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Background/Aims: The aim of this study was to evaluate outcomes of inside plastic stents (iPSs) versus those of metal stents (MSs) for 
treating unresectable perihilar malignant obstructions.
Methods: For all patients who underwent endoscopic suprapapillary placement of iPS(s) or MS(s) as the first permanent biliary 
drainage for unresectable malignant perihilar obstructions between January 2014 and August 2019, clinical outcomes using iPSs (n=20) 
and MSs (n=85), including clinical efficacy, adverse events, and time to recurrence of biliary obstruction (RBO), were retrospectively 
evaluated.
Results: There were no differences in clinical effectiveness (95% for the iPS group vs. 92% for the MS group, p=1.00). Procedure-related 
adverse events, including pancreatitis, acute cholangitis, acute cholecystitis, and death, were observed for 8% of the MS group, although 
no patient in the iPS group developed such adverse events. The median time to RBO was 561 days (95% confidence interval, 0–1,186 
days) for iPSs and 209 days (127–291 days) for MSs, showing a significant difference (p=0.008).
Conclusions: Time to RBO after iPS placement was significantly longer than that after MS placement. IPSs, which are removable, 
unlike MSs, were an acceptable option.  Clin Endosc 2020;53:735-742
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INTRODUCTION

Even in the field of pancreatobiliary endoscopy, which has 
been rapidly developing, drainage methodology for use with 
perihilar biliary obstructions remains one of the most difficult 
issues to overcome. Perihilar obstruction separates the biliary 
tree into numerous cavities that cannot be drained using cur-

rent drainage techniques when they are too small or numer-
ous. Incomplete drainage, segmental infection, biloma, and/
or partial but prolonged liver damage often occur, resulting 
in quality of life (QOL) deterioration and decreased survival. 
Even if such obvious events do not develop, drainage stents 
can become occluded or insufficient in a relatively short inter-
val.

Since the advent of self-expanding metal stents (MSs), clin-
ical outcomes of metal versus plastic stents (PSs) have been 
compared. Although short-term efficacies, such as technical 
feasibility and drainage efficacy seem similar, the stent patency 
period was reportedly better for MSs in several studies,1-3 in-
cluding a meta-analysis.4 However, for perihilar obstructions, 
all previous studies compared suprapapillarily placed MSs 
with transpapillarily placed PSs. Transpapillary placement, in 
which the distal end of the stent is within the duodenum, is 
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associated with the free reflux of intestinal juices, food, and 
bacteria. 

Inside plastic stents (iPSs), which are placed suprapapillarily, 
can theoretically prevent such reflux, and they can be com-
pared with MSs placed above the papilla. If iPSs have an ac-
ceptable efficacy and patency period, they would be a potent 
option, particularly since MSs are unremovable.

Although there are several reports on iPS use for treating 
benign strictures5,6 and preoperative cancers,7 few studies have 
reported on their use for unresectable malignant perihilar 
strictures, except for single-arm evaluations of iPSs8,9 and 
studies comparing iPSs with transpapillary PSs.10 No study has 
compared the use of iPSs and MSs for treating perihilar ma-
lignancies.

Although prospective randomized studies are ideal for 
evaluating outcomes, here we conducted a retrospective com-
parative study as a pilot study to confirm the feasibility and 
acceptability of iPS placement.

MATERIAL AND METHODS

Patients
This retrospective study aimed to evaluate the clinical 

outcomes of iPSs and MSs for biliary stenting. All patients 
who underwent biliary drainage for unresectable perihilar 
malignancy using iPSs or MSs between January 2014 and 
August 2019 were extracted from a prospectively maintained 

endoscopic retrograde cholangiopancreatography (ERCP) da-
tabase. To evaluate the outcomes of stent placement, cases of 
stent exchange or addition after the dysfunction of previously 
deployed stents were excluded, although cases of planned ex-
change of previously deployed stents as a temporary stopgap 
remedy until confirmation of inoperability or recovery from 
critical cholangitis were not excluded. Thus, even the first MS 
placement for cases in which previous iPSs became dysfunc-
tional were not included into the analyses and vice versa. In 
addition, the following cases were excluded: (1) stricture clas-
sified as Bismuth level I, (2) biliary drainage with mixed usage 
of an iPS and an MS, (3) biliary drainage using a hybrid of 
multiple routes, such as transpapillary + percutaneous routes 
and transpapillary + endoscopic ultrasonography-guided 
routes, and (4) surgically reconstructed biliary systems, e.g., 
after surgical choledochojejunostomy.

Endoscopic procedures
After a contrast cholangiogram was obtained using a cath-

eter cannulated through a duodenoscope (TJF260V; Olympus 
Co., Tokyo, Japan), guidewires were inserted into all cavities 
to be drained. Drainage cavities were defined using comput-
ed tomography and cholangiography according to drainage 
efficiency with the liver volume of the basin involved by the 
cavities. Stents used were determined at the endoscopist’s dis-
cretion.

For iPS placement, a 3-0 nylon thread was tied to the end 
of the PS (Flexima; Boston Scientific Japan K.K., Tokyo, Japan, 
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Fig. 1. Inside stents placed above the papilla (arrows). (A) Inside plastic stents; and (B) inside metal stents placed using a partial stent-in-stent method.
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Through Pass; Gadelius Medical, Tokyo, Japan, Quick Place V; 
Olympus) to aid in removal. The stent was disconnected from 
the delivery system to tie the thread and then reloaded into 
the same delivery system for insertion. Stents with a preload-
ed thread (Through & Pass IS; Gadelius Medical) were used 
after becoming available. The iPS length was sufficiently long 
to avoid migration into the upstream cavity but short enough 
to avoid dislocation toward the duodenum beyond the papilla 
(Fig. 1A).

Multiple MSs were placed using a partial stent-in-stent 
(pSIS) or side-by-side (SBS) method at the endoscopist’s dis-
cretion. When three or more stents were required, the pSIS 
method was applied (three or more stents were not placed 
using the SBS method or using a hybrid of the two methods). 
During the pSIS method, stents were placed in decreasing 
order of expected placement difficulty based on the angle be-
tween the common bile duct and the target duct, accessibility 
of a guidewire to the target, and stenosis length and severity 
(Fig. 1B). When it was difficult to place the stent(s) through 
the previously deployed stent, multiple endoscopy sessions 
were permitted. MSs used in the pSIS method were Niti-S 
LCD type (Century Medical, Inc., Tokyo, Japan), BonaStent 
M-Hilar (Medico’s Hirata Inc., Tokyo, Japan), Zilver 635 (Cook 
Japan Inc., Tokyo, Japan), BileRush (Piolax Medical Devices, 
Inc., Yokohama, Japan), and ZeoStent V (Zeon Medical Inc., 
Tokyo, Japan). For SBS placement, stents were simultaneously 
deployed using stents with a thin delivery system of 6 Fr or 
less (Zilver 635, BileRush, or ZeoStent V). The proximal (du-
odenal side) ends of the stents were positioned at the same 
level.

Endoscopic sphincterotomy (EST) was performed when the 
papilla was small, the biliary cannulation was difficult, the risk 
for post-procedural pancreatitis was considered high, or an-
other intervention requiring EST, such as stone removal and 
cholangioscopy, was required.

Before stent placement, the obstructed cavities were aspirat-
ed and injected with saline a few times.

Outcome measurements and definitions
The primary measurement was the time to recurrence of 

biliary obstruction (RBO) defined as (1) elevation of the se-
rum total bilirubin (TB) level to >2.0 mg/dL from a normal 
level (≤1.2 mg/dL), (2) elevation of the serum TB level of >2.0 
mg/dL from an abnormal level (>1.3 mg/dL), or (3) the occur-
rence of acute infectious cholangitis with an elevated C-reac-
tive protein (CRP) level, an elevated biliary enzyme level, and 
pyrexia. RBO was evaluated only for patients in whom iPS or 
MS placement was clinically effective. Clinical effectiveness 
was defined as successful recovery from obstructive jaundice 
and infectious cholangitis. Successful recovery from obstruc-

tive jaundice was defined as (1) serum TB level decreasing to 
normal; or (2) serum TB level decreasing to <1/3 of the peak 
level. Successful recovery from infectious cholangitis was 
defined as no increase in the serum CRP and biliary enzyme 
levels without antibiotic agent administration for >7 days.

Clinical effectiveness, procedure-related adverse events, late 
biliary complications except RBO, and survival period were 
analyzed as secondary outcomes. Procedure-related adverse 
events were defined as all clinically unfavorable events oc-
curring within 7 days, while late biliary complications were 
clinically unfavorable events in the liver/biliary system >7 
days after the procedure. When multiple sessions were needed 
to complete the drainage, dates were counted from the last 
session.

Table 1. Baseline Characteristics

iPS group
(n=20)

MS group
(n=85) p-value

Sex, Male:Female 8:12 51:34 0.13

Age, mean±SD, yr 79±8 79±11 0.85

Etiology n.s.

Extrahepatic cholangio-
carcinoma 9 (45%) 42 (49%)

Intrahepatic cholangio-
carcinoma 3 (15%) 16 (19%)

Gallbladder cancer 3 (15%) 12 (14%)

Other 5 (25%) 15 (18%)

Bismuth level n.s.

II 7 (35%) 17 (20%)

IIIa, IIIb 6 (30%) 27 (31%)

IV 7 (35%) 41 (48%)

Rough image of the stric-
ture11 0.50

Localized 16 (80%) 73 (86%)

Spreading 4 (20%) 12 (14%)

Surface image of the stric-
ture11 n.s.

Soft irregularity 12 (60%) 32 (38%)

Solid irregularity 7 (35%) 46 (54%)

Smooth 1 (5%) 7 (8%)

Infectious cholangitis n.s.

None 9 (45%) 25 (29%)

None but previous 1 (5%) 13 (15%)

Concomitant 10 (50%) 47 (55%)

iPS, inside plastic stent; MS, metal stent; n.s., not significant; SD, 
standard deviation.
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Analytic statistics
Analyses were performed using IBM SPSS software version 

24 (IBM Japan, Ltd., Tokyo, Japan). Outcomes are reported 
as mean±standard deviation for quantitative variables and as 
percentages for categorical variables. Continuous variables 
were analyzed using a t-test, while categorical data were 
compared using Fisher’s exact test. More than two categorical 
variables were analyzed using the chi-square test. Cumulative 
survival was analyzed using the Kaplan–Meier method. Me-
dian periods calculated using the Kaplan–Meier method are 
reported with 95% confidence intervals (CIs). P-values <0.05 
were considered statistically significant.

Ethics
The stent placement procedures and this study were ap-

proved by the Institutional Review Board of Sendai City Med-
ical Center. Written informed consent for ERCP was obtained 
from all patients before the procedure after an explanation of 
the risks and benefits versus other possible options was pro-
vided.

All authors had access to the study data and reviewed and 
approved the final manuscript.

RESULTS

Baseline characteristics
During the study period, 20 patients in the iPS group and 

85 patients in the MS group were identified as being fully eli-
gible for this study. The distributions of sex, age, and causative 
etiology were similar between the groups (Table 1). The rate 
of cases of a Bismuth level IV stricture was relatively high in 
the MS group, although no statistically significant differences 

detected. Rough and surface images on cholangiography were 
classified according to the criteria defined in our previous re-
port.11 Although soft irregularities on the surface of the stric-

Table 3. Clinical Outcomes

iPS group
(n=20)

MS group
(n=85) p-value

Clinical efficacy 95% (19/20) 92% (77/85) 1.00

Procedure-related adverse events

Overall 0 8% (7/85) 0.34

Mild pancreatitis (3)

Acute cholangitis (2)

Acute cholecystitis (1)

Mortality (1)

Chemotherapy after the procedure 
(with overlapping)

Performed  
(any regimen) 10 (50%) 28 (33%) 0.19

Gemcitabine 1 6

S-1 4 10

Gemcitabine + 
CDDP 6 14

Other(s) 1 3

Late complications

Overall 10% (2/20) 12% (10/85) 1.00

Liver abscess (1) (5)

Acute cholecystitis (1) (5)

Stent dysfunction 21% (4/19) 43% (33/77) 0.11

Time to RBO, median 
(95% CI), days 561 (0–1,186) 209 (127–291) 0.008

Number of re-inter-
ventions n.s.

0 16 57

1 3 14

2 1 4

3 0 1

4 0 4

5 0 3

8–9 0 2

Mean±SD 1.1±1.9 0.7±0.9 0.31

Follow up period, 
mean±SD, days 203±224 182±195 0.68

Survival period, me-
dian (95% CI), days

329 (181–477) 224 (149–298) 0.37

CDDP, cisplatin; CI, confidence interval; iPS, inside plastic stent; 
MS, metal stent; n.s., not significant; RBO, recurrent biliary ob-
struction; SD, standard deviation.

Table 2. Procedural Details

iPS group
(n=20)

MS group
(n=85) p-value

EST 6 (30%) 45 (53%) 0.08

Number of stents n.s.

1 7 (35%) 24 (28%)

2 10 (50%) 51 (60%)

3 2 (10%) 9 (11%)

4 1 (5%) 1 (1%)

Placing method

Partial stent-in-stent 52 (61%)

Side by side 9 (11%)

EST, endoscopic sphincterotomy; iPS, inside plastic stent; MS, 
metal stent; n.s., not significant.
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ture were significantly related to short patency in the report, 
the intergroup distributions were not statistically different. 
Acute infectious cholangitis was observed in 50% of the iPS 
group and 55% of the MS group. No significant tendencies for 
stent selection were observed between periods, which were 
divided into two and four phases, to determine if such ten-
dencies were present.

Short-term outcomes
EST was performed in more patients in the MS group than 

in the iPS group without statistical significance (30% vs. 53%, 

p=0.08) (Table 2). Drainage required two or more stents for 
65% of the iPS group and 72% of the MS group (p=0.59). For 
most of the MS group (85%, 52/61), MSs were placed using 
the pSIS method. The drainage was clinically effective for 95% 
(19/20) of the iPS group and 92% (77/85) of the MS group 
(p=1.00) (Table 3).

Procedure-related adverse events within 7 days, including 
pancreatitis, acute cholangitis, acute cholecystitis, and death, 
were observed in 8% of the MS group versus 0% of the iPS 
group (Table 3). One patient in the MS group died of rapid 
cancerous debility, but it was unclear if it was related to the 
procedure. No cases of hemorrhage or intestinal perforation 
occurred in either group.

Time to recurrence of biliary obstruction
During the mean follow-up period of 203±224 days for 

the iPS group and 182±195 days for the MS group, RBO was 
observed in 21% (4/19) and 43% (33/77) of patients, respec-
tively (Table 3). The median time to RBO calculated using the 
Kaplan–Meier method was 561 (95% CI, 0–1,186) and 209 
(95% CI, 127–291) days, respectively, showing a statistically 
significant difference (p=0.008) (Fig. 2). Re-intervention for 
RBO was performed for 4 (21%) and 28 (36%) patients in the 
iPS and MS groups, respectively, with the use of endoscopic 
ultrasonography-guided hepaticogastrostomy in 5 MS-group 
patients and percutaneous biliary drainage in 1 MS-group 
patient. Two or fewer re-interventions were performed for 
all iPS patients, whereas three or more re-interventions were 
required for 10 patients (11%) in the MS group, although the 
overall survival was similar. Median time to RBO tended to 
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Fig. 2. Kaplan–Meier curves of cumulative rates to recurrent biliary ob-
struction (RBO). Median times to RBO were 561 (95% confidence interval 
[CI], 0–1,186) days for the inside plastic stent (iPS) group and 209 (95% CI, 
127–291) days for the metal stent (MS) group (p=0.008).
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Fig. 3. Kaplan–Meier curves of cumulative rates to recurrent biliary obstruction (RBO) for patients who did versus did not undergo chemotherapy (Cx). (A) Median 
times to RBO (TRBO) were 284 (95% confidence interval [CI], 195–373) days for patients who underwent Cx after the procedure and 209 (95% CI, 112–306) days for 
patients who did not (p=0.13). (B) For the inside plastic stent (iPS) group, median TRBO times were 636 days (95% CI, not available) for patients who underwent Cx 
and 211 days (95% CI, not available) for those who did not; for the metal stent (MS) group, they were 265 (95% CI, 162–368) days and 164 (95% CI, 54–274) days 
(p=0.028).
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be long for patients who underwent chemotherapy after the 
procedure (Fig. 3). Survival periods did not differ between the 
iPS and MS groups, although they were significantly different 
between patients who underwent chemotherapy and those 
who did not (Fig. 4).

DISCUSSION

A meta-analysis of three randomized controlled trials 
(RCTs) evaluating outcomes of using PS vs. MS for malig-
nant perihilar obstructions concluded that MS placement 
was favorable with a significant difference in patency period 
(p=0.003),4 although two of the analyzed studies did not indi-
cate a statistically significant difference in patency.1,2 However, 
the meta-analysis included cases treated using a single stent, 
and our retrospective cohort study included the use of two or 
more stents and had similar outcomes (median stent paten-
cy period: 115 days for the PS group vs. 250 days for the MS 
group, p=0.0061).12 According to currently available data, MSs 
are superior to PSs for treating malignant perihilar obstructions.

MS placement to treat malignant perihilar obstruction has 
been generally performed using uncovered MSs to avoid side 
branch occlusion. However, since uncovered stents are unre-
movable, stent exchange is not an option for re-intervention 
when the stent fails or localized cholangitis occurs in separate 
cavities. As the number of stents that can be placed in a small, 
intricate area is highly limited, treatment by stent addition 
often becomes difficult for recurring cholangitis, decreasing 
the patient’s QOL and possibly, survival period.13 The remov-
ability of PSs is a strong advantage and enables the exchange 
for new stents without bile sludge and biofilm related to 

occlusion recurrence. Moreover, PSs are never occluded by 
tumor ingrowth. Despite their short patency, PSs have several 
advantages in cases of perihilar obstructions, and given its re-
placeability, PSs remain a reasonable option.

All three previous randomized studies on the use of PS 
vs. MS to treat malignant perihilar obstructions compared 
transpapillary PS and suprapapillary MS placement.1-3 PSs 
across the papilla cause continuous reflux of duodenal fluids 
related to bacterial exposure, outlet obstruction, and sludge 
formation. Although no randomized studies have investigated 
malignant perihilar obstructions in humans, suprapapillary 
placement resulted in fewer occluded stents in a previous 
experiment on dogs.14 Moreover, in a retrospective study on 
humans by Inatomi et al., suprapapillary PS placement had 
more favorable outcomes than transpapillary PS placement 
(median patency period: 142 for iPSs vs. 32 for transpapillary 
PSs, p=0.04 on log rank test).10

This is the first study evaluating outcomes of suprapapil-
lary PS versus suprapapillary MS placement. However, three 
retrospective studies of iPS without comparison to MS re-
ported median patency periods of 136 days,9 142 days,10 and 
190 days.8 In our study, iPSs had significantly longer median 
patency periods with no unfavorable outcomes in terms of 
clinical efficacy, short- and long-term adverse events, or sur-
vival period. However, these data, which apparently support 
the overwhelming superiority of iPS placement, must be con-
firmed in future prospective randomized studies with larger 
populations.

It is unknown why the patency was much longer here than 
in previous studies. There are several possible biases, including 
selection bias, derived from the retrospective nature of this 
study. The doctors might have consciously or unconsciously 
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Fig. 4. Kaplan–Meier curves indicating cumulative survival rates. (A) Median survival periods were 329 (95% confidence interval [CI], 181–477) days for the inside 
plastic stent (iPS) group and 224 (95% CI, 149–298) days for the metal stent (MS) group (p=0.37). (B) Median survival periods were 238 (95% CI, 148–328) days for 
patients who underwent chemotherapy (Cx) and 153 (95% CI, 74–232) days for those who did not (p=0.011).
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selected the stent type appropriate for the stricture. However, 
no statistically significant differences were found in the anal-
yses of the baseline characteristics, including Bismuth level. 
Moreover, selection seems difficult because no factors related 
to a long iPS patency have been identified in previous reports, 
commentaries, and publications, although such factors must 
be clarified.

Another possible reason is the difference in conditions 
among the studies. In a well-designed retrospective study by 
Inatomi et al. patients with lower Bismuth levels (types I and 
II) were included and appeared to be associated with stent 
patencies of less than 60 days.10 As suggested in an RCT by 
Pedersen et al. in which suprapapillary and transpapillary 
PSs (using a hybrid endoscopic–percutaneous technique) 
were compared for treating obstructions of the extrahepatic 
(not perihilar) bile duct,15 iPSs might not be favorable for 
non-perihilar strictures. Strictures in the non-hilar-involving 
bile duct can be related to shorter functional periods of iPSs 
due to stent location instability, which can cause wedging of 
the distal (duodenal side) end to the lower narrow bile duct. 
In Kaneko et al., completely straight stents without angles 
were used, possibly resulting in a relatively short time to RBO 
(median, 190 days) without patients with a stent patency ex-
ceeding 400 days.8 Although the median time to RBO in Ishi-
watari’s study was shorter (134 days) with curved stents and 
no patients with lower Bismuth levels, there were 3 patients 
in whom the stent functioned for longer than 1 year (>600 
days in one patient and >800 days in another patient).9 Since 
studies on iPSs for use with malignant perihilar obstructions, 
including our study, included small populations, the statistical 
reliability of estimated median values is low. Further prospec-
tive evaluations of large populations are required.

In conclusion, the stent functioning periods of PSs placed 
inside the bile duct were significantly longer than those of 
MSs in the retrospective setting with a relatively small pop-
ulation size. Although the value of iPSs should be confirmed 
in future studies and methodologies, including appropriate 
shapes, should be established, the importance of removable 
stents will increase in this era in which curative chemotherapy 
can occur and conversion surgery becomes possible.
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