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(EUS-CDS) or hepaticogastrostomy (EUS-HGS) has emerged as an option for patients of
failed endoscopic retrograde cholangiopancreatography (ERCP), there has no agreement
on which approach is preferred. Therefore, a meta-analysis was performed to examine
the two methods.

Methods: We performed a comprehensive search in databases of PubMed, Embase,
and Cochrane library to find relevant studies reporting the efficacy and safety of the two
EUS-guided biliary drainage methods.

Results: In total, 12 studies with 623 patients (EUS-CDS: 303 and EUS-HGS: 320)
were included. The cumulative technical success and clinical success for EUS-CDS
and EUS-HGS was 95.0% (288/303), 93.1% (268/288), and 96.6% (309/320), 91.3%
(282/309), respectively. Compared with EUS-HGS, the pooled odds ratio (OR) was
0.74 (95% CI 0.33-1.65; p = 0.46) for EUS-CDS technical success and 0.94 (95% Cl
0.56-1.59; p = 0.83) for clinical success. The pooled difference in means of procedure
time of EUS-CDS and EUS-HGS was —2.68 (95% Cl —5.12 to —0.24; p = 0.03). The
cumulative early adverse events for EUS-CDS and EUS-HGS was 12.2% (37/303) and
17.5% (566/320), respectively. Compared with EUS-HGS, the pooled OR of early adverse
events for EUS-CDS was 0.58 (95% CI: 0.36-0.93; p = 0.02).

Conclusion: This meta-analysis further suggests EUS-CDS and EUS-HGS have equal

high technical and clinical success, but EUS-CDS with a slightly short procedure time
and with less early adverse events compared to EUS-HGS.

Keywords: biliary drainage, choledochoduodenostomy, hepaticogastrostomy, endoscopic ultrasound, biliary
obstruction
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CDS vs. HGS for EUS-BD

INTRODUCTION

For  obstructive  jaundice, Endoscopic ~ retrograde
cholangiopancreatography (ERCP)-guided biliary drainage
(ERCP-BD), is the preferred choice. For patients with difficult
endoscopic biliary drainage, percutaneous transhepatic biliary
drainage, or surgery is usually performed. However, these
operations are highly invasive and risky of complications. Thus,
endoscopic ultrasound-guided biliary drainage (EUS-BD) was
developed and showed a promising future. It is reported that
EUS-BD could have similar efficacy and safety when compared
with ERCP for palliation of distal malignant biliary obstruction
and with a lower risk of post-procedure complications (1).

There are two major transgastric/transhepatic or
transduodenal routes, namely endoscopic ultrasound-guided
choledochoduodenostomy (EUS-CDS) or hepaticogastrostomy
(EUS-HGS). Currently, most data show that there is no
significant difference in efficacy between EUS-CDS and
EUS-HGS or in major complications (2-4). However, some
studies have revealed inconsistent conclusions (5, 6), and the
optimal method of transluminal biliary drainage has not been
established. Therefore, we performed the meta-analysis to
examine the two methods.

METHODS

The meta-analysis was conducted under the direction of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines and Meta-Analysis
of Observational Studies in Epidemiology (MOOSE)
guidelines (7, 8).

Literature Collection

The literature retrieval strategy was based on the PICOS principle
(7): P (population): biliary obstruction patients with failed ERCP
or were not candidates for ERCP; I (intervention): EUS-CDS
and EUS-HGS; C (comparison): efficacy and safety of EUS-
CDS and EUS-HGS for biliary drainage; O (outcome): technical
and clinical success, operation time, and adverse events; and S
(study design): no restriction. PubMed, Embase and Cochrane
library were systematically searched from inception through
March 2020 to obtain relevant articles. The following keywords
were used in various combination: endoscopic ultrasound,
biliary drainage, transluminal, choledochoduodenostomy, and
hepaticogastrostomy. Additionally, all references in the reviewed
articles were manually searched to increase the yield of
potentially relevant articles.

Inclusion and Exclusion Criteria

All the retrieved studies were assessed independently by two
researchers. Any disagreement was discussed with a third
researcher. Studies that met the following inclusion criteria were
considered eligible: (a) study design: randomized clinical trials
(RCTs) or observational studies in English language; (b) study
population: patients receiving EUS-BD with a sample size >15;
and (c) intervention: studies comparing EUS-CDS with EUS-
HGS. Exclusion criteria were as follow: (a) republication; (b)

animal and review studies; (c) combined with other intervention;
and (d) abstracts only and unpublished data.

Data Collection and Quality Assessment

A standard data collection Excel form was used and performed by
two researchers independently. Any disagreement was discussed
with a third researcher. The characteristics of the included study
were listed as following: first author, year, study design, sample
size, adverse events, technical success, clinical success, procedure
time, stent patency, and survival days in both groups.

Quality assessment was performed by two authors
independently, using the Jadad scale for randomized trials
and Newcastle-Ottawa scale (NOS) for observational studies
(9, 10). A third author would be consulted and the decision
would be reached through discussions when a disagreement
was encountered.

Statistical Analysis

Statistical analysis was conducted using RevMan software
(Review Manager Version 5.3; The Nordic Cochrane Centre,
Copenhagen, Denmark), with the random effects model for
all outcomes. Odds ratio (OR) was calculated for categorical
variables (Mantel-Haenszel method) and mean (£SD) or
median for continuous variables (Inverse-Variance method) with
corresponding 95% CI. Heterogeneity was evaluated by using
Cochran’s Q-test and I? statistics, in which a p < 0.10 for
Cochran’s Q test and the I>-values > 50% indicated the presence
of heterogeneity in this meta-analysis. Funnel plot was generated
to test the presence of publication bias and influence of study
quality. All p-values < 0.05 indicated statistically significance.

RESULTS

Study Characteristics

According to the pre-defined retrieval strategy, 1,246 abstracts
were screened, in which 1,234 were excluded because they did
not meet the inclusion criteria. Finally, 12 studies (between 2011
and 2019) involving 623 patients (EUS-CDS: 303 and EUS-
HGS: 320) were included in the meta-analysis (6, 11-21). The
study screening flow diagram is shown in Figure 1. The primary
diagnosis for patients who underwent the procedures were
malignant biliary obstructions, and majority of them previously
underwent failed ERCP, including due to duodenal obstruction
or surgical altered anatomy. Two studies were randomized
controlled trials (14, 21), five were prospective uncontrolled
studies (11, 13, 15, 19, 20), and five were retrospective studies
(6, 12, 16-18). Eight studies were single-center, whereas four
studies were multicenter. The characteristics of the eligible
studies and the risk of quality assessment are summarized in
Table 1.

Study Quality Assessment

The quality of each of the two RCTs was excellent; the
two RCTs reported random sequence generation, allocation
concealment, and without incomplete outcome data. Although
the two RCTs were single-blinded, one RCT reported adequate
blinding of outcome assessment (21), so the risk bias of
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1246 records identified through database searching
669 in PubMed
473 in Embase

104 in Cocrane Library

¥

968 recards after duplicates removed

677 recaords
excluded an title
and abstract
because of

¥ irrelevant

291 records screened | lintervention

242 studies which
did not compare
L] EUS-CDS with

49 full-text articles EUS-HGS were
assessed for eligibility excluded

¥

37 studies excluded because of
study design or a small sample size

¥

12 studies included in the meta-analysis

FIGURE 1 | Flow diagram of the study selection process.
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TABLE 1 | The characteristics of included studies.

Study Type Setting Sample size Technical Clinical Mean Mean stent Early Late Median Jadad or
success success procedure patency, d adverse adverse survival NOS
time, min events events time, days assessment
Parketal. (11) P S CDS 26 24 22 16.3+8.8 152 NR NOS =7
HGS 31 31 27 185+9.6 132 NR
Kawakubo et R M CDS 44 42 41 NR 103 9 179 (99-227) NOS =6
al. (12)
HGS 20 19 19 NR 62 6 102 (61-262)
Song et al. P S CDS 17 17 16 22 (14-35) 111 (33-560) 1 NR NOS =6
(19)
HGS 10 10 10 22.5 (15-35) 181 (36-431) 3 1 NR
Artifon et al. RCT S CDS 24 22 17 48.8 NR 3 NR 83.59 + 3.45 Jadad =5
(14)
HGS 25 24 22 47.8 NR 5 NR 75.08 £5.29
Park et al. (15) P M CDs 12 11 11 10 (9-15) 122 £12 1 NR NOS = 6
HGS 20 20 18 13 (10-21) 121 £11.2 5 0 NR
Poincloux et R S CDS 26 26 24 NR NR 2 3 NR NOS =6
al. (16)
HGS 66 65 61 NR NR 10 6 NR
Guoetal (17) R S CDS 14 14 14 NR NR 1 NR NR NOS =6
HGS 7 7 7 NR NR NR NR
Khashab et R M CDs 60 56 48 51 +34.9 NR 8 252 NOS =7
al. (18) (131-369)
HGS 61 56 46 453 + 34.6 NR 12 16 142 (82-256)
Ogura et al. R S CDs 13 13 13 NR 43 6 98 NOS = 6
©)
HGS 26 26 24 NR 133 133
Amano et al. P S CDS ihl 11 11 11 (8-16) NR NR NOS =7
(19
HGS 9 9 9 14 (11-18) NR 1 NR
Cho et al. (20) P S CDS 33 33 33 20 (5-45) 329.1 5 165 NOS =7
(231.8-426.4) (72.2-257.7)
HGS 21 21 18 18 (11-45) 166.3 4 10 173
(94.7-237.9) (76.8-269.1)
Minaga et al. RCT M CDS 23 19 18 25.24+10.8 NR 2 2 120 (43-408) Jadad = 6
@1
HGS 24 21 21 37.7+£14.0 306 2 4 146 (21-400)

R, prospective; R, retrospective; RCT, randomized controlled trial; S, single-center; M, multicenter; CDS, choledochoduodenostomy; HGS, hepaticogastrostomy; NR, not reported; NOS, Newcastle-Ottawa scale.
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Total events 288 309

Test for overall effect: Z=0.75 (P = 0.46)

10.7%

10.7%
34.8%

6.8%
6.0%
6.2%

CDS HGS
Study or Subgrou Events Total Events Total Weight
Amano 2017 11 11 9 9
Artifon 2015 22 24 24 25
Cho 2017 33 33 21 21
Guo 2016 14 14 7 7
Kawakubo 2014 42 44 19 20
Khashab 2016 56 60 56 61
Minaga 2019 19 23 21 24 24.7%
Ogura 2016 13 13 26 26
Park 2011 24 26 31 31
Park 2015 1" 12 20 20
Poincloux 2015 26 26 65 66
Song 2014 17 17 10 10
Total (95% Cl) 303 320 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 2.59, df =6 (P = 0.86); I>=0%

Odds Ratio
M-H. Random, 95% CI

Not estimable
0.46 [0.04, 5.41]
Not estimable

Not estimable
1.11[0.09, 12.95]
1.25[0.32, 4.90]
0.68[0.13, 3.43]
Not estimable
0.16 [0.01, 3.39]
0.19[0.01, 4.97]
1.21[0.05, 30.75]
Not estimable

Odds Ratio
M-H, Random, 95% CI

—_—

\Hx

<

0.74 [0.33, 1.65]

0.002 0.1 1 10 500

Test for overall effect: Z=0.22 (P = 0.83)

FIGURE 3 | Forest plot of clinical success between EUS-CDS and EUS-HGS.

CDS HGS
FIGURE 2 | Forest plot of technical success between EUS-CDS and EUS-HGS.

CDS HGS Odds Ratio Odds Ratio
Study or Subgro Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Amano 2017 11 11 9 9 Not estimable
Artifon 2015 17 24 22 25 12.3% 0.33[0.07, 1.47] -
Cho 2017 33 33 18 21 3.0% 12.68 [0.62, 258.98] T
Guo 2016 14 14 7 7 Not estimable
Kawakubo 2014 41 44 19 20 5.1% 0.72[0.07, 7.38] - 1
Khashab 2016 48 60 46 61 37.1% 1.30 [0.55, 3.08] -
Minaga 2019 18 23 21 24 11.2% 0.51[0.11, 2.46] - [
Ogura 2016 13 13 24 26 2.8% 2.76 [0.12, 61.66] -
Park 2011 22 26 27 31 12.3% 0.81[0.18, 3.64] "
Park 2015 1" 12 18 20 4.3% 1.22[0.10, 15.11] - I
Poincloux 2015 24 26 61 66 9.4% 0.98[0.18, 5.42] -1
Song 2014 16 17 10 10 2.5% 0.52[0.02, 14.10] - 1
Total (95% CI) 303 320 100.0% 0.94 [0.56, 1.59] 0
Total events 268 282 .

Heterogeneity: Tau? = 0.00; Chi? =6.61, df =9 (P = 0.68); 1> = 0%

0001 01 1 10 1000

CDS HGS

selective reporting of the RCT was considered low risk. In
the observational studies, six studies were awarded six stars
(6, 12, 13, 15, 16, 18), and the rest were received seven
stars (11, 17, 19, 20).

Meta-Analysis Results

Technical and Clinical Success

All the 12 eligible studies in the analysis reported the
technical success and clinical success. The cumulative technical
and clinical success rate for EUS-CDS and EUS-HGS was

95.0% (288/303), 93.1% (268/288), and 96.6% (309/320), 91.3%
(282/309), respectively. When the first-line EUS-BD procedure
failed, another EUS-BD procedure or other interventions, such as
EUS-guided gallbladder drainage, were alternatively considered
during the same endoscopic session. Compared with EUS-HGS,
the pooled OR was 0.74 (95% CI 0.33-1.65; p = 0.46) for
EUS-CDS technical success and 0.94 (95% CI 0.56-1.59; p =
0.83) for clinical success, suggesting no significant difference
between CDS and HGS (Figures 2, 3). Heterogeneity was not
significant with I> = 0% (p = 0.86) for technical success
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FIGURE 4 | Funnel plot of technical success between EUS-CDS and EUS-HGS.

and I = 0% (p = 0.68) for clinical success. The funnel plot
appeared symmetric and without significant publication bias
(Figures 4, 5).

Procedure Time

Seven studies were included in this subgroup analysis. Four of
them reported data in the mean of median (range/interquartile
range) (13, 15, 19, 20), so we estimated the sample mean =+
SD from the sample median, range by the statistical methods
reported by Luo et al. and Wan et al. (22, 23). The pooled
difference in means was —2.68 (95% CI —5.12 to —0.24; p
= 0.03), and Cochran’s Q test (p = 0.01) was with moderate
heterogeneity (I* = 44%), suggesting EUS-CDS was a little faster
(Figure 6). The funnel plot of which appeared not symmetric
and with a publication bias (Figure 7). The sensitivity analysis
by omitting one study at a time showed that, excluded the
only RCT study in the subgroup (21), the pooled difference
in means of observational studies was —2.17 (95% CI —3.75
to —0.59; p = 0.007), Cochran’s Q test (p = 0.71) without
considerable heterogeneity (I*> = 0%), further indicating EUS-
CDS was faster than EUS-HGS (Figure 8). In the sensitivity
analysis that used a fixed-effects model, the results were also
very similar to those in a random-effects model (data were
not shown).

Adverse Events

In the eligible studies, the most common adverse events were
pneumoperitoneum (n = 22), bile leakage/biloma/fistula (n =
19), bleeding/hematoma (n = 14), cholangitis/sepsis (n = 14),
and biliary peritonitis (n = 8). Eleven studies reported early
adverse events. The cumulative early adverse events of EUS-
CDS and EUS-HGS were 12.2% (37/303) and 17.5% (56/320),
respectively. Pooled OR for early adverse events was 0.58 (95%
CIL: 0.36-0.93; p = 0.02), Cochran’s Q test (p = 0.95) with no
heterogeneity (I*> = 0%), indicating that EUS-CDS was safer
than that of EUS-HGS (Figure 9). The funnel plot of which
appeared symmetric and without significant publication bias
(Figure 10). Nine studies reported late adverse events, mainly
stent occlusion/migration (11-13, 15-18, 20, 21). Pooled OR
for late adverse events was 1.07 (95% CI: 0.42-2.70; p =
0.89), but the result was limited by considerable heterogeneity
(I = 64%, p = 0.005; Figure 11). The funnel plot of which
appeared not symmetric and with a publication bias (Figure 12).
We analyzed some early adverse events separately, but there
was no difference in risk of pneumoperitoneum (p = 0.28),
bile leakage/biloma/fistula (p = 0.09), bleeding/hematoma (p
= 0.11), cholangitis/sepsis (p = 0.55), and biliary peritonitis
(p=0.45).
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FIGURE 5 | Funnel plot of clinical success between EUS-CDS and EUS-HGS.

0__SE(Iog[OR]) .
' O
05T :
@) O:
O 1
©
s
¥
] (@)
157 |
L0 Q
o |
5 . | . OR
0.001 0.1 1 10 1000

FIGURE 6 | Forest plot of procedure time between EUS-CDS and EUS-HGS.

CcDs HGS Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Amano 2017 115 25 11 1425 23 9 28.4% -2.75 [-4.86, -0.64] L
Cho 2017 225 96 33 23 9 21 14.2% -0.50 [-5.55, 4.55] B
Khashab 2016 51 349 60 453 346 61 3.5% 5.70 [-6.68, 18.08] I
Minaga 2019 25.2 10.8 23 377 14 24 8.9% -12.50[-19.63, -5.37] -
Park 2011 16.3 8.8 26 185 96 31 15.1% -2.20 [-6.98, 2.58] —
Park 2015 11.3 5 12 147 8.8 20 15.1% -3.40 [-8.18, 1.38] -
Song 2014 2325 58 17 23.75 6.5 10 14.8% -0.50 [-5.38, 4.38] e
Total (95% ClI) 182 176 100.0%  -2.68 [-5.12, -0.24] ¢
Heterogeneity: Tau? = 4.31; Chi? = 10.65, df =6 (P = 0.10); 1> = 44% ) ! ! :
Test fo? overzll effect: Z = 2.15 (P = 0.03) ( ) 20 -0 0 1020

CDS HGS

DISCUSSION

This meta-analysis further suggested EUS-CDS and EUS-HGS
have equal high technical and clinical success rate, whereas EUS-
CDS with a slightly short procedure time, which was in line with
a previous meta-analysis (3). Moreover, this meta-analysis found
EUS-CDS with a less frequent early adverse events and might be
a safer approach compared to EUS-HGS.

The EUS-BD can be performed by direct transluminal stenting
using either CDS or HGS, EUS-assisted rendezvous (EUS-
RV), and antegrade transpapillary (or transanastomotic) stent
placement. Available literatures have reported promising results
(24). EUS-BD has primarily been used as rescue therapy after
failed ERCP. EUS-BD enables direct access to the bile ducts from
either the stomach or the duodenum route without the need
to reach the papilla. The optimal drainage strategy depends on
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FIGURE 7 | Funnel plot of procedure time between EUS-CDS and EUS-HGS.
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FIGURE 8 | Forest plot of procedure time between EUS-CDS and EUS-HGS (Exclude Minaga’s studly).
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the patient’s anatomy, the underlying disease (benign/malignant),
the location of the obstruction (distal/hilar), and operator
expertise (24).

The previous first meta-analysis included 10 studies with
434 patients and did not demonstrate any superiority in
terms of efficacy and safety (pooled OR = 0.97, p = 0.90)
of EUS-CDS and EUS-HGS (3). The above meta-analysis

was limited by including small sample size studies. The
other meta-analysis was a proportion meta-analysis, including
only 5 studies described cohorts of both CDS and HGS,
showed more complications with EUS-HGS than EUS-CDS
(pooled OR = 2.01, p = 0.0042), but most of complications
were cases of stent dysfunction (25). A fewer number of
included studies, a smaller sample size, and different eligibility
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FIGURE 10 | Funnel plot of early adverse events between EUS-CDS and EUS-HGS.
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FIGURE 11 | Forest plot of late adverse events between EUS-CDS and EUS-HGS.
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FIGURE 12 | Funnel plot of late adverse events between EUS-CDS and EUS-HGS.

criteria might explain the different result. A multicenter
retrospective analysis reported that the transhepatic access
was the only independent risk factor for adverse events
(p 0.031) (5), but the study was excluded from the

meta-analysis because of not a dedicated comparison of EUS-
CDS with EUS-HGS.

In this meta-analysis, 12 studies dedicated comparison of
EUS-CDS with EUS-HGS for biliary drainage, and the total
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sample size was greater than before, including a recent RCT
study (21). Most studies defined adverse events as early and
late groups. Early adverse events included pneumoperitoneum,
biliary peritonitis, bleeding, bile leakage, abdominal pain,
perforation, and cholangitis, whereas the stent dysfunction (stent
occlusion/migration) was defined as the late adverse event.
Because of the different eligibility criteria and the heterogeneity
in the definition of late adverse events of the included studies,
we found more early but not late (namely stent dysfunction)
complications with EUS-HGS than EUS-CDS, suggesting EUS-
CDS might be safer than EUS-HGS. Of course, the late adverse
events were more related with the type of stent used in the
included studies, which we could not discussed in detail due to
the natural limitations of the including studies.

Available literatures have showed that the overall adverse
events rate of CDS was 13.6-20%, including duodenal bleeding,
bile leak, stent dysfunction, peritonitis, pneumoperitoneum, and
cholangitis (26) and was 18% for HGS, including abdominal
pain, self-limiting pneumoperitoneum, bile leak, cholangitis, and
bleeding (27). Most of them can be managed endoscopically or
through interventional radiology. For beginners, EUS-HGS has
more types of adverse events than EUS-CDS. Furthermore, EUS-
CDS has been more widely used because the site of puncture for
EUS is relatively closer and technically easier (27). Therefore,
EUS-HGS should be tried after sufficient experience of EUS-
guided tissue acquisition, pseudocyst drainage, and EUS-CDS,
and it is important to reduce the number of accessory changes
and to shorten the procedure time.

It was reported that EUS-HGS had longer stent patency than
EUS-CDS in duodenal obstruction patients (median 133 vs. 37
days, p = 0.045) (6), which was contrary to a recent multicenter
trial that showed there was no significant difference in stent
patency between HGS and CDS (28). In this meta-analysis, we
could not compare the stent patency between CDS and HGS
because of the heterogeneity of the type of stent and the data
provided by the included studies. But on the other hand, it was
reported that the type of stent used in the procedure might
be more significant for stent patency. For example, to weaken
the risk of stent dysfunction or migration, a lumen-apposing
metal stent (LAMS) is being increasingly used for transmural
biliary drainage. A recent meta-analysis concluded EUS-CDS
using LAMS was effective and safe for distal biliary obstruction
patients (29). The long-term results of EUS-HGS with a long,
partially covered metal stent for unresectable malignant biliary
obstruction were also safe and effective (30). The type and
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