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Combination therapy versus monotherapy for EUS-guided
management of gastric varices: A systematic review and
meta-analysis
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ABSTRACT

Cyanoacrylate (CYA), coil embolization, and/or combination thereof are available EUS-guided therapies for the treatment
of gastric varices (GV). The primary aim of this study was to perform a structured systematic review and meta-analysis
to evaluate the comparative effectiveness of EUS-guided interventions for the treatment of GV. Individualized search
strategies were developed for PubMed, EMBASE, and Cochrane Library databases, from inception through November
2018 in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. This
cumulative meta-analysis was performed using calculating pooled proportions. Measured outcomes included technical
success, clinical success, adverse events, and rate of rebleeding or reintervention. Comparative subgroup analyses were
performed for three treatment cohorts (EUS-guided CYA injection, EUS-guided coil embolization + CYA injection, and
EUS-guided coil injection alone). Heterogeneity was assessed with 72 statistics. Eleven studies (n = 536 patients; 62.20%
of males) were included. The mean age was 58.21 £4.15 years with an average follow-up of 12.93 + 7.69 months. Overall
technical success, clinical success, and adverse events for EUS treatments was 100% ([95% confidence interval [CI]
98-100]; I = 30.54%), 97% ([95% CI 92—100]; > = 59.99%), and 14% ([95% CI 6-23]; I* = 82.23%), respectively. On
subgroup analysis, EUS-guided CYA + coil embolization resulted in a better technical and clinical success compared to
CYA alone (100% vs. 97%; P <0.001 and 98% vs. 96%; P < 0.001) and coil embolization alone (99% vs. 97%; P < 0.001
and 96% vs. 90%; P < 0.001). CYA + coil embolization also resulted in lower adverse event rates compared to CYA
alone (10% vs. 21%; P < 0.001), and comparable rates to coil embolization alone (10% vs. 3%; P = 0.057). EUS-guided
treatment overall appears to be an effective and safe modality for GV. Among a variety of EUS-therapies available, EUS
combination therapy with coil embolization + CYA injection appears to be a preferred strategy for the treatment of GV
over EUS-based monotherapy.
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INTRODUCTION

Gastroesophageal varices are a common cause of
gastrointestinal bleeding in patients with cirrhosis and
portal hypertension. While bleeding from gastric varices
(GV) occurs less frequently as compared to esophageal
varices (EV), gastric variceal hemorrhage is associated
with more severe bleeding, increased transfusion
requirements, and higher morbidity and mortality
rates.'? In the United States, portal hypertension
remains the most common cause of bleeding GV,
with splenic vein thrombosis representing another less
frequent cause. While multiple societies have established
well-defined guidelines for the management of EV,
there remains a paucity of data and treatment guidelines
for the management of gastric vaticeal bleeding,!

Over the past 20 years, much has changed in the
understanding of the pathophysiology and management
options among patients with GV.¥ Although decreasing
portal pressure through transjugular intrahepatic
portosystemic shunt is considered effective in reducing
esophageal variceal hemorrhage, it is inconsistently
effective for the management of GV, which tend to
occur and bleed at lower portal pressures.”” More
recently, Balloon-Occluded Retrograde Transvenous
Obliteration and Coil-Assisted Retrograde Transvenous
Obliteration have emerged as alternative interventional
radiology (IR)-guided therapies. However, these
therapies remain limited only to centers with advanced
IR capabilities. With this notion, conventional
endoscopic therapy has been considered the mainstay
of treatment for bleeding GV — premised on the
injection of acrylate polymers, such as histoacryl and
cyanoactrylate (CYA), with or without lipiodol.l*!?
Injection of these glue-like substances aims to induce
thrombosis and obliteration of GV. However, despite
their effectiveness, CYA injection has been associated
with various serious adverse events, including systemic
embolization (e.g., pulmonary embolism), posttreatment
ulceration and bleeding, and glue adherence to needle
causing traumatic needle withdrawal from variceal nest

resulting in unroofing of varix.!"*¢

More recently, EUS-guided treatment of GV has
emerged as a promising alternative. EUS may assist
in varicealography, helping to identify GV venous
anatomy and feeder vessels, while also aiding in the
injection of coils, CYA, or combination thereof.!"”'¥l
EUS offers direct visualization of CYA injection and

coil embolization and thus has emerged as a preferred
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method of endoscopic intervention for bleeding
cessation, especially in centers with expertise. Yet,
despite this increased utilization and advantage to
conventional non-EUS-guided endoscopic treatment,
limited data exist to evaluate the efficacy and safety
of the various EUS-guided therapies for the treatment
of bleeding GV. The primary aim of this study
was to perform a structured systematic review, and
meta-analysis to evaluate the comparative effectiveness
of EUS-guided interventions for the treatment of GV.

METHODS

Study design and search strategy

This systematic review was performed according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement outline
for reporting systematic reviews and meta-analyses
and was conducted following a priori established
protocol.l”! This study was prospectively submitted in
PROSPERO, an international database of prospectively
registered systematic reviews in health and social care.
Individualized searches of PubMed, EMBASE, Web of
Science, and Cochrane databases were performed from
inception through November 30, 2018. The following
medical subject heading terms included: Gastric varices
(GV). For articles related to GV, subject heading search
terms, and title and abstract were reviewed for: EUS,
endosonography, CYA, coil, and injection therapy.

All relevant articles irrespective of year of publication,
type of publication, or publication status were included.
The titles and abstracts of all potentially relevant
studies were screened for eligibility. The reference lists
of studies of interest were then manually reviewed for
additional articles by cross-checking bibliographies. Two
reviewers (TRM and ANB) independently screened
the titles and abstracts of all the articles according
to predefined inclusion and exclusion criteria. Any
differences were resolved by mutual agreement and
in consultation with the third reviewer (KEH). In the
case of studies with incomplete information, contact
was attempted with the principal authors to obtain
additional data.

Study selection criteria

Randomized controlled trials, observational
studies, and case series evaluating three treatment
cohorts (EUS-guided CYA injection, EUS-guided CYA
injection + coil embolization, and EUS-guided coil

injection alone) were included in this analysis. Studies
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were included if patients were adults =18 years of
age, had recent or active bleeding GV, and underwent
EUS-guided therapy with one of the aforementioned
modalities. Included studies were required to report
technical success, clinical success, and/or adverse
events. Only studies evaluating treatment for GV as
defined by the Sarin classification were included (type
I gastroesophageal varices [GOV-1], GOV-2, type 1
isolated gastric varices [IGV-1], and IGV-2)." Studies,
including the management of isolated EV, were
excluded from this analysis. Multiple published works
from similar authors were evaluated for overlapping
enrollment times to preserve independence of
observations. A study was excluded if deemed to have
insufficient data, as were review articles, editorials, and
correspondence letters that did not report independent
data. Case series and reported studies with <5 patients
were excluded in an effort to limit selection bias.

Outcome measures

The primary outcome was pooled technical success,
clinical success, and adverse event rate for EUS-guided
therapy of GV — CYA injection, EUS-guided coil
embolization + CYA injection, and EUS-guided coil
injection alone. Secondary outcomes were the rate
of rebleeding and reintervention for each treatment
modality as well as comparative outcomes between the
different treatment strategies.

Risk of bias and quality assessment

Risk of bias was assessed using the Cochrane
Collaboration’s risk of bias in nonrandomized studies
of interventions (ROBINS-I) tool for observational
studies.” In this meta-analysis, publications were
deemed low risk of bias if 250% of the above
domains were judged as low risk. The quality
of observational studies was evaluated using the
Newcastle-Ottawa Quality Assessment Scale.”!l Two
authors (TRM and ANB) independently extracted data
and assessed the risk of bias and study quality for
each of the articles. Any disagreements were resolved
by discussion and consensus, and in consultation with
the (KEH).

Inwestigations of heterogeneity

Heterogeneity was assessed for the individual
meta-analyses using the Chi-squared test and the
I? statistic.”” Significant heterogeneity was defined
as P < 0.05 using the Chi-squared or I* > 50%.
A random-effect model was used except for when
statistical heterogeneity was not significant. Differences

in subgroups were assessed using a Chi-squared test
for interaction with a P < 0.05 defined as statistically
significant. Since this was a cumulative meta-analysis,
publication bias was not assessed.*!

Statistical analysis

This meta-analysis was performed by calculating
pooled proportions. After appropriate studies were
identified through systematic review, the individual
study proportion was transformed into a quantity using
the Freeman—Tukey variant of the arcsine square root
transformed proportion. Then, the pooled proportion
was calculated as the back transform of the weighted
mean of the transformed proportions, using inverse
arcsine variance weights for the fixed effects model
and DerSimonian and Laird weights for the random
effect model.*¥ All weighted pool rates involved 95%
confidence intervals (Cls) and were analyzed using fixed
or random effects models based on the heterogeneity
of the sample.

Subgroup analysis was also performed based on
comparative effectiveness of varying EUS-guided
treatment strategies. One-way analysis of variance was
used to determine whether there are any statistically
significant differences between the means of two
or more independent (unrelated) groups. Pairwise
comparisons were computed and then adjusted for
multi-comparisons using the Bonferroni correction.
Combined weighted proportions, tabular and graphical
displays, as well as additional analyses, were performed
using the Stata 13.0 software package (Stata Corp LP,
College Station, TX, USA).

RESULTS

Included study and patient characteristics

Eleven studies (7 = 536 patients) were included in this
meta-analysis.'**7% A PRISMA flow chart of search
results is shown in Figure 1. Two randomized controlled
trials, one prospective study, and eight retrospective
articles were included. Two studies evaluated coil
embolization + absorbable gelatin foam and coil
embolization + thrombin, respectively.”**! The mean
age of patients was 58.21 * 4.15 years, with an average
tollow-up of 12.93 £ 7.69 months. Sixty-two percent
of patients were male. Among patients with cirrhosis,
the majority (67.83%) had Child-Pugh A classification
disease, whereas 19.13% had Child-Pugh B disease, and
13.04% had Child-Pugh C disease. Model for End-Stage
Liver Disease score was not uniformly reported. With
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Electronic database search
(n =5299)
PubMed (n = 1251)
Embase (n =3112)
Web of Science (n = 897)
Cochrane (n = 39)

Additional records identified through
<+———| other sources (manual abstract search)
(n=9)

] [ Identification ]

Duplicates excluded
(n =996)

Records after duplicates removed
(n=4312)

Screening

Articles excluded after title and abstract review
(n=4191)

J

Full-text articles
reviewed (n = 121)

Eligibility

Articles excluded after full article review (n = 110)
» Full text or abstract not available
« Insufficient Data
* Duplicate study
» Review/commentary
« Other intervention, non-primary
therapy, or non-relevant study
* Other

J |

Included

Studies included in
quantitative synthesis
(meta-analysis)
(n=11)

—/

Figure 1. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Flow Chart of search results for EUS-Guided treatment
of gastric varices

regard to underlying causes of cirrhosis, 34.26% were
due to viral hepatitis, 24.50% secondary to alcohol, and
the remaining 41.24% were attributed to combined or
other etiologies. IGV-1 was the most common type
of varices treated in this cohort (42.24%). Recent or
active bleeding occurred in 73.40% of patients who
underwent EUS-guided treatment. Baseline cumulative
and individualized EUS-guided treatment characteristics
are shown in Table 1.

EUS-guided treatment efficacy and safety

Overall technical success and clinical success for
all EUS-guided treatments was 100% ([95% CI
98-100]; I* = 30.54%) and 97% ([95% CI 92-100];
PP = 59.99%), respectively [Figures 2 and 3]. This
was achieved in studies with CYA with a2 mean dose
of 1.97 * 0.44 mL. Among studies utilizing coil
embolization, a mean number of 2.16 * 1.47 coils
were placed. Overall, clinical success was achieved
over a median of 1.43 * 0.43 treatment sessions. Rate
of adverse events, rate of reintervention, and rate of
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Study

Lee et al. - OD (2000) 9

Lee et al. - RI (2000) 9

Binmoller et al. (2011) &
Romero-Castro et al. - CYA (2013) 29
Romero-Castro et al. - Coil (2013) 0
Gubler et al. (2014) 29

Bhat et al. (2016) ['®

Chaves et al. (2017) 2

Bazarbashi et al. (2018) &2

Orouke et al. (2018) 84
Robles-Medranda et al. - CYA+Coil (2018) B
Robles-Medranda et al. - Coil (2018) B!
Overall (1?=30.54%; P=0.015)

Proportion

Figure 2. Technical success rate for EUS-Guided treatment of gastric
varices

rebleeding was 14% ([95% CI 6-23]; I* = 82.23%),
20% ([95% CI 9-33]; I = 65.40%), and 19%
([95% CI 8-32]; I* = 87.68%), respectively [Figures 4-6].
All-cause mortality for included patients was 27%
(95% CI 5-56); I* = 92.80%. Cumulative and subgroup
analysis of individual EUS-guided treatments is
highlighted in Table 2.

Comparative subgroup analysis

On comparative subgroup analysis, EUS-guided
CYA + coil embolization resulted in a significantly
higher technical and clinical success as compared to
CYA alone (100% [95% CI 100-100]; I* = 0.00%
vs. 97% [95% CI 92-100]; I* = 34.57%; P < 0.001)
and (98% [95% CI 92-100]; I* = 22.72% w»s. 96%
[95% CI 85-100]; I* = 82.68%; P < 0.001) [Table 3].
EUS-guided CYA + coil
demonstrated a better technical and clinical success
compared to coil embolization alone (100% [95%
CI 100-100]; I* = 0.00% »s. 99% [95% CI 92-100];
P = 0.00%; P < 0.001) and (98% [95% CI 92-100];
PP = 22.72% vs. 90% [95% CI 73-98]; I* = NA%;
P < 0.001). Adverse events for CYA + coil
embolization was also significantly lower as compared
to CYA alone (10% [95% CI 1-26]; I* = 84.18%
vs. 21% [95% CI 8-38]; I* = 85.36%; P < 0.001),
and comparable rates to coil embolization
alone (10% [95% CI 1-26]; I* = 84.18% wvs. 3%
[95% CI 0-12]; P = 0.00%; P = 0.057). Reintervention
rate was lower for CYA + coil embolization versus
CYA alone and coil alone (15% »s. 26%; P < 0.001)
and (15% w»s. 25%; P = 0.047). Rebleeding was
also lower for CYA + coil embolization wversus
CYA alone (P < 0.001) and comparable versus coil
alone (P = 1.000). Detailed subgroup analyses

embolization also
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Table 1. Contd...

Technical Clinical Rate of adverse Rate of Rate of All-cause
success (%) reintervention rebleeding (%) mortality (%)

success (%)

Number of

Number

Follow-up Active or recent Dose of

(months)

events (%)

CYA (mL) of Coils sessions

bleeding (%)

EUS Coil alone
or non-CYA

1.3 10/11 (90.9) 10/11 (90.9)  1/11 (9.1)

5.8 (2-

0/11 (0)

10.6:1.4

Romero-Castro et al.?¢]

13)
3(1-7)

1/29 (3.4) 8/29 (27.6)  5/29 (17.2)

26/29 (89.7)

29/29 (100)

4/25 (16)

1

Robles-Medranda

et al.B"
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1/6 (7.0)
0/10 (0.0)

0/6 (0.0)
3/10 (30)

Krill et al.!?1

1/10 (10.0)

0/10 (0.00)
1/6 (16.7)

10/10 (100) 10710 (100)

1
1

7 (3-9)
5 (2-10)

9/10 (90)

2.57

Bazarbashi et al.B331**

1/6 (16.7)

1/6 (16.7) 1/6 (33.0)

4/4 (100)

6/6 (100)

6/6 (100)

Orouke et al.B4***
*Listed as either GOV1 or GOV2, **Coil + gelfoam study, ***Coil+thrombin study. RI: Repeated injection, OD: On-demand injection, CYA: Cyanoacrylate, Coil: Coil embolization, GOV1: Type | gastroesophageal

varies, GOV2: Type Il gastroesophageal varies, IGV1:

Isolated gastric varices Type 1

Study

Lee et al. - Rl (2000) 2%

Binmoller et al. (2011) B9

Romero-Castro et al. - CYA (2013) 29
Romero-Castro et al. - Coil (2013) ¢
Gubler et al. (2014) 29

Bazarbashi et al. - Coil+Gelfoam (2018) 3
Bick et al. (2018) 128

Orouke et al. - Coil+Thrombin (2018) 4
Robles-Medranda et al. - CYA+Coil (2018) 81
Robles-Medranda et al. - Coil (2018) B!
Overall (1>=59.99%; P=0.010)

Proportion

T
7 8 9 1

Figure 3. Clinical success rate for EUS-guided treatment of gastric
varices

Study

Lee et al. - OD (2000) 2%

Lee et al. - RI (2000) 2%

Binmoller et al. (2011) B

Romero-Castro et al. - CYA (2013) &9
Romero-Castro et al. - Coil (2013) 29
Gubler et al. (2014) %

Bhat et al. (2016) '8

Chaves et al. (2017) 2

Bazarbashi et al. - Coil+Gelfoam (2018) 13
Bick et al. (2018) 128

Krill et al. - CYA (2018) 271

Krill et al. - CYA+Coil (2018) 2

Krill et al. - Coil (2018) 21

Orouke et al. (2018) B4

Robles-Medranda et al. - CYA+Coil (2018) 1
Robles-Medranda et al. - Coil (2018) 1
Overall (12=82.23%; P<0.001)

Proportion

Figure 4. Serious adverse events for EUS-guided treatment of gastric
varices

Study

Gubler et al. (2014) 2%

Chaves et al. (2017) 2

Bazarbashi et al. - Coil+Gelfoam (2018) 3
Bick et al. (2018) 8

Krill et al. - CYA (2018) 1271

Krill et al. - CYA+Coil (2018) 127

Krill et al. - Coil (2018) 1271

Orouke et al. (2018) 34

Robles-Medranda et al. - CYA+Coil (2018) 3"
Robles-Medranda et al. - Coil (2018) ¥1
Overall (1>=65.40%; P<0.001)

Proportion

T Toan T T TR T
3.456.7.8.91
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Figure 5. Rate of reintervention for EUS-guided treatment of gastric
varices
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Table 2. Cumulative and subgroup data of EUS-guided treatments for gastric varices

Cumulative data EUS-guided treatment

Subgroup analyses

EUS CYA alone

EUS CYA + Coil

EUS Coil alone

Number of patients (n) 536
Mean age (years) 58.21+4.15
Percent male (%) 62.20
Percent with IGV1 (%) 42.24
Follow-up (months) 12.93+7.69
Mean dose of CYA (mL) 1.97+0.44
Mean number of Coils 1.88+1.01
Technical success (%) 100 (95 CI: 98-100)
?=30.54
Clinical success (%) 97 (95 Cl: 92-100)
?=59.99
Rate of adverse events (%) 14 (95 Cl: 6-23)
2=82.23
Rate of reintervention (%) 20 (95 Cl: 9-33)
=65.40
Rate of re-bleeding (%) 19 (95 Cl: 8-32)
2=87.68

234 240 46
58.54:4.88 57.2813.38 60.59+1.29
62.95 61.40 67.50
35.87 60.87 57.12
17.62+8.14 11.35:4.93 3.64:4.34

2.09+0.57 1.86+0.23 -
- 1.5:0.21 3.77+1.27
97 (95 Cl: 92-100) 100 (95 Cl: 100-100) 99 (95 Cl: 92-100)
[=34.57 12=0.00 12=0.00
96 (95 Cl: 85-100) 98 (95 Cl: 92-100) 90 (95 Cl: 73-98)
1=82.68 12=22.72 [2=NA*
21 (95 Cl: 8-38) 10 (95 ClI: 1-26) 3 (95 Cl: 0-12)
1=85.36 1=84.18 1=0.00
26 (95 Cl: 14-39) 15 (95 Cl: 6-26) 25 (95 Cl: 11-42)
1=0.00 1=0.00 1=0.00
30 (95 CI: 8-60) 14 (95 CI: 9-20) 17 (95 Cl: 6-36)
1=94.34 12=0.00 [2=NA*

*Unable to calculate heterogeneity due to limited data/events. IGV1: Isolated gastric varices Type 1, CYA: Cyanoacrylate, Coil: Coil embolization,

Cl: Confidence interval

Table 3. Subgroup analyses comparing different treatment strategies for gastric varices

Comparison of Technical success Clinical success Rate of adverse Rate of Rate of
treatments events reintervention re-bleeding
EUS CYA alone versus 97% versus 100% 96% versus 98% 21% versus 10% 26% versus 15% 30% versus 14%
EUS CYA + Coil (P) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
EUS CYA alone versus 97% versus 99% 96% versus 90% 21% versus 3% 26% versus 25% 30% versus 17%
EUS Coil alone (P) (0.005) (0.146) (<0.001) (0.846) (<0.001)
EUS CYA + coil versus 100% versus 99% 98% versus 90% 10% versus 3% 15% versus 25% 14% versus 17%
EUS Coil alone (P) (<0.001) (<0.001) (0.057) (0.047) (1.00)
CYA: Cyanoacrylate, Coil: Coil embolization
highlighted in Figure 7a. Risk of bias summary
Study graph is also available in Figure 7b. Testing for
. publication bias with funnel plot asymmetry
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Figure 6. Rate of rebleeding for EUS-guided treatment of gastric varices

comparing different treatment strategies for GV are
shown in Table 3.

Risk of bias assessment

All studies were assessed using ROBINS-I and the
Newecastle-Ottawa Quality Assessment Scale with
the authors’ judgments about each risk of bias as

was not performed given this was a cumulative

meta-analysis.
DISCUSSION

Previous data have shown that GV are present in
5%-33% of patients with portal hypertension with
a bleeding incidence of approximately 25% within
2 years of diagnosis.”™! Within 1 year of diagnosis,
the risk of gastric variceal bleeding has been reported
to be around 10%-16%, necessitating a streamlined
evidence-driven approach. While previous literature
has clearly demonstrated risk factors and independent
predictors of bleeding (e.g., size of GV, the presence
of red signs, and the degree of liver dysfunction), there
remains a paucity of the literature regarding treatment
efficacy and how endoscopic options fit into the

treatment continuum.?"!
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Figure 7. (a) Risk of bias summary: Review Authors” judgments about
each risk of bias item for each included study. (b) Risk of bias graph:
Review Authors’ judgments about each risk of bias item presented as
percentages across all included studies

Prior studies have demonstrated that EUS-guided
therapy of GV is superior to direct endoscopic
injection therapy.” However, few studies have evaluated
the comparative efficacy and safety of the various EUS
techniques. The results of this analysis demonstrate
EUS-guided CYA injection + coil embolization to be
a preferred strategy with a 100% technical success
rate and adverse event rate of 10%. CYA + coil
embolization resulted in significantly higher technical
and clinical success with lower rate of adverse events
as compared to CYA alone. CYA + coil embolization
also resulted in significantly higher technical and
clinical success when compared to coil therapy
alone, with a trend toward fewer adverse events.
The findings of this meta-analysis are similar to a
recent study by Robles-Medranda ¢ /. demonstrating
that EUS-guided therapy for GV using CYA or
coils is effective; however, coil therapy had higher
clinical and technical success and was associated

I ENDOSCOPIC ULTRASOUND / VOLUME 9 | ISSUE 1 / JANUARY-FEBRUARY 2020

with fewer adverse events compared with EUS-CYA
injection."”l While endoscopes, number of sessions,
dose of CYA, and procedure duration were unable
to be compared between cohorts, it may be inferred
CYA + coil would be a cost-effective strategy. Future
cost-utility analysis may help to determine if differences
in effectiveness have meaningful impact on future
treatment recommendations.

Study limitations include moderate-to-large heterogeneity
with regard to overall clinical success rate, rate of
adverse events, reintervention rate, as well as rebleeding
rate (indicated by I* > 50%). In addition, we cannot
rule out the risk of inherent study bias, specific
differences in the patient population, and inter-operator
variability in procedure outcomes. Furthermore, EUS
coil embolization alone studies had a significantly
shorter duration of follow-up — almost 3-5 times
less compared to EUS CYA + coil and EUS CYA
alone. While this may explain the lower adverse event
rate, it should also be noted that the lack of CYA,
which is associated with known complications such
as embolization, variceal ulcer formation and others,
may more accurately explain the perceived decrease
in adverse events. In addition, although statistically
significant differences in technical success exist between
the types of procedures, it is important to realize
these differences are still small with all three strategies
achieving a technical success >95%.

The quality of included studies is also limited as only
two randomized controlled studies were included
in this analysis, with the remaining studies being
retrospective in nature. Subgroup analysis based on the
use of lipiodol, which has been demonstrated affect
the viscosity, density, and interfacial tension of the
CYA mixture as well as delay polymerization was not
possible.’” Finally, and perhaps most importantly, one
major limitation to the results of this study involves the
significant expertise and familiarity with EUS and these
procedures to achieve similar results. There remains
a significant learning curve required to appropriately
perform these procedures, with some institutions more
adept at performing one procedure over the other,
thereby limiting the generalizability of these results.

Despite these limitations, our study has several
strengths. Chiefly, this structured systematic review
and meta-analysis methodologically summarize all
available data to evaluate the clinical efficacy and safety
of BEUS-guided treatments available for GV. With no
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formal treatment guidelines or algorithms available to
guide practitioners, many treatment decisions are based
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