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Abstract

Background In patients with unresectable hilar malignant biliary obstruction (MBO), bilateral metal stent placement is
recommended. However, treatment selection between partially stent-in-stent (SIS) and side-by-side (SBS) methods is still
controversial.

Study Clinical outcomes of bilateral metal stent placement by SBS and SIS methods for hilar MBO were retrospectively
studied in four Japanese centers. While large-cell-type uncovered metal stents were placed above the papilla in SIS, braided-
type uncovered metal stents were placed across the papilla in SBS.

Results A total of 64 patients with hilar MBO (40 SIS and 24 SBS) were included in the analysis. Technical success rate was
100% in SIS and 96% in SBS. Functional success rate was 93% in SIS and 96% in SBS. Early adverse event rates were higher
in SBS (46%) than in SIS (23%), though not statistically significant (P =0.09). Post-procedure pancreatitis was exclusively
observed in SBS group (29%). Recurrent biliary obstruction rates were 48% and 43%, and the median time to recurrent
biliary obstruction was 169 and 205 days in SIS and SBS, respectively.

Conclusions Other than a trend to higher adverse event rates including post-procedure pancreatitis in SBS, clinical outcomes
of SIS and SBS methods were comparable in patients with unresectable hilar MBO.
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Introduction

Endoscopic management with uncovered metallic stents
(UMSs) has been widely used for unresectable hilar malig-
nant biliary obstruction (MBO) [1-5] and is now recom-
mended in the guidelines [6]. Biliary drainage of > 33-50%
liver volume was reported to be associated with better
drainage effects or survival in hilar MBO [7, 8], and bilat-
eral stent placement is often necessary to achieve this goal
[9-13]. Additionally, a recent randomized controlled trial
(RCT) demonstrated better stent patency of bilateral UMS
placement for high-grade hilar MBO [14]. Despite these
potential clinical benefits, bilateral UMS placement is some-
times technically challenging, and there are two methods
for bilateral stenting: partially stent-in-stent (SIS) [15-17]
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and side-by-side (SBS) methods [18—-26]. We previously
reported safety and efficacy of SIS using a large-cell UMS
[15, 16], but sequential SBS deployment across the papilla
was recently reported to be a technically feasible and poten-
tially simpler technique for hilar MBO [23-26]. It is still
controversial whether SIS or SBS is superior to one another
in hilar MBO. Therefore, we retrospectively compared SBS
across the papilla and SIS methods for bilateral UMS place-
ment for unresectable hilar MBO.

Patients and Methods

Patients

This is a multicenter retrospective comparative study in
the University of Tokyo Hospital and three affiliated hos-

pitals. Data on patients who underwent bilateral UMS
placement for unresectable hilar MBO between July 2010
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and December 2016 were retrospectively studied. The
diagnosis of unresectable hilar MBO was based on either
pathological diagnosis or typical imaging findings. Resect-
ability was determined based on multidetector contrast-
enhanced computed tomography (CT) as well as cholan-
giogram in conjunction with transpapillary tissue sampling
[27]. Exclusion criteria included severe liver atrophy and
severe comorbid conditions. This study was approved by
the local ethical committee. Written informed consent was
obtained from all patients.

SIS and SBS Stent Placement Procedures

Prior to endoscopic biliary drainage procedure, CT and/
or magnetic resonance cholangiopancreatography (MRCP)
was performed, and biliary drainage area was planned
based on the liver volume. In cases with concomitant
cholangitis, endoscopic nasobiliary drainage (ENBD) was
placed as an initial drainage. After improvement in cholan-
gitis, UMS placement was attempted at the second session.
The procedures were performed under moderate sedation,
and prophylactic intravenous antibiotics were administered
before the procedure.

First, two or three guidewires were placed into the bile
ducts to be drained, using a hydrophilic guidewire in dif-
ficult cases. Endoscopic sphincterotomy was performed
prior to stent placement exclusively in SBS group. In SIS
group, sphincterotomy was not performed routinely to
preserve the sphincter function and to prevent ascending
cholangitis due to duodenobiliary reflux. Pre-dilation of
the biliary stricture was performed using a balloon or bou-
gie dilation catheter when the stent delivery system was
unable to pass the stricture.

For SIS placement, Niti-S large-cell D-type biliary
stents (LCD; Taewoong Corp., Gimpo, Korea) were placed
above the papilla as previously reported [16]. The stent
delivery system of a LCD stent is 8.5 Fr, and all LCD
stents used in this study were 10 mm in diameter.

For SBS placement, uncovered WallFlex Biliary RX
(ucWF) stents (Boston Scientific Corp., Marlborough,
MA, USA) were placed across the papilla as described
below. The stent delivery system is 8 Fr, and all ucWF
stents used in this study were 8 mm in diameter. Simi-
lar to SIS placement, a first ucWF was placed in a more
angulated duct, followed by a second stent placement.
The hepatic end of ucWFs was placed at least 1 cm above
the stricture, and the distal end was placed 1-1.5 cm in
the duodenum (Fig. 1). All procedures were performed
by experts on the ERCP procedure (> 5 years of ERCP
experience) or by trainees (<5 years of ERCP experience)
under the supervision of experts.

Re-interventions

At the time of cholangitis, CT scan was performed to evalu-
ate stent patency as well as to localize the area of cholangi-
tis prior to re-interventions. Stent patency was evaluated on
cholangiogram, and ENBD placement was attempted in all
previously drained areas whenever possible through UMSs.
After the resolution of cholangitis, the cause of cholangitis
was evaluated in the second session. While balloon sweep
was performed in cases with stent occlusion due to biliary
sludge, plastic stents were placed as a stent-in-stent fashion
in cases with tumor ingrowth (Fig. 2).

Outcomes

Data on technical success, functional success, procedure
time, adverse events (AEs), recurrent biliary obstruction
(RBO) and re-interventions for RBO, the number and types
of interventions, and survival were extracted from medi-
cal records and compared between SIS and SBS groups.
Technical success, functional success, RBO, and AEs were
defined according to the TOKYO criteria [28]. Technical
success was defined as successful stent deployment of UMSs
in the intended location with sufficient coverage of the stric-
ture. Functional success was defined as a 50% decrease in
or normalization of the bilirubin level within 14 days of
stent placement. Early or late AEs were defined as any
stent or procedure-related AEs within or after 30 days of
UMSs’ placement. RBO was defined as a composite end-
point of either stent occlusion or migration, and time to
RBO (TRBO) refers to the time from UMSs’ placement to
the RBO. TRBO was estimated using the Kaplan—-Meier
method and compared between groups using the log-rank
test. Deaths without RBO were treated as censored at the
time of death. Stent occlusion was defined as the recurrence
of jaundice and cholestasis and/or evidence of biliary dila-
tion on imaging studies such as ultrasonography or CT scan,
requiring biliary re-intervention.

Statistical Analysis

Continuous variables are presented as the medians and
ranges, and categorical variables as the numbers and per-
centages. Statistical comparisons were performed with
chi-square test or the Fisher’s exact test for categorical
variables and Student’s 7 test or the Wilcoxon rank-sum
test for continuous variables. A p value <0.05 in two-sided
test was considered as statistically significant. R software,
version 2.14.0 (R Development Core Team: http://www.r-
project.org), was used for all statistical analyses.
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Fig. 1 a Bilateral side-by-side
stent placement. A Cholangio-
graphy revealed hilar biliary
stricture. B Two guidewires
were placed into the right

and left intrahepatic ducts. C
The first stent was deployed
across the papilla. D The
second delivery system was
advanced into the right hepatic
duct. E. The second stent was
deployed across the papilla

in a side-by-side fashion. b
Partial stent-in-stent placement.
A Cholangiography revealed
hilar biliary stricture. B Two
guidewires were placed into the
right and left intrahepatic ducts.
C The first stent was placed
into the left hepatic duct above
the papilla. D A guidewire was
placed into the right intrahepatic
duct through the mesh of the
first stent using the previously
placed guidewire as a land-
mark. E The second stent was
deployed above the papilla in a
stent-in-stent fashion
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Fig.2 Re-intervention after
recurrent biliary obstruction.

a Bilateral plastic stents were
placed across the papilla for
tumor ingrowth after stenting
in the side-by-side method. b
Bilateral plastic stents were
placed above the papilla for
tumor ingrowth after stenting in
the stent-in-stent method

Results
Patient Characteristics

Between July 2010 and December 2016, 64 patients who
underwent endoscopic bilateral metal stent placement for
unresectable hilar MBO were enrolled: 40 SIS placement
between July 2010 and December 2012, of which 26 patients
were included in our previous report [16], and 24 SBS place-
ment between June 2014 and December 2016. The patient
characteristics of the two groups are shown in Table 1. There
were no statistically significant differences in sex, age, the
location of the primary tumor, and Bismuth classification
between two groups.

Stent Placement Procedure

Details of stent placement procedures are shown in Table 2.
The rate of direct UMS placement at the first session was
8% and 15% in SBS and SIS groups, respectively (P=0.69).
The median procedure time was 52 (range, 11-120) minutes
in SBS group and 59 (range, 26-210) minutes in SIS group
(P=0.20), respectively. Overall technical success rate was
96% in SBS group and 100% in SIS group, respectively. In
one case of SBS group, delivery insertion of a third UMS
through the hilar biliary obstruction was technically impos-
sible. Three metallic stents were placed in three patients
(13%) in SBS group and four patients (10%) in SIS group
(P=0.99).

Table 1 Clinical characteristics

SBS SIS P
between SBS and SIS groups

Number of patients 24 40
Sex, male/female 13/11 22/18 0.99
Age, years 74 (46-97) 72 (48-91) 0.90
Causes of malignant biliary obstruction

Cholangiocarcinoma 13 (54) 15 (38) 0.82

Gallbladder cancer 5(21) 13 (33)

Pancreatic cancer 2(8) 2(5)

Intrahepatic cholangiocarcinoma 2(8) 3(8)

Lymph node metastasis 1(4) 4 (10)

Liver metastasis 14) 2(5

Hepatocellular carcinoma 0 (0) 1(3)
Stage (locally advanced, metastatic, recurrent) 22/1/1 31/9/0 0.05
Bismuth type

/v 10/3/11 16/9/15 0.67
Chemotherapy and/or radiation therapy 17 (71) 26 (65) 0.79

SBS side-by-side across the papilla, SIS partially stent-in-stent

Numbers are shown in n (%) or median (range)
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Table 2 Details of procedure

SBS SIS P
Overall technical success 23 (96) 40 (100) 0.99
Direct UMSs placement at first session 2(8) 6 (15) 0.69
Procedure time in all cases, minutes 52 (11-120) 59 (26-210) 0.20
Endoscopists, experts/trainee 6/18 25/15 <0.01
Number of stents, two/three 21 (88)/3(13) 36(90)/4(10) 0.99
Functional success 23 (96) 37 (93) 0.99

SBS side-by-side across the papilla, SIS partially stent-in-stent, UMS uncovered metallic stent

Numbers are shown in n (%) or median (range)

Clinical Outcomes

Clinical outcomes of SBS and SIS groups are shown in
Table 3. Functional success was achieved in 96% in SBS
group and 93% in SIS group (P=0.99). Early AE rates were
higher in SBS group (46%) than in SIS group (23%), though
not statistically significant. Post-procedure pancreatitis was
exclusively observed in seven patients (29%) in SBS group,
and its severity was moderate in six cases and mild in one
case. Acute cholecystitis was observed in two patients
(8%) in SBS group and three patients (8%) in SIS group.
Tumor invasion to cystic duct was confirmed by intraductal

ultrasonography (IDUS) [29] before stent deployment in
one case out of two in SBS group and all three cases in SIS
group. The rates of AE by trainees were 56% (10/18) and
26% (4/15) in SBS and SIS groups, respectively. Meanwhile,
those by experts were 17% (1/6) and 20% (5/25) in SBS and
SIS groups. Late AE rates were 12% in SBS group and 10%
in SIS group.

RBO rates were comparable between two groups: 43% in
SBS group and 48% in SIS group. The major cause of RBO
was tumor ingrowth (33%) in SBS group and sludge (25%)
and tumor ingrowth (20%) in SIS group. Cumulative TRBO
and survival are shown in Fig. 3. The median TRBO was

Table 3 Outcomes between

SBS and SIS groups SBS group SIS group P value
Early adverse events 11(46) 9 (23) 0.09
Pancreatitis 7(29) 0 (0)
Cholecystitis 2(8) 3(8)
Cholangitis 1) 4 (10)
Hemobilia 1) 0(0)
Liver abscess 0(0) 2(5)
Late adverse events 3(12) 4 (10) 0.99
Liver abscess 14 205
Non-occlusion cholangitis 1) 1(3)
Hemobilia 14) 1(3)
RBO 11 (43) 19 (48) 0.99
Sludge 2(8) 10 (25)
Tumor ingrowth 8 (33) 8 (20)
Tumor bleeding 14 13
TRBO in RBO cases, days 85 (52-284) 111 (7-1635) 0.70
Cumulative TRBO in all cases, days, median (95% CI) 205 (85-NA) 169 (108-445) 0.67

Overall survival, days, median (95% CI)

381 (280-707) 238 (96-321) 0.07

Total sessions of ERCP during the follow-up 2 (1-26) 2 (1-21) 0.95
Rate of conversion to PTBD after RBO 14) 3(8) 1.00
Procedure time of initial re-intervention, minutes 35 (20-60) 44 (15-90) 0.41

Cumulative TRBO after re-intervention, days, median (95% CI) 91 (43-NA)

109 (76-236)  0.32

ERCP endoscopic retrograde cholangiopancreatography, PTBD percutaneous transhepatic biliary drainage,
RBO recurrent biliary obstruction, SBS side-by-side across the papilla, SIS partially stent-in-stent, TRBO
time to recurrent biliary obstruction, CI confidence interval

Numbers are shown in n (%) or median (range) if not otherwise specified
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Fig.3 Kaplan—Meier curves of a time to recurrent biliary obstruction and b overall survival. OS, overall survival; CI, confidence interval; SBS,
side-by-side across the papilla; SIS, partially stent-in-stent; TRBO, time to recurrent biliary obstruction

205 days in SBS group and 169 days in SIS group (P=0.67).
Meanwhile, the median overall survival was 381 days in SBS
group and 238 days in SIS group (P=0.07).

Re-interventions

We did not find any significant differences in the number of
ERCPs during the follow-up period (2 vs. 2, P=0.95), rates
of conversion to percutaneous transhepatic biliary drainage
(PTBD) (4% vs. 8%, P=1.00), and endoscopic ultrasound-
guided biliary drainage (EUS-BD) (4% vs. 0%, P=0.38),
and TRBO after the first re-intervention (91 vs. 109 days,
P=0.32) between SBS and SIS groups. The procedure time
of the first re-intervention was relatively shorter in SBS
group than SIS group (35 vs. 44 min, P=0.41), though sta-
tistically not significant. Uncontrolled cholangitis at death
was present in 6% (1/17) in SBS group and 9% (3/34) in SIS
group (P=0.99).

Discussion

In cases with unresectable hilar MBO, endoscopic bilateral
metal stent placement provides longer stent patency, but
selection of SIS and SBS methods is still controversial. We
previously reported SIS method using a large-cell-type UMS
[16], but there still remain technical hurdles such as passing
the guidewire and stent delivery through the first stent mesh.
In this retrospective study, we compared the SBS method,

which is presumably technically less demanding, with the
SIS method.

Our study demonstrated that both SIS and SBS stent
placement for unresectable hilar MBO demonstrated high
technical and functional success rates with similar initial
procedure time. Thus, we believe both SIS and SBS methods
for unresectable hilar MBO are technically feasible as long
as dedicated UMSs are used by experienced endoscopists.

In terms of long-term outcomes, though TRBO tended to
be longer in SBS, the rate of RBO was similar: 48% and 43%
in SIS and SBS groups, respectively. The causes of RBO
were quite different: biliary sludge in the SIS group and
tumor ingrowth in the SBS group. While the crossed stent
mesh at the hilum in the SIS method can potentially enhance
sludge formation, the use of a small diameter stent might
increase RBO due to tumor ingrowth in SBS group. For
further evaluation of long-term outcomes, we also compared
TRBO after the first re-interventions and conversion rates to
PTBD, but those were also comparable between two groups.
In SBS group, EUS-guided biliary drainage was performed
as re-intervention due to potential advantages of internal
drainage [30, 31].

It should be noted that SBS tended to have high AE rate
than SIS (46% in SBS and 23% in SIS). In a previous com-
parative study by Naitoh also demonstrated a higher AE rate
in SBS above the papilla (44% in SBS vs. 13% in SIS), but
post-procedure pancreatitis was not observed [19]. The SBS
deployment across the papilla has potential disadvantages of
overexpansion of the papilla and common bile duct. In our
study, pancreatitis was exclusively observed in SBS group.
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Endoscopic biliary stenting for hilar biliary stricture has
reportedly a higher risk for pancreatitis [32]. In addition,
non-pancreatic cancer and high axial force are two risk
factors for pancreatitis after metallic stent placement [33].
Although pancreatitis was not severe and resolved without
any invasive interventions, it is a potentially lethal adverse
event. A recent study of SBS with the same ucWF demon-
strated the safety of this method without any pancreatitis in
17 cases [24]. There are two methods in SBS: simultane-
ous stent deployment above the papilla using a small stent
delivery system and sequential stent deployment across
the papilla. The former method deploying the stent above
the papilla is easy for stent deployment, but we sometimes
encounter difficulties in passing a guidewire through each
stent at the time of re-interventions. A comparative study
showed that pancreatitis was observed only after SBS across
the papilla, and the rate was 7.5% [23]. The reasons of a
high pancreatitis rate of 29% in our study population were
unclear, but the extent of endoscopic sphincterotomy might
be insufficient to prevent pancreatitis, or the axial force of
stents might affect the rate of pancreatitis as previously
reported in distal biliary obstruction [33]. Moreover, SBS
was more often performed by trainees, which might lead to
the higher early AE rate in SBS group.

The role of re-interventions is increasing in hilar MBO
[34-36]. Intuitionally, re-interventions for SBS across the
papilla appear technically easy, but TRBO after the first re-
intervention and the procedure time for re-interventions of
occluded UMSs were comparable between two groups. As
we previously reported [16], re-interventions for SIS using
a large-cell-type UMS are technically feasible, but the clini-
cal outcomes might differ by the local expertise. PTBD still
has a role as re-interventions for refractory hilar MBO, and
the role of EUS-BD should be further investigated in a large
cohort.

Our study has some limitations. The first and major
limitation is its retrospective design. The stent placement
method was chronologically selected, not according to the
endoscopists’ preferences. SIS and SBS methods were con-
secutively applied during each period. The expertise in our
centers has allowed high technical success rates in both
groups, and our study results might not be extrapolated to
non-expert centers. Nonsignificant longer overall survival
in SBS group might suggest the presence of some biases.
The rate of metastatic disease was relatively higher in SIS
(23%) as compared to that in SBS (4%), and there might be a
cohort effect including recent improvement in chemotherapy.
Secondly, various stents are now commercially available for
hilar stenting and clinical outcomes might differ according
to the stent types and the generalizability of our study results
might be limited. We compared SIS and SBS methods, but
SIS was placed above the papilla and SBS was placed across
the papilla, considering the stent characteristics used in our
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study. The location of the distal stent end can potentially
affect clinical outcomes, but one retrospective study on SBS
stenting [23] revealed that only the incidence of pancreatitis
was higher in cases with SBS across the papilla, which was
in line with our study results. Finally, due to the advance-
ment of chemotherapy, the prognosis of unresectable hilar
MBO has been gradually improved and not a few patients
survive longer than the initial stent patency and need re-
interventions. Thus, hilar stenting should be evaluated not
only by the initial stent patency but other clinical outcomes
such as a total number of procedures, conversion rate to
PTBD and the quality of life in this palliative setting.

In conclusion, both SIS and SBS were technically feasible
with comparable long-term outcomes in unresectable hilar
MBO. Thus, either technique, SIS or SBS, can be selected
according to each endoscopist’s expertise.
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