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ABSTRACT

Background Stent misdeployment (SMD) is a feared and
poorly characterized technical challenge of endoscopic ul-
trasound (EUS)-guided choledochoduodenostomy (CDS)
using lumen-apposing stents. We aimed to ascertain the
rate of stent misdeployment in EUS-CDS for malignant dis-
tal biliary obstruction (MDBO) and describe its outcomes
while identifying variables associated with its occurrence.

Method This was a post hoc analysis of two randomized
controlled trials comparing EUS-CDS vs. endoscopic retro-
grade cholangiopancreatography in MDBO. The primary

end point was rate of SMD, classified as misdeployment of
the distal flange (type I), proximal flange (type Il), contral-
ateral bile duct wall injury (type Ill), or double mucosal
puncture (type IV). Multivariable analysis was performed
to identify variables associated with SMD and/or technical
failure, and with clinical failure or stent dysfunction.
Results 152 patients were included. Technical success was
93.4%. SMD occurred in 11 patients (7.2%; 95%Cl 3.1 %-
11.4%): 8 type |, 1 type Il, and 2 type Ill. Endoscopic salvage
of SMD was successful in 81.8%. Misdeployment led to ad-
verse events in four patients (two mild, two moderate), giv-
ing an overall SMD-related adverse event rate of 2.6 % (95 %
Cl 0.7%-6.6%). On multivariable analysis, extrahepatic bile
duct diameter of <15mm was associated with increased
odds of SMD and/or technical failure.

Conclusion SMD was relatively common in EUS-CDS and
was associated with an extrahepatic bile duct diameter of
<15mm. The majority of misdeployments could be rescued
endoscopically with low risk for adverse events.

Introduction

Endoscopic  ultrasound-guided  choledochoduodenostomy
(EUS-CDS) using a lumen-apposing metal stent (LAMS) is
emerging as a first-line alternative to endoscopic retrograde
cholangiopancreatography (ERCP) in malignant distal biliary
obstruction (MDBO), and is arguably the preferred modality
[1] in cases of ERCP failure in this patient population. Indeed,
two recent multicenter randomized controlled trials (RCTs)
have shown that EUS-CDS with LAMS is associated with com-
parable clinical outcomes to ERCP, while being more efficient
[2, 3]. The advent of LAMS has greatly facilitated the technical
application of EUS-CDS [4], which in association with newly
available high-quality data, is driving EUS-guided biliary drain-
age toward widespread clinical adoption.

A unique and potentially serious concern with EUS-CDS
using LAMS is the risk of stent misdeployment (SMD) [2]. SMD
refers to failure in deploying the distal or proximal flange of the
LAMS in the bile duct and duodenum, respectively. Given the
transluminal nature of EUS-CDS, SMD effectively leads to either
a bile duct injury or a small duodenal perforation. The classifica-
tion and outcomes of SMD have not yet been described using
prospective patient-level data. In addition, factors associated
with SMD, technical failure, or clinical failure of EUS-CDS using
LAMS are also poorly understood.

Our aim was thus to describe the rate and clinical outcomes
of SMD in EUS-CDS using LAMS in patients with MDBO, using a
recently proposed classification of SMD [2]. We also identified
independent clinical variables associated with SMD and/or
technical failure. Secondarily, we aimed to ascertain clinical
variables associated with stent dysfunction or clinical failure.

We hypothesized that SMD is relatively common but has no
severe adverse consequences.

Methods

We conducted a post hoc analysis of two RCTs comparing EUS-
CDS and ERCP in MDBO. The ELEMENT trial was a multicenter
RCT coordinated from Montreal, Canada, in which 144 patients
were randomized from February 2019 to February 2022 [2].
The DRA-MBO trial was a multicenter RCT coordinated from
Hong Kong, China, which randomized 155 patients from Janu-
ary 2017 to February 2021 [3]. Overall, tertiary care centers
across four continents were involved in these two studies. Fol-
lowing ethics approval at the coordinating centers, the pro-
spectively acquired data from each trial were used to populate
a data collection sheet designed specifically for this post hoc
analysis. Only patients who were allocated to EUS-CDS were
included in the present study. Patients allocated to ERCP were
excluded even if they crossed over to EUS-CDS.

Intervention and participating endoscopists

EUS-CDS was performed using a cautery-assisted 6x8mm or
8x8mm LAMS (EC-Axios; Boston Scientific, Marlborough, Mas-
sachusetts, USA) (» Fig.1). The choice of LAMS size was left to
the discretion of each individual endoscopist. The LAMS inser-
tion technique was also at the discretion of the operator, and
could be done “freehand” or “wire-quided.” The freehand tech-
nique entailed direct insertion of the LAMS cautery tip under
EUS guidance into the bile duct without initial needle puncture
and guidewire insertion. The wire-guided technique involved
first a transduodenal puncture of the bile duct using a 19-
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» Fig. 1 Images of endoscopic ultrasound-guided choledochoduodenostomy using a 6 x6 mm lumen-apposing metal stent. a Endoscopy.
b Endoscopic ultrasound. c Computed tomography.

gauge needle, followed by a contrast cholangiogram and the
insertion of a guidewire. In this latter technique, the LAMS was
then inserted with cautery assistance over the wire under
fluoroscopic and EUS guidance.

Prior to entry into the trials, participating endoscopists had
performed a median of 2 EUS-CDS procedures in the ELEMENT
study, while in the DRA-MBO trial a minimum of 20 EUS-CDS
procedures using LAMS was set as a prerequisite for participa-
tion by endoscopists.

Outcomes

SMD was defined as a failure to achieve an EUS-CDS anastomo-
sis with LAMS on the first attempt during the index procedure.
SMDs were classified according to the following classification
[2]: type | if the distal flange was deployed in the space
between the bile duct and duodenal lumen; type Il if the proxi-
mal flange of the LAMS was deployed outside of the duodenal
lumen; type Il if there was inadvertent cautery injury to the
contralateral bile duct wall during LAMS catheter advance-
ment; type IV if there was a double mucosal puncture at the
level of the duodenal or gastroduodenal wall (> Fig. 2).

We also assessed the rates of SMD-related adverse events,
technical success, clinical success, and stent dysfunction, and
the procedure time from scope insertion to scope withdrawal.
SMD-related adverse events were classified according to the
American Society for Gastrointestinal Endoscopy lexicon for
endoscopic adverse events [5]. Technical success was defined
as successfully establishing a choledochoduodenostomy during
the index procedure. An SMD that was successfully salvaged
with a choledochoduodenostomy (using a second LAMS or tub-

ular stent) was considered to have achieved technical success.
Clinical success was defined as a 50% decrease in bilirubin
within 2 weeks post-stent insertion or achieving a value of less
than 25 % of pre-procedure bilirubin levels within 4 weeks post-
stent insertion [6-8]. Stent dysfunction was defined by the
following criteria: need for endoscopic or radiologic reinterven-
tion confirming stent blockage or migration, and at least one of
the following: 1) suspected cholangitis (Tokyo consensus
definition) [9]; 2) definite cholangitis (Tokyo definition) [9]; 3)
>50% increase in bilirubin from the lowest level post-index pro-
cedure; 4) 220 % increase in bilirubin from the lowest level post-
index procedure as well as evidence of obstruction on imaging
[5]. Patients with a bilirubin level that never decreased post-in-
dex stenting were classified as clinical failure. Stent dysfunction
was assessed until death, surgical resection, or a total of 1-year
follow-up.

Statistical analysis

Descriptive statistics are presented using mean (SD) or median
(interquartile range) for continuous variables, and proportions
(%) for categorical variables. Statistical analyses were per-
formed on variables deemed to be clinically pertinent by the
authors for SMD and/or technical failure, including age, sex,
American Society of Anesthesiologists (ASA) classification,
tumor stage, pre-drainage bilirubin, extrahepatic bile duct di-
ameter on EUS, stent insertion technique, stent size, and
endoscopist’s experience. Bile duct diameter was determined
via EUS immediately prior to LAMS insertion and represents
the diameter of the extrahepatic bile duct at the site of intend-
ed bile duct puncture.
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» Fig.2 Classification of stent misdeployment in endoscopic ultrasound-guided choledochoduodenostomy using a lumen-apposing metal
stent. Type I: distal flange deployed between the bile duct and duodenal lumen with bile duct injury. Type II: proximal flange deployed outside
of the duodenal lumen. Type IlI: cautery injury to the contralateral bile duct wall. Type IV: double mucosal puncture at the level of the duodenal

or gastroduodenal walls.

Endoscopists’ experience was dichotomized into two
groups: >20 (13 endoscopists) vs.<5 (12 endoscopists) EUS-
CDS procedures performed prior to participation in the respec-
tive trials. Analyses were also performed on variables consider-
ed by the authors to be relevant to clinical failure or stent dys-
function, including age, sex, ASA classification, tumor stage,
pre-drainage bilirubin, bile duct diameter, stent size, SMD, and
the use of coaxial double-pigtail stents. Variables with a P value
of <0.10 were considered for inclusion in the multivariable a-
nalysis. However, recognizing the distinction between predic-
tion and explanatory modeling, we based the final selection of
variables on clinical relevance and statistical significance. This
approach aligns with the use of an explanatory model, which
aims to identify independent factors by controlling for poten-
tial confounders [10]. In this context, the inclusion of specific
variables reflects both their clinical importance, statistical sig-
nificance, and their relationship with other factors in the model.

For the multivariable analysis, we used a stepwise logistic
regression model to assess the associations between the pre-
identified variables and the odds of SMD and/or technical fail-
ure, as well as clinical failure or stent dysfunction. Results are
presented and interpreted as odds ratios (ORs) with 95 %Cls.
All analyses were performed using SAS version 9.4 (SAS Insti-
tute Inc., Cary, North Carolina, USA).

Results
Patient population

A total of 152 patients who underwent attempted EUS-CDS
were included in this post hoc analysis. The mean age of the
patients was 74.3 (SD 11.2) years, and 48% of patients were
female (» Table1). Pancreatic cancer was the most common
etiology (91.5 %) of MDBO. Tumor stages were 79.6 % unresect-
able and 20.4% borderline resectable or locally advanced. The
mean baseline bilirubin level was 235.3 (SD 130.3) pmol/L. The
mean bile duct diameter on EUS was 16.6 (SD 3.7) mm.

> Table 1 Baseline characteristics of patients undergoing endoscopic
ultrasound-guided choledochoduodenostomy.

Patient characteristic EUS-CDS (n=152)

Age, mean (SD), years 74.3(11.2)
Female sex, n (%) 73 (48.0)
ASA class, n (%)

. |-l = 98(64.5)
= -1V 54 (35.5)
Etiology of MDBO, n (%)

= Pancreatic cancer = 139(91.5)
= Cholangiocarcinoma/gallbladder cancer = 7(4.6)

= Ampullary cancer = 2(1.3)

= Other 4(2.6)
Tumor stage, n (%)

= Borderline/locally advanced = 31(20.4)
= Unresectable = 121(79.6)

= Baseline bilirubin level, mean (SD), pmol/L 235.3(130.3)

ASA, American Society of Anesthesiologists; EUS-CDS, endoscopic ultra-
sound-guided choledochoduodenostomy; MDBO, malignant distal biliary
obstruction.

EUS-CDS performance and outcomes

Technical success was achieved in 93.4% of procedures, with a
mean procedure time of 16.2 (SD 15.3) minutes. The freehand
technique was used in 78.0 % of procedures with the remaining
22.0% performed using the wire-guided method. The sizes of
LAMS used were 79.3% 6x8mm, 20.0% 8x8mm, and 0.7%
15x10mm (protocol deviation) (» Table2). A coaxial double-
pigtail plastic stent was used in 9.2% of the procedures. SMDs
occurred in 11 patients (7.2% [95 %Cl 3.1 %-11.4%]), including
8 with type I, 1 with type II, and 2 with type Ill; there were no
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> Table2 Endoscopic ultrasound-guided choledochoduodenostomy
procedure details.

Procedure details EUS-CDS (n=152)

Technical success, n/N (%) 142/152(93.4)

Clinical success, n/N (%)’ 128/152(84.2)

Diameter of bile duct on EUS, mean (SD), mm 16.6 (3.7)
Procedure time, mean (SD), minutes 16.2(15.3)

Stent size, n/N (%)

. 6x8 = 115/145(79.3)2
= 8x8 = 29/145(20.0)
= 15x10 1/145(0.7)

Coaxial double-pigtail plastic stent, n/N (%) 13/142(9.2)3

Freehand technique, n/N (%) 117/150(78.0)

Procedures by experienced endoscopists, n/N
(%)*

89/152 (58.6)

EUS-CDS, endoscopic ultrasound-guided choledochoduodenostomy.

T Intention to treat.

2 Denominator = cases where a lumen-apposing metal stent was deployed or
misdeployed.

3 Denominator = technically successful cases.

4 Endoscopists who had performed =20 EUS-CDS prior to study start.

type IV SMDs (» Table 3, » Table 4). By intention-to-treat, clin-
ical success of EUS-CDS was achieved in 84.2 % of patients, with
stent dysfunction occurring in 7.2 %.

Of the 11 patients with SMD, only 4 misdeployments led to a
complication, giving an overall SMD-specific adverse event rate
of 2.6% (95%Cl 0.7%-6.6%). SMD-associated adverse events
were rated as mild in two patients and moderate in two
patients, with no severe or fatal adverse events noted. The ma-
jority (9/11; 81.8% [95%Cl 54.6%-100%]) of SMDs were sal-
vaged endoscopically or managed conservatively.

Type | SMDs (deployment of the distal flange between the
bile duct and duodenum) was the most common type of misde-
ployment, occurring in eight patients (72.7 % of SMDs) (» Table
3). Endoscopic salvage was successfully performed in 87.5% (7 /
8), which included three cases rescued with application of a
second LAMS to create the choledochoduodenostomy, one
case rescued with over-the-wire placement of a bridging tubu-
lar stent coaxially through the misdeployed LAMS (» Video 1;
see also Fig.1s A in the online-only Supplementary material),
and three cases of ERCP with insertion of a covered metal stent
and duodenal defect closure with through-the-scope clips.
Endoscopic salvage failed in one patient. The misdeployed
stent was removed without duodenal defect closure and biliary
drainage was achieved with PTBD, which led to the only adverse
event observed in type | SMD. The event was rated as moderate
in severity owing to patient hospitalization beyond 3 days.

Type Il SMDs (extraduodenal deployment of the proximal
flange) occurred in one patient. Endoscopic salvage was suc-
cessful with over-the-wire insertion of a tubular self-expanding
metal stent placed coaxially through the misdeployed LAMS

> Table3 Outcomes of stent misdeployment during endoscopic ultra-
sound-guided choledochoduodenostomy.

Outcomes SMD (n=11)

Overall rate of SMD, n/N (%) [95 %Cl] 11/152(7.2)

[95%CI13.1-11.4]

= Typel = 8/11(72.7)
« Typell . 1/11(9.1)
« Typelll = 2/11(18.2)
= TypelV 0

Endoscopic salvage of SMD, n/N (%)

= Successful endoscopic salvage = 9/11(81.8)
= Typel = 7/8(87.5)
= Typell = 1/1(100)?
= Typelll 1/2 (50)°

SMD-related adverse events, n/N (%) [95 %Cl] 4/152(2.6)

[95%C1 0.7-6.6]

= Mild = 2/11(18.2)
= Moderate = 2/11(18.2)
= Severe =0

= Fatal 0

SMD, stent misdeployment.

" Second lumen-apposing metal stent (LAMS) (n=3 patients); bridging tub-
ular stent (n=1); endoscopic retrograde cholangiopancreatography with
metal stent (n=3); percutaneous transhepatic biliary drainage (PTBD) (n=
1).

2 Bridging coaxial tubular metal stent (n=1).

3 Successful LAMS deployment with conservative management of contralat-
eral bile duct wall injury (n=1); LAMS removal and duodenal defect closure
with over-the-scope clip, PTBD (n=1).

(» Video 2, Fig.1s B). This led to a mild adverse event owing
to the need to hospitalize the patient for observation for less
than 3 days.

Type Ill SMDs (contralateral bile duct wall injury) occurred in
two patients. One patient had cautery injury of the contralater-
al bile duct wall with successful LAMS deployment on both the
biliary and duodenal side. The patient was admitted for obser-
vation and was started on broad-spectrum antibiotics. Compu-
ted tomography scan showed a small amount of free air with-
out evidence of a bile leak. The patient recovered uneventfully
and was discharged on day 3 post-index procedure without fur-
ther sequelae from this adverse event. The other patient with
type Ill SMD had cautery injury to the contralateral wall and
misdeployment of the distal flange through the contralateral
wall. This stent was removed and the duodenal defect was
closed with an over-the-scope clip. Attempt at ERCP insertion
of a transpapillary metal stent was not successful. No portal
vein injury was noted. PTBD was therefore performed with an
additional need for percutaneous drainage for a bile leak, which
was rated as a moderate adverse event.
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> Table4 Summary of stent misdeployments.

SMD type

Operator
experience

>20 cases

>20 cases

>20 cases

>20 cases

<5 cases

<5 cases

<5 cases

>20 cases

<5 cases

<5 cases

>20 cases

Freehand vs.

wire-guided

Wire-guided

Wire-guided

Wire-guided

Wire-guided

Freehand

Freehand

Freehand

Freehand

Freehand

Freehand

Freehand

Bile duct
diameter

15mm

12mm

15mm

13mm

20mm

14mm

15mm

13mm

17mm

14mm

18mm

Stent size Endoscopic salvage

8x8mm Misdeployed LAMS removed, salvaged with second
LAMS inserted over a wire

6x8mm Failed endoscopic salvage, LAMS removed, no duode-
nal closure, PTBD

8x8mm Misdeployed LAMS removed, salvaged with second
LAMS inserted freehand

8§x8mm Misdeployed LAMS removed, salvaged with second
LAMS inserted freehand

6x8mm ERCP with fully covered metal stent, closure of duode-
nal defect with through-the-scope clips

15x10mm’ Bridging tubular 10 x 60 mm partially covered metal
stent
6x8mm ERCP fully covered metal stent, closure of duodenal

defect with through-the-scope clips

6x8mm ERCP with fully covered metal stent, closure of duode-
nal defect with through-the-scope clips

6x8mm Bridging tubular 10 x 60 mm partially covered metal
stent

6x8mm Conservative management

8x8mm Failed endoscopic salvage, LAMS removed, over-the-

scope clip closure of duodenal defect, PTBD

ERCP, endoscopic retrograde cholangiopancreatography; LAMS, lumen-apposing metal stent; PTBD, percutaneous transhepatic biliary drainage; SMD, stent misde-

ployment.

1 Protocol deviation in terms of stent size used.

Video 1 Demonstration of type | stent misdeployment res-
cued with tubular stent.

Online content viewable at:
https://doi.org/10.1055/a-2463-1601

3 video2 Demonstration of type Il stent misdeployment res-
cued with tubular stent.

Online content viewable at:
https://doi.org/10.1055/a-2463-1601
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Univariable and multivariable analyses

» Table5 and Table 1s detail the univariable analysis. On multi-
variable analysis, an extrahepatic bile duct diameter of <15 mm
was independently associated with an increased odds for SMD
and/or technical failure (OR 6.25, 95%Cl 1.11-33.3) (» Table
5). Endoscopist’s experience (220 EUS-CDS vs.<5 EUS-CDS)
was not significantly associated with SMD and|/or technical fail-
ure. Moreover, no independent variables were found to be sig-
nificantly associated with clinical failure or stent dysfunction, in-
cluding the addition of a coaxial double-pigtail stent (Table 1s).

Discussion

The advent of cautery-assisted biliary LAMS has greatly facilita-
ted the technical application of EUS-CDS. One of the major bar-
riers to the adoption of EUS-CDS has been its technical difficul-
ty and lack of dedicated devices [11,12]. The use of LAMS
allows for one-step transluminal bile duct access and stent
deployment without the requirement for needle access, wire
insertion, and tract dilation, as is the case for tubular stents.
The improvements in technical accessibility, together with evi-
dence from recent RCTs showing excellent results of EUS-CDS
with LAMS compared with ERCP [2, 3], will likely lead to greater
clinical adoption of EUS-CDS. However, one major aspect that is
unique to EUS-CDS is the risk of SMD.

In this post hoc analysis of the ELEMENT [2] and DRA-MBO
[3] RCTs, we aimed to describe SMDs and their resulting out-
comes, while identifying factors associated with SMD/technical
failure and clinical success or stent dysfunction. Our post hoc
analysis of primary data from these RCTs demonstrated an
overall SMD rate of 7.2% (95 %Cl 3.1%-11.4%). The overall ad-
verse event rate from SMD was 2.6 % (95 %Cl 0.7 %-6.6 %), with
severities rated as mild in two patients and moderate in two
patients. On multivariable analysis, a bile duct size of <15mm
was independently associated with SMD and/or technical fail-
ure (OR 6.25,95%Cl 1.11-33.3).

The different types of SMD pose variable challenges for the
endoscopist and are likely associated with diverging clinical
consequences. Type | SMD, which was the most common in
our study, appears to be salvageable in most cases. Indeed, 7/
8 (87.5%) type | SMDs were salvaged endoscopically without
any adverse events noted. The misdeployed stents were either
removed and replaced with another LAMS, bridged with a tub-
ular stent, or removed and salvaged with ERCP. Type Il SMD ap-
pears to be less common but likely more difficult to rescue
endoscopically. In type Il SMD, the operator may lose access to
the misdeployed LAMS, given that the proximal flange is re-
leased outside of the duodenum. The key to salvage is the
placement of a wire through the misdeployed LAMS allowing
forinsertion of a bridging tubular stent. Although not observed
in our study, failure to insert a wire through the LAMS in a type
I SMD would likely require PTBD and LAMS removal through a
percutaneous sheath. Surgical salvage, although unlikely, could
also be needed in cases of failure to obtain adequate biliary
drainage and/or failure to remove the misdeployed stent. Final-
ly, type Ill SMD also appears to be rare, occurring in two

> Table5 Predictors of stent misdeployment or technical failure.

Variable OR (95 %Cl)

Univariable Multivariable

Age (continuous) 0.99(0.95-1.04) 1.03 (1.00-1.22)

Female 0.51(0.16-1.56)
ASA, I=11 (vs. llI=IV) 1.58 (0.48-5.23)

Etiology, pancreatic
cancer (vs. other)

0.62(0.13-3.10)

Unresectable (vs. other) 0.47 (0.15-1.49) 0.17(0.03-1.11)

Baseline bilirubin
(continuous)

1.00 (0.99-1.00)

Baseline bilirubin,
<250pmol/L (vs.
>250pmol/L)

1.32(0.43-4.07)

Bile duct diameter
(continuous)

0.77 (0.61-0.96)

Bile duct diameter,
<15mm (vs.>15mm)

5.26(1.39-20.0)  6.25(1.11-33.3)

LAMS size, 6% 8 mm
(vs.8x8mm)

0.56(0.14-2.32)  0.19(0.03-1.22)

Technique, freehand
(vs. wire-guided)

1.77 (0.38-8.34)

Endoscopist experience,
>20 EUS-CDS
(vs.<5)

0.59 (0.20-1.71)

ASA, American Society of Anesthesiologists; EUS-CDS, endoscopic ultra-
sound-guided choledochoduodenostomy; LAMS, lumen-apposing metal
stent; OR, odds ratio

patients. SMD with contralateral bile duct wall injury appears
to be especially problematic, leading to a moderate adverse
event, whereas the one case of cautery injury with successful
stent deployment was managed conservatively and led to only
a mild adverse event. Portal vein injury could also theoretically
occur in a type Il SMD; however, this was not observed in our
study. Finally, type IV SMD with a double mucosal puncture,
which can lead to severe bleeding or even perforation if the
muscular wall is involved, has been described in the literature
[13,14], but was not observed in our study.

Overall, when rescued endoscopically, SMD did not lead to
significant adverse events whereas failure of endoscopic sal-
vage was associated with more significant consequences. The
overall proportion of EUS-CDS procedures with failed endo-
scopic salvage of SMD, however, appears to be low, at 1.3%.
An extrahepatic bile duct diameter of <15mm was identified
as a factor associated with increase odds for SMD and/or tech-
nical failure. This is consistent with previous retrospective data
suggesting the same threshold [15]. This diameter cutoff can
be used when selecting patients for EUS-CDS. This is especially
relevant to operators with less experience performing EUS-
CDS. In the case of operators with more experience, this cutoff
can also be used to ensure other safety measures are available
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such as a preloaded guidewire, the procedure being performed
in a room with fluoroscopy access to facilitate rescue, and the
timely availability of interventional radiology backup. Interest-
ingly, in a study on 491 patients in whom common bile duct size
was measured at the EUS-CDS site, a duct diameter >15mm
could be identified in only 51.9% of patients [16]. This result
suggests the need for development of stents with different de-
signs to overcome the limitation of bile duct diameter.

Our multivariable analysis did not identify any factors asso-
ciated with stent dysfunction or clinical failure. Previous data
have suggested that the use of coaxially placed double-pigtail
plastic stents through the LAMS was associated with improved
stent patency [17]. It is important to note, however, that these
data originate from a study using large, nonbiliary LAMS meas-
uring T0mm in diameter. These LAMS are associated with large
flanges, which can block the bile duct as the biliary tree collap-
ses onto the stent during initial bile duct decompression. The
use of a double-pigtail stent prevents such an occlusion phe-
nomenon. The biliary LAMSs used in both the ELEMENT and
DRA-MBO trials had much smaller flanges and appear less likely
to block the bile duct during decompression. Notably, however,
only 13 patients in this study had coaxial double-pigtail stents
placed, therefore larger studies are needed to ascertain the
true value of this practice. An RCT comparing coaxial double-
pigtail stent placement through the LAMS vs. LAMS alone is
ongoing and will probably give a definitive answer to this
important procedural aspect [18].

Limitations of our study include the fact that neither RCTs
were designed to capture SMD as an end point, putting the cur-
rent analysis at risk of detection bias. Nevertheless, both stud-
ies were diligently designed to ascertain all adverse events.
Therefore, although there is a risk of underdetection of SMD
without adverse events, any SMD with associated adverse
events would have been captured. In addition, given that SMD,
technical failure, clinical failure, and stent dysfunction were all
rare events in these trials, we may have been underpowered to
detect significant factors associated with these outcomes. It is
also important to note that neither RCT included patients with
malignant gastric outlet obstruction, which is a common indi-
cation for EUS-guided biliary drainage owing to the inability of
ERCP to access the major papilla. The exclusion of these
patients may also explain the excellent clinical success and low
rate of CDS stent dysfunction noted in our study.

Strengths of the study include the use of primary prospec-
tive patient-level data on EUS-CDS using LAMS in the context
of two international RCTs. The broad geographical coverage of
participating sites from East to West, as well as variable opera-
tor experience in EUS-CDS using LAMS also greatly enhance the
generalizability of our data. It is important to note, however,
that while we included operators with varying levels of EUS-
CDS experience, our study only included large referral centers
with direct access to interventional radiology and pancreatico-
biliary surgery. Consequently, the excellent clinical outcomes of
SMD in our study may not necessarily translate to nontertiary
settings, regardless of the operator’s experience level.

In conclusion, SMDs are relatively common in EUS-CDS but
usually occur without severe consequences, owing to the possi-

bility of endoscopic rescue in the majority of cases. An extrahe-
patic bile duct diameter>15mm is associated with lower odds
for SMD and/or technical failure, and this cutoff could be used
to select patients for EUS-CDS, especially for less experienced
operators.
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