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Abstract
Background Recently, endoscopic ultrasound (EUS)-guided hepaticogastrostomy (HGS) combinedwith antegrade stenting (AS)
has been reported to be associated with longer stent patency and reduced procedure-related adverse events. In EUS-AS, an
uncovered metal stent is usually selected to prevent stent misplacement or dislocation. However, because patient survival has
improved with advances in chemotherapy, longer stent patency may be required.
Aim The technical feasibility and safety of EUS-guided transhepatic biliary drainage combined with EUS-AS using a novel
covered metal stent were evaluated.
Methods Patients with malignant biliary obstruction leading to obstructive jaundice, in whom standard ERCP had failed or was
contraindicated, were enrolled in this study between July 2015 and October 2017. As the control group, patients undergoing
EUS-AS using an uncovered metal stent were enrolled between October 2014 and June 2015.
Results A total of 39 patients were enrolled in this study. Among them, EUS-AS using a covered metal stent was performed in 17
patients and using an uncoveredmetal stent in the remaining 22 patients.Median stent patency including stent dysfunction and patient
death was longer in the covered metal stent group (153 days) compared with that of the uncovered metal stent group (108 days)
although there were no significant differences (P = 0.06). In only cases with stent dysfunction was median stent patency of the
covered metal stent group significantly longer than that of the uncovered metal stent group (not available vs 150 days, P = 0.02).
Conclusions In conclusion, EUS-guided transluminal biliary drainage combined with EUS-AS using a covered metal stent may
be feasible and safe, although the indications for this procedure should be carefully considered.
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Introduction

Malignant biliary obstruction is usually treated by biliary drain-
age under endoscopic retrograde cholangiopancreatography
(ERCP) guidance. However, if ERCP fails due to difficult can-
nulation, duodenal obstruction, or surgical-altered anatomy,
percutaneous transhepatic biliary drainage (PTBD) is indicated

as an alternative method. Although this procedure is well
established, it is associated with several disadvantages, such
as cosmetic problems and the need for external drainage.

Endoscopic ultrasound-guided biliary drainage (EUS-BD)
has been developed as another alternative technique.1–10

EUS-BD can be performed via two main approach routes.
The first route is transhepatic, such as by EUS-guided
hepaticogastrostomy (HGS) or hepaticojejunostomy (HJS).
The second route is transduodenal, via EUS-guided
choledochoduodenostomy or gallbladder drainage. Recently,
EUS-HGS combined with antegrade stenting (AS) has been
reported to be associated with longer stent patency and reduced
procedure-related adverse events.11–15 In EUS-AS, an uncov-
ered metal stent is usually selected to prevent stent misplace-
ment or dislocation. However, because patient survival has
improved with advances in chemotherapy, longer stent patency
may be required. Recently, a novel covered metal stent with a
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fine gauge stent delivery system has become available in Japan.
In this pilot study, the technical feasibility and safety of EUS-
guided transhepatic biliary drainage combined with EUS-AS
using this novel covered metal stent were evaluated.

Patients and Methods

Patients with malignant biliary obstruction leading to obstruc-
tive jaundice, in whom standard ERCP had failed or was con-
traindicated, such as due to duodenal obstruction or surgical-
altered anatomy, were enrolled in this study between July
2015 and October 2017. As the control group, patients under-
going EUS-AS using an uncovered metal stent (Zilver635
biliary self-expanding stent, Cook Medical, Bloomington,
IN, USA) were enrolled between October 2014 and June
2015. This pilot study was approved by the institutional re-
view board of Osaka Medical College. Written, informed
consent was obtained from all patients.

Characteristics of the Novel Metal Stent
and Performance of EUS-BD

In this study, a novel covered metal stent (NIR) was used for
EUS-AS. This covered metal stent consists of laser-cut metal
membranes (Fig. 1a), whichminimizes shortening of the stent.
In addition, the size of the stent delivery system is only 7.5 Fr
and it has a fine gauge tip, despite the stent being a covered
metal stent (Fig. 1b). Therefore, insertion of this stent into the
stricture site through the fistula may be easy compared to that
of other covered metal stents.

EUS-BD was performed under conscious sedation using
midazolam and pentazocine hydrochloride. An echoendoscope
(UCT 260, Olympus Optical Co. Ltd., Tokyo, Japan) connect-
ed to an ultrasound device (SSD5500; Aloka Medical Ltd.,
Tokyo, Japan) was advanced into the intestine or stomach.
Following visualization of the intrahepatic bile duct, it was
punctured using a 19-G fine-needle aspiration (FNA) needle
(SonoTip Pro Control; Medi-Globe GmbH, Rohrdorf,
Germany). After bile juice was aspirated, the contrast medium
was injected into the biliary tract through the FNA needle.
Next, the 0.025-in. guidewire (VisiGlide 1; Olympus Medical
Systems, Tokyo, Japan) was advanced into the common bile
duct. To facilitate adequate cholangiography and to improve

guidewire operation, an ERCP catheter (MTW Endoskopie
Co., Dusseldorf, Germany) was inserted into the biliary tract.
After the obstruction site was evaluated in the biliary tract
(Fig. 2a), the guidewire was advanced into the intestine across
this site (Fig. 2b). Next, the novel metal stent was inserted
without fistula dilation, and advanced across the obstruction
site (Fig. 2c). If stent insertion was difficult, additional fistula
dilation was performed using a balloon catheter (REN biliary
dilation catheter, KANEKA Co., Inc., Osaka, Japan). EUS-AS
was carefully performed under fluoroscopic guidance
(Fig. 2d). If obstruction was present in the lower common bile
duct, transpapillary stent placement was performed. If the mid-
dle common bile duct was obstructed, stent placement was
performed above the papilla. After this procedure, EUS-HGS
or HJS was performed using a covered metal stent (Niti-S
Biliary Covered Stent; TaeWoong Medical, Seoul, South
Korea) or plastic stent (Type IT stent, Gadelius Medical Co,
Ltd., Tokyo, Japan), as previously described (Fig. 2e).5,6

Definitions and Statistical Analysis

The obstruction site was evaluated by cholangiography under
EUS-BD guidance. Overall survival (OS) was measured from
the day of EUS-transhepatic biliary drainage combined with
EUS-AS to the time of the patient’s death. In addition, time to
dysfunction was measured from the day of EUS-guided bili-
ary drainage combined with EUS-AS to the time of stent dys-
function. Stent patency was also measured from the day of
EUS-transhepatic biliary drainage combined with EUS-AS
until stent dysfunction or patient death or the last follow-up.
Stent dysfunction was defined by the presence of cholangitis
or recurrence of obstructive jaundice. Technical success was
defined as successful stent placement for both EUS-AS and
EUS-HGS or EUS-HJS. If the fistula was dilated using a bal-
loon catheter, it was considered as additional fistula dilation.
Procedure time was measured from intrahepatic bile duct
puncture to EUS-HGS or EUS-HJS stent placement. Clinical
success was defined by a decrease in serum bilirubin to < 75%
of the immediate preoperative values within 30 days after stent
placement or a decrease in the diameter of the biliary tract.
Adverse events were graded according to the American
Society of Gastrointestinal Endoscopy lexicon’s severity
system.16

Fig. 1 The tip of the novel stent
delivery system is extremely fine,
and the diameter is only 7.5 Fr (a).
This stent consists of laser-cut
fully covered metal membranes
(b)
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In this study, continuous variables were expressed as
median values. The proportion of patients who underwent
EUS-AS using a covered metal stent and EUS-AS using an
uncovered metal stent was compared using the χ2 test,
Mann-Whitney U test, and Kruskal-Wallis test, as appro-
priate. Survival curves for OS and stent patency were esti-
mated using the Kaplan-Meier method. A P value of < 0.05
was considered significant. Finally, all statistical analyses
were performed using SPSS version 13.0 (SPSS, Chicago,
IL, USA).

Results

A total of 39 patients were enrolled in this study. Among them,
EUS-AS using a covered metal stent was performed in 17
patients (median age, 79 years; 7 male) and using an uncov-
ered metal stent in the remaining 22 patients (median age,
76 years; 12 male) (Table 1). The reasons for EUS-BD such
as surgical anatomy, duodenal obstruction, or failed ERCP
were not significantly different between both groups (P =
0.59). Also, the kinds of malignancies leading to obstruction
were not significantly different between both groups (P =

0.09). During the EUS-BD procedure, both the middle and
lower bile ducts were obstructed, and there were no significant
differences between both groups (P = 0.65). In the covered
metal stent group, the EUS-AS stent was placed above the
papilla in three patients (17.6%, 3/17). On the other hand, in
the uncoveredmetal stent group, the EUS-AS stent was placed
above the papilla in three patients (36.4%, 8/22). The median
procedure time was 21 min (range, 10–52 min) in the covered
metal stent group and 19 min (range, 10–48) (P = 0.48) in the
uncovered metal stent group. Fistula dilation prior to EUS-AS
stent insertion was performed in two patients of the covered
metal stent group and in three patients of the uncovered metal
stent group (P = 0.86). In terms of the kind of transluminal
stent used, most patients underwent EUS-HGS using a cov-
ered metal stent. A plastic stent was used in one patient of the
covered metal stent group because this patient had previously
undergone total gastrectomy with the Roux-en-Y procedure.
Technical and clinical success were obtained in both groups.
Adverse events related to the procedure were seen in three
patients (n = 1 in the covered metal stent group, n = 2 in the
uncovered metal stent group), and there were no significant
differences in both groups (P = 0.71). All patients were suc-
cessfully treated, conservatively.

Fig. 2 a Endoscopic ultrasound-guided cholangiography demonstrated
obstruction of the lower bile duct. b The guidewire was successfully
advanced into the intestine across the site of bile duct obstruction. c The
stent delivery system of the fully covered metal stent was inserted into the

biliary tract. d Transpapillary stent deployment was performed. e
Subsequently, endoscopic ultrasound-guided hepaticogastrostomy was
successfully performed
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Figure 3 shows a comparison of median OS in patients
between the covered metal stent group and the uncovered
metal stent group. Median OS in the covered metal stent
group was 182 days [95% confidence interval (CI), 139.3 to
226.5], which was similar to that in the uncovered metal
stent group (177 days; 95% CI, 120.3 to 234.5; P = 0.84).
Figure 4 shows median stent patency including stent dys-
function and patient death. Stent dysfunction was seen in
two patients in the covered metal stent group due to
cholangitis. On the other hand, in the uncovered metal stent
group, stent dysfunction was seen in seven patients due to
cholangitis (n = 2) and obstructive jaundice (n = 5). Median
stent patency was longer in the covered metal stent group
(153 days; 95% CI, 123.8 to 182.3) compared with that of
the uncovered metal stent group (108 days; 95% CI, 77.0 to
139.6) although there were no significant differences (P =
0.06). However, as shown in Fig. 5, in only cases with stent
dysfunction was median stent patency of the covered metal
stent group significantly longer than that of the uncovered

metal stent group (not available vs 150 days; 95% CI, 44.5
to 237.2; P = 0.02).

Stent dysfunction was seen in two patients (cholangitis).
Patients with cholangitis were treated conservatively.

Discussion

Recent advances in chemotherapy have improved the survival
of cancer patients. Patients with advanced malignant tumors
with associated obstructive jaundice must undergo biliary
drainage using a metal stent before undergoing chemotherapy.
Further, prolonged stent patency is highly desirable when un-
dergoing continuous chemotherapy because chemotherapy
cannot be performed in cases with stent dysfunction. To date,
various biliary drainage techniques have been reported, includ-
ing the EUS-guided approach. Among these procedures, EUS-
guided transluminal biliary drainage combined with EUS-AS
has been reported as a novel biliary drainage technique.11–15

Table 1 Patient characteristics
Covered group Uncovered group P value

Total patients 17 22

Median age (years, range) 79 (43–90) 76 (45–88) 0.15

Gender (male to female) 7:10 12:10 0.41

Reason for EUS-BD

Surgical-altered anatomy 4 8 0.59

Duodenal obstruction 12 12

Failed ERCP 1 2

Disease

Pancreatic cancer 11 18 0.09

Gastric cancer 4 0

Bile duct cancer 1 3

Bladder cancer 1 0

Cancer of ampulla of Vater 0 1

Site of obstruction

Middle common bile duct 3 6 0.65

Lower common bile duct 11 11

Both 3 5

Location of antegrade stenting

Transpapillary 14 14 0.20

Above the papilla 3 8

Kind of transluminal stent

Covered metal stent 16 22 0.25

Plastic stent 1 0

Mean procedure time, min (range) 21 (10–52) 19 (10–48) 0.48

Additional fistula dilation (n) 2 3 0.86

Technical success, % (n) 100 (17/17) 100 (22/22) –

Clinical success, % (n) 100 (17/17) 100 (22/22) –

Adverse events (n) Abdominal pain (1) Acute pancreatitis (n = 1)

Abdominal pain (n = 1)

0.71
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The technique of the EUS-AS procedure has been previ-
ously amply reported.17–22 Godat et al. reported the efficacy
and safety of EUS-AS in a monocentric study.22 In their study,

a total of 20 patients underwent EUS-AS using an uncovered
metal stent. Two patients died of infectious adverse events
resulting from incomplete biliary drainage. However, these
adverse events were not directly related to EUS-AS. In addi-
tion, the patients who died had advanced malignant tumors,
and therefore, they mentioned that these adverse events were
acceptable. Due to the high clinical success rate and the fact
that bilioma or bile leakage was not seen in any of the patients,
they concluded that EUS-AS is a clinically effective and safe
procedure. Iwashita et al. evaluated the feasibility and safety
of EUS-AS for patients who had unresectable malignant bili-
ary obstruction and surgically altered anatomy.17 In their
study, EUS-AS using an uncovered metal stent was attempted
in 20 patients, of whom it was successfully performed in 19
patients (technical success rate, 95%). Clinical success was
also achieved in 19 patients (95%). Recurrent biliary obstruc-
tion was seen in 3 patients (3/20, 15%), for whom re-
intervention was performed using PTBD and repeat EUS-
AS. Therefore, if only EUS-AS is performed, relatively inva-
sive re-intervention may be required.

On the other hand, EUS-guided transluminal biliary drain-
age combined with EUS-AS has several advantages over
EUS-AS alone. First, re-intervention can be easily attempted
if required. In cases of only EUS-AS, if stent dysfunction
occurs, re-intervention with PTBD or a repeat EUS-guided
approach is needed. On the other hand, in cases of EUS-
guided transluminal biliary drainage combined with EUS-
AS, biliary access can be easily obtained through the

Fig. 3 Kaplan-Meier curves of overall survival of the covered and
uncovered metal stent groups (green line: covered metal stent group,
blue line: uncovered metal stent group). There was no significant
difference between both the covered metal stent group (median,
182 days; 95% CI, 139.3 to 226.4) and uncovered metal stent group
(median, 177 days; 95% CI, 120.3 to 234.5) (P = 0.837)

Fig. 4 Kaplan-Meier curves of stent patency including stent dysfunction
and patient death in the covered and uncovered metal stent groups (green
line: covered metal stent group, blue line: uncovered metal stent group).
There was no significant difference between both the covered metal stent
group (median, 153 days; 95% CI, 123.8 to 182.3) and uncovered metal
stent group (median, 108 days; 95% CI, 77.0 to 139.6) (P = 0.06)

Fig. 5 Kaplan-Meier curves of stent dysfunction including stent
dysfunction in the covered and uncovered metal stent groups (green
line: covered metal stent group, blue line: uncovered metal stent group).
Median stent patency is significantly longer in the covered metal stent
group (not available) compared with that of the uncovered metal stent
group (150 days; 95%, CI 44.5 to 237.2) (P = 0.02)
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transluminal biliary stent. Second, compared with EUS-guided
transluminal biliary drainage, such as EUS-HGS or EUS-HJS,
the risk of bile leakage may be lower with EUS-AS. Third,
longer stent patency may be obtained by the combined proce-
dure. However, this procedure may be technically complex
and involve a high cost due to the need for two metal stents.

In our study, we used a covered metal stent as the EUS-AS
stent to obtain longer stent patency. In the present study, me-
dian stent patency including stent dysfunction and patient
death was 153 days, and compared with that of the uncovered
metal stent group, median stent patency was longer although
there were no significant differences. In addition, stent patency
in only stent dysfunction cases was significantly longer in the
covered metal stent group compared with the uncovered metal
stent group (P = 0.02). Our result is superior to that previously
reported.12 Imai et al. performed a retrospective comparative
study of EUS-AS and EUS-HGS.12 In their study, in which
EUS-AS was performed using an uncovered metal stent, me-
dian stent patency of EUS-HGS combined with EUS-AS was
63 days, although median overall survival was extremely
short. Therefore, although the patient population was different
between our two studies, EUS-AS using a covered metal stent
is likely to offer significant clinical benefit.

However, EUS-AS using a covered metal stent has several
limitations. First, if transpapillary stent placement is per-
formed, acute pancreatitis can occur due to obstruction of the
orifice of the pancreatic duct.Moreover, use of a coveredmetal
stent for EUS-AS is associated with a higher risk of acute
pancreatitis compared to that with an uncovered metal stent
although this adverse event was not seen in the covered metal
stent group of our study. Therefore, the indications of EUS-AS
itself seem to be limited to selected patients, such as those with
pancreatic atrophy.11,15 Second, stent dislocation or misplace-
ment occurs easily with a covered versus an uncovered metal
stent. To overcome this problem, we selected a laser-cut-type
metal stent. Indeed, in the present study, stent dislocation and
misplacement were not seen in any of the patients.

In the present study, there were several limitations. First,
our study was a retrospective study. Second, our study also
had a small sample size, despite having a control group.
Therefore, a prospective, randomized controlled study be-
tween both groups is needed to confirm our results.

In conclusion, EUS-guided transluminal biliary drainage
combined with EUS-AS using a covered metal stent may be
feasible and safe, although the indications for this procedure
should be carefully considered.
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