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ABSTRACT

Background and study aims EUS-guided choledocho-
duodenostomy (EUS-CDS) is a minimally invasive procedure
used to treat malignant biliary obstruction (MBO) by trans-
duodenal placement of a lumen-apposing metal stent
(LAMS) into the extrahepatic bile duct. To identify factors
that contribute to safe and effective EUS-CDS using LAMS,
we performed a systematic review of the literature and
meta-analysis.

Methods The methodology of our analysis was based on
PRISMA recommendations. Electronic databases (Medline,
Scopus, EMBASE) were searched up to November 2022. Full
articles that included patients with distal malignant biliary
obstruction who underwent EUS-CDS using LAMS after
failed endoscopic retrograde cholangiopancreatography
were eligible. Random-effect meta-analysis was performed
reporting pooled rates of technical success, clinical success,
and adverse events (AEs) by means of a random model.
Multivariate meta-regression and subgroup analysis were
performed to assess possible associations between the out-
comes and selected variables to assess the correlation be-
tween outcomes and different variables. Results were also
stratified according to stent size.

Results Twelve studies with 845 patients were included in
the meta-analysis. Pooled technical and clinical success
rates were 96% (95% confidence interval [Cl] 94%-98%; 12 =
52.29%) and 96% (95%Cl 95%-98%), respectively, with no
significant association with baseline characteristics, such
are sex, age, common bile duct diameter, or stent size. The
pooled AE rate was 12% (95%Cl: 8%-16%; 1> =71.62%). The
AE rate was significantly lower when using an 8 x 8 mm
stent as compared with a 6 x 8mm LAMS (odds ratio 0.59,
0.35-0.99; P =0.04), with no evidence of heterogeneity (I?
=0%).

Conclusions EUS-CDS with LAMS is a safe and effective
option for relief of MBO. Selecting an appropriate stent
size is crucial for achieving optimal safety outcomes.
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Introduction

Management of malignant biliary obstruction (MBO) is of para-
mount importance because obstructive jaundice dramatically
decreases the ability to administer systemic chemotherapy to
patients with unresectable disease. MBO reduces quality of life
and increases the risk of morbidity and mortality [1]. Currently,
endoscopic retrograde cholangiopancreatography (ERCP) with
transpapillary placement of self-expanding metal stents is con-
sidered the gold-standard technique to achieve biliary drainage
in distal MBO [2, 3], enabling a high success rate, ranging from
86% to 99% when considering all indications, and with an
acceptable safety profile. However, in the setting of malignant
disease, a lower rate of success might be expected, with a high-
er need for advanced cannulation techniques (i. e., needle knife
pre-cut) with their associated adverse events (AEs) [4,5,6,7].

In case of ERCP failure, a percutaneous approach is tradition-
ally considered the main secondary option. However, since first
reported by Giovannini et al. [8], interventional endoscopic ul-
trasonography (EUS) has been demonstrated to be a viable op-
tion for palliation of MBO. In particular, EUS-guided chole-
dochoduodenostomy (EUS-CDS) has emerged as an alternative
treatment modality by providing internal biliary drainage in pa-
tients with distal common bile duct (CBD) obstruction and up-
stream biliary system dilation. Furthermore, the development
of a lumen-apposing metal stent (LAMS) with cautery-en-
hanced delivery system allows simple one-step puncture and
stent delivery, greatly shortening procedure duration. This ra-
pidly spreading approach, initially performed only as an alter-
native to percutaneous drainage for cases of ERCP failure, is
now challenging ERCP as the primary approach for relief of
MBO [9,10, 11, 12]. Despite promising data, the major concern
is mainly related to the long experience with ERCP, which has
allowed recognition of factors that affect the risk of technical/
clinical success, and development of AEs.

Initial experience with EUS-CDS proved its feasibility, effica-
cy, and safety and more recently the volume of published data
has grown exponentially, offering us the opportunity for a dee-
per insight with this approach.

The primary objective of this meta-analysis was to quantita-
tively assess patient- and procedure-related factors potentially
influencing the outcomes of EUS-CDS using LAMS in the man-
agement of distal MBO.

Methods

The methods for our analysis and inclusion criteria were based
on Preferred Reporting Items for Systematic Reviews and Meta-
Analyses recommendations [13]. Data sources and search strat-
egy, selection process, data extraction, and quality assessment
are reported in Appendix 1.

Selection criteria

For the purpose of this systematic review, we considered all
clinical studies that included patients with distal MBO who un-
derwent EUS-CDS using LAMS after failed ERCP. Small case se-
ries including < 10 patients, non-endoscopic studies, review ar-
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ticles, and animal models were excluded. Data where EUS-CDS
was performed as primary therapy rather than ERCP were also
excluded.

Outcomes assessed

The primary outcome was clinical success. We followed the de-
finitions of clinical success as defined by individual studies
(Supplementary Table 1). Secondary outcomes were technical
success, defined as successful LAMS deployment under EUS
guidance with consequent biliary drainage, and AE rate. AEs
were defined as any procedural/stent-related event including
abdominal pain, fever, perforation, bleeding, bile leak, jaun-
dice, stent obstruction and cholangitis. Severity of AEs was
graded according to the American Society for Gastrointestinal
Endoscopy lexicon [14]. AEs were grouped into three categor-
ies: immediate, early, and late, based on the timing of their on-
set and considered as per individual study definitions.

Statistical analysis

Study outcomes were pooled through a random-effects model
based on DerSimonian and Laird test [15], and results were
expressed as rates and 95% confidence intervals (Cls). Compar-
isons between different LAMS diameters, namely 8 x 8mm vs 6
x 8mm, were based on a random-effects model and results
were expressed as odds ratios (ORs) and 95% Cls.

The presence of heterogeneity was calculated through 12
tests 12; values of 0% to 40%, 30% to 60%, 50% to 90%, and 75%
to 100% were indicated as low, moderate, substantial, and con-
siderable heterogeneity, respectively [16]. Any potential publi-
cation bias was verified through visual assessment of funnel
plots.

Multivariate meta-regression was performed to analyze the
correlation between baseline age, sex, and CBD diameter and
clinical success rate.

A sensitivity analysis based on the timing of AE occurrence
(immediate, early, or late) was performed.

All statistical analyses were conducted using RevMan (ver-
sion 5.0 for Windows; the Cochrane Collaboration, Oxford,
UK), Jamovi 1.6, R 4.0 software, and R 3.0.2 (R Foundation for
Statistical Computing, Vienna, Austria).

For all calculations, P < 0.05 was considered statistically sig-
nificant.

Results
Studies

As shown in » Fig. 1, 2788 studies were initially identified. After
exclusion of articles not fulfilling the inclusion criteria, 12 stud-
ies [17,18,19,20,21,22,23,24,25,26,27,28] with 845 pa-
tients were included in the meta-analysis, of which 10 were
non-comparative, single-cohort, retrospective studies. Study
characteristics are reported in » Table 1.

We used the Newcastle-Ottawa Scale for nonrandomized
studies [29] to assess methodology quality, which gave a mean
score of 4.8 (range 4-5) (Supplementary Table 2, Appendix 1).
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Technical success

The pooled technical success rate was 96% (95%Cl 94%-98%),
with moderate evidence of heterogeneity (1°=52.29%; » Fig. 2).
No evidence of publication bias was detected through visual in-
spection of the funnel plot (Supplementary Fig. 1, Appendix 1).
Comparison rates for technical success using 8 x 8mm vs 6 x
8 mm stents are reported in Supplementary Fig. 2, Appendix 1.
Based on four studies, no difference in terms of technical suc-
cess rates was observed between the two diameters (OR 1.21,
95%Cl 0.51-2.85), with no evidence of heterogeneity (12 =0%).

Clinical success

As depicted in » Fig. 2, the pooled clinical success rate was 96%
(95%CI 95%-98%), with evidence of mild heterogeneity (12 =
23.78%). No evidence of publication bias was detected through
visual inspection of the funnel plot (Supplementary Fig.3, Ap-
pendix 1).

Meta-regression analysis did not find a significant associa-
tion between some baseline characteristics—namely sex, age,
and CBD diameter—and clinical success rate (P =0.45, P =0.20,
and P =0.53, respectively; Supplementary Fig.4, Appendix 1).
Moreover, no difference between 8 x 8 mm and 6 x 8 mm stents
was observed in terms of clinical success (OR 1.42, 95%Cl 0.58-
3.46), with mild evidence of heterogeneity (1> =7%; Supple-
mentary Fig.5, Appendix 1)

AE rate

As reported in » Fig. 3, the pooled overall AE rate was 12% (95%
Cl 8%-16%), with evidence of substantial heterogeneity (1> =
71.62%). No evidence of publication bias was detected based
on the funnel plot (Supplementary Fig.6, Appendix 1). Specifi-
cally, early, immediate, and late AE rates were 3% (95%CI 1%-
4%), 2% (95%Cl 1%-2%), and 4% (95%Cl 2%-7%), respectively
(Supplementary Fig.7, Appendix 1). This sensitivity analysis
based on timing of AEs occurrence led to a consistent decrease
in heterogeneity of the estimates (1> =56%, 0%, and 74%;
respectively).

Based on four studies, the AE rate was significantly lower
with 8 x 8mm as compared with 6 x 8 mm stents (OR 0.59,
95%Cl 0.35-0.99), with no evidence of heterogeneity (1 =0%;
» Fig.4).

The detailed list of AEs observed in the included studies is re-
ported in Supplementary Table2, Appendix 1.

Discussion

According to our analysis EUS-CDS with LAMS is confirmed as a
feasible option for the management of distal MBO, with a favor-
able benefit/risk ratio due to a very high rate of technical and
clinical success (96%), assessed in almost 1000 procedures,
and relatively low rate of AEs (12%). Stent size was shown to be
the main factor affecting the risk of AEs.

Data from this meta-analysis may have a significant impact
on clinical practice because of the ongoing questions related
to EUS-guided strategies for biliary drainage. In this regard,
the most concerning aspect is safety, especially considering
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» Fig.1 PRISMA flow chart. Shamseer L, Moher D, Clarke M et al.
Preferred reporting items for systematic review and meta-analysis
protocols (prisma-p) 2015: Elaboration and explanation. BMJ 2015.

the relatively limited experience with EUS-CDS using small-di-
ameter LAMS (< 10mm), especially when compared with the
experience of ERCP for MBO. We herein showed that EUS-CDS
is associated with an adequate safety profile, with no reported
fatal events. In fact, the 12% AE rate seems comparable to the
5% to 15% AE rate reported for ERCP [3,4,5,6,7,8,9,10,11,12,
13,14,15,17,18,19,20,21,22,23,24,25,26,27,28,29,30].

The impact of stent size on procedure outcome, even if not
unexpected, was not obvious. While a larger stent diameter
theoretically provides better bile flow and a decreased risk of
stent occlusion, it may also theoretically allow food and debris
to enter with a resultant increased risk of cholangitis. From a
technical point of view, placement of a 6 x 8 mm LAMS might
lead to a reduced risk of stent misdeployment because the
minimum space required for deployment is lower than the 8 x
8 mm LAMS. However, the greater radial force of the 8 x 8 mm
stent may decrease the risk of stent dislodgement. The lower
AE rate reported with the 8 x 8mm LAMS over the 6-mm
LAMS for CDS is an important finding which has not been pre-
viously recognized, and only pooling data from individual stud-
ies allowed us to reach the statistical power to show such asso-
ciation.

This is even more relevant considering that we were able to
exclude the possible confounding influence of CBD size. As a
matter of fact, a more dilated CBD is considered an easier tar-
get for biliary tract access, and in light of the more frequent
choice of an 8 x 8mm LAMS in such cases, this could have
biased our results. In our analysis, CBD size did not influence
technical or clinical success or risk of AEs, highlighting the role
of stent size as an independent factor. This suggests it is prefer-
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» Fig.2 a Technical and b clinical success rates. Forest plot.

able to use the 8 x 8mm LAMS as opposed to the 6 x 8 LAMS
when ductal diameter allows.

The second main result of our analysis is the efficacy profile,
with a very high rate of technical and clinical success (96%). If
the definition of technical success is homogeneous across the
included studies, it can be argued that different definitions of
clinical success might affect the results. However, the various
definitions of clinical success remained consistent with the de-
finitions suggested by the European Society of Gastrointestinal
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Tsuchiya 2017 — 5.89% 0.11 [-0.03, 0.24]
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[
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» Fig.3 Adverse event rate. Forest plot.

Endoscopy [2], and the only moderate heterogeneity of our a-
nalysis downgraded this risk.

One of the main strengths of our analysis is the clinical set-
ting of the included studies. As a matter of fact, we only includ-
ed data from EUS-CDS when used for demanding cases of ERCP
failure. Such a high rate of technical success, theoretically
achievable during the same ERCP session, gives the endos-
copist the opportunity to successfully relieve distal MBO in
nearly 100% of cases during one endoscopic session. This pre-
vents the need for rescheduling procedures, allowing rapid im-
provement of quality of life and institution of systemic chemo-
therapy [1]. We believe that procedural informed consent for
EUS-CDS (or EUS-guided biliary drainage) should be obtained
at the time of consent for ERCP in cases of distal MBO [2,31,
32].

Our analysis has some limitations. First, the majority of the
studies included are retrospective, and this may introduce an
element of selection bias. This, along with the paucity of com-
parative studies available, demands some caution in interpreta-
tion of the results. Second, considering that all the included pa-
tients had failed ERCP before EUS-guided CDS was attempted,
we cannot exclude some carryover effect causing an overesti-
mation of the AE risk. This means there may be a lower AE rate

8x8 6%8 0Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, Random, 95% Ci M-H, Random, 95% CI
Anderloni 2 15 1 16 4.2% 2.31[0.19, 28.47] :
Fugazza 25 132 21 8 613%  0.72[0.37,1.39] ——
Garcia-Sumalla 2 11 4 11 6.9% 0.39[0.05, 2.77] :
Wei-On 8 68 13 46 27.7%  0.34[0.13,0.90] —_—a
1
1
Total (95% Cl) 226 159 100.0%  0.59[0.35, 0.99] S
Total events 37 39 .
Heterogeneity: Tau?= 0.00; Chi? = 2.91, df =3 (P=0.40); ?=0% T - T
0.01 0.1 1 10 100

Test for overall effect: Z=2.01 (P=0.07)

Favours 8x8 Favours 6x8

> Fig.4 Adverse event and stent size.
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than seen in this analysis. Despite the lack of head-to-head
comparison with ERCP, our study may be informative for de-
signing comparative trials. Third, other important technical
points such as drainage technique (i.e. free-hand vs. wire-guid-
ed techniques), or the possible use of larger stents (i.e. 10 x 10
mm) have not been homogeneously reported across the in-
cluded studies, and we are not able to make any evidence-
based suggestion about such technical points. Finally, the mod-
erate-to-substantial level of heterogeneity found in several a-
nalysis, coupled with differences across the included studies in
term of design, center numbers, and sample size may have af-
fected the interpretability of the results. Furthermore, we per-
formed different analyses specifically to investigate the reasons
why heterogeneity (i.e. meta-regressions, subgroup analysis)
partially mitigated the issue. However, the extremely high rate
of both technical and clinical success and the paucity of failure
events may have down-powered our meta-regression analysis
and a future analysis will be needed to highlight any relevant
factors affecting efficacy outcomes. On the other hand, the
low level of heterogeneity found in the subgroup analysis based
on stent size (12 =0%) provides reassurance about the reliability
of data for safety outcomes.

Conclusions

In conclusion, our analysis confirmed that EUS-CDS is a safe and
effective option for patients with distal MBO in whom ERCP has
failed. The selection of appropriate stent size seems important
for achieving optimal outcomes.
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