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ABSTR AC T

Background and study aims There is increasing evidence
to suggest that EUS-guided biliary drainage (EUS-BD) is a
safe and effective treatment alternative for patients with

Introduction
Malignant biliary obstruction (MBO) is conventionally treated
with endoscopic retrograde cholangiopancreatography (ERCP)
and placement of either plastic or metal stents. ERCP remains
the gold standard in treatment of biliary obstruction, however,
failed biliary cannulation is observed in up to 10 % of cases,
especially in patients with low performance status [1]. Common causes of inaccessible papilla include advanced locoregional obstruction or altered anatomy due to prior surgery.

malignant biliary obstructions (MBOs) after failed endoscopic retrograde cholangiopancreatography.
Patients and methods We performed a retrospective analysis of data prospectively collected from patients with
MBO who underwent choledochoduodenostomy (CDS) or
gallbladder drainage (GBD) between August 2016 and June
2020 using the electrocautery-enabled lumen-apposing
metal stents (ECE-LAMS). The primary endpoint was technical and clinical success. Secondary endpoints were adverse
events (AEs) and reinterventions.
Results A total of 60 patients were included in the study,
with 56 CDS and 4 GBD. Median age was 76 years with 57 %
male (34/60). The most common indication for EUS-BD was
pancreatic cancer (78 %). Technical success was achieved in
100 % of cases, with a clinical success rate of 91.7 %. Mean
total bilirubin pre-procedure was 202 umol/L (normal
< 20 umol/L) and 63.8 umol/L post procedure (P < .001).
Twenty-one patients had bilirubin recorded at 2 weeks
post EUS-BD with 20 of 21 patients demonstrating > 50 %
reduction in bilirubin (mean bilirubin reduction 75 %). AEs
occurred in 12 of 60 patients (20 %), all of which were
mild. The reintervention rate was 11.7 % (7/60). Stent occlusion occurred in 10 of 60 patients (16.7 %) with a mean
time to stent occlusion of 46.2 days (3–133). Stent patency
of 83.3 % was observed with a mean follow up of 7.9
months.
Conclusion EUS-CDS and GBD using ECE-LAMS are effective EUS-based techniques for managing patients with
MBO. AEs are usually mild and resolved by reintervention.

Percutaneous transhepatic biliary drainage (PTBD) is an effective biliary drainage technique that provides an alternative
treatment option when ERCP fails. However, PTBD is associated
with rates of adverse events (AEs) between 13 to 60 % [2, 3].
This is due to the risks of accidental dislocation of an external
drainage tube and recurrent infections, which have a significant
negative impact on quality of life. From a patient standpoint,
the possibility of internal drainage is appealing due to convenience and likely improved quality of life, which is supported by a
multicenter survey in which more than 80 % of patients preferred EUS-BD over PTBD [4]. Historical surgical biliary bypass is
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seldom used as the preferred treatment option because it is
associated with higher morbidity and mortality [5, 6].
Endoscopic ultrasound-guided biliary drainage (EUS-BD) is
an advanced endoscopic technique that was first described in
2001 [7]. With the advent of the linear echoendoscope and various EUS-specific tools including lumen-apposing metal stents
(LAMS), patients with failed ERCP have increasingly been offered EUS-BD to gain biliary access [8]. There are conceptual
advantages associated with the technique, including the minimally invasive nature of the procedure and single-session
ERCP/EUS procedure, thus reducing procedural duplicity and
expediting post-procedural recovery. The advent of an electrocautery-enabled delivery system (ECE-LAMS) has further
evolved the procedure into a single-step, exchange-free EUSguided puncture and deployment. The aim of this study was to
evaluate technical efficacy and clinical safety of EUS-guided
biliary drainage using the ECE-LAMS.

▶ Fig. 1 a Deployment of the distal flange under ultrasonographic
guidance. b Endoscopic confirmation of successful deployment of
the proximal flange and visualization of bile drainage.

zation of the gallbladder as the target puncture site, with similar techniques applied as described for CDS.

Outcome measurement

Patients and methods
We performed a retrospective analysis of prospectively collected data from all patients who underwent EUS-BD after failed
ERCP from August 2016 through to June 2020. Patients underwent EUS-guided placement of a biliary stent, via a trans-duodenal approach, using the cautery-enabled LAMS system (Hot
AXIOS, Boston Scientific). The procedures were classified as either choledochoduodenostomy (CDS) or cholecystoenterostomy for GBD. The study was approved by the institutional review board and granted exemption by the Health and Disability
Ethics Committee.

Technical Description
All EUS-BD cases were performed under general anesthesia in a
single endoscopy session, by a single endoscopist with high level of experience in therapeutic EUS procedures and in using
ECE-LAMS. CDS was the preferred technique unless it could not
be performed safely, defined by either the lack of a vessel-free
window due to intervening vasculature or common bile duct
(CBD) diameter < 10 mm.
The bile duct was accessed with EUS localization, via a transduodenal approach. A Doppler signal was used to identify a vessel-free window and the initial puncture was made with an electrocautery tip (ERBE setting: Autocut 80–100, Effect 5). The device was also preloaded with a 0.035 guidewire to allow immediate placement of the guidewire after initial puncture.
Once the catheter tip was fully inside the CBD, the distal flange
was deployed under EUS guidance ( ▶ Fig. 1a). Then the catheter was retracted and “snugged” against the proximal wall of
the CBD to create wall apposition. The proximal flange was deployed within the working channel of the echoendoscope,
which was then slowly withdrawn with simultaneous gentle advancement of the catheter to ensure intra-duodenal deployment of the proximal flange. Finally, the correct position of
the LAMS was endoscopically confirmed with visualization of
bile flow through the stent (▶ Fig. 1b). EUS-GBD was performed
if CDS was not technically feasible. This was achieved by locali-
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Patient demographics were reviewed, including age, sex, referral specialty, procedural indication, size of LAMS, total bilirubin
(pre- and post-procedure), early and delayed adverse events
(AEs), need for reintervention, and overall survival during the
study period. Primary endpoints included technical and clinical
success. Technical success was defined as achieving successful
transluminal placement of bilioenteric fully-covered stents.
Clinical success was defined as a reduction in absolute bilirubin
> 50 % at any time point. In addition, early confirmation of effective biliary drainage was defined by a reduction in bilirubin
of ≥ 50 % within 2 weeks of EUS-BD. Secondary endpoints included rate of AEs, need for reintervention, and stent patency.
Stent patency was defined as absence of recurrent biliary obstruction post EUS-BD, or until patient death secondary to underlying malignant disease. Early (< 30 days) and late (> 30 days)
AEs included procedure-related bleeding, reflux or stent-related cholangitis, stent occlusion, and patient death.

Results
Patient demographics
A total of 60 patients underwent EUS-BD using an AXIOS LAMS
after failed ERCP with a median age of 76 years. Men represented 57 % of the cohort while women represented 43 %. Indications for performing EUS-BD included primary and metastatic
malignancies. Baseline characteristics are listed in ▶ Table 1.

Technical outcome
Fifty-six patients underwent EUS-CDS while four EUS-GBD were
performed due to lack of “vessel-free” window. The mean diameter of CBD was 17 mm (10–33). An 8-mm LAMS was used
in 71.7 % of cases (43/60) while a 10-mm LAMS was used in
28.3 % (17/60). Technical success was achieved in 100 % of
cases. One case of stent malposition was encountered during
initial deployment and was salvaged immediately by stent-instent placement, resulting in successful biliary drainage via the
LAMS without subsequent adverse clinical events. A total of 14
patients (23.3 %) had concomitant insertion of duodenal stents
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▶ Table 1 Baseline characteristics.

▶ Table 2 Technical characteristics.

Age

Failed ERCP (%)

100

Median

76

Procedure

(n = 60)

Maximum

90

▪ CDS

56

Minimum

52

▪ GBD

4

Mean CBD diameter (mm)

17 (10–33)

Sex (%)
▪ Male

34 (57 %)

Stent size (n)

▪ Female

26 (43 %)

▪ 8 mm

43 (71.7 %)

▪ 10 mm

17 (28.3 %)

Referral (%)
▪ Surgery

52 (86.6 %)

Reintervention

9 (15 %)

▪ Oncology

5 (8.3 %)

Duodenal stenting

14 (23.3 %)

▪ Hematology

1 (1.7 %)

▪ Medicine

1 (1.7 %)

▪ Palliative care

1 (1.7 %)

ERCP, endoscopic retrograde cholangiopancreatography;
CDS, choledochoduodenostomy; GBD, gall bladder
drainage; CBD, common bile duct

▶ Table 3 Clinical outcome.

Indication, n
▪ Pancreatic cancer

47

Liver function improvement (n = 60)

▪ Cholangiocarcinoma

3

▪ Yes

55 (91.7 %)

▪ Lymphoma

2

▪ No

5 (8.3 %)

▪ Duodenal cancer

2

Total bilirubin (μmol/L)

▪ Metastatic cancer

6

▪ Pre EUS-BD

202 (30–719)

▪ Colon

1

▪ Post EUS-BD

63.8 (3–323)

▪ Breast

2

▪ HCC

1

Day 3 bilirubin, (n)

22/60 (36.7 %)

▪ Lung

1

▪ Mean bilirubin (μmol/L)

86

▪ Melanoma

1

Day 7 bilirubin, (n)

11/60 (18.3 %)

▪ Mean bilirubin (μmol/L)

43.5

Week 2 bilirubin, (n)

21/60 (35 %)

▪ Mean bilirubin (μmol/L)

46.7

Patient mortality

48/60 (80 %)

▪ Mean survival time after EUS-BD

177 days

HCC, hepatocellular carcinoma

along with EUS-BD. A summary of technical characteristics is
shown in ▶ Table 2.

Clinical outcome
Clinical success, determined by improvement of liver function
in bilirubin, was observed in 91.7 % of patients with a mean bilirubin of 202 μmol/L (normal < 20 μmol/L) pre EUS-BD and
63.8 μmol/L post EUS-BD, representing a reduction of 68.4 %.
Twenty-two patients had bilirubin value recorded on Day 3
(mean bilirubin 86 μmol/L) while 11 patients had Day 7 bilirubin (mean bilirubin 43.5 μmol/L). Twenty-one patients (35 %)
had bilirubin value recorded at 2 weeks after EUS-BD. Normal
bilirubin value was observed in 6/21 (40 %) at 2 weeks with 20
of 21 patients (95.2 %) achieving > 50 % reduction in absolute
bilirubin value at 2 weeks post EUS-BD and a mean reduction
of 75 % ( ▶ Table 3).

(P < .001)

EUS-BD, endoscopic ultrasound-guided biliary drainage

Adverse events
The total AE rate was 20 % (12/60). Early AEs (< 30 days) were
observed in seven patients with one case of maldeployment
and six cholangitis events. Stent-related cholangitis were due
to stent occlusion, and in all patients, reintervention with
placement of seven French × 4 cm double pigtail stents within
the LAMS to facilitate effective biliary drainage was successful.
In addition, four patients developed stent occlusion as a delayed AE (> 30 days), which also required reintervention. The
overall stent occlusion rate was 16.7 % with a mean procedure
to stent occlusion time of 46 days (median 21 days; 3–133

Chin Jerry Yung-Lun et al. Safety and outcomes … Endoscopy International Open 2020; 08: E1633–E1638 | © 2020. The Author(s).

E1635

Original article

▶ Table 4 Adverse events.
12

Early (< 30 days)

7

▪ Stent related cholangitis

6

▪ Stent maldeployment

1

Late (> 30 days)

5

▪ Stent occlusion – food impaction

4

▪ Stent migration

1

Stent occlusion, total

10

Time

EUS-BD overall survival

Survival (%)

Total AE, n

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

0

200

400

600

800

1000

Time t (days post-procedure)

▪ Early (< 30 days)

(6)

▪ Late (> 30 days)

(4)

▶ Fig. 2 Kaplan-Meier curve of overall patient survival.

Type
▪ Food impaction

(8)

▪ Stone/sludge

(2)

Mean time to stent occlusion, days

46 (3–133)

Reintervention

9

AE, adverse event.

days). Nine patients underwent reintervention to rectify stent
occlusion. Stent migration occurred in one patient with gall
bladder drainage at 5 months after EUS-GBD. No significant
stent-related bleeding had been recorded. ▶ Table 4 provides a
breakdown of the types of AEs encountered as well as A stent
occlusion sub-analysis.

Follow up
The mean follow-up was 7.9 months. Stent patency was recorded in 83.3 % of patients (50/60) at the end of the follow-up period. There was no observed procedure or stent-related mortality. During the study period, 48 patients died (80 %) with a
mean survival time of 177 days post EUS-BD. Overall survival is
shown in the Kaplan-Meier curve in ▶ Fig. 2.

Discussion
In recent years, there has been an increasing body of evidence
supporting high rates of safety and efficacy for EUS-BD in the
short and medium term and technical success rates of 88 % to
100 % and clinical efficacy rates up to 97 % [9–11]. The outcome
of our study is consistent with other published studies using the
same ECE-LAMS (Hot AXIOS, Boston Scientific, Massachusetts,
United States). EUS-BD is associated with higher clinical success
and lower AE and reintervention rates compared to PTBD [12].
However, there remains much debate about its role as first-line
therapy rather than ERCP-BD. Recent meta-analyses that reviewed randomized trials comparing EUS-BD and ERCP-BD
have shown no appreciable difference in technical and clinical
success between the two treatment modalities [13, 14]. Fur-

E1636

thermore, overall AE rates are lower for EUS-BD, including decreased risk of stent dysfunction (RR, 0.39), when compared
with ERCP or PTBD [14]. One distinct advantage observed in
EUS-BD is the significantly reduced rate of post-procedural
pancreatitis, which is traditionally associated with ERCP (RR,
0.12) [14, 15]. Paik et al also reported lower rates of reintervention and higher stent patency, and therefore, improved patientreported outcome measures in the EUS-BD cohort [15].
Our observational study has demonstrated high technical
success (100 %) and clinical efficacy (91.7 %) for EUS-BD using
ECE-LAMS in the setting of MBO and prior failed ERCP. We observed a mean bilirubin reduction of 68.4 % across the study cohort. Furthermore, those who had bilirubin monitored experienced a reduction of > 50 % within the first 2 weeks, achieving
a mean reduction of 75 %. Therefore, our data demonstrate effective biliary drainage with both CDS and GBD. Most of the
cases were performed with preloading of guidewire in the
LAMS delivery system to allow for successful salvage procedure
in case of potential maldeployment. This occurred in one case
and rescue was immediate with placement of a tubular biliary
stent across the newly created transduodenal fistula. An important technical consideration is site selection for stent deployment. The mean CBD diameter was 17 mm in our study (10–
33 mm). A more dilated CBD means there is more space to allow the first flange of the stent to be deployed safely. Conventionally, the diameter of the CBD should be at least 10 mm to
allow safe deployment of LAMS. In addition, we also found that
“snugging” the deployed distal flange against the ductal wall,
then deploying the proximal flange inside the delivery system
prior to withdrawing the system ensures the correct positioning of the stent and minimizes maldeployment. One of the accepted indications for EUS-GBD is its application as an alternative to EUS-CDS in achieving endoscopic biliary drainage [16].
Technical success was achieved in all four patients who underwent GBD. EUS-GBD is a safe and effective endoscopic drainage
option when CDS is not feasible.
The observed total AE rate in our study was 20 % (12/60).
This is similar to previous reports in various meta-analyses involving a heterogeneous cohort of stenting system [17, 18]. Im-
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portantly, the AEs observed in our study were mild and did not
result in prolonged hospitalization. This is favorable when compared to a surgical CDS with a morbidity rate of 30 % [19]. One
case of stent maldeployment was encountered in our study.
This was due to maldeployment of the proximal flange with an
8-mm stent into a 10-mm CBD. This was immediately rectified
by insertion of a 4-cm fully-covered, self-expanding stent
through the lumen of the AXIOS stent to achieve effective biliary drainage, without further complications post procedure. It
is worth noting that most of the AEs observed in our study
were related to stent occlusion, either early (< 30 days) or delayed (> 30 days). The likely reason for cholangitis and delayed
stent occlusion is related to the non-coaxial drainage achieved
by the EUS-CDS. Historically coaxial placement of biliary stents
with ERCP presented again with cholangitis due to stent occlusion (plastic vs self-expanding metal stent [SEMS] 21 % vs 8 %)
[20]. Importantly, we did not encounter procedure- or stentrelated hemorrhage in our cohort. Furthermore, there was no
reported bile leakage or associated peritonitis in our study.
The observed reintervention rate of 15 % was predominantly
related to occluded LAMS. Overall, the recorded mortality rate
and survival time of just under 6 months in our study are consistent with other studies involving endoscopic management of
MBO in patients with locally advanced or metastatic malignancies [21–23]. We did not observe any fatality related to EUS-BD.
The overall observed stent patency rate was 83.3 % during
the study period. It is worth noting that all of the stent occlusion events were related to food impaction. Six of the 10 cases
of stent occlusion were associated with the 8-mm LAMS. We did
not observe stent occlusion related to stent ingrowth, overgrowth, or migration. The encountered occlusions were effectively managed with insertion of plastic pigtail stents to facilitate ongoing biliary drainage. Most stent occlusions occurred
in the early period of the study (< 30 days). One US multicenter,
retrospective analysis of EUS-CDS using ECE-LAMS demonstrated a significant reduction in rates of stent occlusion (50 % to
11.8 %) with preemptive placement of an axis-orienting stent
through the LAMS [24]. This highlights the notion that LAMS
can occlude early, and therefore, lends credit to prophylactic
placement of axis-orienting stents through the LAMS lumen to
prevent stent occlusion. There was also an association of LAMS
obstruction in patients with concurrent duodenal obstruction
[9]. In such scenario, one can also consider placement of a prophylactic axis-orientating double pigtail stent through the internal lumen of the LAMS at the time of initial deployment. We
instituted routine prophylactic insertion of axis-orienting
stents through the LAMS lumen in a more recent cohort of 10
patients undergoing EUS-BD. To date, we have yet to observe
stent occlusion since this change in practice.
A unique clinical scenario in which EUS-BD may be preferentially selected as the primary treatment modality over ERCP-BD
is in patients with concomitant gastric outlet obstruction.
Though technically feasible, accessing the ampulla with a prior
placed duodenal SEMS can be cumbersome, especially in type II
obstruction. Achieving an appropriate endoscopic position can
often be challenging, limiting the view of the ampulla. Previous
studies have demonstrated significant variability in technical

success of ERCP performed through existing duodenal stents,
with papillary cannulation rates between 34 % and 85 % [21,
25]. Conversely, single-session EUS-BD followed by duodenal
SEMS deployment may be preferable and confers a higher success rate [9, 26, 27]. One of the major advantages of using ECELAMS is that it allows a single-step puncture to gain access to
the biliary system, without the need for wire system exchanges,
which confers a practical benefit in reducing the length of procedures. Anderloni et al reported reduced procedural time to
30 minutes in EUS-CDS while another study by Dollhopf et al reported a mean stent deployment time of just 3.1 minutes during EUS-GBD with direct access to the gallbladder [9].
To date, EUS-BD has been performed predominantly in patients with unresectable or advanced malignancy. However,
the status quo is being challenged. Fabbri et al reported a small
case series suggesting EUS-BD can be used safely as a bridge to
surgical interventions such as pancreaticoduodenectomy
(Whipple procedure) without significantly affecting outcomes
[28]. Jacques et al also reported four patients who underwent
successful pancreaticoduodenectomy after EUS-CDS and placement of LAMS [29]. We propose that selection of a first-line
treatment modality should be based on clinical scenarios, ductal and luminal anatomy, and local expertise. Where possible,
endoscopic interventions for MBO should be performed by expert endoscopists with significant experience in both advanced
ERCP maneuvers and interventional EUS.
Our study does carry inherent limitations in that this was a
retrospective analysis of patients who underwent EUS-BD in a
single tertiary referral center. Our study was not designed to allow direct comparison between different treatment modalities
including PTBD and EUS-guided biliary drainage using a nonLAMS stent. All procedures were performed by a single endoscopist with a high level of expertise in therapeutic EUS procedures and use of LAMS. Thus, our results may lack generalizability. However, it is our opinion that such a complex procedure
should be performed only by experienced endoscopists in specialized centers with therapeutic EUS capability. We were not
able to assess bilirubin response post procedure in every patient in a protocolized manner due to the retrospective nature
of our study. A significant portion of our study population was
referred from other institutions where the local referring physicians have varying practice in terms of monitoring for treatment response. These patients were transferred back to the referring institution once they recovered from the procedure.

Conclusion
In conclusion, EUS-BD performed with ECE-LAMS is a highly effective and safe treatment for patients who present with MBO.
It can be performed in a single endoscopy session after failed
ERCP. AE and reintervention rates are low and can be effectively
managed conservatively. We believe that our findings will add
to the currently growing evidence on the safety and efficacy of
EUS-BD with ECE-LAMS, and will further support the use of EUSBD as a safe and effective treatment option for a subset of patients with MBO in whom biliary cannulation cannot be
achieved through conventional ERCP. However, larger random-
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ized studies are needed to compare different drainage methods
to produce more robust evidence and guide practice.
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