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ABSTRACT

Background and study aims Although endoscopic retro-
grade cholangiopancreatography (ERCP) is standard of care

for malignant biliary obstruction, endoscopic ultrasound-
guided biliary drainage (EUS-BD) as a primary treatment
has become increasingly utilized. The aim of this study was
to perform a systematic review and meta-analysis to evalu-
ate the effectiveness and safety of EUS-BD for primary
treatment of malignant biliary obstruction and comparison
to traditional ERCP.

Methods Individualized search strategies were developed
through November 2018 using PRISMA and MOOSE guide-
lines. A cumulative meta-analysis was performed by calcu-
lating pooled proportions. Subgroup analysis was per-
formed for studies comparing EUS-BD versus ERCP. Hetero-
geneity was assessed with Cochran Q test or I statistics,
and publication bias by funnel plot and Egger’s tests.
Results Seven studies (n=193 patients; 57.5% males)
evaluating primary EUS-BD for malignant biliary obstruc-
tion were included. Mean age was 67.4 years (2.3) followed
an average of 5.4 months (1.0). For primary EUS-BD, pooled
technical success, clinical success, and adverse event (AE)
rates were 95% (95% Cl 91-98), 97% (95% Cl 93-100),
and 19% (95% Cl 11-29), respectively. Among EUS-BD
and ERCP comparator studies, technical and clinical suc-
cess, and total AEs were not different with lower rates of
post-ERCP pancreatitis and reintervention among the EUS-
BD group.

Conclusion Primary EUS-BD is an effective treatment with
few AE. Comparing EUS-BD versus ERCP, EUS-BD has com-
parable efficacy and improved safety as a primary treat-
ment for malignant biliary obstruction. Further randomized
trials should be performed to identify patient populations
and clinical scenarios in which primary EUS-BD would be
most appropriate.

Introduction

Historically, endoscopic retrograde cholangiopancreatography
(ERCP) has been the conventional method of therapeutic relief
of malignant distal biliary obstruction [1-3]. Although conven-
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tional ERCP is being considered standard of care, overall ad-
verse event (AE) rates with it (i.e. transpapillary access) have
been reported to be as high as 36% with a procedure failure
rate of 3% to 10% for malignant biliary obstruction [4-9]. Al-
though interventional radiology (IR)-guided percutaneous
transhepatic biliary drainage may be an alternative to complica-
ted or failed ERCP, this more invasive option carries increased
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risk of pain at the insertion site, potential for long-standing ex-
ternal biliary drainage, and has been associated with an in-
creased higher risk of bacteremia, cholangitis, or hemobilia [1,
10-13]

Given the significant AE rate associated with traditional ERCP
and limitations of the IR-guided percutaneous biliary approach,
endoscopic ultrasound-guided biliary drainage (EUS-BD) has
become increasingly utilized over the last two decades. Origi-
nally described by Giovannini in 2001, EUS-BD provided an al-
ternative to achieve successful biliary drainage after failed
ERCP [14]. Since this first procedure, EUS-BD has come to the
forefront of therapy for biliary obstruction, particularly as a res-
cue procedure in cases where standard endoscopic or percuta-
neous measures are not feasible or have been unsuccessful
[15-34]. While multiple retrospective and prospective studies
have identified rescue EUS-BD as a technically feasible and clini-
cally successful second-line procedure, few studies have eval-
uated its effectiveness as a primary treatment for malignant
distal biliary obstruction [34].

Allowing for direct visualization and access to the biliary tree
through sonographic guidance, EUS-BD may have several bene-
fits over traditional ERCP and may decrease the significant risk
of post-ERCP pancreatitis [7,10,35] Given the limited data on
EUS-BD as primary modality for biliary drainage, the primary
aim of this study was to perform a structured systematic review
and meta-analysis to investigate pooled technical success, clin-
ical success, and AE rates for primary EUS-BD in malignant dis-
tal biliary obstruction. Secondary aims of this study were to
evaluate comparative effectiveness and safety of primary EUS-
BD as compared to traditional ERCP.

Patients and methods
Study design and search strategy

This systematic review was performed in accordance with 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 [36]. Given inclusion of observation
studies, Meta-Analysis of Observational Studies in Epidemiolo-
gy (MOOSE) reporting guidelines were also followed [37].
Individualized search strategies for PubMed, Embase, Co-
chrane Central Register of Controlled Trials and U.S. National Li-
brary of Medicine’s (NLM) clinical trials were performed from
inception through November 30, 2018. For PubMed and Em-
base searches, medical subject heading (MESH) and Emtree
terms as well as title/abstract keyword search terms were used
in combination: cholestasis, bile duct, biliary, obstruction,
drainage, endosonography, endoscopic ultrasound, EUS, EUS-
biliary drainage (EUS-BD), EUS-anterograde cholangiopancrea-
tography (EACP). For Cochrane Central Register of Controlled
Trials, we performed a search using cholestasis [MeSH] and
EUS [search item]. We also searched NLM’s clinical trials for
completed studies involving biliary obstruction and endoscopic
ultrasound as search terms. An experienced medical librarian at
Harvard Medical School assisted with our search strategy.
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All relevant articles irrespective of year of publication, type
of publication, or publication status were included. Titles and
abstracts of all potentially relevant studies were screened for
eligibility. Duplicates were removed by the Covidence Systema-
tic Review Software (Veritas Health Innovation, Melbourne,
Australia). Reference lists of studies of interest were then
manually reviewed for additional articles by cross-checking bib-
liographies. Two reviewers (KEH and ANB) independently
screened titles and abstracts of all the articles according to pre-
defined inclusion and exclusion criteria. Any differences were
resolved by mutual agreement and in consultation with the
third reviewer (JSS). For studies with incomplete information,
contact was attempted with the principal authors to obtain ad-
ditional data to ascertain eligibility.

Selection criteria

Eligibility criteria were predetermined and included adult pa-
tients aged =18 years with malignant distal biliary obstruction.
Only studies investigating use of EUS-BD (utilizing transluminal
or transpapillary, including rendezvous techniques) for primary
management of malignant distal biliary obstruction were in-
cluded. EUS-BD for benign biliary obstruction or procedure per-
formed in individuals with surgically altered anatomy without
underlying malignancy were also excluded. Studies involving al-
ternative endoscopic, medical, surgical modalities, or studies
evaluating EUS-BD as a rescue or second-line therapy were ex-
cluded. Studies were required to report the primary aim of
technical or clinical success and AE rate to be included. Ran-
domized controlled trials, observational studies, and case series
were included. Multiple published work from similar authors
was evaluated independently by three reviewers (KEH, ANB,
JSS) for overlapping enrollment times to preserve indepen-
dence of observations. Authors were contacted via email to en-
sure the procedure was primary EUS therapy as well as to fur-
ther clarify any concerns for overlapping enrollment times after
manuscript review. A study was excluded if deemed to have in-
sufficient data, as were review articles, editorials, and corre-
spondence letters that did not report independent data. Case
series and reported studies with fewer than 10 patients were
excluded.

Measured outcomes

The primary outcome of this study was effectiveness and safety
of EUS-BD for primary treatment of malignant biliary obstruc-
tion as determined by technical success, clinical success, and
AEs. Along with baseline study and patient characteristics, ad-
ditional measured outcomes, when available, included rate of
reintervention for EUS-BD as well as similar ERCP-related out-
comes for comparator studies.

Risk of bias and quality assessment

Risk of bias was assessed using the Cochrane Collaboration’s
risk of bias in non-randomized studies of interventions (RO-
BINS-I) tool for observational studies and the Cochrane Colla-
boration’s tool for assessing risk of bias for randomized clinical
trials (RCTs). In this study, publications were deemed low risk of
bias if 250% of the above domains were judged as low risk.
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Quality of observational studies was evaluated using the New-
castle-Ottawa Quality Assessment Scale. Domains assessed
were selection of cohort, ascertainment of exposure/compara-
tor, and assessment of outcome. Quality of RCTs was assessed
using the JADADscore. In this study, high quality was defined
as a Newcastle-Ottawa Quality Assessment Scale score 26 or a
JADAD score 23.Two authors (KEH and ANB) independently ex-
tracted data and assessed risk of bias and study quality for each
of the articles. Any disagreements were resolved by discussion
and consensus, with the third author (JSS) serving as the final
arbiter if consensus could not be reached.

Investigations of heterogeneity

Heterogeneity was assessed for the individual meta-analyses
using the chi-squared test and the 12 statistic. Significant
heterogeneity was defined as P<0.05 using the Cochran Q test
or I>>50%, with values >50% indicating substantial heteroge-
neity [38]. Further quantification of heterogeneity was cate-
gorized based upon I? with values of 25%, 50%, and 75% indi-
cating low, moderate, and high amounts of heterogeneity,
respectively. Given use of the random effects model to esti-
mate average effect, a 95% prediction interval was calculated
to determine dispersion of effects and clearly illustrate hetero-
geneity in the calculated effect size [39].

Assessment of publication bias

With regard to publication bias, funnel plot asymmetry and Eg-
ger’s regression test were performed as well [40]. Differences
in subgroups were assessed using the Cochran Q test for inter-
action with a P<0.05 defined as statistically significant. The
trim and fill method was used to correct for funnel plot asym-
metry and provide an adjusted effect. The classic fail-safe test
was also applied to assess risk of bias across studies.

Statistical analyses

This systematic review was performed by means of proportion
meta-analysis. 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 trans-
form of the weighted mean of the transformed proportions,
DerSimonian-Laird weights for the random effects model
[41-43]. The pooled rates were estimated using random
effects models and presented as point estimates (rates) with
95% confidence intervals. In contrast to fixed effect models,
which are used to estimate a common effect, random effect
models estimate an average effect, and the variability of the ef-
fects represented by their average may have clinical implica-
tions [39].

Sensitivity analyses were performed to include only data in-
cluded in RCTs as determined via PRISMA guidelines, excluding
observational studies. In addition, data for observation studies
only, as reported by MOOSE guidelines and data limited to only
high-quality studies were also reported. Subgroup analyses
were also performed to compare EUS-BD versus ERCP. For this,
only studies including both EUS-BD and ERCP data were consid-

E1434

ered. We used tabular and graphical displays in Review Manager
5 (RevMan 5.3) for subgroup analysis to compare EUS-BD to
ERCP. Combined weighted proportions and additional analyses
were determined by use of the Stata 13.0 software package
(Stata Corp LP, College Station, Texas, United States). P<0.05
was defined as statistically significant. Continuous variables
were presented as mean (standard deviation), and differences
between groups were tested using the t-test.

Results
Characteristics of included studies

This systematic review and meta-analysis included a total of
seven studies (n=193) [10,11,44-48] A PRISMA flow chart of
search results is shown in » Fig.1. Three RCTs, three prospec-
tive studies, and one retrospective cohort study were included.
Mean age of patients was 67.4 years (2.3), 57.5 % males, with an
average study follow-up period of 5.4 months (1.0). All patients
had malignant biliary obstruction with a mean common bile
duct dilation of 13.76mm (1.73). Mean EUS-BD procedure
duration was 27.8 minutes (5.8). Characteristics of all included
studies are illustrated in » Table 1.

Cumulative clinical effectiveness and safety

Overall, primary EUS-BD was effective and safe with results
listed in » Table2. The pooled technical success rate and clini-
cal success rate for EUS-BD was 95% [(95% Cl 91 to 98); I>°=
00.00%; prediction interval 0.87 to 0.97, range 0.10] and 97 %
[(95% Cl 93 to 100); ’=16.70%; prediction interval 0.86 to
0.97, range 0.11], respectively (> Fig.2a and » Fig.2b). The
pooled AE rate was 19% [(95% Cl 11 to 29); ?=56.00 %; predic-
tion interval -0.89 to 0.95, range 1.84] with the most frequent
complications being bile peritonitis and cholangitis (» Fig. 2c).
Rate of reintervention was 7% [(95% Cl 2 to 13); ?°=41.49%;
prediction interval 0.03 to 0.20, range 0.17] (» Fig.2d).

Sensitivity analyses

Excluding low-quality studies revealed all included RCTs, with a
pooled technical success rate, clinical success rate, AE rate, and
rate of reintervention of [93% (95 % Cl 87 to 98); [>=00.00%);
95% (95% Cl 88 to 99); °=17.46%); 14% (95% Cl 8 to 21); I>=
00.00%); and 6% (95% Cl 0 to 18); ’=66.62%), respectively
(Supplemental Fig.1a-d) [10,11,44]. RCT data were the
same as high-quality-only data. Observational studies demon-
strated pooled technical success rate, clinical success rate, ad-
verse event rate, and rate of reintervention was similar [97 %
(95% CI 91 to 100); 1=00.00%); 99% (95% Cl 94 to 100); *=
8.65%); 24% (95% Cl 9 to 44); 7=69.24%); and 7% (95% Cl 1
to 17); >=21.70%), respectively] (Supplemental Fig.2a-d).

Subgroup analyses

Five studies directly compared EUS-BD versus ERCP [10,11,
44 - 46]. Of these studies (n=159 patients in each cohort; total
n=318 in both cohorts), EUS-BD patients were older with a
mean age was 68.53+1.19 years versus 67.38+2.55 years (P<
0.001). Furthermore, among EUS-BD and ERCP comparator
studies, technical success [OR 1.30 (95% ClI 0.38 to 4.50); P=
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Electronic database search
(n =3368)

Additional records identified through other sources (manual abstract search)

Articles excluded after title and abstract review (n = 2483)

Articles excluded after full article review (n=177)
= Full text or abstract not available (n = 13)

= Other intervention, non-primary therapy, or non-relevant study (n = 96)

=

£ PubMed (n=1114)

g Embase (n = 1484)

= Cochrane (n = 770)

3
(n=23)

= Duplicates excluded (n = 724)

g

e Records after duplicates removed (n = 2667)

wn

= Full-text articles reviewed (n = 184)

E

S

o
= Insufficient Data (n = 29)
= Duplicate study (n = 27)
= Review/commentary (n = 10)

o

-§ = Other (n = 2)

S

=

Studies included in quantitative synthesis
(meta-analysis) (n = 7)

> Fig.1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flowchart of search results for the EUS-BD for treatment

of distal malignant biliary obstruction.

0.68; 1°=33.00%] and clinical success [OR 2.32 (95% Cl 0.48 to
11.15) P=0.29; I’=51.00%] were not statistically different
(» Fig.3a and » Fig.3b, respectively). While primary EUS-BD
was associated with no difference in rate of total AEs [OR 0.70
(95% Cl 0.24 to 2.03) P=0.51; ’=70.00%], rate of post-ERCP
pancreatitis was significantly lower for EUS-BD [OR 0.17 (95%
Cl 0.04 to 0.79) P=0.02; I’°=0.00%] compared to traditional
ERCP (» Fig.4a and Supplemental Fig.3, respectively). Post-
ERCP pancreatitis occurred in 6.00 % of patients with no events
in the EUS-BD cohort. In addition, EUS-BD resulted in a signifi-
cantly decreased rate of reintervention as compared to tra-
ditional ERCP [OR 0.23 (95% Cl 0.10 to 0.49) P<0.001; I?=
1.00%] (» Fig.4b). Cumulative EUS-BD data and comparative
data are shown in » Table 2. Individual EUS-BD and ERCP study
characteristics of clinical success, technical success, and de-
tailed reporting of procedure-associated AEs are presented in
Supplemental Table.

Risk of bias assessment

All seven studies were assessed using GRADE scoring system,
which assigned low grade to the three observational studies,
and an initial high grade to all three randomized studies. How-
ever, one of the randomized studies was downgraded to mod-
erate quality based on further review (» Table 1). Authors* jud-
gements about each risk of bias for all included studies is high-
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lighted in Supplemental Fig. 4. A risk of bias summary graph is
also available in Supplemental Fig.5. For all primary EUS stud-
ies comparing EUS-BD to ERCP, there was no evidence of publi-
cation bias, based upon either qualitative on funnel-plot asym-
metry or quantitative (i.e., Egger regression test, P >0.05) for
technical and clinical success as well as rate of reintervention
and total adverse events (Supplemental Figs.6-9, respective-
ly). Funnel plot for comparative studies of EUS-BD versus ERCP
for AEs appeared symmetric with two studies as an outlier;
however, Egger’s test revealed P>0.05 indicating no publica-
tion bias (Supplemental Fig.9).

Discussion

Over the course of the last two decades, EUS-BD has come to
the forefront of therapy as a safe and effective treatment for
malignant biliary obstruction, particularly in cases where stand-
ard endoscopic or percutaneous measures are not feasible or
have failed. EUS-BD allows for direct access to the biliary tree
through sonographic guidance. Consequently, there are two
major approaches or access sites for the procedure, intrahepa-
tic or extrahepatic [34,35]. With the intrahepatic technique,
the left lobe of the liver is accessed through the gastric wall,
and with the extrahepatic technique, the common bile duct is
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Study

Hara et al (2011)
Hara et al (2013)
Bang et al (2018)
Nakai et al (2018)
Paik et al (2018)
Park et al (2018)
Yamao et al (2018)

Ll b

|
|
Overall (1> = 0.00%, p = 0.89) ¢

.1.2.345.6.7.891
a Proportion

Study

Hara et al (2011)
Hara et al (2013)
Bang et al (2018)
Nakai et al (2018)
Paik et al (2018)
Park et al (2018)
Yamao et al (2018)

Overall (I>=16.70%, p = 0.30)

+-l__l__i__1__l__L1l_

.1.2.3.4.5.6.7.8.91
b Proportion

Study
Hara et al (2011)
Hara et al (2013)
Bang et al (2018)
Nakai et al (2018)
Paik et al (2018)
Park et al (2018)
Yamao et al (2018) i
I

Overall (1 = 56.00%, p = 0.03)

1.23.456.7.891
C Proportion

Study

Hara et al (2013)
Bang et al (2018)
Nakai et al (2018)
Paik et al (2018) i-'—
Park et al (2018) :
Yamao et al (2018)

Overall (I>=41.49%, p = 0.13)
1.23456.7.891

d Proportion

» Fig.2a Technical success rate for EUS-BD for treatment of distal malignant biliary obstruction. b Clinical success rate for EUS-BD for treat-
ment of distal malignant biliary obstruction. c Serious adverse events for EUS-BD for treatment of distal malignant biliary obstruction d Rate of
reintervention for EUS-BD for treatment of distal malignant biliary obstruction.

accessed directly through the duodenum (i. e., choledochoduo-
denostomy).

Previous studies have shown EUS-BD to be an effective mod-
ality as a rescue therapy after failed ERCP. Khan et. al. conduct-
ed a meta-analysis, involving 20 studies evaluating EUS-BD in
patients with failed ERCP, in which they demonstrated weight-
ed pool rates for technical success and post-procedure-related
AEs of 90% (95% Cl 86 to 93) and 17% (95% Cl 13 to 22),
respectively [49]. More recently, Mohan and colleagues con-
ducted a meta-analysis involving 13 studies on EUS-guided
choledochoduodenostomy as primary and as rescue therapy,
in which they demonstrated a pooled technical success rate of
91.9% (95% ClI 88.0 to 94.6), pooled clinical success rate of
91.9% (95% Cl 86.6 to 95.2), and AE rate of 14.5% (95% Cl
10.7 to 19.3) [50]. Thus, given the overall promising results of
EUS-BD in cases of failed ERCP, several studies have evaluated
its role as primary modality for biliary drainage, irrespective of
ERCP candidacy. Yet, despite this more frequent adoption as a
primary tool, there remains a paucity of literature available to
determine overall effectiveness and safety, as well as compara-
tive analyses to a standard transpapillary ERCP approach.

The results of this meta-analysis confirm that EUS-BD as pri-
mary therapy is technically feasible, clinically successful, and

Hathorn Kelly E. et al. EUS-guided biliary drainage... Endoscopy International Open 2019; 07: E1432-E1441

relatively safe for treatment of malignant biliary obstruction.
We demonstrated pooled technical and clinical success rates
of 95% and 97 %, respectively. Need for repeat endoscopic pro-
cedure between the two techniques demonstrated EUS-BD to
have an 80% lower rate of reintervention as compared to tradi-
tional ERCP. In addition, given the ability for EUS-BD to poten-
tially avoid traumatic papillary manipulation, it offers a theore-
tically significant advantage clinically or practically over ERCP
by reducing risk of post-ERCP pancreatitis [7,10,35]. Results
from this meta-analysis suggest this assumption is true with
87% lower odds of developing post-procedure pancreatitis
with EUS-BD compared to ERCP. Rates of post-ERCP pancreatitis
seen in the included studies were similar to those reported in
previous literature [51]. It may be inferred this reduction in
pancreatitis resulted in a significant number of total events
overall; however, at least one RCT demonstrated EUS-BD to
have a higher rate of stent patency with less intervention and
better preservation of quality of life as compared to ERCP [10].
While this was not shown in our meta-analysis, lower risk of
post-procedure pancreatitis, combined with a reduction in
need for reintervention and equivalent clinical and technical
success rates compared to ERCP, may suggest an even larger
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EUS-BD ERCP Odds ratio Odds ratio

Studies or subgroup Events Total Events Total Weight = M-H, random, 95% CI M-H, random, 95% CI

Bang et al 2018 30 33 32 34  26.0% 0.63[0.10, 4.00] —_—

Nakai et al 2018 33 34 25 25 11.9% 0.44[0.02, 11.20]

Paik et al 2018 60 64 55 61 36.5% 1.64[0.44, 6.11] —_—T

Park et al 2018 13 14 14 14 11.6% 0.31[0.01, 8.29] «

Yamao et al 2018 14 14 14 25 14.0% 23.00[1.24,427.94] 7

Total (95% Cl) 159 159 100.0%  1.30[0.38, 4.50] i
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» Fig.3a Comparative technical success rate of EUS-BD versus ERCP for treatment of distal malignant biliary obstruction. b comparative clinical
success rate of EUS-BD versus ERCP for treatment of distal malignant biliary obstruction.
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> Fig.4a Comparative adverse event rate of EUS-BD versus ERCP for treatment of distal malignant biliary obstruction. b Comparative reinter-
vention rate of EUS-BD versus ERCP for treatment of distal malignant biliary obstruction.
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> Table2 Efficacy and safety of EUS-BD for malignant biliary obstruction: cumulative and comparative meta-analysis.

Cumulative data for EUS-BD

Pooled rate (95% Cl)

Heterogeneity (I?)

Comparative data for EUS-BD vs ERCP

0dds ratio (95 % Cl) Heterogeneity (1)

Technical success 95% (95% Cl91 to 98) 0.00% 1.30(95% C10.38 to 4.50) 33.00%
Clinical success 97 % (95% C1 93 to 100) 16.70% 2.32(95%Cl10.48t0 11.15) 51.00%
Total adverse events 19%(95%Cl 11 to 29) 56.00% 0.70(95% Cl 0.24 t0 2.03) 70.00%
= Pancreatitis 0% (95%Cl0to1) 0.00% 0.17 (95% C1 0.04 to 0.79) 0.00%
= Bile peritonitis 3% (95%Cl0to8) 40.19% 2.971(95%Cl0.12to 72.70) NA*

= Pneumoperitoneum 0% (95% Cl0to2) 0.00% 1.79(95% Cl1 0.19to 16.66) 0.00%
= Cholangitis 2%(95%Cl0to7) 57.58% 0.74(95% C10.33 to 1.68) 0.00%
= Cholecystitis 1% (95% Cl 0 to 5) 25.51% 0.75 (95% C1 0.14 to 3.90) 37.00%
= Stent migration 0% (95%Cl0to2) 0.00% 0.74(95%C10.10t0 5.37) 11.00%
= Stent dysfunction/occlusion 0% (95%Cl0to2) 5.00% 0.30(95%Cl0.06 to 1.47) 0.00%
Reintervention rate 7% (95%Cl2to13) 41.49% 0.23(95%C10.10 to 0.49) 1.00%

EUS-BD, endoscopic ultrasound-guided biliary drainage; ERCP, endoscopic retrograde cholangiopancreatography.

* Heterogeneity unable to be calculated based upon limited events occurring

role for EUS-BD primary therapy by endoscopists with familiar-
ity with EUS-BD.

Limitations to the current study include the inherent hetero-
geneity bias of pooled systematic reviews and meta-analyses.
While we attempted to assess for this as well as risk of bias,
specific limitations include differences in patient population
across EUS-BD and ERCP, differences in short-term and long-
term follow-up periods, and inclusion of both intrahepatic and
extrahepatic EUS-BD access. Based upon study reporting, sub-
group analysis by choledocoduodenostomy versus hepatico-
gastrostomy was not possible. Furthermore, both randomized
and non-randomized studies were included in this analysis.
Heterogeneity was significant for AEs between studies though
low for technical and clinical success rates. Given use of odds
ratios (ORs) in our study, it remains important to understand
the clinical relevance of odds ratios with caution interpreting
these findings as relative risk which may overestimate our find-
ings [52]. Further, ORs for technical and clinical success were
1.30 and 2.32 so the odds for EUS-BD were much higher com-
pared to ERCP but the ratios did not reach the level of statistical
significance, suggesting this study may be underpowered to
make any conclusions. An additional concern with any endo-
scopic procedure or technique is the learning curve or clinical
expertise needed to perform an effective procedure. It is highly
possible the technical and clinical success achieved in these
studies as well as the rate of AEs may not be generalizable to
centers with less familiarity or proven expertise.

Despite these limitations, this study has several strengths.
Most importantly, our meta-analysis methodologically sum-
marizes all available data to evaluate feasibility, efficacy, and
tolerability of primary EUS-BD. While significant heterogeneity
was noted in our meta-analysis and was not surprising given the
cumulative nature of reporting results, the prediction interval
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was calculated to demonstrate and describe the variability, or
heterogeneity, of our results within true clinical practice [43].
Although reporting bias of negative studies cannot be ascer-
tained, small case series were eliminated to minimize inherent
selection bias associated with them. In addition, this systematic
review and meta-analysis evaluates objective data including
technical success, clinical success, and AEs of primary EUS-BD,
with a subgroup comparison between primary EUS-BD and con-
ventional ERCP. It remains the only meta-analysis to date to
evaluate EUS-BD as a primary therapy for distal malignant bili-
ary obstruction. While these procedures are complex and re-
quire dedicated devices to which some centers may not have
access, our results may also be underappreciated given the
need for more experience.

Conclusion

Overall, this systematic review and meta-analysis found that
EUS-BD is a technically feasible, clinically effective, and safe
procedure for primary treatment of distal malignant biliary ob-
struction. When compared to ERCP, EUS-BD had no significant
difference in efficacy based on rates of technical and clinical
success. In addition, EUS-BD had a lower rate of AEs, most no-
tably lower rates of post-procedure pancreatitis. While the re-
sults of this analysis suggest EUS-BD should be increasingly
considered as first-line therapy, it is important to note these
findings are limited in their ability to translate to endoscopists
with limited EUS experience. Furthermore, given the small
number of studies in this subset of our analysis, further ran-
domized trials should be performed to identify the ideal patient
populations and clinical scenarios in which primary EUS-BD
would be most appropriate.
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