, and >75% were suggestive of low, moderate,
substantial, and considerable heterogeneity, respectively.”®! Publica-
tion bias was ascertained, qualitatively, by visual inspection of funnel
plot and quantitatively, by the Egger test.”!] 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.**!

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,*>2°1 EUS-coils were deployed as monotherapy in 5
studies,***”73% combination EUS-coil + glue was performed in 9
studies,?®2%:30-3¢] EUS-guided thrombin injection was used in 1
study,”! EUS-guided sclerosant (ethanolamine oleate) injection
was used in 1 study"®! and EUS-guided coils and absorbable he-
mostatic gelatin sponge were used in 2 studies.!>**"!

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!>”*13338401 and 9 retrospective

studies were included in our analysis. One RCT compared the out-
comes of EUS-coil and EUS-coil + glue therapy,?®! whereas in the
other, patients were randomized to EUS-guided or routine endoscopic-
guided glue therapy.®”! 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. For patients undergoing EUS-guided treatment for primary prophylaxis:

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

(2) Pooled rate of posttherapy GV bleeding. The overall pooled
rate of posttherapy bleeding was 4.9% (95% CI, 1.8%-12.4%;
I = 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%; I* = 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 efficacy was 91.9% (95% CI, 86.8%-95.2%; I* = 12)
[Figure 4]. Among patients undergoing EUS-glue, > EUS-
coil,?*3% and combination EUS—glue and coil 7283031391 the
rates were 94.2% (95% CI, 88.9%-97.1%; I* = 0), 95.5%
(95% CI, 80.3%—-99.1%; I = 0), and 88.7% (95% CI, 76 %—
95.1%; I* = 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%; I* = 74; Supplementary Figure 3, http://links.lww.com/
ENUS/A338). Among patients undergoing EUS-glue,*****! EUS-
coil,”#3% and combination EUS—glue and coil,?72830:31331 the
rates were 84.6% (95% CI, 75.9%-90.6%; > = 31), 91.6%
(95% CI, 78.6%-97%; I> = 0), and 84.5% (95% CI, 50.8%~
96.7%; I = 75), respectively.

(3) Pooled rate of GV rebleeding. The overall pooled rate of var-
iceal rebleeding was 18.1% (95% 13.1%—24.3%; I> = 16; Sup-
plementary Figure 4, http:/links.Iww.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%; I* = 66; Supplementary Figure 5, http:/links.
Iww.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%; I* = 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; I* = 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; I* = 93), ranging from
h a8 i 3 1.4 to 3.6 mL. The mean number of sessions to achieve GV oblit-
© 5-; © € eration was 1.4 (95% CI, 1.2-1.6; I* = 96) (range, 1-5 sessions).
< ® 3 & Across all studies, the pooled rate of GV obliteration was 87% (95% CI,
o o 3 S 78.8%-92.4%; I> = 72) and of GV recurrence was 12.3% (95% CI,
6.5%-22.2%; P = 96). The overall pooled rate of adverse events was
3 q 11.9% (95% CI, 6.6%-20.3%; F* = 96), and the pooled rate of patients
o S - S needing rescue or salvage therapy was 7.7% (95% CI, 4.8%—-12.2%;
H \J_ P> = 0). Among these, 7 patients underwent transjugular intrahepatic
o - portosystemic shunt, 3 patients required liver transplantation, 2 patients
underwent creation of a distal splenorenal shunt, and 1 patient
o~ ® ~ < underwent balloon-occluded retrograde transvenous obliteration.
& 3 S~ 2
£ ~ S "N ° . . . .
5 g S é é = s IMI. Comparison of EUS-guided vs conventional endoscopic therapy
= — [a
S 3 G é Overall, 2 prospective,?>3°! 2 retrospective,®*”! and 1 RCT?! re-
- Fo =N - % ported outcomes of EUS-guided verses conventional endoscopic ther-
:" S ; n:: Tl e3 £ apies. Details of the studies are summarized in Table 3. Although there
0 o0 wg [ ME was no statistical difference between the rates of primary hemostasis
© -7 NS 2 (RR, 1.0 [95% CI, 0.97-1.034]; I* = 0; P = 0.84) and overall adverse
ﬁ 8 events (RR, 0.869 [95% CI, 0.445-1.695]; I = 47.32; P = 0.680),
8 & EUS-guided therapies resulted in a significantly lesser incidence
% 5 . ; of GV rebleeding compared with conventional endoscopic therapy
. =3 + S 3 (RR, 0.44 [95% CI, 0.31-0.62]; I* = 0; P < 0.001; Supplementary
g L\r‘_; § s |y Figures 7-9, http:/links.Iww.com/ENUS/A338).
= % B8 % |3
S By B’T E VALIDATION OF META-ANALYSIS RESULTS
— - = 8
£ E g | £ Sensitivity analysis
o 2 ~ E To assess whether any one study had a dominant effect on the
3 3 % 3 § meta-analysis, we excluded one study at a time and analyzed its
+ + =g + = effect on the main summary estimate. Upon conclusion of the sen-
S = §8 3 | & itivi lysi ncluded that no single study significantl
= = 28 =2 |« sitivity analysis, we conclu g y sig y
% % 87 @ g affected the outcomes for primary and secondary prophylaxis or
- - 3 =8 the heterogeneity.
o © o o % Heterogeneity
j;; We assessed the dispersion of the calculated rates using the I per-
2 centage values as reported in the meta-analysis outcomes section.
=) =) s | g We found low heterogeneity among all pooled outcomes for pri-
i} k=] k=] <] . . . .
> S 5] 5] = mary prophylaxis. Substantial heterogeneity was noted in pooled
8 g = > S 3 I g rates of GV obliteration and recurrence among patients undergo-
(%8, ;@ ;E ;":O/ g ing secondary prophylaxis. Although there was low heterogeneity
& g g 2 noted for GV obliteration rates with EUS-glue and EUS-coil-based
c & & 2 therapy, combination glue and coil therapy continued to have sub-
> o - }3 stantial heterogeneity. This can likely be explained by the type of
s 2 = E GV treated and the varying numbers of sessions performed, vol-
58S e : % = ume of glue injected by different users, and the different numbers
coT O~ =Eg L &) . . . . .
88 _TosSs5x 2 g of coils used in different patients and studies.
2 FoN220 3 £
2c£g88 -89 £ |¢ o
a2 88882 2 2 Publication bias
E-CESTER s=| § . . . o
8588288y 22| 2 Based on visual inspection of the funnel plot as well as quantitative
g 2 - é S B g 5 ;&-‘-ﬁ = measurement that used the Egger regression test, there was no evi-
2°78° ° 2° £7|% dence of evidence of publication bias (z = -1.78, P = 0.18; Supple-
N = g mentary Figure 10, http:/links.lww.com/ENUS/A338.
N =, g o
E_ g =g =gt DISCUSSION
=S8 2. £E8 BE| jF
5y 5 £y £3|: . . o
RS % g S E8]|= Our analysis shows that EUS-guided therapy for GVs is technically
A = @ 3 < feasible and clinically successful in both primary and secondary
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GV obliteration - primary prophylaxis

Stugx name Statistics for each .‘Ilgx
Evont Lower UBPET e e
Gubler 2014 0750 0238 0.966 0.951 0.341
Frost 2018 0800 0309 0973 1240 0215
Irisawa 2020 0875 0.463 0983 1.820  0.069
Kozeil 2020 0929 0.423 0.99% 1748 0.081
Robles-Medranda 2020 (a) 0.750 0.238 0.966 0.951 0.341
Robles-Medranda 2020 (b) 0.87S 0.266 0.993 1287 0198
Kouanda 2021 0968 0.830 0.992 4732 0.000
Seven 2022 (a) 0944 0.495 0997 1.947  0.052
0902 0.811 0952 5664  0.000

-1.00

Event rate and 95% Cl

Relative Relative

weight  weight
157
1234
13.49
716
1157
675
29.85
728

-0.50 0.00

Figure 1. Forest plot, pooled rate, GV obliteration (primary prophylaxis). GV, gastric varices.

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.!*!! For second-
ary prophylaxis, consensus guidelines recommend endoscopic ther-
apy with tissue adhesives such as N-butyl-cyanoacrylate or thrombin
for IGV1 and GOV2, and endoscopic variceal ligation or tissue adhe-
sive for bleeding GOV1."”) A recent network meta-analysis showed
that balloon-occluded retrograde transvenous obliteration was associ-
ated with a lower risk of rebleeding from GV when compared with 3-
blockers and endoscopic glue injection. For primary prophylaxis,
however, although pharmacotherapy with nonselective 3-blockers is
recommended,"*?! their use has not been shown to reduce the in-
cidence or mortality of first bleeding from GV.!*3! 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.***¥ Gastric varices recurrence and
rebleeding have been reported in as many as 20% to 30% of the pa-
tients undergoing glue injection.***”! 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.[*®*°! In recent years, EUS-guided therapies

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, * ! 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]; I* = 0; P = 0.84) and overall adverse
events (RR, 0.869 [95% CI, 0.445-1.695]; I* = 47.32; P = 0.680).
Interestingly, EUS-guided therapies resulted in a significantly lesser
incidence of GV rebleeding compared with conventional endoscopic
therapy (RR, 0.45 [95% CI, 0.31-0.665]; I* = 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'** 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®* reported that based on the 2020 Medicare fee schedule,

Post therapy bleeding - primary prophylaxis

Study name Statistics for each stud:
Event Lower Upper

rate  limit limit 2Z-Value P-Value
Frost 2018 0.083 0005 0622 -1.623 0.105
Irisawa 2020 0.125 0.017 0537 -1.820 0.069
Kozeil 2020 0.071 0.004 0577 -1.748  0.081
Kouanda 2021 0.025 0.006 0.094 -5116  0.000

0.049 0018 0124 5753  0.000

-1.00

Event rate and 95% CI

Relative Relative

weight  weight
o 12.23
- 2335
12.39
r 52.03
0.50 0.00 0.50 1.00

Figure 2. Forest plot, pooled rate, posttherapy GV bleeding (primary prophylaxis). GV, gastric varices.
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Technical failure - primary prophylaxis

Study name Statistics for each study
Event Lower Upper

rate  limit limit Z-Value P-Value
Lee 2000 0.963 0.864 0.891 4522 0.000
Gubler 2014 098 0318 0999 3.013 0.003
Bick 2018 0912 0.806 0963 5.001 0.000
Frost 2018 0667 0.154 0857 0.566 0.571
Mukkada 2018 0.800 0621 0.807 3.037 0.002
Khoury 2019 0955 0552 0.997 2103 0.038
Bazarbashi 2020 0955 0.552 0.897 2103 0.035
Robles-lMedranda 2020 (a) 0.115  0.038 0.303 -3.318 0.001
Robles-Medranda 2020 (b) 0.88% 0.707 0.964 3.396 0.001
IMosquera-Klinger 2021 0.800 0.326 0.994 1.474 0.140
Seven 2022 (a) 0958 0.575 0.897 2170 0.030
Seven 2022 (b} 0.839 0500 0985 1961  0.050

0.876 0.715 0.952 3.700 0.000

Figure 3. Forest plot, pooled rate, technical failures (primary prophylaxis).

Event rate and 95% CI
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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

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. 24323336491 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.

Treatment efficacy - secondary prophylaxis

Study name Statistics for each study
Event Lower Upper

rate  limit limit Z-Value P-Value
Lee 2000 0963 0864 0.991 4522 0.000
Romero-Castro 2013 0975 0702 0998 2558  0.011
Gubler 2014 0986 0818 0.999 3.013 0.003
Bick 2018 0912 0.806 0963 5.001 0.000
Frost 2018 0667 0154 0957 0566 0571
Mukkada 2018 0.800 0621 0.907 3.037 0.002
Khoury 2019 0955 0552 0997 2103 0.035
Bazarbashi 2020 0955 0552 0.997 2103 0.035
Robles-Medranda 2020 (a) 0977 0723 0.999 2629 0.008
Robles-Medranda 2020 (b) 0.981 0764 0.999 2781 0.005
Mosquera-Klinger 2021 0900 0326 0994 1474 0.140
Seven 2022 (a) 0958 0575 0.997 2170 0.030
Seven 2022 (b) 0889 0500 0.985 1.961 0.050

0919 0868 0.952 8630 0.000

-1.00

Figure 4. Forest plot, pooled rate, treatment efficacy (secondary prophylaxis).
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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,%! 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.

Funding

None.

Conflicts of Interest

The authors declare that they have no financial conflict of interest
with regard to the content of this report. Douglas G. Adler is a Co-
Editor-in-Chief of the journal. This article was subject to the
journal’s standard procedures, with peer review handled indepen-
dently of the editor and his research group.

Acknowledgment

The authors thank Leslie Hassett, MLS, librarian, Mayo Clinic
Libraries, for help with the systematic literature search.

Author Contributions

Saurabh Chandan and Douglas G. Adler did the conception and
design, interpretation of the data, drafting of the article, and intel-
lectual content and final approval of the manuscript. Andrew Khoi
Nguyen conducted the study search, review, and selection and the
drafting of the article. Babu P. Mohan and Smit Deliwala per-
formed the statistical analysis of data and interpretation of results.
Daryl Ramai and Lena L. Kassab did the study search, review, and
selection. Arunkumar Muthusamy and Antonio Facciorusso man-
aged the data collection and synthesis. Faisal Kamal also con-
ducted the data collection and synthesis and drafting of the article.
Mohammad Bilal and Jayanta Samanta provided the critical revi-
sion of the article for important intellectual content and final ap-
proval of the article.

References

1. Laine L. Upper gastrointestinal tract hemorrhage. West | Med 1991;155(3):274.
2. Merli M, Nicolini G, Angeloni S, Gentili F, Attili AF, Riggio O. The natural
history of portal hypertensive gastropathy in patients with liver cirrhosis
and mild portal hypertension. Am | Gastroenterol 2004;99(10):1959-665.

. Ryan BM, Stockbrugger RW, Ryan JM. A pathophysiologic, gastroenterologic,
and radiologic approach to the management of gastric varices. Gastroenterology
2004;126(4):1175-1189.

. Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch ]. Portal hypertensive
bleeding in cirrhosis: risk stratification, diagnosis, and management: 2016
practice guidance by the American Association for the Study of Liver Diseases.
Hepatology 2017;65(1):310-335.

. Sarin SK, Lahoti D, Saxena SP, Murthy NS, Makwana UK. Prevalence,
classification and natural history of gastric varices: a long-term follow-up
study in 568 portal hypertension patients. Hepatology 1992;16(6):1343-1349.

360

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

www.eusjournal.com

. Henry Z, Patel K, Patton H, Saad W. AGA clinical practice update on

management of bleeding gastric varices: expert review. Clin Gastroenterol
Hepatol 2021;19(6):1098-107.e1.

. de Franchis R, Bosch ], Garcia-Tsao G, Reiberger T, Ripoll C, Faculty BV.

Baveno VII—renewing consensus in portal hypertension. | Hepatol 2022;
76(4):959-974.

. Mohan BP, Chandan S, Khan SR, et al. Efficacy and safety of endoscopic

ultrasound-guided therapy versus direct endoscopic glue injection therapy
for gastric varices: systematic review and meta-analysis. Endoscopy 2020
52(4):259-267.

. McCarty TR, Bazarbashi AN, Hathorn KE, Thompson CC, Ryou M.

Combination therapy. Endosc Ultrasound 2020;9(1):6-15.

Baig M, Ramchandani M, Puli SR. Safety and efficacy of endoscopic
ultrasound-guided combination therapy for treatment of gastric varices: a
systematic review and meta-analysis. Clin | Gastroenterol 2022;15(2):
310-319.

Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational
studies in epidemiology: a proposal for reporting. Meta-analysis of
Observational Studies in Epidemiology (MOOSE) Group. JAMA 2000;
283(15):2008-2012.

Atkins D, Eccles M, Flottorp S, et al. Systems for grading the quality of
evidence and the strength of recommendations I: critical appraisal of existing
approaches the GRADE Working Group. BMC Health Serv Res 2004;4(1):38.
Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur | Epidemiol
2010;25(9):603-605.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986;7(3):177-188.

Sutton AJAK, Jones DR, et al. Methods for Meta-analysis in Medical
Research. New York: J. Wiley; 2000.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ 2003;327(7414):557-560.

Riley RD, Higgins JPT, Deeks JJ. Interpretation of random effects meta-
analyses. BMJ 2011;342:d549.

Higgins JP, Thompson SG, Spiegelhalter DJ. A re-evaluation of random-effects
meta-analysis. | R Stat Soc Ser A Stat Soc 2009;172(1):137-159.

Kanwal F, White D. “Systematic reviews and meta-analyses” in clinical
gastroenterology and hepatology. Clin Gastroenterol Hepatol 2012;10(11):
1184-1186.

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 7. Rating the
quality of evidence—inconsistency. | Clin Epidemiol 2011;64(12):1294-1302.
Easterbrook PJ, Berlin JA, Gopalan R, Matthews DR. Publication bias in
clinical research. Lancet 1991;337(8746):867-872.

Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of
testing and adjusting for publication bias in meta-analysis. Biometrics
2000;56(2):455-463.

Lee YT, Chan FK, Ng EK, et al. EUS-guided injection of cyanoacrylate for
bleeding gastric varices. Gastrointest Endosc 2000;52(2):168-174.
Romero-Castro R, Ellrichmann M, Ortiz-Moyano C, et al. EUS-guided coil
versus cyanoacrylate therapy for the treatment of gastric varices: a
multicenter study (with videos). Gastrointest Endosc 2013;78(5):711-721.
Gubler C, Bauerfeind P. Safe and successful endoscopic initial treatment and
long-term eradication of gastric varices by endoscopic ultrasound-guided
Histoacryl (N-butyl-2-cyanoacrylate) injection. Scand | Gastroenterol 2014;
49(9):1136-1142.

Bick BL, Al-Haddad M, Liangpunsakul S, Ghabril MS, DeWitt JM. EUS-
guided fine needle injection is superior to direct endoscopic injection of
2-octyl cyanoacrylate for the treatment of gastric variceal bleeding. Surg
Endosc 2019;33(6):1837-1845.

Mukkada RJ, Antony R, Chooracken M], et al. Endoscopic ultrasound-
guided coil or glue injection in post-cyanoacrylate gastric variceal re-bleed.
Indian | Gastroenterol 2018;37(2):153-159.

Robles-Medranda C, Oleas R, Valero M, et al. Endoscopic ultrasonography—
guided deployment of embolization coils and cyanoacrylate injection in
gastric varices versus coiling alone: a randomized trial. Endoscopy 2020
52(4):268-275.

Mosquera-Klinger G, de la Serna-Higuera C, Pérez B, et al. Obliteration of
gastric varices guided by eco-endoscopy with coils insertion coated with
expandable hydrogel polymers. Rev Esp Enferm Dig 2021;113(5):352-355.
Seven G, Musayeva G, Seven OO, Herdan E, Ince AT, Senturk H. Comparison
of endoscopic ultrasound-guided coil deployment with and without
cyanoacrylate injection for gastric varices. Arab | Gastroenterol 2022;
23(2):115-119.

Khoury T, Massarwa M, Daher S, et al. Endoscopic ultrasound-guided
angiotherapy for gastric varices: a single center experience. Hepatol Commun

2019;3(2):207-212.


http://www.eusjournal.com

Chandan et al. @ Volume 12 e Issue 4 e 2023

32.

33.

34.

35.

36.

37.

38.

39.

Lobo MRA, Chaves DM, DE Moura DTH, Ribeiro IB, Ikari E, DE Moura
EGH. Safety and efficacy of EUS-guided coil plus cyanoacrylate versus
conventional cyanoacrylate technique in the treatment of gastric varices: a
randomized controlled trial. Arg Gastroenterol 2019;56(1):99-105.

Koziet S, Pawlak K, Btaszczyk k, Jagielski M, Wiechowska-Koztowska A.
Endoscopic ultrasound-guided treatment of gastric varices using coils and
cyanoacrylate glue injections: results after 1 year of experience. | Clin Med
2019;8(11):1786.

Kouanda A, Binmoeller K, Hamerski C, et al. Safety and efficacy of
EUS-guided coil and glue injection for the primary prophylaxis of gastric
variceal hemorrhage. Gastrointest Endosc 2021;94(2):291-296.

Alali AA, Hashim A, Alkandari A. Endoscopic ultrasound guided therapy
of gastric varices: initial experience in the arab world (with video). 2022.
Samanta J, Nabi Z, Facciorusso A, et al. EUS-guided treatment of gastric
fundal varices with coil and glue injection is safe and fares better than
endoscopic glue injection: an international multi-centre experience. Gastrointest
Endosc 2022;95(6):AB518-AB519.

Frost JW, Hebbar S. EUS-guided thrombin injection for management of
gastric fundal varices. Endosc Int Open 2018;6(6):E664-E668.

Irisawa A, Shibukawa G, Hoshi K, et al. Endoscopic ultrasound-guided coil
deployment with sclerotherapy for isolated gastric varices: case series of
feasibility, safety, and long-term follow-up. Dig Endosc 2020;32(7):1100-
1104.

Bazarbashi AN, Wang TJ, Thompson CC, Ryou M. Endoscopic ultrasound-
guided treatment of gastric varices with coil embolization and absorbable
hemostatic gelatin sponge: a novel alternative to cyanoacrylate. Endosc Int
Open 2020;8(2):E221-E227.

361

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

www.eusjournal.com

Bazarbashi AN, Aby ES, Mallery JS, et al. Endoscopic ultrasound-guided
coil injection therapy in the management of gastric varices: the first U.S.
multicenter experience. Gastrointest Endosc 2022;95(6):AB521-AB522.
Iwase H, Maeda O, Shimada M, et al. Endoscopic ablation with cyanoacrylate
glue for isolated gastric variceal bleeding. Gastrointest Endosc 2001;53(6):
585-592.

European Association for the Study of the Liver. EASL clinical practice
guidelines for the management of patients with decompensated cirrhosis. |
Hepatol 2018;69(2):406-460.

Mishra SR, Sharma BC, Kumar A, Sarin SK. Primary prophylaxis of gastric
variceal bleeding comparing cyanoacrylate injection and beta-blockers: a
randomized controlled trial. ] Hepatol 2011;54(6):1161-1167.
Garcia-Tsao G, Bosch J. Management of varices and variceal hemorrhage in
cirrhosis. N Engl | Med 2010;362(9):823-832.

Bhat YM, Banerjee S, Barth BA, et al. Tissue adhesives: cyanoacrylate glue
and fibrin sealant. Gastrointest Endosc 2013;78(2):209-215.

Paik CN, Kim SW, Lee IS, et al. The therapeutic effect of cyanoacrylate on
gastric variceal bleeding and factors related to clinical outcome. | Clin
Gastroenterol 2008;42(8):916-922.

Weilert F, Binmoeller KF. Endoscopic management of gastric variceal
bleeding. Gastroenterol Clin North Am 2014;43(4):807-818.

Roesch W, Rexroth G. Pulmonary, cerebral and coronary emboli during
bucrylate injection of bleeding fundic varices. Endoscopy 1998;30(8):
$89-590.

Guo YW, Miao HB, Wen ZF, Xuan JY, Zhou HX. Procedure-related
complications in gastric variceal obturation with tissue glue. World |
Gastroenterol 2017;23(43):7746-7755.


http://www.eusjournal.com

