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Abstract
Background and aims EUS-guided choledochoduodenostomy (EUS-CDS) is an effective option for biliary drainage in malig-
nant biliary obstruction. Lumen apposing metal stents (LAMS) are increasingly been used for EUS-CDS. It is unknown how 
LAMS compare to tubular self-expandable metal stents (SEMS) for EUS-CDS. Our aim is to compare the clinical outcomes 
of LAMS versus SEMS for EUS-CDS.
Patients and methods Single-center retrospective cohort study of consecutive patients with unresectable malignant biliary 
obstruction who underwent EUS-CDS after failed ERCP for initial biliary drainage between 2011 and 2019. Clinical out-
comes were compared between patients who had conventional covered SEMS and LAMS placed for EUS-CDS. Outcome 
measures included unplanned procedural events, technical success, clinical success, adverse events and reinterventions. 
Survival was analyzed by the Kaplan–Meier method.
Results During the study period 57 patients met inclusion criteria (37 LAMS, 20 SEMS). All EUS-CDS were technically 
successful (LAMS group 95% CI 90.3–100%, SEMS group 95% CI 83.2–100%). There were no differences between groups 
in unplanned procedural events (4 LAMS deployment issues, 2 mild bleeding in SEMS group; 10 vs 10.8%), clinical success 
(37/37 [100%] vs 19/20 [95%]), and short-term adverse events (5/37 [13.5%] vs 4/20 [20%], p = 0.71). Complete follow-up 
data were available in 41 patients for a mean of 376 ± 145 days. Endoscopic reintervention was required for duodenal stent 
placement (n = 9) or biliary stent dysfunction (n = 4), with no difference between LAMS and SEMS group (6/37 [16.2%] vs 
7/20 [35%]). There were no differences in overall survival between both groups.
Conclusions EUS-guided choledochoduodenostomy after failed ERCP has equally high technical and clinical success rates 
with either LAMS or SEMS in patients with malignant biliary obstruction. No differences in adverse events, reinterventions 
and survival were seen with either type of stent. The cost-effectiveness of LAMS vs SEMS for EUS-guided choledochoduo-
denostomy remains to be proven.

Keywords Lumen apposing metal stent (LAMS) · Biliary drainage (EUS-BD) · EUS-guided choledochoduodenostomy · 
Malignant biliary obstruction · Self-expandable metal stent (SEMS)

Malignant tumors involving the bile duct typically present 
with obstructive jaundice. Persistent obstructive jaundice 
impairs patient quality of life and may potentially lead to 
serious complications, including liver and renal failure [1]. 

Although surgical resection is the only curative treatment, 
a minority of patients with pancreatobiliary malignancies 
undergo resection, because tumor stage or patient comor-
bidities often preclude surgery. In most cases of malignant 
biliary obstruction, palliative biliary drainage is the required 
treatment approach. Endoscopic retrograde cholangiopan-
creatography (ERCP) is well established as the preferred 
non-operative modality for biliary drainage because of a 
high technical success rate and acceptable adverse event 
rate [2].
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When ERCP cannulation fails or when retrograde endo-
scopic biliary access is precluded by duodenal strictures 
or surgically altered anatomy, percutaneous transhepatic 
biliary drainage (PTBD) or surgical bypass are the tradi-
tional alternative drainage methods. However, PTBD and 
bypass surgery are both associated with marked adverse 
event rates. Over the last three decades, the palliative role 
of surgery and PTBD in malignant biliary obstruction has 
declined in favor of less invasive endoscopic approaches. 
In addition to ERCP, endoscopic ultrasound-guided biliary 
drainage (EUS-BD) has emerged as an effective modality 
for biliary drainage [3, 4]. EUS-BD has increasingly been 
performed as an alternative to PTBD in patients with unre-
sectable malignant biliary obstruction and failed ERCP 
[3]. Technical and clinical success rates over 90% have 
been reported for EUS-BD [5]. However, the adverse event 
rate is significant (26%) and there is a small but definite 
mortality risk (0.4%) [5]. This high adverse event rate 
is thought to reflect the learning curve of EUS-BD, the 
heterogeneity of techniques used, and the lack of dedi-
cated accessories. EUS-BD includes several approaches 
involving intrahepatic or extrahepatic biliary access com-
bined with transmural or transpapillary stent placement 
[6]. EUS-guided choledochoduodenostomy (EUS-CDS) is 
among the most commonly taken EUS-BD approaches for 
distal malignant biliary obstruction.

In the last few years, efforts to facilitate EUS-BD and to 
decrease the risk of adverse events have led to the develop-
ment of dedicated accessories. A lumen apposing metal stent 
(LAMS) specifically designed to create anastomoses to the 
gastrointestinal tract has become available for EUS-CDS, 
following its widespread dissemination for EUS-guided 
drainage of pancreatic collections and the gallbladder. 
LAMS have largely replaced other stent choices for EUS-
guided gallbladder drainage in patients with acute cholecys-
titis unfit for surgery [7, 8]. Recent reports of EUS-CDS 
using a dedicated biliary LAMS show promising results 
[9–14] Single-step (free-hand) or single-exchange (over-
the-wire) LAMS insertion is possible using an electrocau-
tery enhanced delivery system, which appears to simplify 
EUS-CDS [11]. EUS-CDS with traditional tubular self-
expandable metal stents (SEMS) however, involves multi-
step dilation of the puncture tract. Even if LAMS insertion 
for EUS-CDS appears to be simpler than traditional SEMS 
insertion, there remain concerns over the long-term patency 
of LAMS placed for EUS-CDS. The overall reported adverse 
event rate of EUS-CDS with LAMS may be as high as 37% 
in studies with longer follow-up [14]. To date, no compara-
tive study between LAMS and conventional tubular SEMS 
for EUS-CDS is available. In this study we aimed to com-
pare the safety and efficacy or LAMS versus SEMS for EUS-
CDS in unresectable distal malignant biliary obstruction 
after failed ERCP.

Patients and methods

This is a single-center retrospective cohort study comparing 
the safety and efficacy of LAMS versus SEMS for EUS-CDS 
in the management of unresectable distal malignant biliary 
obstruction. The project was approved by the Institutional 
Review Board in February 2020. Dual informed consent for 
ERCP and EUS-BD was routinely obtained from patients 
with biliary obstruction or their families in our Unit. All 
authors had access to the study data and have reviewed and 
approved the final manuscript.

Patients

Patients were identified from a prospectively maintained 
single-center interventional endoscopy database. Consecu-
tive patients who underwent EUS-CDS between January 
2011 and January 2019 were identified. Patients with unre-
sectable distal malignant biliary obstruction who underwent 
EUS-CDS with a metal stent (SEMS or LAMS) for biliary 
drainage because of previous failed ERCP were included for 
analysis. Patients with unresectable distal malignant biliary 
obstruction who underwent EUS-CDS because of stent dys-
function following prior ERCP with stent placement were 
excluded from the analysis.

Procedures

All procedures were performed by experienced endoscopists 
in an endoscopy suite with a therapeutic echoendoscope. 
All patients were sedated using endoscopist-directed intra-
venous administration of midazolam and propofol, unless 
critically ill. No patient received prophylactic antibiotics in 
our cohort. For the technique of EUS-CDS, the echoendo-
scope was passed into the duodenum to visualize common 
bile duct. A 19-gauge needle (Expect; Boston Scientific, 
Marlborough, Mass) preloaded with water-soluble contrast 
material was used to puncture the common bile duct and 
entry was confirmed by contrast material injection. The 
needle was flushed with saline solution, and a 0.035-inch 
or 0.025-inch, 450-cm long guidewire was passed into the 
common bile duct.

Commercially available fully covered SEMS either with 
(BCS Hanarostent, M.I.Tech, Seoul, Korea) or without 
(Wallflex, Boston Scientific, Marlborough, Mass, USA) 
internal antimigration flaps (Fig. 1) or LAMS (Axios and 
Hot Axios, Boston Scientific, Marlborough, Mass, USA) 
(Fig. 2) were used. Stents were inserted over-the-guidewire 
into the common bile duct and deployed transmurally within 
the duodenum under combined EUS, fluoroscopic and endo-
scopic visualization, as previously reported. The free-hand 
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LAMS insertion technique was not routinely used in this 
cohort. Coaxial double pigtails stents were placed inside the 
SEMS or LAMS for additional anchorage at the discretion of 
the endoscopist. EUS-BD with SEMS was introduced in our 
center in September 2003 whereas LAMS was first placed 
for EUS-CDS in March 2012. There was a gradual shift 
from SEMS towards increased LAMS use, with no strict 
criteria for one stent type or another. However, technical 
factors, such a needle puncture within 2-cm of the hepatic 

duct confluence, or a guidewire taking a downward course, 
favored the choice of LAMS over SEMS. Conversely, when 
the common bile duct diameter was less than 12-mm, SEMS 
were preferred over LAMS for EUS-CDS.

Outcome measures

The main outcome measures were the technical success, 
clinical success and short-term adverse event rates. Our 

Fig. 1  EUS-guided choledocoduodenostomy using self-expandable metal stent. A Fluoroscopic view. B Final endoscopic appearance of stent 
deployed in the duodenal bulb

Fig. 2  EUS-guided choledocoduodenostomy using lumen apposing metal stent. A Fluoroscopic view. B Final endoscopic appearance of lumen 
apposing metal stent deployed in the duodenum
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secondary outcome measures were reintervention rates and 
patient survival.

Definitions

Technical success was defined as the correct transduode-
nal stent placement, with both ends of the stent (internal 
intraductal and external intraduodenal) properly placed 
and an adequate bile outflow verified by fluoroscopy and/
or endoscopy.

Clinical success was defined as a 50% decrease in bili-
rubin from the last available pre-procedure value within 
1 week (± 2 days) following EUS-CDS or a serum bilirubin 
below 2 mg/dL within one month.

Unplanned procedural event was defined according to 
Teoh et al. [15] as any deviation in planned procedural steps, 
including but not limited to guidewire dislodgement and 
stent misdeployment, regardless of its impact on technical 
success or post-procedural adverse events.

Short-term adverse event was defined as any adverse 
event potentially related to the procedure within the first 
two weeks following EUS-CDS. Adverse events and their 
severity were defined and graded according to the ASGE 
lexicon [16].

Reintervention was defined as any therapeutic percuta-
neous or endoscopic procedure performed because of bil-
iary or gastric outlet obstruction, bleeding, stent migration, 
regardless of the cause, whether underlying disease-related 
or stent-related.

Follow‑up

Follow-up visits were performed at the discretion of the 
treating physician, with periodic clinic visits, laboratory 
analysis and imaging, as necessary.

Those patients who were followed-up until death or who 
had any clinical follow-up in the 4 months prior to December 
2019 were defined as complete follow-up. Patients who did 
not meet either of these two criteria were defined as lost to 
follow-up.

Data retrieval

Data on baseline demographics, diagnosis, endoscopic 
procedures and technical details were retrieved from the 
prospective endoscopy database maintained at our center. 
Post-procedural follow-up data were retrospectively obtained 
from electronic medical records, including endoscopic and 
imaging procedures. Data from patients admitted to and 
cared for at outside medical centers who continued follow-
up in these centers, were obtained by transfer of medical 
records, shared healthcare network electronic medical 
records, direct discussion with the attending physician and/

or telephone interview with the patient. The available data 
were censored in December 2019.

Statistical analysis

Statistical analysis was performed using Stata (StataCorp. 
2013. College Station, Texas). Categorical variables were 
described as percentages, continuous variables with normal 
distribution as mean and standard deviation, and continu-
ous variables with non-normal distributions as medians and 
interquartile range.

Pearson’s χ2 test or Fisher’s exact test (in case the 
expected frequencies in the contingency tables are less than 
5) were applied to assess differences between the categori-
cal variables.

Results

Patients included and baseline characteristics

Between January 2011 and January 2019, 57 patients (49.1% 
female, median age 81.4 years), with malignant biliary 
obstruction without an indwelling biliary stent and incom-
plete or failed previous ERCP underwent EUS-CDS in our 
Unit. The cause for ERCP failure was duodenal obstruction 
making the papilla inaccessible or significantly hampering 
cannulation of the papilla in 19 (33.3%), malignant involve-
ment with distortion of the papilla in 16 (28.1%), and failed 
cannulation with (n = 15; 26.3%) or without (n = 7; 12.3%) 
pre-cut in the remaining.. Pancreatic adenocarcinoma was 
the most common underlying diagnosis (80.7%). Based on 
the American Society of Anesthesiology (ASA) classifica-
tion 54.4% (31/57) of patients were ASA grades III or IV. 
Patient demographic data are shown in Table 1.

Table 1  Patients demographics

LAMS lumen apposing metal stent, SEMS self-expandable metal 
stent, ASA American society of Anesthesiologists

LAMS (No. 37) SEMS (No. 20) p

Age, med (IQR) 81.8 (69.9–84.6) 80.2 (67.6–86.3) 0.97
Female sex, n (%) 17 (46%) 11 (55%) 0.51
Underlying disease, n (%) 0.40
 Pancreatic adenocarci-

noma
29 (78.4%) 17 (85%)

 Other 8 (21.6%) 3 (15%)
ASA classification, n (%) 0.04
 I/II 9 (24.3%) 11 (55%)
 III/IV 25(67.7%) 6 (30%)
 Not available 3 (8.1%) 3 (15%)
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Procedure description

EUS-CDS was performed during the same session of failed 
ERCP in all cases. Table 2 shows procedural details. All 
EUS-CDS (100%) were technically successful (LAMS group 
95% CI 90.3–100%; SEMS group 95% CI 83.2–100%). A 
10-mm diameter and 60-mm long fully covered SEMS was 
used in 17/20 patients. Stent sizes were not registered in 
the remaining three. SEMS with antimigration flaps were 
employed in 11 (55%) patients, and SEMS without antimi-
gration flaps in 9 (45%). LAMS were employed in 37 cases, 
Hot Axios in 30 cases and (cold) Axios in the remaining 
7, 5 of which were reported in a previous pilot study [9]. 
Coaxial double pigtail stents were placed through 22 of the 
37 LAMS and through 13 of the 20 SEMS. In 19 patients 
with concurrent symptomatic gastric outlet obstruction, dif-
ferent types of uncovered duodenal metal stents were placed 
during the same hospital admission, either within the same 
session, or within 72-h of the EUS-CDS procedure.

Unplanned procedural events were registered in 6 cases. 
In two cases of SEMS insertion, self-limited mild bleed-
ing was observed which required no treatment in one case 
and requiring adrenaline injection in another. LAMS-related 
unplanned procedural events were registered in 4 cases, 
including 2 distal flange dislodgements and 2 misdeploy-
ments. All these 4 LAMS-related unplanned procedural 
events were salvaged by insertion of a coaxial stent.

In the first two weeks after EUS-CDS, 9 patients (15.8%) 
had adverse events, 5 (13.5%; 95% CI 46.7–29.5%) in the 
LAMS group and 4 (20%; 95% CI 5.7–43.7%) in the SEMS 
group (p = 0.71), with no significant differences between 
both groups. None of the patients presented post-procedure 
pancreatitis. Four patients, 2 in each group, developed mild 

cholangitis or cholecystitis. Two patients with LAMS and 1 
patient with SEMS presented bile leakage requiring surgi-
cal revision and drainage placement. Thus, the incidence of 
severe short-term adverse events was 5.3% (3/57) overall.

Clinical success was achieved in 56 of these 57 patients 
(98.2% for the entire cohort), with no differences between 
patients with LAMS and SEMS (100% vs 95%, p = n.s).

Follow up

Forty-one patients had complete follow up. Patients 
with complete follow-up were followed for a mean of 
376 ± 145 days. At the end of follow up, 6 patients with 
SEMS and 16 patients with LAMS had died from their 
underlying disease. One patient with SEMS and 5 with 
LAMS completed the follow up period without adverse 
events and were still alive at the end of data collection. 13 
patients required reintervention during this period. There 
were no differences in overall survival between both groups.

Reintervention was required in 6 patients (16.2%; 95% CI 
6.2–32%) in the LAMS group and 7 patients (35%; 95%CI 
8.7–49.1%) in the SEMS group. All 13 patients were endo-
scopically managed. Five out of six LAMS patients who 
required reintervention and 4/7 SEMS patients developed 
symptomatic gastric outlet obstruction requiring duodenal 
stent placement. Additionally, one LAMS and three SEMS 
patients developed EUS-CDS dysfunction. The dysfunc-
tional LAMS was managed by coaxial pig tail placement, 
as previously reported [17]. Two dysfunctional SEMS were 
converted to transpapillary stent placement by EUS-CDS 
stent removal and through-the-fistula antegrade guidewire 
passage (two-stage rendezvous). Obstruction due to an 
adherent clot secondary to delayed bleeding was managed 

Table 2  Procedure description 
and outcomes

LAMS lumen apposing metal stent, SEMS self-expandable metal stent

LAMS (No. 37) SEMS (No. 20)

Type, n (%) Hot 31 (85.6%) Hanaro: 11 (55%)
Cold 7 (18.4%) Wallflex 8 (40%)

Bonastent 1 (5%)
Size (mm), n (%) 6 × 8 mm: 4 (10.8%) 60 × 10 mm: 17 (85%)

8 × 8 mm: 27 (73%) Not available: 3 (15%)
10 × 10 mm: 5 (13.5%)
Not available 1 (2.7%)

Coaxial pigtail, n (%) 22 (59.5%) 13 (65%)
Unplanned procedural events, n (%) 2 (5.4%) maldeployment 2 (10%) bleeding

2 (5.4%) dislodgement
Immediate adverse events, n (%) 1 (2.7%) cholangitis 1 (5%) cholangitis

1 (2.7%) cholecystitis 1 (5%) cholecystitis
2 (5.4%) bile leakage 1 (5%) bile leakage
1 (2.7%) other 1 (5%) other

Clinical success, n (%) 36 (94.7%) 20 (100%)
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by coaxial pigtail insertion in the remaining case of EUS-
CDS with SEMS dysfunction. There were no differences 
in reintervention rates between LAMS and SEMS groups.

Discussion

We retrospectively evaluated a large cohort of patients with 
distal malignant biliary obstruction and failed initial ERCP 
who underwent EUS-CDS, using SEMS or LAMS for bil-
iary drainage. We found that stent placement was technically 
successful in all cases and that this closely translated into 
clinical success (jaundice resolution). Adverse events within 
two weeks of EUS-CDS, however, were not negligible at 
15.8%. Reinterventions were required in 34% of patients 
with complete follow-up, largely due to new-onset gastric 
outlet obstruction (n = 9), but also because of EUS-CDS 
dysfunction (n = 4). We failed to find any evidence of the 
superiority of LAMS over SEMS for EUS-CDS in terms 
of technical success, clinical success, and adverse events. 
Conversely, the need for reintervention was not higher in 
LAMS versus SEMS, particularly reinterventions triggered 
by stent dysfunction.

Our data are consistent with previous studies on EUS-
CDS reporting high technical and clinical success rates with 
either LAMS (Table 3) [9–14] or SEMS (Table 4) [18–25]. 

Despite the assumed easier stent placement of LAMS com-
pared to SEMS or their potential for longer stent patency, 
this did not translate into any improved measurable clinical 
outcomes in our study. Given that the cost of LAMS is two 
to three times higher than that of SEMS, this lack of proven 
superiority raises concerns. The question of the relative 
performance of LAMS versus SEMS for EUS-CDS war-
rants further scrutiny, as EUS-BD is likely to play a greater 
role in the palliation of malignant biliary obstruction in the 
future. Three recent randomized trials comparing EUS-BD 
using SEMS to ERCP found similar technical and clinical 
success, with improved post-procedure adverse events and 
patient quality of life in the EUS-BD group [19, 22, 26]. In 
all these three randomized trials, EUS-CDS was performed 
with different types of covered SEMS.

There are several limitations to our study. As a retro-
spective study conducted at a single high-volume center 
over a relatively long timespan, inherent biases are pre-
sent and lack of generalizability is a strong possibility. 
EUS-CDS had been performed with SEMS at our center 
for more than a decade before dedicated biliary LAMS 
became available. Thus, biliary LAMS may have greater 
impact on EUS-CDS outcomes in practice settings where 
endoscopists are less familiar with EUS-CDS with SEMS. 
Furthermore, no uniform type of LAMS (cautery ena-
bled or not) or placement technique (over-the-wire or 

Table 3  Endoscopic ultrasound-guided choledochoduodenostomy with lumen apposing metal stents

LAMS lumen apposing metal stent, EC-LAMS electrocautery lumen apposing metal stent

Study/year of 
publication

Study design/
location

Etiology of 
distal biliary 
obstruction
n malignant/n 
total (%)

Type of EC-
LAMS

Size of EC-LAMS Technical (%) 
/clinical (%) 
success

Early (%)/late (%) 
adverse events

El Chafic et al. 
(2019)

Retrospective
Multi-center/

North America

40/41 (97.5%) EC-LAMS
(Axios)

10 × 10 mm 38 (92.7%)/36 
(87.8%)

4 (9.8%)/4 (9.8%)

Anderloni et al. 
(2019)

Retrospective
Single-center/

Europe

46/46 (100%) EC-LAMS 
(Axios)

6 × 8 mm/8 × 8 mm/10 × 10 mm 43 (93.5%)/42 
(91.3%)

1 (2.2%)/4 (8.7%)

Kunda et al. 
(2016)

Retrospective
Multi-center/

Europe

57/57 (100%) LAMS + EC-
LAMS 
(Axios)

6 × 8 mm/8 × 8 mm/10 × 10 mm/
15 × 10 mm

56 (98.2%)/54 
(94.7%)

4 (7%)/5 (8.8%)

Jacques et al. 
(2019)

Retrospective
Multi-center/

Europe

51/52 (100%) EC-LAMS
(Axios)

6 × 8 mm/8 × 8 mm/15 × 10 mm 46 (88.5%)/46 
(88.5%)

2 (3.8%)/7 
(13.5%)

Tsuchiya et al. 
(2018)

Prospective
Multi-center/

Asia

19/19 (100%) EC-LAMS 
(Axios)

6 × 8 mm/8 × 8 mm 19 (100%)/18 
(94.7%)

3 (15.8%)/5 
(26.3%)

Jacques et al. 
(2020)

Retrospective
Multi-center/

Europe

63/70 (90%) EC-LAMS 
(Axios)

6 × 8 mm/8 × 8 mm/15 × 10 mm 69 (98.6%)/69 
(98.6%)

2 (2.8%)/7 (10%)

Total 276/285 (96.8%) 271 
(98.1%)/265 
(96%)

16 (5.8%)/32 
(11.6)
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free-hand) was used throughout the study period by the 
two operators involved. Earlier versions of the Axios stent 
may have been more prone to unplanned procedural events 
than subsequent, improved versions. The relative merits 
of each stent type in different patient subsets based on 
the degree of common bile duct dilation or other factors 
could not be analyzed. A significant proportion of patients 
referred from outside institutions lacked follow-up data, 
again introducing bias.

After EUS-CDS reintervention was necessary in 13 of the 
38 patients with complete follow-up, mostly for duodenal 
stent placement (24%) and to a lesser extent for recurrent 
biliary obstruction (10%) Kunda et al. reported a reinter-
vention rate of 9.3% in a 54 patients case series with LAMS 
EUS-CDS [9], which is comparable to our results. However, 
75% of cases or recurrent biliary obstruction in our cohort 
occurred in SEMS patients. The placement of coaxial pig-
tails in 45/57 EUS-CDS might have contributed to prevent 
cholangitis caused by LAMS angulation in our series.

In conclusion, this is the first cohort of EUS-CDS in 
patients with unresectable distal malignant biliary obstruc-
tion and failed ERCP comparing clinical outcomes between 
SEMS and LAMS. Our study suggests equivalent outcomes 
for EUS-CDS for biliary drainage in patients with either type 
of stent in terms of technical or clinical success, unplanned 
procedural events, adverse events and reinterventions. As 
it has been the case with other interventional EUS proce-
dures such as drainage of walled-off pancreatic necrosis, 
the superiority of LAMS over other type of stents has been 
difficult to prove [27]. Advantages of SEMS over LAMS 
include lower cost and their ability to be placed via CDS into 
the CBD even with lesser degrees of dilation. Advantages 
of LAMS over SEMS include one-step insertion with the 
attendant possibility -yet unproven- of increased procedural 
safety. Long-term outcomes with either type of stent also 
warrant further scrutiny, as changing management algo-
rithms of malignant biliary obstruction increasingly tend to 
consider EUS-CDS for patients with longer life expectancy.

Table 4  Endoscopic ultrasound-guided choledochoduodenostomy with self-expandable metal stents

SEMS self-expandable metal stent, RCT  randomized clinical trial, EUS-BD endoscopic ultrasound-guided biliary drainage, EUS-CD endoscopic 
ultrasound-guided choledochoduodenostomy, EUS-HG endoscopic ultrasound-guided hepatico-gastrostomy, ERCP endoscopic retrograde chol-
angiopancreatography, FCSEMS fully covered self-expandable metal stent, PCSEMS partially covered self-expandable metal stent

Study/year of 
publication

Study design/loca-
tion

Etiology of distal 
biliary obstruction
n malignant/n total 
(%)

Type of stent Size of stent Technical (%)/
clinical (%) suc-
cess

Early (%)/late (%) 
adverse events

Bang et al.
(2018)

RCT (EUS-CD vs 
ERCP)/Single 
center/USA

33/33 (100%) FCSEMS
Viabil

8 × 60 mm 31 (90.9%)/32 
(97%)

7 (21.2%)/1(3%)

Khashab et al.
(2016)

Retrospective /
Multi-center/
international

56/56 (100%)
(4 plastic stents 

excluded)

FCSEMS N.A 52 (93.3%)/48 
(85.5%)

7 (12.5%)/7 (12.5%)

Paik et al.
(2018)

RCT (EUS-BD vs 
ERCP)/Multi-
center/South 
Korea

32/32 (100%) FCSEMS N.A 31 (96.9%)/29 
(90.6%)

2 (6.3%)/1 (3.1%)

Iwashita et al.
(2014)

Systematic review 97/97 (100%) FCSEMS N.A 91 (93.8%)/N.A 23 (23.7%)/N.A

Artifon et al.
(2015)

RCT (EUS-HG 
vs EUS-CD)/
Single-center/
Brazil

24/24 (100%) PCSEMS
Wallflex

60 × 10 mm 22 (91.6%)/19 
(79.2%)

4 (16.7%)/N.A

Cho et al.
(2017)

Prospective /
Single center/
Korea

33/33 (100%) PCSEMS Hybrid 
metal stents 
(Standard Sci 
Tech Inc)

8 to 10 mm × 5 to 
10 cm

33 (100%)/33 
(100%)

5 (15.2%)/5 (15.2%)

Poincloux et al.
(2015)

Retrospective/
Single center/
Europe

27/27 (100%)
(3 plastic stents 

excluded)

FCSEMS
Wallflex
Stent in stent [13]

10 mm × 60 or 
40 mm

26 (96.7%)/25 
(93.1%)

3 (11.1%)/3 (11.1%)

Dhir et al.
(2014)

Retrospective/
Multi-center/
India

68/68 (100%) FCSEMS
Wallflex

10 mm 65 (95.6%)/60 
(88.2%)

6 (8.8%)/N.A

Total 370/370 (100%) 351 (94.5%)/
(90%)

57 (15.4%)/17 
(9.4%)
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