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Abstract: Background: Endoscopic retrograde cholangiopancreatography (ERCP) is preferred for
biliary drainage in malignant distal biliary obstruction (MDBO). Endoscopic ultrasound-guided chole-
dochoduodenostomy (EUS-CDS) is considered a rescue therapy for failed ERCP. This study aims to
evaluate the safety and efficacy of this technique as the primary modality for MDBO biliary drainage.
Methods: An electronic database search was conducted following PRISMA guidelines to identify stud-
ies on EUS-CDS for primary biliary drainage in MDBO. A meta-analysis was performed using random
and fixed effects models. Results: We extracted data from 10 eligible studies comprising 519 patients.
The mean age for the study was 70 years ± SD 2.66. The pooled technical success rate was 92.36%
(95% CI = 88.39–95.56), and the clinical success rate was 88.91% (95% CI = 85.22–92.13). The pooled
stent dysfunction rate was 13.66% (95% CI = 7.47–21.35), and the reintervention rate was 15.91%
(95% CI = 11.00–21.54) of patients. The mean stent patency duration was 229.20 days ± SD 113.9. The
total pooled adverse events rate was 17.50% (95% CI = 12.90–22.64), and 9.03% (95% CI = 4.43–15.05)
was considered moderate to severe. Procedure-related pancreatitis had a pooled rate of 0%. The
pooled adverse event rate of acute cholangitis was 6.84% (95% CI = 3.69–10.88), and for acute chole-
cystitis it was 2.61% (95% CI = 1.06–4.83). Conclusions: EUS-CDS demonstrates favorable outcomes
when used as a primary approach in MDBO. With a long stent patency duration and no procedure-
related acute pancreatitis, it may be considered the primary technique when expertise is available.
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1. Introduction

Malignant distal biliary obstruction (MDBO) often develops with tumors arising from
the distal common bile duct, ampulla, duodenum, or pancreas. Many patients present
with symptomatic biliary obstruction at diagnosis, which manifests as painless jaundice.
Endoscopic transpapillary stenting for preoperative biliary drainage is recommended when
MDBO is complicated by cholangitis, severe symptomatic jaundice (>15 mg/dL), and ex-
pected delay in surgery, and in jaundiced patients awaiting neoadjuvant chemotherapy [1].
Endoscopic therapy for palliative biliary drainage is also recommended in unresectable
cases of MDBO [1].

Endoscopic retrograde cholangiopancreatography (ERCP) followed by transpapillary
stent placement remains the primary treatment modality for achieving biliary drainage in
MDBO [1–4]. In the United States, approximately 500,000 ERCPs are completed yearly, with
a high success rate ranging from 82% to 98% [2–4]. However, ERCP may be unsuccessful in
subjects with ampullary lesions, periampullary diverticulum, gastroduodenal obstruction,
or anatomic variations [5,6]. Additionally, pancreatitis is a significant adverse event of
ERCP. Previous studies have reported that post-ERCP pancreatitis occurs in about 9.7% of
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all patients and up to 14% of high-risk patients [7]. Percutaneous biliary drainage (PBD)
is the standard alternative to a failed or complicated ERCP. However, the risks of the
long-standing external biliary drain, long recovery times, and patient discomfort have been
associated with this procedure [8,9].

Since the early 2000s, following Giovanni’s report, endoscopic ultrasound-guided
biliary drainage (EUS-BD) has gained popularity and is now extensively used as an alterna-
tive to PBD for biliary drainage when ERCP fails [10]. In a meta-analysis by Khan et al., the
reported technical and clinical success rates of EUS-BD were 90% and 94%, respectively [11].
EUS-BD techniques include EUS-guided hepaticogastrostomy, choledochoduodenostomy,
and gallbladder drainage [12]. Hepaticogastrostomy involves a transmural fistula created
between the gastric lumen and the left hepatic duct, while in EUS-CDS, a fistula is created
between the duodenal lumen and the dilated common bile duct. These procedures are
established by creating a biliodigestive fistula and deploying a self-expanding metallic
stent under EUS guidance [12]. In addition to EUS-guided transmural approaches, an EUS-
assisted ERCP technique can also be employed in failed ampullary canulation in MDBO [13].
This EUS-rendezvous procedure involves the introduction of a guidewire into the biliary
tract under EUS guidance, which is followed by advancement into the duodenum across
the ampulla. An ERCP can then be completed over this guidewire [13,14].

The EUS-CDS approach is preferred for patients with mid- or distal biliary obstruction
or those with insufficient intrahepatic bile duct dilation [15]. When coupled with an
electrocautery-enhanced lumen-apposing metal stent (EC-LAMS), this technique achieves
higher success rates and minimal adverse events [16,17]. Due to its relative ease, shorter
procedure times, and favorable outcome data, more endoscopists prefer this technique
(EUS-CDS with EC-LAMS) to other EUS-BD techniques [18]. By avoiding the ampulla, the
risk of procedure-related pancreatitis is almost non-existent with EUS-CDS compared to
ERCP [19]. EUS-CDS also has a reduced risk of stent dysfunction or obstruction, which
may result from tumor ingrowth or overgrowth, as the region of malignancy is typically
not involved [19]. EUS-BD has also been shown to have fewer adverse events compared
to PBD [20]. Numerous studies have evaluated the safety and efficacy of EUS-CDS as a
salvage technique after a failed ERCP [12,21–24]. However, at this time, there are limited
data on using EUS-CDS as the primary technique for biliary drainage in malignant distal
biliary obstruction. This meta-analysis aims to assess the safety and efficacy of primary
EUS-CDS for MDBO.

2. Methods
2.1. Search Strategy

This meta-analysis adhered to the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guidelines. However, the review was not registered. A liter-
ature search was conducted using electronic database engines such as PubMed, EMBASE,
Cochrane Library, and Ovid from January 2005 through December 2023 to identify studies
that evaluated EUS-CDS as the primary intervention for treating biliary obstruction due to
MDBO. The keywords used were “endoscopic ultrasound-guided choledochoduodenos-
tomy”, “malignant distal biliary drainage”, “MDBO”, “endoscopic ultrasound-guided
biliary drainage”, “EUS-BD”, and “EUS-CDS”. References of reviewed articles were then
scanned for similar studies. Included searches were required to report technical and clinical
success rates, reintervention rates, and adverse events. The selected studies were assessed
to exclude potential duplicates.

2.2. Inclusion and Exclusion Criteria

Prospective and retrospective studies that evaluated endoscopic EUS-CDS as the pri-
mary modality for biliary drainage in MDBO were included in the meta-analysis. Alternate
methods of EUS-BD, such as hepaticogastrostomy and EUS-guided gall bladder drainage,
were excluded. Previous studies have evaluated the utility of EUS-guided biliary drainage
as a rescue intervention after failed ERCP. The primary aim of our study was to evaluate
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the safety and efficacy of EUS-CDS as the primary approach for biliary intervention. Hence,
we excluded studies that looked at EUS-CDS in failed ERCP because they were likely to
confound the results, as outcomes of EUS-CDS may be influenced by prior ERCP attempts.
Abstracts with incomplete data, animal-based studies, and comments were also excluded.
The articles were reviewed independently by two authors (E.A., H.G.). A third author was
invited to review when a mutual agreement was not reached (S.P.).

2.3. Data Extraction

The following data were extracted from the selected studies for this meta-analysis:
(1) study characteristics (primary author, period of study, study design, year of publication,
and country of the population studied), (2) patient characteristics (number of patients
enrolled, participant demographics), (3) intervention details (indications, type of stent used,
stent diameter), (4) outcomes (technical success, clinical success rates, procedure duration,
stent dysfunction and patency, adverse events, re-intervention rate).

2.4. Quality Assessment

The included studies were assessed using a modified Newcastle–Ottawa scale. The
studies with a score of 5 or more out of eight items in selection, comparability, and outcome
were selected for the meta-analysis. (Table 1). Five non-randomized studies were included
in this study, and each had a score of at least 5. The randomized controlled trials were
also assessed for quality using the Jadad score scale. This is a seven-item scale based on
randomization, allocation concealment, blinding, dropouts, and withdrawals. A study that
met a score of 3 or more criteria was considered a good-quality randomized controlled trial
(Table 2). Five randomized trials were included in the study, and all had Jadad scores of 3
or above.

Table 1. Newcastle–Ottawa quality assessment.

Representativeness
of the Exposed

Cohort

Selection
of Non-
Exposed
Cohort

Ascertainment
of Exposure

Outcome
of Interest
not Present
at Start of

Study

Comparability
Assessment

of
Outcome

Was
Follow up

Long
Enough for
Outcome
to Occur?

Adequacy
of Follow

Up

Quality
Score Quality

Hara et al.,
2013 [25] * N/A * * N/A * * * 6 High

Kawakubo
et al., 2015

[26]
* * * * * * * * 8 High

Nakai et al.,
2019 [27] * * * * * * * * 8 High

Kuraoka
et al., 2020

[28]
* N/A * N/A * * * 5 Fair

Fritzsche
et al., 2023

[29]
* N/A * * N/A * * * 6 High

* Indicates that the criterion in the corresponding column was satisfied by the study.

Table 2. Jadad scale for randomized controlled trials.

Paik et al., 2018
[24]

Park et al., 2018
[30]

Bang et al., 2018
[31]

Teoh et al., 2023
[32]

Chen et al., 2023
[19]

Described as randomized * 1 1 1 1 1

Described as double-blinded * 1 0 1 1 1

Description of withdrawals * 1 1 1 1 1

Randomization method
described and appropriate ** 1 1 1 1 1
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Table 2. Cont.

Paik et al., 2018
[24]

Park et al., 2018
[30]

Bang et al., 2018
[31]

Teoh et al., 2023
[32]

Chen et al., 2023
[19]

Double-blinding method
described and appropriate ** 1 0 1 1 0

Total score 5 3 5 5 4

* A study receives a score of 1 for YES and 0 for NO. ** A study receives a score of 0 if no description is given, 1 if
the method is described and appropriate, and −1 if the method is described but inappropriate. A total score of 3
or more indicates good-quality trials.

2.5. Outcomes of Study

This study aimed to assess the safety and efficacy of choledochoduodenostomy when
used as the primary approach for malignant distal biliary obstruction. The outcomes of
interest were technical and clinical success rates, reintervention rate, stent patency, and
adverse events. Procedural time was recorded as the time from scope insertion to scope
removal at the end of the procedure. The stent patency was the mean time interval from
stent insertion to stent dysfunction. The adverse events, when reported, were graded on a
severity scale based on the American Society of Gastrointestinal Endoscopy.

2.6. Statistical Analysis

This meta-analysis was conducted by calculating pooled estimates. With the Freeman–
Turkey double arcsine transformation, individual estimates were transformed into one. The
pooled proportion was then calculated using the inverse arcsine variance weights and
DerSimonian–Laird weights for the fixed and random effects models, respectively. For
this study, findings were reported based on the random effects model. Forest plots showed
individual estimates in each study and the pooled estimate. The widths of the point estimates
represented the weights of the studies. Cochran’s Q test and the I2 statistic were employed to
assess the heterogeneity of the studies. I2 values of 0–39% had non-significant heterogeneity,
values of 40–75% were moderate, and 76–100% were termed considerable heterogeneity. The
null hypothesis assumes that there is heterogeneity, and a p-value > 0.10 indicates that there
is no statistical evidence of heterogeneity. The effects of publication and selection bias were
tested using the Egger bias and the Begg–Mazumdar bias indicators. Potential publication
bias was also assessed using funnel plots. Cohen’s κ was utilized to assess interobserver
variability. The statistical analysis was done using Microsoft Excel 2019.

3. Results

The initial search strategy identified 3893 publications, of which 841 relevant articles
were reviewed. Subsequently, data were extracted from 10 studies comprising 519 patients
who had met the inclusion criteria to be included in the final analysis. The PRISMA flow
diagram in Figure 1 describes the details of the review process.

Among the 10 selected studies, 8 were prospective and 2 were retrospective. A total of
519 patients were included in the meta-analysis, and the study characteristics are listed in
Table 3. Indications for EUS-CDS in these patients were pancreatic cancer (87%), cholangio-
carcinoma (4%), gallbladder cancer (1%), ampullary cancer (2%), and other gastrointestinal
cancers (6%). The mean patient age was 70 years ± SD 2.66, with females comprising
47.09%. The average common bile duct diameter was 14.8 mm ± SD 1.47. The mean pro-
cedure time was 16.9 min ± SD 5.80. Average stent patency was 229.20 days ± SD 113.91,
and there was a stent dysfunction rate of 13.66% (95% CI = 7.47–21.35).



Therapeutics 2024, 1 26

Therapeutics 2024, 1, FOR PEER REVIEW 5 
 

 

 
Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis flowchart describing 
study selection process. 

Among the 10 selected studies, 8 were prospective and 2 were retrospective. A total 
of 519 patients were included in the meta-analysis, and the study characteristics are listed 
in Table 3. Indications for EUS-CDS in these patients were pancreatic cancer (87%), chol-
angiocarcinoma (4%), gallbladder cancer (1%), ampullary cancer (2%), and other gastro-
intestinal cancers (6%). The mean patient age was 70 years ± SD 2.66, with females com-
prising 47.09%. The average common bile duct diameter was 14.8 mm ± SD 1.47. The mean 
procedure time was 16.9 min ± SD 5.80. Average stent patency was 229.20 days ± SD 113.91, 
and there was a stent dysfunction rate of 13.66% (95% CI = 7.47–21.35). 

Table 3. Demographics and indications for the included studies. 

Study Design No. of 
Participants Age (Years) Male Female Indication 

Paik et al., 2018 [24] Multicenter RCT 32 67.6 19 13 

Pancreatic cancer, 
cholangiocarcinoma, 
gallbladder cancer, 

ampullary cancer, hepatocellular 
cancer, stomach cancer, duodenal 

cancer 

Park et al., 2018 [30] Prospective RCT 14 66.8 9 5 
Pancreatic ductal 

adenocarcinoma, malignant 
lymphadenopathy 

Bang et al., 2018 
[31] 

Prospective RCT 33 69.4 17 16 
Primary pancreatic cancer, 

metastatic cancer to the pancreas 
Teoh et al., 2023 

[32] 
Multicenter RCT 79 75.1 32 47 

Pancreatic cancer, 
cholangiocarcinoma 

Chen et al., 2023 
[19] 

Multicenter RCT 73 73.3 47 26 

Pancreatic cancer, 
cholangiocarcinoma, gallbladder 

cancer, ampullary cancer, 
metastatic cancer 

Fritzsche et al., 2023 
[29] 

Prospective single-
center pilot study 

22 69.5 7 15 

Pancreatic ductal 
adenocarcinoma, duodenal 

carcinoma, distal 
cholangiocarcinoma 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis flowchart describing
study selection process.

Table 3. Demographics and indications for the included studies.

Study Design No. of
Participants

Age
(Years) Male Female Indication

Paik et al., 2018
[24] Multicenter RCT 32 67.6 19 13

Pancreatic cancer,
cholangiocarcinoma,
gallbladder cancer,

ampullary cancer, hepatocellular
cancer, stomach cancer,

duodenal cancer

Park et al., 2018
[30] Prospective RCT 14 66.8 9 5

Pancreatic ductal
adenocarcinoma, malignant

lymphadenopathy

Bang et al., 2018
[31] Prospective RCT 33 69.4 17 16 Primary pancreatic cancer,

metastatic cancer to the pancreas

Teoh et al., 2023
[32] Multicenter RCT 79 75.1 32 47 Pancreatic cancer,

cholangiocarcinoma

Chen et al.,
2023 [19] Multicenter RCT 73 73.3 47 26

Pancreatic cancer,
cholangiocarcinoma, gallbladder

cancer, ampullary cancer,
metastatic cancer

Fritzsche et al.,
2023 [29]

Prospective
single-center pilot

study
22 69.5 7 15

Pancreatic ductal
adenocarcinoma, duodenal

carcinoma, distal
cholangiocarcinoma

Nakai et al.,
2019 [27]

Prospective
multicenter

single-arm study
34 71 18 16 Pancreatic cancer, biliary cancer,

metastatic lymph nodes

Hara et al., 2013
[25]

Prospective
single-center study 18 67.3 12 6 Pancreatic cancer, ampullary

cancer

Kawakubo
et al., 2015 [26]

Retrospective
cohort 26 71 8 18 Pancreatic cancer

Kuraoka et al.,
2020 [28]

Retrospective
single-center study 92 69 55 37

Pancreatic cancer, gallbladder
cancer, ampullary cancer,

duodenal cancer, metastatic
cancer

RCT, randomized controlled trial.
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The pooled technical success rate was 92.36% (95% CI = 88.39–95.56). A forest plot
representing the individual and pooled estimates is shown in Figure 2. The pooled clinical
success rate was 88.91% (95% CI = 85.22–92.13). There was no evidence of significant
heterogeneity, with an I2 value of 20.80% (95% CI = 0–62). A forest plots showing the
individual and pooled estimates for clinical success can be seen in Figure 3. The Begg–
Mazumdar bias indicator yielded a Kendall’s tau b value of −0.11 (p = 0.60), suggesting no
publication bias. There was also no evidence of publication bias when calculated using the
Egger bias indicator, which yielded a value of −0.72 (95% CI = −0.37–4.00, p = 0.592).
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The pooled reintervention rate was 15.91% (95% CI = 11.00–21.54). Figure 4 shows
a forest plot demonstrating individual and pooled estimates for the reintervention rate.
Reasons for reintervention included acute cholangitis, cholecystitis, stent clogging and
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migration, and tumor overgrowth. The pooled rate of all the adverse events was 17.50%
(95% CI = 12.90–22.64) (Figure 5). Figure 6 shows a funnel plot evaluating the publication
bias for overall adverse events.
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There were no reports of pancreatitis associated with EUS-CDS, yielding a pooled rate
of 0%. Adverse events were classified based on severity, with 9.03% (95% CI = 4.43–15.05)
being moderate to severe. The pooled adverse event rate for acute cholangitis was 6.84%
(95% CI = 3.69–10.88), and for acute cholecystitis it was 2.61% (95% CI = 1.06–4.83).
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4. Discussion

ERCP-guided biliary drainage is the current standard of care for managing malignant
distal biliary obstruction due to its high success rate and limited negative outcomes [4].
However, many patients with MDBO present with duodenal invasion or alteration of the
biliary tract anatomy, which may hinder the success of this procedure [5,6]. Endoscopic
ultrasound-guided biliary drainage has been established as a safe and successful strat-
egy for managing MDBO in cases of failed ERCP [5,33]. Endoscopic ultrasound-guided
choledochoduodenostomy (EUS-CDS) is a commonly used EUS-BD technique that has
similar success and adverse event rates to ERCP without the risk of pancreatitis [7,19,34].
It also has a shorter intervention time than ERCP and PBD [20]. In addition, EUS-CDS
using electrocautery-enhanced lumen-apposing metal stents is evidently faster and safer
than other EUS-BD methods [18,34–37]. However, EUS-CDS is currently considered to be
primarily a salvage therapy after a failed ERCP. This meta-analysis evaluated the efficacy
and safety of EUS-CDS when performed as the primary intervention for MDBO.

This report included 10 studies with patients who underwent primary EUS-CDS for
biliary drainage. Feasibility and efficacy were assessed using technical success, clinical
success, and reintervention rates. Technical success was defined uniformly by the included
studies as the successful placement of a transmural stent across the duodenum and bile
flow through the stent. The clinical success definitions varied slightly across the included
studies. These definitions were all within what is considered standard based on current
literature. We adopted the outcome data of clinical success as defined by the included
studies and merged them into one definition as follows: Clinical success in this study was
defined as a reduction in serum bilirubin by 50% or more from its pre-treatment level
within the first month. The adverse event rate was used to evaluate the procedure’s safety,
and a sub-analysis was done to assess individual complications.

In our study, the pooled technical success rate for EUS-CDS in patients with MDBO
was 92%. The clinical success rate was 89%, indicating that most participants had sig-
nificantly reduced serum bilirubin levels after the study. These values are comparable
with the technical and clinical success rates with ERCP in patients with MDBO [19,24,31].
Additionally, ERCP has an overall technical success rate ranging from 85% to 95% and
a clinical success rate as high as 96% [38,39]. However, studies have shown that ERCP
frequently fails in patients with duodenal involvement or periampullary invasion due to
difficulty in cannulating the papilla [5,6,30]. The EUS-CDS technique offers an advantage
over ERCP for biliary drainage in this patient group because it does not rely on access to
the papilla [12]. Thus, this technique is a preferred option in patients with MDBO and
duodenal invasion. Additionally, EUS-CDS has significantly higher clinical success rates
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than PBD, a standard alternative after failed ERCP, although the technical success rates are
comparable with both techniques [20].

The pooled adverse event rate in our meta-analysis was around 17%. On sub-group
analysis, the reported rates for acute cholangitis and acute cholecystitis are about 7% and
9%, respectively. Notably, the rate of acute pancreatitis was 0% in our study. Overall, the
rate of adverse events for ERCP is similar to that of EUS-CDS, with a range of 7% to 12% [4].
However, acute pancreatitis is the most common adverse event in patients who undergo
ERCP [4]. The incidence of post-ERCP pancreatitis ranges from 2% to 15%, with up to 5%
of the cases classified as severe [4,40,41]. Post-ERCP pancreatitis can result in significant
complications, prolonged hospital stays, and death in severe cases [42]. From our meta-
analysis findings, no case of pancreatitis was reported in any of the studies, as the major
papilla was not cannulated in this procedure. This highlights the significant role EUS-CDS
plays in averting post-procedural pancreatitis in patients with MDBO, hence lowering their
risks. EUS-CDS also has lower adverse event and reintervention rates than PBD.

This study has some notable strengths. To our knowledge, this is the first meta-analysis
evaluating EUS-CDS alone as the primary approach in managing MDBO. While previous
meta-analyses included studies where EUS-CDS was carried out after failed ERCPs, this
meta-analysis only included studies that assessed EUS-CDS as a primary treatment method
for MDBO, thus eliminating the possible confounding effect of prior ERCP attempts. Based
on the above findings, it is recommended that EUS-CDS be the primary intervention,
particularly in high-risk patients, as it has comparable clinical outcomes with ERCP while
completely eliminating the risk of post-procedural pancreatitis, which can be fatal in this
patient group. Additionally, many patients with MDBO would also have a duodenal
invasion or altered biliary tract anatomy, and it would be futile to attempt an ERCP in such
patients when EUS-CDS, which completely bypasses the papilla, exists.

This study has some limitations, such as variability in different aspects of the included
studies, particularly study designs, stent types, and clinical settings, which may have
introduced heterogeneity, measured as the I2 value. The studies applied in this meta-
analysis had both prospective and retrospective designs. There was also variability in
the type of stents used. Earlier studies reported self-expandable metallic stents deployed
in a multistep fashion, while later studies used biliary EC-LAMS with a single-step ap-
proach. [19,29,32]. Different stent types yield varying clinical outcomes, and this could
affect the generalizability of the study in a larger setting where multiple other stent types
are used. Furthermore, the interventions were performed almost exclusively by experts in
high-volume centers. This can result in selection bias, as the outcomes from these expert
centers might be challenging to replicate in a different setting. Additionally, EUS-CDS is a
highly advanced endoscopic procedure with a steep learning curve and the potential to
cause severe adverse events. Hence, use of this technique as a primary approach in MDBO,
although feasible with potential advantages over ERCP in centers with expertise, will
remain largely unavailable in many community centers. This also limits the generalizability
of our findings. Future studies with larger sample sizes, standardized clinical outcome
definitions, and randomly assigned stent types should be considered, as these will improve
the reliability and generalizability of the findings across all clinical settings.

5. Conclusions

EUS-CDS demonstrates favorable outcomes when used as a primary approach in
MDBO. With a long stent patency duration and no procedure-related acute pancreatitis, it
may be considered the primary technique when expertise is available.
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