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INTRODUCTION

Although multiple issues about the management and out-
comes of malignant biliary strictures have been addressed in 
a number of study formats, few studies to date have compared 

the outcomes of endoscopic stenting specifically according to 
different locations in the biliary tree. A number of random-
ized trials have shown the superiority of self-expanding metal 
stents (SEMSs) over plastic stents for both distal strictures 
(DSs) and hilar strictures (HSs).1,2 The equivalence of covered 
and uncovered SEMSs for DSs has been confirmed in numer-
ous studies.3 In contrast, although hilar stenting is inherently 
more complex and generates more questions, fewer studies 
with generally lower levels of evidence and weaker treatment 
recommendations are available concerning the management 
of HSs. More data from unselected populations are necessary 
to assess the outcome of stenting as practiced in the communi-
ty at large.

In this respect, a number of controversies and unanswered 
questions remain about the management of malignant HSs. 
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The percentage of liver volume that needs to be drained to 
achieve symptom control in advanced Bismuth–Corlette (B–C) 
types is a topic of ongoing debates, with evidence supporting 
both 30% (unilateral stenting) and 50% (requiring multiple 
or bilateral stenting).4–7 Studies with relatively small patient 
cohorts are complicated by multiple possible confounders. 
These include variations in the complexity and definition of 
strictures (level, extent, and multiplicity), access used for stent 
placement (transhepatic vs. transpapillary), and different stent 
configurations  (stent-in-stent vs. side-by-side) in patients with 
B–C type III–IV strictures.

Therefore, we designed this study in which the aforemen-
tioned confounders were minimized to answer a specific 
research question based on prospective data from a well-vali-
dated and large population-based registry. The purpose of this 
study was to assess endoscopic stenting for malignant biliary 
obstruction according to stricture location (distal vs. hilar, 
further subdivided into the different hilar B–C types). The pri-
mary endpoints were procedural and 30-day adverse events, 
and the secondary endpoint was the need for reintervention.

MATERIALS AND METHODS

Study design
This study conformed to the provisions of the Declaration 

of Helsinki and was approved by the Stockholm Regional 
Research Ethics Committee (EPN no. 2018/277-31). Since 
May 2005, endoscopic retrograde cholangiopancreatography 
(ERCP) procedures performed in Sweden have been entered 
into the Swedish Registry of Gallstone Surgery and ERCP 
(GallRiks, http:/www.ucr.uu.se/gallriks). This nationwide reg-
istry, covering >90% of all hospitals in Sweden, has confirmed 
high validity and follow-up frequency, offering reliable infor-
mation on indications, prevailing ERCP practice, nature and 
technical success of interventions, and adverse events.8,9

All ERCP procedures performed for malignant biliary ob-
struction and entered into GallRiks between January 1, 2010, 
and December 31, 2017, were assessed for inclusion in the 
study (Fig. 1). During this period, endobiliary radiofrequency 
ablation has not yet been introduced in Sweden. Only index 
procedures performed for malignant strictures in which the 
diagnosis was confirmed on cytology/histology or at a mul-
tidisciplinary team discussion (based on tumor markers and 
imaging) were included. Patients in whom the International 
Classification of Diseases 10th revision coding did not con-
firm malignancy (bile duct stones [K80] and indeterminate 
strictures [K83]) were excluded. Likewise, patients who did 
not receive a stent because of unsuccessful cannulation or an 
inability to cross the stricture with a guidewire (complete ste-

nosis) were excluded. Patients in whom the stricture or stent 
position was not indicated (missing data) were further exclud-
ed. Therefore, only patients with malignant biliary obstruction 
with known positions of both the stricture/s and stent/s were 
included in the analysis of adverse events. To calculate the stent 
failure rate, patients in whom a plastic stent or a combination 
of a plastic stent and a SEMS was placed, as well as patients in 
whom multiple SEMSs were applied at the index ERCP were 
excluded, such that only patients who received a single SEMS 
were analyzed.

The analyzed data included sex, age, and American Society 
of Anesthesiologists (ASA) physical status classification. Pro-
cedural information included the anatomical location of the 
stricture (divided into DS and HS, with a further subdivision 
into extrahepatic HS [B–C I–II] and intrahepatic HS [B–C III–
IV]) and the total procedure time. Both intraprocedural and 
30-day postprocedural adverse events were documented. In 
patients who required endoscopic reintervention, the time to 
reintervention was compared between DSs and HSs, as well as 
among HSs subdivided into different B–C types. All patients 
were followed up until December 31, 2018. The date of death 
in deceased patients was determined by cross-referencing with 
the Swedish Central Death Register.

Definitions
The index procedure was defined as the first ERCP proce-

dure performed. The most proximal stricture extension was 
used as a reference point for defining the stricture location. A 
DS was defined as an obstruction situated either in the am-
pulla of Vater or the common bile duct (ductus choledochus), 
distal to the cystic duct junction. An HS was defined as an 
obstruction involving or situated proximal to the cystic duct 
junction in the common hepatic duct (ductus hepaticus) and/
or left and/or right hepatic ducts, and HSs were subdivided 
according to the modified B–C classification.10 The total pro-
cedure time was defined as the time from endoscope insertion 
to the time of scope removal.

Adverse events were defined according to internationally 
accepted consensus criteria, in which pancreatitis is defined 
as abdominal pain in the presence of an increase in serum 
amylase levels to at least three times the normal level and chol-
angitis is defined as a new onset temperature >38°C at >24 h 
after the procedure combined with cholestasis.11 The timing 
of adverse events was classified as intraprocedural or post-
procedural (≤30 days). The time to the need for endoscopic 
reintervention (owing to symptoms associated with recurrent 
obstruction) was used as a proxy for stent failure or patency 
regardless of cause (occlusion or migration), according to the 
Tokyo criteria for reporting on transpapillary biliary stenting.12 
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Statistical analysis
All statistical analyses were performed using JMP Pro 14.2.0 

(SAS Institute Inc., Cary, NC, USA). Descriptive statistics 
were used for demographic and clinical parameters, proce-
dure time, and adverse events, with Pearson’s chi-square test 
used for categorical data and Student’s t-test for continuous 
data. Stent failure and stent patency were calculated using the 
Kaplan–Meier method, and Cox proportional hazard analysis 
was used to assess the influence of sex, age, ASA score, and 
stricture location on the risk of reintervention. Endoscopic 

reintervention was considered a terminal event, whereas death 
or reaching the end of the study period with a functioning 
stent was treated as a censored event.

RESULTS

Of 58,981 ERCP procedures registered during the inclu-
sion period, 4623 fulfilled the inclusion criteria (Fig. 1). Of 
the patients, 70.5% had a DS (n=3,259) and 29.5% had an 

Fig. 1.  Flowchart of the included ERCP procedures in this study. ERCP, endoscopic retrograde cholangiopancreatography; ICD, International Classification of Dis-
eases.

Total ERCP procedures
2010-2017

58981

ERCP with indication suspected 
biliary malignancy and/or  

biliary obstruction 
16401

Single metal stent placed for  
malignant bile duct stricture

2213

Registered ICD-code  
confirming malignancy 

8655

Successful intended bile  
duct cannulation

7038

Metal stents
2289 (49.5%)

Malignant strictures stented 
4623

Non-index procedures and  
indications other than malignancy 

with obstruction
42580 (72.2%)

Plastic stents
2244 (48.5%)

Combination (plastic and metal)
90 (2.0%)

Registered ICD-code not 
confirming malignancy

7746 (47.2%)

Unsuccessful intended bile 
duct cannulation

1617 (18.7%)

Complete stenosis or stricture or 
stent position unknown

2415 (34.3%)

Multiple metal stents
76 (3.3%)
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HS (n=1,364), with 76.5% of the HS cases being B–C type 
I or II (Fig. 2). The demographic parameters, ASA category, 

procedure time, and adverse events in patients stented for a 
DS or an HS are presented in Table 1. Patients undergoing 

Table 1.  Demographic Details, Procedural Information, and Adverse Events Comparing Endoscopic Transpapillary Stenting for Distal versus Hilar Strictures

Distal
n=3,259

n (%) or mean (SEM)

Hilar
n=1,364

n (%) or mean (SEM)
p-Value

Demographic, clinical, and procedural details

Sex
Female 1,670 (51.2) 750 (55.0)

0.0201a

Male 1,589 (48.8) 614 (45.0)

Age (yrs) 72.5 (0.2) 71.4 (0.3) 0.0054b

ASA classification
ASA I–II 1,938 (59.5) 638 (46.8)

<0.0001a

ASA III–IV 1,321 (40.5) 726 (53.2)

Procedure time (min) 36.9 (0.4) 51.9 (0.8) <0.0001b

Adverse events

Total 462 (14.2) 262 (19.2) <0.0001a

Intraprocedural 71 (2.2) 28 (2.1) 0.7876a

   Bleeding requiring intervention 6 (0.2) 0 (0) 0.1128a

   Extravasation of contrast 37 (1.1) 12 (0.9) 0.4390a

   Other intraprocedural complication 28 (0.9) 16 (1.2)

Postprocedural (30-day) 391 (12.0) 234 (17.2) <0.0001a

   Pancreatitis 129 (4.0) 90 (6.6) 0.0001a

   Cholangitis 92 (2.8) 56 (4.1) 0.0239a

   Perforation 9 (0.3) 3 (0.2) 0.7319a

   Bleeding 26 (0.8) 13 (1.0) 0.5985a

   Other postprocedural complication 135 (4.1) 72 (5.3)

ASA, American Society of Anesthesiologists; SEM, standard error of mean.
aPearson’s chi-square test.
bStudent’s t-test.

Malignant strictures stented 
4623

Hilar strictures
1364 (29.5%)

B-C I
541 (39.7%)

B-C IIIa
59 (4.3%)

B-C II
503 (36.9%)

B-C IIIb
63 (4.6%)

B-C IV
198 (14.5%)

Distal strictures
3259 (70.5%)

Fig. 2.  Flowchart indicating the position of strictures. B–C, Bismuth–Corlette.
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Table 2.  Demographic Details, Procedural Information, and Adverse Events Comparing Endoscopic Transpapillary Sstenting for Extrahepatic Hilar Strictures (B–C I–
II) versus Intrahepatic Hilar Strictures (B–C III–IV)

Extrahepatic (B–C I–II)
n=1,044

n (%) or mean (SEM)

Intrahepatic (B–C III–IV)
n=320

n (%) or mean (SEM)
p-Value

Demographic, clinical, and procedural details

Sex
Female 594 (56.9) 156 (48.7)

0.0104a

Male 450 (43.1) 164 (51.3)

Age (yrs) 72.3 (0.4) 68.8 (0.7) <0.0001b

ASA classification
ASA I–II 503 (48.2) 135 (42.2)

0.0602a

ASA III–IV 541 (51.8) 185 (57.8)

Procedure time (min) 47.6 (0.9) 65.9 (2.1) <0.001b

Adverse events

Total 208 (19.9) 54 (16.9) 0.3589a

Intraprocedural 23 (2.2) 5 (1.6) 0.4796a

   Bleeding requiring intervention 0 (0) 0 (0)

   Extravasation of contrast 11 (1.1) 1 (0.3) 0.2142a

   Other intraprocedural complication 12 (1.1) 4 (1.3)

Postprocedural (30-day) 185 (17.7) 49 (15.3) 0.3175a

   Pancreatitis 74 (7.1) 16 (5.0) 0.1880a

   Cholangitis 44 (4.2) 12 (3.8) 0.7141a

   Perforation 2 (0.2) 1 (0.3) 0.6862a

   Bleeding 9 (0.9) 4 (1.3) 0.5321a

   Other postprocedural complication 56 (5.4) 16 (5.0)

ASA, American Society of Anesthesiologists; B–C, Bismuth-Corlette; SEM, standard error of mean.
aPearson’s chi-square test.
bStudent’s t-test.

hilar stenting had a mean age of 71.4 years (p=0.0054), and 
55% of them were women (p=0.0201). Patients stented for 
HS more often had an ASA III or IV status (53.2% vs. 40.5%, 
p<0.0001) and a longer mean procedure time (51.9 vs. 36.9 
min, p<0.0001). Postprocedural (30-day) adverse events were 
significantly more common after hilar stenting (17.2% vs. 
12.0%, p<0.0001), with pancreatitis occurring in 6.6% of pa-
tients stented for HSs compared with 4.0% of patients stented 
for DSs (p=0.0001). The incidence of postprocedural cholan-
gitis was higher after hilar stenting than after distal stenting 
(4.1% vs. 2.8%, p=0.0239).

When specific B–C types were compared, patients with 
intrahepatic strictures (B–C III–IV) were younger (mean age 
68.8 vs. 72.3 years, p<0.0001) and had a longer mean proce-
dure time (65.9 vs. 47.6 min, p<0.001) than patients with ex-
trahepatic strictures (B–C I–II) (Table 2). Both intraprocedural 
and 30-day postprocedural adverse events did not significantly 

differ between extrahepatic and intrahepatic strictures (2.2% 
vs. 1.6% [p=0.4796] and 17.7% vs. 15.3%, [p=0.3175]). 

Fig. 3 shows the time to the need for reintervention after 
stent placement for hilar versus distal malignant obstruction. 
Reintervention within 6 months after stent placement was 
performed in 73.4% of the patients stented for HSs compared 
with 55.9% of patients stented for DSs (p<0.0001). At 12 
months, the percentage of patients who had not required re-
intervention was 11.2% in the hilar stenting group and 22.9% 
in the distal stenting group  (p<0.0001). Reintervention with-
in 6 months after stent placement was performed in 70.4%, 
75.6%, 90.0%, 87.5%, and 85.7% of B–C I, II, IIIa, IIIb, and IV 
cases, respectively (Fig. 4). In multivariate analysis taking into 
account sex, age, and ASA category, male sex and HS location 
were identified as significant risk factors for reintervention. A 
three times higher risk of reintervention was observed in pa-
tients with an HS (hazard ratio 3.47, 95% confidence interval 
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2.01–6.00, p<0.001) than in patients with a DS (Table 3).

DISCUSSION

Our study, based on prospective data from a large and 
well-validated registry, is, to our knowledge, the first to direct-
ly compare the outcomes of endoscopic stenting for malignant 
strictures located in the distal and hilar (subdivided into dif-
ferent B–C types) locations of the biliary tree. Although the 
incidence of cholangiocarcinoma is increasing in Western 
countries, the distribution of malignant strictures between 
DSs (70%) and HSs (30%) in our study reflects the prevalence 
of pancreatic adenocarcinoma, cholangiocarcinoma, and gall-
bladder cancer found in populations worldwide.13

The superiority of SEMSs over plastic stents for malignant 
DSs and HSs and the equivalence of covered and uncovered 
SEMSs for DSs have been confirmed in multiple randomized 
trials.1–3 Whereas both covered and uncovered SEMSs could 
be used for B–C I HSs, probably with comparable results, un-
covered SEMSs are used for B–C II–IV strictures to prevent 
the occlusion of biliary radicles covered by the expanded stent 
proximal to the stricture.14 The recommendations for HS 
management are generally weak, as they are based on low-lev-
el evidence. Studies are typically hampered by a multitude of 
variables and potential confounders, including the proximal 
and distal extent of strictures, liver functionality (presence 
of atrophied segments and number of segments drained), 
diverse underlying pathologies (cholangiocarcinoma vs. met-
astatic strictures), and access type (percutaneous vs. ERCP vs. 
endoscopic ultrasound). The presence of these multitude of 
variables results in small numbers for analysis, and statistically 
significant results are seldom reported.

The mean procedure time was shorter for DSs than for HSs 
and was similar between extrahepatic and intrahepatic HSs. 
These results were expected, as incrementally more proximal 
strictures could be technically more challenging to traverse 
with a guidewire owing to decreased thrust and increased 
angulation encountered in the hilum. The difficulty in se-

Fig. 3.  Time to the need for endoscopic reintervention (in months) after hilar 
and distal single metal stent placement. SEMS, self-expanding metal stent 
(log-rank: chi-square [ChiSq] 47.07, p>ChiSq<0.0001; Wilcoxon: ChiSq 66.13, 
p>ChiSq<0.0001)

Distal Hilar

Stent patent n % n % p

6 months 830 44.1 88 26.6 <0.0001

12 months 430 22.9 37 11.2 <0.0001

18 months 227 12.1 19 5.7 0.0007

24 months 129 6.9 14 4.2 0.0733

p=Pearson’s chi-squared test
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Stent patent n % n % n % n % n % n % p

6 months 830 44.1 63 29.6 21 24.4 1 10 1 12.5 2 14.3 <0.0001

12 months 430 22.85 29 13.6 5 5.8 1 10 0 0 2 14.3 <0.0001

18 months 227 12.1 15 7.0 2 2.3 1 10 0 0 1 7.1 0.0212

24 months 129 6.9 12 5.7 1 1.2 1 10 0 0 0 0 0.2654

p=Pearson’s chi-squared test
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Fig. 4.  Time to the need for endoscopic reintervention (in months) after single metal stent placement for B–C types I–IV. SEMS, self-expanding metal stent; B–C, 
Bismuth–Corlette (log-rank: chi-square [ChiSq] 58.85, p>ChiSq<0.0001; Wilcoxon: ChiSq 74.04, p>ChiSq< 0.0001).
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lectively cannulating specific intrahepatic ducts for bilateral 
or multisectoral stenting also adds to the procedure time. 
Postprocedural adverse events, specifically post-ERCP pan-
creatitis and cholangitis, more commonly occurred after hilar 
stenting than after distal stenting. It is known that the risk of 
post-ERCP pancreatitis is not influenced by performing an 
endoscopic sphincterotomy before SEMS deployment but is 
directly related to the procedure time, and the higher rates in 
our study may be related to the significantly longer procedure 
times.15 The cholangitis rates after distal endoscopic stenting 
for malignant obstruction vary depending on stent type (SEMS 
vs. plastic stent), ranging from 5% to 30% in randomized con-
trolled trials.16,17 Prospective studies on hilar endoscopic stent-
ing for malignant obstruction have reported cholangitis rates 
ranging between 4.7% and 16.6%.18–21 Cholangitis after hilar 
stenting is multifactorial and can be the result of procedural 
factors, such as inadvertent filling of bile ducts not drained by 
the placed stent, and tumor progression. Interestingly, our data 
did not show significant differences in 30-day adverse events 
(including cholangitis) when comparing intrahepatic and ex-
trahepatic HS stenting. Although the definitions of cholangitis 
vary, our results are in contrast with those of previous publi-
cations reporting cholangitis rates for B–C I, II, and III–IV of 
4%, 10%, and 57.7%, respectively, and those reporting that B–
C IV stricture stenting was associated with higher cholangitis 
rates.22,23

The mean patency duration after distal SEMS placement has 
been reported to be 250 days, and randomized trials report 6- 
and 12-month patency rates varying between 68%–78% and 
32%–55%.19,24 Our study found an estimated 6-month patency 
rate of 44%, with 56% of the patients requiring reintervention. 
For hilar stents, patency rates of 30% and 17% at 6 and 12 
months, respectively, have been reported in randomized con-
trolled trials, although most reports failed to investigate differ-
ences among the B–C types.18,25 Importantly, our data showed 

estimated 6- and 12-month patency rates for hilar stents of 
27% and 11%, respectively, with reintervention required in 
73% at 6 months and in 89% at 12 months. In multivariate 
analysis, male sex and HS location were identified as risk fac-
tors for reintervention, with the risk of reintervention after HS 
stenting being three times higher than that after DS stenting.

In a retrospective report on 61 patients undergoing hilar 
stenting, Rerknimitr et al. reported mean patency durations 
of 87, 69, and 41 days for B–C types I, II, and III–IV respec-
tively.22 The 6-month reintervention rates in the current 
study ranged from 70% for B–C I strictures to 86% for B–
C IV strictures. This is likely the effect of proximal disease 
progression occluding initially drained segments that were 
colonized, resulting in cholangitis and requiring additional 
interventions. Although the numbers were small, the highest 
reintervention rate at 6 months was observed in SEMSs placed 
in the right hepatic duct (90%), in contrast to previous reports 
of decreased patency in left-sided SEMSs, but highlighting the 
fact that bilateral or multisectoral drainage should probably be 
pursued in more advanced B–C types.26 Placement of a single 
stent in patients with a B–C I stricture allows for drainage of 
the whole liver, comparable to single stent placement in DSs. It 
is interesting to note the 14% difference in patency rates after 
DS (44%) and B–C I stricture (30%) stenting in our patients.

To our knowledge, this is the largest analysis of hilar stent 
performance as it occurs in the population at large. However, 
the study has a number of limitations. Hilar strictures were 
defined as obstructions involving or proximal to the opening 
of the cystic duct, which, owing to variation in the level of the 
cystic duct junction, may have resulted in an overlap between 
distal and B–C I strictures in terms of actual stricture position. 
Although there is still no consensus on an alternative defini-
tion, the use of a measured cutoff, such as the distal half of the 
extrahepatic bile duct for DSs, as proposed by the Japanese 
Society of Hepato-Biliary-Pancreatic Surgery, would be more 

Table 3.  Univariate and Multivariate analyses of the Risk for Reintervention after Single Metal Stent Placement

Univariate analysis Multivariate analysis

Hazard ratioa 

(95% confidence interval) p-Value Hazard ratioa

(95% confidence interval) p-Value

Hilar stricture 3.26 (1.89–5.59) < 0.001 3.47 (2.01–6.00) <0.001

Male sex 1.85 (1.12–3.07) 0.017 1.97 (1.18–3.27) 0.009

Age > 75 yrs 0.98 (0.60–1.62) 0.951 1.08 (0.65–1.78) 0.775

ASA III–IV 1.05 (0.63–1.73) 0.860 0.94 (0.56–1.56) 0.804

ASA, American Society of Anesthesiologists.
aCox proportional hazard analysis.
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appropriate and would probably generate more clinically rel-
evant data.27 As prophylactic nonsteroidal anti-inflammatory 
and antibiotic use was only introduced as part of GallRiks data 
capturing in the latter period of participant inclusion, these 
confounders could not be accounted for. Death without rein-
tervention was treated as a censored event; however, the actual 
stent patency at the time of death could not be determined, 
and random censoring and an occluded stent at the time of 
death could not be excluded. Percutaneous reintervention for 
stent dysfunction and patients undergoing curative resection 
or palliative chemotherapy could not be accounted for, as 
nonendoscopic interventions are not entered into the registry. 
Not accounting for these groups probably underestimated the 
number of stent failures, especially for intrahepatic HSs.

This study underscores the difficulties encountered in inves-
tigating stenting for malignant HSs. The study simplified and 
did not cover the whole spectrum of hilar stenting, as patients 
treated with plastic or multiple stents and percutaneous or 
endoscopic ultrasound-placed stents were excluded. Ran-
domized trials that have generated strong evidence about the 
numerous issues concerning DS stenting cannot be replicated 
for HS stenting. Analyses of large population-based cohorts 
could serve as a platform for studies to obtain more robust 
data. However, simple ERCP registries such as GallRiks, not 
specifically designed for HSs, lack granular information on 
key variables, thus precluding in-depth analyses of important 
unanswered questions.

In conclusion, our study, based on a large and well-validated 
population-based registry, confirms that endoscopic treat-
ment of malignant HS has high complication rates and high 
reintervention rates. The number of variables that need to be 
accounted for in this population precludes comprehensive 
randomized trials. Dedicated multi-institutional registries 
specifically designed to answer research questions about hilar 
stenting are needed.
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