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Covered self-expandable metallic stents versus plastic stents for endoscopic 
ultrasound-guided hepaticogastrostomy in patients with malignant 
biliary obstruction

Covered SEMS might be a better option for EUS-HGS in patients with unresectable malignancies, given the longer time to 
recurrent biliary obstruction.

Kaplan-Meier curves of TRBO
according to the type of stent 

with a favorable TRBO: combined EUS-guided antegrade stenting 
Multivariate analysis identi�ed two independent factors associated

with EUS-HGS and the use of covered SEMS.
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Background/Aims: Covered self-expandable metallic stents (cSEMS) have become popular for endoscopic ultrasound-guided hepati-
cogastrostomy with transmural stenting (EUS-HGS). We compared the time to recurrent biliary obstruction (TRBO), complications, 
and reintervention rates between EUS-HGS using plastic stent (PS) and cSEMS in patients with unresectable malignancies at multi-
center institutions in Japan. 
Methods: Patients with unresectable malignant biliary obstruction who underwent EUS-HGS between April 2015 and July 2020 at any 
of the six participating facilities were enrolled. Primary endpoint: TRBO; secondary endpoints: rate of complications other than recur-
rent biliary obstruction and technical success rate of reintervention were evaluated. 
Results: PS and cSEMS were used for EUS-HGS in 109 and 43 patients, respectively. The TRBO was significantly longer in the cSEMS 
group than in the PS group (646 vs. 202 days). Multivariate analysis identified two independent factors associated with a favorable 
TRBO: combined EUS-guided antegrade stenting with EUS-HGS and the use of cSEMS. No significant difference was observed in the 
rate of complications other than recurrent biliary obstruction between the two groups. The technical success rate of reintervention was 
85.7% for PS and 100% for cSEMS (p=0.309). 
Conclusions: cSEMS might be a better option for EUS-HGS in patients with unresectable malignancies, given the longer TRBO. 

Keywords: Bile duct obstruction; Biliary fistula; Drainage; Endoscopic ultrasonography

INTRODUCTION 

Endoscopic retrograde cholangiopancreatography (ERCP) is 
the gold standard for palliative treatment to relieve biliary ob-
structions in patient with unresectable malignancies.1 However, 
it is sometimes very challenging to access or cannulate the ma-
jor papilla for ERCP due to surgically altered anatomy or malig-
nant duodenal obstruction. Under these circumstances, percu-
taneous transhepatic biliary drainage (PTBD) and enteroscopy 
(including single-balloon enteroscopy and double-balloon 
enteroscopy)-assisted ERCP (e-ERCP) have been widely per-
formed as alternative procedures to ERCP.2,3 While these tech-
niques have several advantages, they also have disadvantages: 
PTBD is associated with a higher risk of complications and the 
need for external drainage, whereas e-ERCP is a time-consum-
ing procedure and is associated with the risk of severe compli-
cations, such as perforation and pancreatitis.4,5 

In recent years, endoscopic ultrasound-guided hepaticogas-
trostomy with transmural stenting (EUS-HGS) has been report-
ed as an alternative treatment for ERCP, PTBD, and e-ERCP.6,7 
EUS-HGS is feasible even in patients with a surgically altered 
anatomy or malignant duodenal obstruction. In addition, the 
risk of post-ERCP pancreatitis caused by traumatic papillary ir-
ritation was reduced in EUS-HGS.8 However, EUS-HGS is still 
challenging because of the complexity of the procedure, risk 
of severe adverse events, including stent migration, and lack of 
dedicated devices.9 In addition, there are several problems to 
be resolved before EUS-HGS can be optimized. One of these is 
the stent selection. Previous reports indicate that the majority 

of endoscopists prefer fully/partially covered self-expandable 
metallic stents (cSEMS) to plastic stents (PS)10 because they are 
considered to afford longer stent patency, reduced bile leak-
age, and easier reintervention.9 However, this preference is still 
based on the opinions of experts and evidence is still lacking, 
as no studies have been conducted to evaluate the advantages 
of cSEMS over PS for EUS-HGS in patients with unresectable 
malignancies.11 Therefore, we performed a retrospective multi-
center comparative study of cSEMS and PS to determine which 
of the two might be optimal for EUS-HGS in patients with un-
resectable malignancies. 

METHODS 

Patients 
This retrospective multicenter study included patients with 
unresectable malignancies who underwent EUS-HGS between 
April 2015 and July 2020 at any of the six participating facilities 
in Japan. We retrospectively reviewed the hospital medical re-
cords and endoscopy reports of the patients and retrieved data 
on patient characteristics, EUS-HGS procedure used, and com-
plications related to EUS-HGS. 

Endpoints, outcome measures and definitions 
The primary endpoint was time to recurrent biliary obstruction 
(TRBO). The secondary endpoints were the rate of compli-
cations other than recurrent biliary obstruction (RBO) and 
technical success rate of reintervention. The indications for 
EUS-HGS were categorized as follows: inaccessible papilla 
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due to malignant duodenal or gastric outlet obstruction; dif-
ficulty in cannulation via the papilla; isolated intrahepatic bile 
duct obstruction for which a transpapillary approach was not 
possible; surgically altered anatomy; and recurrent ascending 
cholangitis associated with transpapillary stenting. Technical 
success was defined as the successful deployment of a cSEMS/
PS to the intended location, and functional success was defined 
as a 50% decrease or normalization of the serum total bilirubin 
level within 14 days of stent placement, according to the Tokyo 
criteria 2014.12 In cases of cholangitis without elevation of the 
serum total bilirubin level, improvement of cholangitis was also 
defined as functional success. RBO was defined as cholangitis 
or stent occlusion; both stent occlusion and migration that 
necessitated reintervention were included under RBO. Stent 
occlusion was diagnosed if the patients had obstructive jaun-
dice with serum bilirubin elevation and/or biliary duct dilata-
tion and disappearance of air in the biliary tract on computed 
tomography or abdominal ultrasonography.13 Overall survival 
(OS) was defined as the period from the day of EUS-HGS to 
the day of death or final follow-up. TRBO was calculated from 
the day of EUS-HGS to the day of RBO diagnosis or the day of 
death of the patient/final follow-up. 

Statistical analysis 
TRBO and OS were estimated using the Kaplan-Meier method 
and compared between groups using the log-rank test. Hazard 
ratios (HR) were calculated using a Cox proportional haz-
ards model. To identify factors independently influencing the 
TRBO, variables that were identified as statistically significant 
(p<0.05) by univariate analysis were entered into the multivar-
iate analysis model. Categorical variables were compared using 
Fisher exact test and continuous variables were compared using 
the Mann-Whitney U test or Kruskal-Wallis test, as appropri-
ate. All statistical analyses were performed using R ver. 4.0.3 (R 
Foundation for Statistical Computing).  

EUS-HGS technique 
Patients received intravenous midazolam and pethidine hydro-
chloride prior to the procedure for sedation as needed during 
the procedure. Carbon dioxide insufflation of the abdominal 
cavity was performed. A curvilinear array echoendoscope (GF-
UCT-240 or GF-UCT-260; Olympus Medical Systems; EG-
580-UT; Fujifilm Corp.) was used for the procedure, and color 
Doppler was used to identify the regional vasculature. After 
visualization of the bile duct from the stomach by endoscopic 

ultrasound, the bile duct selected for puncture, which was left 
to the discretion of the endoscopists at each facility, was punc-
tured with a 19-G or 22-G fine-needle aspiration needle. After 
the puncture, contrast medium was injected to confirm that 
the tip of the needle was within the bile duct. Then, a sufficient 
length of 0.025- or 0.018-inch guidewire was inserted into the 
bile duct or duodenum, followed by deployment of the stent 
with or without tract dilatation. In patients in whom the tract 
was dilated, dilatation was performed using a balloon, mechan-
ical, or electrocautery dilator device; selection was also left to 
the discretion of the endoscopists at each facility. Finally, a PS (7- 
or 8-Fr×14 or 15 cm, Through & Pass Type-IT; Gadelius Medi-
cal; 7- or 8.5-Fr×7, 10, 12, or 15 cm, Flexima; Boston Scientific 
Japan; 7- or 8.5-Fr×11 or 15 cm; QuickPlace V; Olympus Medi-
cal Systems) or a cSEMS (10 mm×6 cm, WallFlex fully covered; 
Boston Scientific Japan; 6 or 8 mm×10 cm, Hanaro-stent fully 
covered; MI Tech; 8 or 10 mm×9, 10, or 12 cm; Niti-S S-type 
partially covered; 6 mm×12 cm, Niti-S S-type fully covered; 
Taewoong Corporation) was deployed. Antibiotics were admin-
istered to all patients before the EUS-HGS procedure. 

Ethical statements 
This study was reviewed and approved by the Institutional 
Review Board of the National Cancer Center Hospital East on 
February 16, 2021 (approval number: 2020-490). The need for 
informed consent was waived by the institutional review board 
at each facility because the study was a retrospective chart re-
view and caused no more than minimal risk to the patients. 
The study was conducted following the criteria set by the Dec-
laration of Helsinki, and patients’ information were kept con-
fidential. The authors obtained informed consent from all the 
patients. 

RESULTS 

Patient characteristics 
A total of 154 patients were enrolled in the study. Of these, a 
PS was used in 109 patients and a cSEMS in 43 patients, while 
the stent failed to be deployed in two patients (technical success 
rate: 98.7%). No significant differences were observed in age, 
sex ratio, history of prior transpapillary drainage, distribution of 
the Eastern Cooperative Oncology Group performance status, 
diagnosis, site of biliary obstruction, and indications for EUS-
HGS between the two groups (Table 1).  
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Outcomes of EUS-HGS  
The functional success rate was 88.2% (85.3% for PS and 95.3% 
for cSEMS; p=0.149), with no significant difference between 
the two groups. A significant difference was observed in the 
bile duct selected for puncture between the two groups, with a 
higher frequency of B2 punctures in the PS group and a high-
er frequency of B3 punctures in the cSEMS group (p=0.007). 
The device used for tract dilatation also differed significantly 
between the two groups, with a higher frequency of use of a 
mechanical dilator in the PS group and a higher frequency of 
use of a balloon dilator or electrocautery dilator device in the 
cSEMS group (p<0.001). No significant difference was observed 
in the frequency of combined biliary drainage of EUS-guided 
antegrade stenting with EUS-HGS (EUS-HGAS) or procedure 
time between the two groups (Table 2). 

Analysis of OS and TRBO 
The median follow-up duration of the surviving patients was 
322 days (95% confidence interval [CI], 218–494) (Kaplan-Mei-

er estimate). The OS analysis included 91 deaths (59.9%) 
among the 152 patients. The median OS was 189 days (95% 
CI, 99–270) in the PS group and 164 days (95% CI, 95–281) 
in the cSEMS group (Fig. 1), with no significant difference 
(p=0.757) in the OS between the two groups. Analysis of TRBO 
was conducted based on 134 patients who achieved functional 
success, including 47 cases of RBO (35.1%). The median TRBO 
was 202 days (95% CI, 127–365) in the PS group and 646 days 
(95% CI, 217–not available) in the cSEMS group (Fig. 2), which 
was significantly longer in the cSEMS group than in the PS 
group (p=0.045). The non-RBO complication rates at 3, 6, and 
12 months were 72.9%, 55.4%, and 35.3%, respectively, in the 
PS group and 85.0 %, 75.5 %, and 51.5 %, respectively, in the 
cSEMS group. 

Factors associated with TRBO 
Univariate and multivariate logistic regression analyses were 
performed to identify the risk factors for TRBO in the study 
cohort. Univariate analysis identified gastric cancer, EUS-

Table 1. Baseline characteristics
Characteristic PS (n=109) cSEMS (n=43) p-value
Age (yr) 70 (32–85) 69 (32–90) 0.278
Age (yr) 0.355
  <70 50 (45.9) 24 (55.8)
  ≥70 59 (54.1) 19 (44.2)
Male sex 71 (65.1) 31 (72.1) 0.528
ECOG PS 0.310
  0, 1 84 (77.1) 37 (86.0)
  2 or more 25 (22.9) 6 (14.0)
Diagnosis 0.170
  Pancreatic cancer 44 (40.4) 18 (41.9)
  Bile duct cancer 25 (22.9) 16 (37.2)
  Gastric cancer 22 (20.2) 6 (14.0)
  Others 18 (16.5) 3 (7.0)
Site of biliary obstruction 0.396
  Distal 61 (56.0) 28 (65.1)
  Perihilar 48 (44.0) 15 (34.9)
Prior transpapillary drainage, yes 51 (46.8) 18 (41.9) 0.712
  Indication for EUS-HGS 0.121
  Inaccessible papilla 42 (38.5) 13 (30.2)
  Isolated intrahepatic bile duct obstruction 28 (25.7) 5 (11.6)
  Recurrent ascending cholangitis due to a transpapillary stent 12 (11.0) 9 (20.9)
  Surgically altered anatomy 14 (12.8) 8 (18.6)
  Failed biliary cannulation 13 (11.9) 8 (18.6)

Values are presented as median (range) or number (%).
PS, plasic stent; cSEMS, fully or partially covered self-expandable metallic stent; ECOG PS, Eastern Cooperative Oncology Group performance status; 
EUS-HGS, endoscopic ultrasound-guided hepaticogastrostomy with transmural stenting.
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Table 2. Outcomes of endoscopic ultrasound-guided hepaticogastrostomy and transmural stenting
PS (n=109) cSEMS (n=43) p-value

Functional success, yes 93 (85.3) 41 (95.3) 0.149
Punctured bile duct 0.007
  B2 71 (65.1) 17 (39.5)
  B3 38 (34.9) 26 (60.5)
Tract dilator <0.001
  Mechanical 64 (58.7) 12 (27.9)
  Balloon 19 (17.4) 17 (39.5)
  Electrocautery 15 (13.8) 14 (32.6)
  None 11 (10.1) 0 (0)
EUS-HGAS, yes 26 (23.9) 5 (11.6) 0.144
Procedure time (min) 30.0 (8.0–187.0) 41.0 (15.0–150.0) 0.125

Values are presented as number (%) or median (range).
PS, plastic stent; cSEMS, fully/partially covered self-expandable metallic stent; B2, segment 2 bile duct; B3, segment 3 bile duct; EUS-HGAS, combined 
endoscopic ultrasound-guided antegrade stenting with endoscopic ultrasound-guided hepaticogastrostomy and transmural stenting.

HGAS, and the use of cSEMS as being associated with a sig-
nificantly lower risk of TRBO. Multivariate analysis performed 
using these factors identified two factors as being significantly 
independently associated with a favorable TRBO, including 
EUS-HGAS (HR, 0.13; 95% CI, 0.03–0.58; p=0.002) and use of 
cSEMS (HR, 0.28; 95% CI, 0.12–0.66, p=0.003) (Table 3). 

Complications 
No significant difference was observed in the rate of complica-
tions other than RBO between the two groups (12.8% in the PS 
group vs. 25.6% in the cSEMS group, p=0.088). Moderate acute 
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Fig. 1. Kaplan-Meier curves of overall survival (OS) according to 
the type of stent. No significant diferrence was observed between 
the two groups (p=0.757). The median OS was 189 days (95% confi-
dence interval [CI], 99–270) in the plastic stent (PS) group and 164 
days (95% CI, 95–281) in the covered self-expandable metallic stent 
(cSEMS) group.
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Fig. 2. Kaplan-Meier curves of time to recurrent biliary obstruction 
(TRBO) according to the type of stent. TRBO of the covered self-ex-
pandable metallic stent (cSEMS) group was significantly longer than 
that of the PS group (p=0.045). Median TRBO was 202 days (95% 
confidence interval [CI], 127–365) in the plastic stent (PS) group and 
646 days (95% CI, 217–NA) in the cSEMS group. Non-RBO rates at 3, 
6, and 12 months were 72.9%, 55.4% and 35.3% in the PS group and 
85.0%, 75.5% and 51.5% in the cSEMS group, respectively. NA, not 
available.
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Table 3. Univariate and multivariate analysis to identify the risk factors for recurrent biliary obstruction 
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value
Age (yr) <70 vs. ≥70 1.04 (0.58–1.86) 0.907
Sex Female vs. male 0.79 (0.42–1.48) 0.457
ECOG PS 0, 1 vs. 2 or more 0.89 (0.35–2.27) 0.807
Diagnosis Pancreatic cancer Reference Reference

Bile duct cancer 1.06 (0.55–2.05) 0.868 1.03 (0.47–2.26) 0.940
Gastric cancer 0.20 (0.06–0.66) 0.008 0.27 (0.07–1.00) 0.050
Others 0.54 (0.18–1.57) 0.257 0.27 (0.07–1.10) 0.067

Site of biliary obstruction Distal vs. perihilar 1.31 (0.73–2.35) 0.357
Prior transpapillary drainage No vs. yes 1.55 (0.86–2.79) 0.142
Indication for EUS-HGS Failed biliary cannulation Reference

Isolated intrahepatic bile duct obstruction 0.96 (0.33–2.80) 0.947
Recurrent ascending cholangitis due to a 

transpapillary stent
1.44 (0.47–4.36) 0.522

Surgically altered anatomy 0.69 (0.21–2.24) 0.535
Inaccessible papilla 0.97 (0.35–2.71) 0.953

Puncture bile duct B2 vs. B3 1.05 (0.58–1.87) 0.882
EUS-HGAS No vs. yes 0.15 (0.04–0.60) 0.008 0.13 (0.03–0.58) 0.002
Type of stent PS vs. cSEMS 0.50 (0.25–1.00) 0.049 0.28 (0.12–0.66) 0.003

HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EUS-HGS, endoscopic ultrasound-guid-
ed hepaticogastrostomy with transmural stenting; B2, segment 2 bile duct; B3, segment 3 bile duct; EUS-HGAS, combined endoscopic ultrasound-guided 
antegrade stenting with endoscopic ultrasound-guided hepaticogastrostomy and transmural stenting; PS, plastic stent; cSEMS, fully/partially covered 
self-expandable metallic stent.

Table 4. Complications 
PS cSEMS p-value

Complications other than RBO (n=152)a)

  Any 14 (12.8) 11 (25.6) 0.088
  Bile leakage 6 (5.5) 1 (2.3) 0.674
  Bleeding 1 (0.9) 3 (7.0) 0.069
  Peritonitis 3 (2.8) 2 (4.7) 0.622
  Pancreatitis 1 (0.9) 0 (0) 1
  Liver abscess 0 (0) 2 (4.7) 0.079
  Mediastinal emphysema 0 (0) 1 (2.3) 0.283
  Ulcer 0 (0) 1 (2.3) 0.283
  Septic shock 4 (3.7) 0 (0) 0.578
  Stent migration 0 (0) 2 (4.7) 0.079
RBO (n=134)b)

  Any 35 (37.6) 12 (29.3) 0.433
  Sludge 27 (29.0) 8 (19.5) 0.471
  Food impaction 1 (1.1) 1 (2.4) 0.450
  Hyperplasia 0 (0) 3 (7.3) 0.014
  Stent migration 2 (2.2) 0 (0) 1
  Unknown 5 (5.4) 0 (0) 0.309

Values are presented as number (%).
PS, plastic stent; cSEMS, full/partially covered self-expandable metallic 
stent; RBO, recurrent biliary obstruction.
a)PS (n=109), cSEMS (n=43); b)PS (n=93), cSEMS (n=41).

pancreatitis occurring in one patient in the PS group who had 
undergone EUS-HGAS was managed successfully by conser-
vative treatment. Liver abscess in the left lobe was identified in 
two patients and occurred 11 and 30 days after the EUS-HGS 
procedure, respectively. A cSEMS was deployed in segment 2 
of the bile duct (B2) in both cases. In both patients, the liver 
abscess was larger than 5 cm in diameter, which necessitated 
abscess drainage and prolonged hospitalization. However, both 
patients recovered and were discharged. Mediastinal emphy-
sema occurred in one patient in the cSEMS group, in whom 
an electrocautery dilator device was used. The only symptom 
of mediastinal emphysema that the patient presented with 
was chest pain, which was manageable with analgesic and an-
tibiotic therapy. With this conservative therapy, a follow-up 
CT performed 10 days after the EUS-HGS procedure showed 
disappearance of mediastinal emphysema. Asymptomatic stent 
migration to the gastric side was incidentally observed in two 
patients in the cSEMS group; however, no treatment was re-
quired because neither patient revealed any abnormal laborato-
ry findings (Table 4). 

The percentage of patients who developed RBO was not 
significantly different between the two groups (37.6% in the 
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PS group and 29.3% in the cSEMS group, p=0.433). The most 
common cause of RBO was sludge in both the groups. RBO 
caused by tissue hyperplasia was found in three patients in the 
cSEMS group but in none of the patients in the PS group. Stent 
migration related to RBO was observed in two patients in the 
PS group, and the stent had migrated to the gastric side in both 
patients. 

Reintervention analysis 
Reintervention was performed in all patients who developed 
RBO. No significant difference was observed in the technical 
success rate of reintervention (85.7% [30/35] in the PS group 
and 100% [12/12] in the cSEMS group, p=0.309) and median 
reintervention procedure time (29.5 minutes [range, 11–132] 
in the PS group and 28.0 minutes [range, 14–75] in the cSEMS 
group, p=0.754) between the two groups.  

DISCUSSION 

EUS-HGS is often performed for palliation in patients with 
biliary obstruction due to unresectable malignancies, the ma-
jority of whom are undergoing chemotherapy. Long-term stent 
patency and low complication rates are crucial to maintain 
the performance status of these patients and to allow them to 
continue to receive chemotherapy and have the best chance of 
survival. In addition, as the prognosis of patients with unre-
sectable malignancies has improved with advances in chemo-
therapy, the role of reintervention is also increasing. In view of 
the aforementioned issues, optimal stent selection is an issue 
that inevitably needs to be addressed. The use of cSEMS has 
gained popularity in patients undergoing EUS-HGS because 
it affords longer stent patency, reduced bile leakage, and easier 
reintervention.9 However, no comparative studies between PS 
and cSEMS have been performed; thus, evidence for the advan-
tages of cSEMS is still lacking. This is the first study conducted 
in a relatively large number of patients from six participating 
facilities, to compare the TRBO, rate of complications, and rate 
of reintervention between patients receiving PS and cSEMS for 
EUS-HGS. In our cohort, multivariate analysis performed using 
ten variables identified two factors, including the use of cSEMS 
and EUS-HGAS, as independent predictors of favorable TRBO. 
We also demonstrated lack of significant differences in the rate 
of complications, including bile leakage and technical success 
rate of reintervention, between the PS and cSEMS groups. 

Theoretically, EUS-HGS using a cSEMS is considered to af-

ford longer stent patency due to the larger diameter of the stent, 
as in transpapillary biliary drainage.14 However, the differences 
between transpapillary biliary drainage and EUS-HGS still need 
to be considered, such as the location of the stent and whether 
the stent traverses a malignant stricture, which could affect the 
risk of RBO. Our results in this study support that even in the 
case of EUS-HGS, cSEMS affords longer stent patency than PS 
in patients with unresectable malignancies.11 Recently, EUS-
HGAS has been reported as an advanced palliative technique 
for obtaining long-term stent patency. Ogura et al.13 reported 
the clinical benefits of long stent patency in 49 patients who un-
derwent EUS-HGAS, and mentioned that double-stent deploy-
ment could offer longer stent patency than EUS-HGS alone. 
Indeed, our study identified EUS-HGAS as an independent 
predictor of favorable TRBO. 

No significant difference was observed in OS between the 
two groups. Therefore, the impact of patient death on TRBO 
is not biased. In addition, while the TRBO was significantly 
shorter in the PS group than in the cSEMS group, the patients’ 
survival in the latter part of the Kaplan-Meier curve was not 
significantly different. This suggests that the management of 
RBO in patients might be appropriate and crucial. The func-
tional success rate in the cSEMS group was higher than that in 
the PS group (85% and 95%, respectively; p=0.130), although 
the difference was not statistically significant. This result could 
also be attributed to the larger diameter of the cSEMS. 

In the present study, approximately one-third of the patients 
in both groups developed RBO, mainly due to sludge. Howev-
er, the type of stent may also play a role, at least in part; RBO 
caused by tissue hyperplasia was significantly more frequent 
in the cSEMS group than in the PS group (7% and 0%, respec-
tively; p=0.014). Nakai et al.15 reported that tissue hyperplasia 
is the major cause of RBO in patients undergoing EUS-HGS 
with cSEMS. This is generally believed to be caused by a mis-
match between the size of the stent and the luminal diameter of 
the intrahepatic bile duct, although this hypothesis has not yet 
been validated and further study is required. Stent migration 
was observed in four patients, including two from the PS group 
and two from the cSEMS group. In all cases, the stent migrated 
to the gastrointestinal side. Interestingly, two patients in the 
cSEMS group who developed stent migration did not develop 
RBO, suggesting that the fistula might have been well sustained 
and served as a drainage route because of the large diameter 
of the cSEMS. In contrast, two patients in the PS group who 
developed stent migration developed RBO and required rein-
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tervention. In one of these patients, the fistula was identified 
endoscopically and an uncovered SEMS was deployed; in the 
other patient, the fistula could not be detected endoscopically, 
so additional EUS-HGS was performed with successful deploy-
ment of the PS. None of the patients developed RBO until the 
end of the follow-up period. 

The reported rate of complications other than RBO after 
EUS-HGS in previous studies was 7% to 41%.16 From the 
standpoint of the risk of complications, especially bile leakage, 
cSEMS are considered preferable. However, endoscopists must 
be aware of the potential risk of cSEMS, including obstruction 
of the side branches of the biliary tract, which can lead to chol-
angitis or liver abscess. In our cohort, the rate of complications 
other than RBO was 16.4%, with no significant difference 
between the two groups. Consistent with previous reviews of 
EUS-HGS, the frequency of bile leakage was higher in the PS 
group than in the cSEMS group in this study, although the 
difference did not reach statistical significance.9,10 Therefore, 
to prevent bile leakage, in addition to the selection of the ap-
propriate stent, attention should also be paid to the distance 
from the intrahepatic bile duct to the liver surface. Yamamoto 
et al.17 reported that a short distance of the tract in the liver 
parenchyma (<2.5 cm) is an independent predictor of the risk 
of bile leakage. This is because the liver parenchyma may ex-
ert tamponade effects. We also encountered two patients who 
developed a liver abscess in the left hepatic lobe after cSEMS 
placement in B2. Considering the location of the abscess, we 
surmised that it might have been caused by blockage of side 
branches. A partially covered SEMS (pcSEMS) is often used to 
avoid blockage of the biliary side branches. However, it might 
still be challenging to prevent side branch blockage because the 
uncovered portion in a conventional pcSEMS is no greater than 
5 mm in length. In EUS-HGS, the stent length in the intrahe-
patic bile duct should be at least 20 mm to prevent migration. 
Thus, even if a pcSEMS is used, the covered portion is deployed 
into the intrahepatic bile duct, which is associated with the risk 
of side-branch blockage. In fact, the pcSEMS was deployed in 
both patients. Recently, a dedicated pcSEMS (EGIS biliary stent, 
double-covered; S&G Biotech Inc.) for EUS-HGS was devel-
oped.18 Compared to the conventional pcSEMS, the uncovered 
portion at the distal end of this new stent is sufficiently long to 
prevent side branch obstruction. In addition, the stent had a ra-
diopaque marker, indicating the end of the uncovered portion. 
These advantages may reduce the risk of side-branch blockage. 
Mediastinal emphysema was observed during the procedure in 

one patient in the cSEMS group. The transesophageal approach 
has been reported to carry the potential risk of severe compli-
cations, including mediastinal emphysema, mediastinitis, and 
pneumothorax.19 In this patient, B2 was punctured via the gastric 
wall just below the esophagus, and the tract was subsequently 
dilated with an electrocautery dilator. When puncturing B2, we 
carefully visualized the crus of the diaphragm using EUS to avoid 
mediastinal punctures. However, both the damaging effect of the 
self-expandable system of cSEMS and the burning effect of the 
electrocautery dilator on the diaphragm and the consequent risk 
of mediastinal emphysema should also be considered. 

In the present study, no significant difference was observed in 
the technical success rate of reintervention or the time taken for 
the reintervention procedure between the two groups. However, 
it is worth noting that the technical success rate of the reinter-
vention was 100% in the cSEMS group. In patients in whom a 
cSEMS was used, reintervention, including stent-in-stent place-
ment and balloon sweeping, was performed using the existing 
cSEMS. Technically, it was relatively easy to perform because 
of the large diameter of the cSEMS. In contrast, in patients in 
whom PS had been used, reintervention usually necessitated 
stent exchange. From this viewpoint, planned stent exchange 
of the PS with the cSEMS could contribute to reducing the 
incidence of cholangitis secondary to stent occlusion. Before 
the PS is changed, a guidewire needs to be introduced into the 
intrahepatic bile duct through or along the PS using an ERCP 
catheter. If this fails, the PS should be retrieved, followed by de-
tection of the fistula using the guidewire. These procedures are 
technically challenging and could have contributed to the lower 
success rate of reintervention in the PS group. As the number of 
patients who underwent reintervention was small in this study, 
further accumulation of patients would be desirable to obtain 
more robust results. 

This study has several limitations. First, it was a non-ran-
domized retrospective study, which is often associated with a 
selection bias. Thus, various types of cSEMS and PS were used 
in this study. A randomized controlled study is required to 
draw definitive conclusions about the optimal stent selection 
for EUS-HGS for malignant biliary obstructions. However, we 
included a relatively large number of patients (n=154) in this 
study, and EUS-HGS was performed by different endoscopists 
at the six participating facilities, which could contribute to the 
validity of our results and show real-world results. Second, the 
EUS-HGS procedure used, including the bile duct segment 
puncture and the tract dilator device used, differed significantly 
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between the two groups, which could have influenced the out-
comes of EUS-HGS. In terms of TRBO, our multivariate anal-
ysis revealed that neither factor had a significant effect on this 
outcome. However, we could not analyze the influence of these 
two factors on the rate of complications. A previous study re-
ported that the use of an electrocautery dilator device, including 
a needle knife, was associated with a higher rate of complica-
tions.20-22 Therefore, a high-quality study in a larger cohort is re-
quired using a design that excludes the effect of the tract dilator 
used on the risk of complications. Third, due to the nature of 
unresectable malignancies, 50 patients (37.3%) died (censored) 
without RBO. This resulted in an increase in variability in the 
latter part of the Kaplan-Meier curves of TRBO. 

Our study suggests the advantages of cSEMS over PS for 
EUS-HGS in patients with unresectable malignancies regarding 
RBO, as shown in similar previous studies. Therefore, it is an-
ticipated that newer cSEMS specifically designed for EUS-HGS 
can be used to standardize the use of cSEMS. 
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