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Abstract
Purpose To compare the clinical outcomes between unilateral and bilateral metal stenting for patients with malignant hilar 
biliary obstruction (MHO).
Methods This is a single-center, open-label, prospective, randomized study. Between January 2016 and March 2018, patients 
with MHO who were treated by percutaneous unilateral or bilateral metal stenting were enrolled. The primary endpoint 
was stent dysfunction. The secondary endpoints included technical success, clinical success, adverse events, and death. The 
protocol is registered at ClinicalTrials.gov (identifier: NCT02649712).
Results A total of 72 patients were randomly grouped for the unilateral (n = 36) or bilateral (n = 36) stenting. The bilateral 
stenting was performed through the side-by-side technique. While technically, the rates of success of unilateral and bilateral 
stenting were 83.3% (30/36) in both the cases (P = 1.000), the clinical rates of success in unilateral and bilateral stenting were 
90.0% (27/30) and 96.7% (29/30), respectively (P = 0.605). Based on the per-protocol analysis, stent dysfunction was found 
in 5 and 3 patients in unilateral and bilateral groups, respectively (16.7% vs. 10.0%, P = 0.704). No predictor was observed 
to influence stent dysfunction. The median cumulative survival in the unilateral group was 122 days and in the bilateral 
group was 125 days (P = 0.844). We also observed higher levels of post-operative total bilirubin and pre-operative alanine 
aminotransferase, and the absence of post-operative anticancer treatment as predictors of worse survival.
Conclusion When compared, the bilateral and unilateral stentings provide a similar clinical effectiveness in patients with 
MHO.
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Introduction

The common causes of malignant hilar biliary obstruc-
tion (MHO) include malignant tumors of the hepatobiliary 
system or metastatic hilar lymph nodule [1–7], and nearly 
70–80% of MHO cases are inoperable [1]. Thus, to alleviate 
jaundice and improve the liver function, normally a percuta-
neous or endoscopic stenting is performed [1–7]. To achieve 

long-term patency and survival, palliation using metal stent 
is considered superior to plastic stent [7–9].

Notwithstanding, the issue of debate still remains 
whether unilateral or bilateral stenting should be performed 
for MHO. While several studies report the superiority of 
bilateral stenting over unilateral stenting in terms of long-
term patency [5–7], few other studies reveal a similar clini-
cal effectiveness of unilateral and bilateral stenting [2–4]. 
Although previous studies have compared unilateral and 
bilateral stenting for MHO, most of them are of retrospective 
type [2–5, 7]. In addition, the methods of bilateral stenting 
were different in previous studies. Some researchers used 
side-by-side (SBS) technique [2, 5], while some researchers 
used stent-in-stent (SIS) technique [3, 4].

The aim of our study was to conduct a single-center, rand-
omized, prospective study to compare the clinical outcomes 
of unilateral and bilateral (SBS technique) metal stenting for 
patients with MHO.
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Materials and methods

The review board of our institute approved this single-
center, open-label, prospective, randomized study. Written 
informed consent was obtained from all enrolled patients. 
The protocol is registered at ClinicalTrials.gov (identifier: 
NCT02649712).

Study design

From a total of 91 patients with MHO who were admit-
ted to our center from January 2016 to March 2018, 72 
patients met the eligibility criteria and were enrolled in 
this study (Fig. 1). The criteria for inclusion were: (a) 
definite diagnosis of MHO; and (b) inoperable cases. The 
criteria for exclusion were: (a) Bismuth I type MHO; (b) a 
history of previous hepatolobectomy; (c) Eastern Coopera-
tive Oncology Group (ECOG) performance status (PS) ≥ 4; 

(d) severely dysfunctional heart, kidney, lung, and coagu-
lation; and (e) inability to provide informed consent.

Diagnosis of hilar biliary obstruction was confirmed by 
the magnetic resonance cholangiopancreatography (MRCP) 
and abdominal computed tomography (CT) results. The 
MHOs were caused by cholangiocarcinoma (38 patients), 
gallbladder carcinoma (18 patients), hepatocellular carci-
noma (7 patients), and metastatic lymph nodule (9 patients). 
The gallbladder carcinoma and cholangiocarcinoma was 
confirmed by percutaneous biopsy. The hepatocellular 
carcinoma was confirmed by abdominal contrast-medium 
enhanced CT with alpha-fetoprotein results, and finally, 
patients’ primary tumor history and abdominal CT findings 
helped establish the metastatic lymph nodule diagnosis.

Randomization

Eligible patients were randomized in a 1:1 ratio to the uni-
lateral or bilateral stenting groups with the method of block 
randomization (block size: 4). The computer-generated 

Assessed for eligibility (n=91)

Excluded  (n=19)
♦ Bismuth I type (n=13)
♦ Previous hepatolobectomy (n=5)
♦ Declined to participate (n=1)

Analyzed  (n=36)
♦ Intention-to-treat (n=36)
♦ Per protocol (n=30)

Technical failure (n=6)

Lost to follow-up (n=0)

Allocated to unilateral stenting (n=36)
♦ Received allocated intervention (n=36)
♦ Did not receive allocated intervention (n=0)

Technical failure (n=6)

Lost to follow-up (n=0)

Allocated to bilateral stenting (n=36)
♦ Received allocated intervention (n=36)
♦ Did not receive allocated intervention (n=0)

Analyzed  (n=36)
♦ Intention-to-treat (n=36)
♦ Per protocol (n=30)

Randomized (n=72)

Fig. 1  A schematic for the current study
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random numbers were kept in sequentially numbered, 
opaque, sealed envelopes. Before starting the stent inser-
tion, the randomized assignments were opened by a staff 
member of the Science and Education department, who had 
no further role in this trial.

Procedures

The stent insertion was performed within 24 h after ran-
domization. The procedure of puncturing the intrahepatic 
biliary tract was performed under the combined fluoroscopic 
and ultrasonic guidance.

For the unilateral stenting, the right intrahepatic biliary 
route was initially considered. A 21G Chiba needle (Cook, 
Bloomington, IN, USA) was used to puncture the intrahe-
patic biliary tract. The extent and degree of the obstruction 
were visualized by injecting the contrast medium through 
the needle. After that, a 6F sheath (Cook) was placed 
into the intrahepatic biliary tract. The obstructed site was 
detected by a 5F VER catheter (Cordis, Hialeah, FL, USA) 
and a 0.035-inch guide wire (Terumo, Tokyo, Japan) that 
were maneuvered through the sheath. As the catheter and 
guide wire crossed the obstructed site and went into the duo-
denum, the guide wire was exchanged by a 0.035-inch stiff 
guide wire (Cook). Finally, at the site of obstruction, the bare 
self-expanded metal stent (Micro-Tech, Nanjing, China) was 
released. It was ensured that the stent extended on either side 
at least 10 mm past the obstruction.

For the bilateral stenting, bilateral intrahepatic biliary 
tracts were punctured individually, then two stiff guide wires 
were placed side by side. Finally, two stents were released 
simultaneously by SBS technique (Fig. 2).

After stenting, all patients in both group were inserted 
with a 8.5F temporary biliary drainage catheter (Cook) for 
5 days. All patients were treated by hemostasis and anti-
inflammatory drugs for 5 days.

Follow‑up and definitions

In both groups, post-stenting follow-up was routinely per-
formed at 2 weeks, 1 and 3, and then every 3 months and 
included physical examination, CT test, and liver function 
test. The patients were advised to visit the hospital any time 
if they experienced recurrent cholangitis or jaundice. The 
last follow-up was conducted until the patients’ death or 31 
October 2019 (the date of the last follow-up).

Technical success was defined as release of the unilateral 
or bilateral stent successfully beyond the obstructed site, 
together with a flow of contrast medium through the stent [2, 
6]. Clinical success was defined as a pre-operative reduction 
by at least 30% in the level of total bilirubin within 2 weeks 
after stenting [2, 10]. Stent dysfunction was defined as a recur-
rence of jaundice and/or cholangitis due to tumor growth 

Fig. 2  The side-by-side (SBS) bilateral stenting procedures. a The site 
of obstruction as depicted by bilateral cholangiography. b SBS technique 
was used to place two stents through two individual stiff guide wires. c 
The patency of the stents as depicted through post-operative cholangio-
graphy
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(in- or over-growth), sludge, stent migration, or other reasons. 
Ingrowth was defined as stenosis inside the stent that could not 
be cleared by balloon sweep or biliary drainage [11]. Over-
growth was defined as stenosis above or below the stent [11]. 
Sludge was defined as an obstruction that could be cleared by 
balloon sweep or biliary drainage [4]. Adverse events were 
divided into early (≤ 30 days) and late (> 30 days) events. 
Patency was defined as the period from stent insertion to stent 
dysfunction, death, or the date of the last follow-up.

The primary endpoint was stent dysfunction. The secondary 
endpoints included technical success, clinical success, adverse 
events, and death.

Statistical analyses

The primary analysis was evaluated on the basis of comparison 
of superiority among unilateral and bilateral stenting for the 
stent dysfunction primary endpoint. Based on a previous study 
of unilateral and bilateral (SBS technique) stenting for MHO 
[5], the stent dysfunction rate was expectedly 36% higher (59% 
vs. 23%) in the unilateral stent group compared with that in 
the bilateral group. At total of 66 patients (33 patients in each 
group) were required to discern a difference of 36% in the stent 
dysfunction rate with a power of 0.8 and an alpha of 0.05 after 
considering of a dropout rate of 10%.

In this study, intention-to-treat (ITT) and per-protocol (PP) 
analyses were applied. ITT analysis was performed on the 
basis of the total number of patients who enrolled in the study. 
PP was analyzed on the basis of the number of patients with 
technically successful stenting. The ITT analysis was applied 
to evaluate the technical success; the PP analysis was used to 
evaluate patency, clinical success, survival, stent dysfunction, 
adverse events, and predictors of stent dysfunction and sur-
vival. Finally, both ITT and PP analyses were used to evaluate 
the baseline data.

Continuous data were analyzed by Mann–Whitney or t test 
and were expressed as mean ± SD (standard deviation). Analy-
sis of categorical data was carried out by Fisher exact test 
or χ2 test. The calculation of patency and survival was done 
using Kaplan–Meier analysis and the curves were compared 
through the log-rank test. The stent dysfunction and survival 
predictions were done using the Cox regression analysis. For 
the subsequent multivariate analyses variables with P < 0.10 in 
univariate analyses were chosen. Statistically, a P value < 0.05 
was considered significant. The SPSS 16.0 (SPSSInc., Chi-
cago, IL, USA) was used to carry out all statistical analysis.

Results

ITT analysis

Baseline data

Of the 72 enrolled patients, 36 patients each were assigned 
to the unilateral and the bilateral groups (Table 1). There 
was no remarkable difference between the two groups with 
respect to baseline data (gender-wise distribution ratio, 
age, causes of MHO, stage of the tumor, liver function test, 
Bismuth type, and the number of patients who underwent 
anticancer treatment). No patient was lost in follow-up.

Technical success

The technical successful rates of unilateral and bilateral 
stenting were 83.3% (30/36) and 83.3% (30/36), respec-
tively (P = 1.000). The length and diameter of the stents 
were 50–70 and 8 mm, respectively. All stents in the uni-
lateral group were inserted through the right intrahepatic 
biliary duct. However, in 12 patients, the guide wire could 
not pass through the obstructed site; thus, they failed to 
undergo insertion of the stent in the first attempt. These 
12 patients were placed with an extra-biliary drainage 
catheter and were managed by a second attempt of stent 
insertion 5 days after being placed in the catheter. Never-
theless, none of them could successfully undergo insertion 
of the stent. Among these 12 patients, 10 were treated by 
extra-biliary drainage and 2 patients underwent palliative 
resection treatment.

PP analysis

Clinical success

The clinical successful rates of unilateral and bilateral 
stenting were 90.0% (27/30) and 96.7% (29/30), respec-
tively (P = 0.605, Table 2). In the unilateral stenting group, 
an improvement before and after treatment in the total 
bilirubin (TBIL; 205.7 ± 122.5 to 102.0 ± 53.0 μmol/L 
(P < 0.001), aspartate transaminase (AST; 132.6 ± 73.6 
U/L to 67.1 ± 50.0 U/L (P < 0.001), and alanine ami-
notransferase (ALT; 130.9 ± 84.7 U/L to 60.5 ± 30.0 
U/L (P < 0.001)were observed. In the bilateral stent-
ing group, the TBIL, AST, and ALT improved from 
216.7 ± 86.3 μmol/L, 123.1 ± 75.3 U/L, and 125.6 ± 99.2 
U/L before treatment to 112.4 ± 73.5 μmol/L (P < 0.001), 
61.0 ± 41.7 U/L (P < 0.001), and 56.8 ± 36.0 U/L 
(P < 0.001), respectively after treatment.
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Stent dysfunction and patency

To unilateral and bilateral groups, stent dysfunction was 
found in 5 and 3 patients respectively (16.7% vs. 10.0%, 
P = 0.704, Table 2). Among these 8 patients, five patients 
experienced tumor ingrowth and 2 patients experienced 
sludge. The tumor ingrowth was treated by percutaneous 
intraductal radiofrequency ablation (n = 1), insertion of 
another stent (n = 2), and percutaneous transhepatic biliary 
drainage (n = 2). The percutaneous transhepatic drainage 
of the bile was carried out to treat the sludge. The remain-
ing one patient did not receive any further percutaneous 
intraductal intervention, and therefore, the reason for stent 
malfunction was not clear in this case. Further, no risk 
factor influencing the stent dysfunction was observed on 
Cox regression analysis.

The median cumulative stent patency duration was 
118 days in unilateral group and 125 days in bilateral 
group (P = 0.571, Fig. 3a).

Table 1  Patient characteristics in unilateral and bilateral groups

ECOG PS Eastern Cooperative Oncology Group performance status, TBIL total bilirubin, AST aspartate transaminase, ALT alanine aminotrans-
ferase

Intention-to-treat analysis Per-protocol analysis

Unilateral group Bilateral group P value Unilateral group Bilateral group P value

Patients number 36 36 – 30 30 –
Age (years) 63.3 ± 10.6 65.2 ± 15.2 0.537 63.8 ± 10.8 65.0 ± 15.2 0.719
Male/female 22/14 18/18 0.343 19/11 14/16 0.194
Malignancy 0.64 0.582
 Cholangiocarcinoma 17 21 14 18
  Gallbladder carcinoma 10 8 9 7
  Others 9 7 7 5

 ECOG PS 2.6 ± 0.5 2.5 ± 0.5 0.372 2.6 ± 0.6 2.5 ± 0.5 0.47
 Tumor stage 0.243 0.438
  II 5 10 4 8
  III 19 13 16 12
  IV 12 13 10 10

 Bismuth type 0.837 0.866
  II 15 14 12 14
  III 15 14 12 11
  IV 6 8 6 5

TBIL (μmol/L) 209.0 ± 118.3 228.7 ± 104.8 0.457 205.7 ± 122.5 216.7 ± 88.3 0.689
AST (U/L) 148.1 ± 90.2 129.0 ± 86.7 0.361 132.6 ± 73.6 123.1 ± 75.3 0.625
ALT (U/L) 171.4 ± 140.3 123.9 ± 97.5 0.1 130.9 ± 84.7 125.6 ± 99.2 0.826
Albumin (g/L) 33.8 ± 5.2 33.9 ± 4.9 0.959 33.8 ± 4.7 34.6 ± 3.8 0.499
Anticancer treatment after stent 13 11 0.617 12 11 0.791
Chemotherapy 8 6 7 6
Chemoradiotherapy 5 5 5 5

Table 2  Comparison of outcomes between unilateral and bilateral 
groups in the per-protocol population

Unilateral 
group (n = 30)

Bilateral group 
(n = 30)

P value

Clinical success 27 29 0.605
Stent dysfunction 5 3 0.704
 Ingrowth 3 2
 Overgrowth 0 0
 Sludge 2 0
 Unknown 0 1

Adverse events
 Cholangitis 2 1 1.0
 Cholecystitis 0 1 1.0
 Bleeding 1 0 1.0
 Pseudoaneurysm 0 1 1.0

Early adverse events 2 1 1.0
Late adverse events 1 2 1.0
Patency (days) 118 125 0.571
Overall survival (days) 122 125 0.844
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Survival

Through the follow-up period after stenting, 28 patients 
in unilateral group and 29 patients in the bilateral group 
died and the median cumulative survival in the unilateral 
and bilateral groups were 122 and 125 days, respectively 
(P = 0.844, Fig. 3b). The univariate and multivariate Cox 
regression analyses revealed a increased post-operative TBIL 
level (HR 1.009, 95% CI 1.004–1.015, P = 0.001), increased 
pre-operative ALT level (HR 1.006, 95% CI 1.002–1.010, 
P = 0.001), and no post-operative anticancer treatment (HR 
0.377, 95% CI 0.204–0.700, P = 0.002), which are the worse 
survival predictors (Table 3).

Adverse events

In unilateral stenting group, the adverse events included 
cholangitis (n = 2) and self-limited bleeding (n = 1). In bilat-
eral stenting group, the adverse events included cholangitis 

(n = 1), cholecystitis (n = 1), and hepatic pseudoaneurysm 
(n = 1).

The cholangitis were successfully treated by percutane-
ous transhepatic biliary drainage in 2 patients. One patient 
with cholangitis did not undergo further treatment. The chol-
ecystitis was successfully treated by medical treatment. The 
durative bleeding led to the speculation of pseudoaneurysm, 
which was further confirmed by hepatic angiogram and was 
treated successfully by coil embolization.

Discussion

Metal stenting has been the best option for the pallia-
tive treatment of patients with inoperable MHO [12–15]. 
Although bilateral biliary drainage has become generally 
accepted in many studies, most studies are retrospective 
studies [5–7, 16, 17]. Therefore, the superiority of bilateral 
stenting over unilateral stenting cannot be definitely estab-
lished. Most previous studies describe the results of endo-
scopic unilateral and bilateral stenting for MHO [4–7]. This 
prospective, randomized controlled trial compared the out-
comes between percutaneous unilateral and bilateral stenting 
for MHO.

The unilateral and bilateral stenting procedures have been 
shown to be clinically and technically successful. How-
ever, in most of the studies, no remarkable difference was 
observed in the technical and successful rates between the 
unilateral and bilateral stenting procedures [2–7]. Accord-
ingly, we did not observe any significant variation in suc-
cessful (90.0% vs. 96.7%, P = 0.605) and technical (83.3% 
vs. 83.3%, P = 1.000) rates between the 2 groups in this 
study. As it is already known that to attain relief from jaun-
dice, the drainage of only 25%–30% of the liver requires to 
be attained [18]. Thus, in these cases, unilateral stenting is 
enough because the volume of both right and left lobes is 
greater than 30% of the liver [19].

The stent dysfunction rate and patency were the main 
controversies in the previous comparative studies of uni-
lateral and bilateral stenting [2–7]. Recently, Lee et al. 
[6] reported a lower reintervention rate (42.6% vs. 60.3%, 
P = 0.049) and a longer patency duration in bilateral group 
(252 days vs. 139 days, P < 0.01). Although these results 
were obtained from the randomized controlled trial, the 
study did not unify the method of bilateral stenting (both 
SBS and SIS were used) [6]. Unlike that report, the dura-
tion of patency (368 days vs. 387 days, P = 0.685) and the 
rate of stent dysfunction (16.1% vs. 11.1%, P = 0.58) were 
alike between unilateral and bilateral groups, as reported 
by Chang et al. [2], in a retrospective study using only SBS 
mode of bilateral stenting. Thus, to identify an optimum 
treatment modality and to confirm the above-mentioned 

Fig. 3  There were no significant variations in patency as shown 
through Kaplan–Meier curves for a and survival b duration between 
two groups
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outcomes, a randomized controlled trial for MHO applying 
unique bilateral and unilateral stenting is needed.

Likewise, a similar patency duration (118  days vs. 
125 days, P = 0.571) and stent dysfunction rates (16.7% 
vs. 10.0%, P = 0.704) between unilateral and bilateral 
groups were observed in our study, which used bilateral 
stenting only through the SBS mode. This may insinu-
ate that a similar long-term biliary drainage effect may 
be acquired through unilateral stenting, like the bilateral 
stenting. Our results are also in accordance with those in 
the previous studies which compared unilateral and bilat-
eral percutaneous stenting for MHO [2, 3]. There were no 
predictors to influence stent dysfunction, as evaluated by 
Cox regression analysis. The cause of these observations 
may be because of the facts that the sample size was lim-
ited and the patency of stent in a majority of the patients 
until death.

When the survival of patients between unilateral and 
bilateral stenting was evaluated, no remarkable variation 
was observed [2–5, 7]. While no notable variation in the 
probability of survival between the two groups (P = 0.053) 
was reported by Lee et al. [6], they did report a positive 
association (95% CI 0.259–0.666; P < 0.01) between bilat-
eral drainage and survival. In the case of bilateral stent-
ing, better survival rates have been seen on draining > 50% 
of the liver volume and is thus highly recommended by 
The Asia–Pacific Working Group on Hepatobiliary Can-
cer [20]. In our study, on comparing the unilateral and 
bilateral groups, a similar duration of survival (122 days 
vs. 125 days, P = 0.844) was observed. This result may 
be because unilateral stenting was carried out via the 
right intrahepatic biliary route. Nearly 55–60% of the 
whole liver comprises the right hepatic lobe and this is 
in accordance with the drainage volume recommended by 

Table 3  Univariate and 
multivariate Cox regression 
analyses of survival

ECOG PS Eastern Cooperative Oncology Group performance status, CI confident interval, TBIL total bili-
rubin, AST aspartate transaminase, ALT alanine aminotransferase

Variables Univariate analysis Multivariate analysis

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Age 0.994 0.971–1.019 0.647
Gender
 Male 1
 Female 0.671 0.385–1.169 0.159

Cause of obstruction
 Cholangiocarcinoma 1
 Others 0.874 0.515–1.482 0.616

Tumor stage
 II 1
 III 1.052 0.520–2.129 0.887
 IV 1.569 0.732–3.362 0.247

ECOG PS 1.320 0.791–2.203 0.288
Bismuth type
 II 1
 III 0.993 0.547–1.801 0.981
 IV 1.415 0.677–2.960 0.356

TBIL before 1.001 0.999–1.004 0.326
TBIL after 1.008 1.003–1.013 0.002 1.009 1.004–1.015 0.001
AST before 1.003 0.999–1.006 0.167
AST after 1.001 0.995–1.007 0.725
ALT before 1.004 1.001–1.007 0.012 1.006 1.002–1.010 0.001
ALT after 1.007 0.999–1.014 0.092 1.002 0.092–1.011 0.736
Albumin 0.971 0.903–1.045 0.431
Stent insertion
 Unilateral 1
 Bilateral 0.949 0.558–1.613 0.845

Anticancer treatment
 No 1 1
 Yes 0.415 0.230–0.749 0.004 0.377 0.204–0.700 0.002
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the Asia-Pacific Working Group [2, 20]. Higher TBIL and 
ALT levels usually indicate that patients exhibit an unsat-
isfactory liver function, which is associated with reduced 
chances of survival [2]. After the operation, no post-
operative anticancer treatment is also the predictors of 
worse survival. Besides the palliative stenting to alleviate 
jaundice, survival of the patients can be enhanced by the 
subsequent modes of cancer treatment, including chemo-
therapy, radiotherapy, a high-intensity focused ultrasound 
ablation, etc. [2, 6, 10].

There was no notable dissimilarity between the two 
groups regarding the occurrence rate of cholangitis, and only 
3 patients (3/60, 5%) experienced cholangitis after stenting. 
This result was achieved mainly because a temporary biliary 
drainage was carried out in all patients for 5 days. The rate 
of early stent dysfunction can also be decreased by halting 
cholangitis, which may potentially cause a similar duration 
of patency between unilateral and bilateral stenting. How-
ever, a rare complication called hepatic pseudoaneurysm 
may occur when durative bleeding happens post-biliary 
stenting and can be managed by coil embolization.

A few limitations include hindrance in definitive conclu-
sions concerning the clinical effectiveness due to the limited 
sample size from a single center. In addition, a potential bias 
may occur because of the open-label design. Second, the 
inability to exclude a bias of unbalanced stage distribution 
because randomization was not performed with stratifica-
tion by tumor stage. Third, a selection bias may be caused 
because of the multiple cancer types. Thus, clinical trials 
are needed which include unique disease. Fourth, since the 
anticancer treatment was carried out depending on the spe-
cific condition of the patient, a selection bias may be caused.

In conclusion, there are no significant differences between 
unilateral and bilateral metal stenting for MHO in terms of 
technical and clinical success, duration of stent patency and 
survival, and adverse events. Moreover, the patient’s survival 
chances could be enhanced by subsequent anticancer treat-
ment. Therefore, being a simple procedure, unilateral metal 
stenting with anticancer treatment may be recommended in 
patients with MHO.
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