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Summary
Background In patients with resectable perihilar cholangiocarcinoma, biliary drainage is recommended to treat 
obstructive jaundice and optimise the clinical condition before liver resection. Little evidence exists on the preferred 
initial method of biliary drainage. We therefore investigated the incidence of severe drainage-related complications of 
endoscopic biliary drainage or percutaneous transhepatic biliary drainage in patients with potentially resectable 
perihilar cholangiocarcinoma.

Methods We did a multicentre, randomised controlled trial at four academic centres in the Netherlands. Patients who 
were aged at least 18 years with potentially resectable perihilar cholangiocarcinoma requiring major liver resection, 
and biliary obstruction of the future liver remnant (defined as a bilirubin concentration of >50 μmol/L [2·9 mg/dL]), 
were randomly assigned (1:1) to receive endoscopic biliary drainage or percutaneous transhepatic biliary drainage 
through the use of computer-generated allocation. Randomisation, done by the trial coordinator, was stratified for 
previous (attempted) biliary drainage, the extent of bile duct involvement, and enrolling centre. Patients were enrolled 
by clinicians of the participating centres. The primary outcome was the number of severe complications between 
randomisation and surgery in the intention-to-treat population. The trial was registered at the Netherlands National 
Trial Register, number NTR4243.

Findings From Sept 26, 2013, to April 29, 2016, 261 patients were screened for participation, and 54 eligible patients 
were randomly assigned to endoscopic biliary drainage (n=27) or percutaneous transhepatic biliary drainage (n=27). 
The study was prematurely closed because of higher mortality in the percutaneous transhepatic biliary drainage 
group (11 [41%] of 27 patients) than in the endoscopic biliary drainage group (three [11%] of 27 patients; relative risk 
3·67, 95% CI 1·15–11·69; p=0·03). Three of the 11 deaths among patients in the percutaneous transhepatic biliary 
drainage group occurred before surgery. The proportion of patients with severe preoperative drainage-related 
complications was similar between the groups (17 [63%] patients in the percutaneous transhepatic biliary drainage 
group vs 18 [67%] in the endoscopic biliary drainage group; relative risk 0·94, 95% CI 0·64–1·40). 16 (59%) patients 
in the percutaneous transhepatic biliary drainage group and ten (37%) patients in the endoscopic biliary drainage 
group developed preoperative cholangitis (p=0·1). 15 (56%) patients required additional percutaneous transhepatic 
biliary drainage after endoscopic biliary drainage, whereas only one (4%) patient required endoscopic biliary drainage 
after percutaneous transhepatic biliary drainage.

Interpretation The study was prematurely stopped because of higher all-cause mortality in the percutaneous 
transhepatic biliary drainage group. Post-drainage complications were similar between groups, but the data should be 
interpreted with caution because of the small sample size. The results call for further prospective studies and 
reconsideration of indications and strategy towards biliary drainage in this complex disease.

Funding Dutch Cancer Foundation.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
Perihilar cholangiocarcinoma is a rare tumour 
originating in the bile ducts at the liver hilum, which 
typically causes biliary obstruction.1 Surgical resection, 
through the use of combined extrahepatic bile duct 
resection and extended liver resection, offers a median 
survival of 19–39 months.2 Extended liver resection in 

cholestatic patients is associated with postoperative 
mortality of up to 18%.2–5 Preoperative biliary drainage 
aims to reduce jaundice, which decreases bacterial 
translocation and improves nutritional status, liver 
function, immune dysfunction, and the ability of the 
liver to regenerate after resection.6,7 Consequently, 
preoperative biliary drainage can reduce postoperative 
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See Online for appendix mortality, especially in extended liver resections.8 
Nonetheless, biliary drainage can be harmful when 
drainage-related complications, such as cholangitis, 
further deteriorate the patient’s condition and increase 
the risk of postoperative mortality.9–11 These complications 
potentially outweigh the benefits of biliary drainage, and 
should be minimised to optimise surgical outcomes.

The two most commonly used drainage techniques are 
endoscopic biliary drainage and percutaneous transhepatic 
biliary drainage (referred to as endoscopic drainage and 
percutaneous drainage hereafter). Currently, no consensus 
has been reached on the preferred method of preoperative 
biliary drainage in patients with perihilar cholangio-
carcinoma. The incidence of complications after endo-
scopic drainage and percutaneous drainage has only been 
assessed in small retrospective series, which reported 
higher technical success and fewer complications after 
percutaneous drainage than endoscopic drainage.12,13 
Because these studies might be biased by patient selection, 
randomised trials are needed to confirm the potential 
benefit of preoperative percutaneous transhepatic biliary 
drainage compared with endoscopic biliary drainage. 
Therefore, we did a multicentre, randomised trial 
investigating the incidence of severe drainage-related 
complications of both techniques in patients with 
potentially resectable perihilar cholangiocarcinoma.

Methods
Study design
The trial was a multicentre, randomised controlled 
trial that aimed to show superiority of percutaneous 
transhepatic biliary drainage over endoscopic biliary 

drainage as the initial preoperative biliary drainage 
procedure in patients with perihilar cholangiocarcinoma. 
The study was done at four academic centres that 
treat most patients with perihilar cholangiocarcinoma in 
the Netherlands: Amsterdam University Medical Centre, 
Amsterdam; Erasmus University Medical Centre, 
Rotterdam; University Medical Centre Groningen, 
Groningen; and Maastricht University Medical Centre, 
Maastricht. The institutional review board at each 
institution approved the protocol. An independent data 
and safety monitoring board, comprising a surgeon, 
gastroenterologist, and clinical epidemiologist, was 
assigned to evaluate the progress of the trial and examine 
the unblinded safety variables after 50% accrual. Annual 
unblinded safety reports including serious adverse 
events were provided to the institutional review board 
by the trial steering committee. The complete methods 
and research have been published previously,14 and are 
included in the appendix (pp 3–8).

Participants
All patients with presumed perihilar cholangiocarcinoma 
who were referred to the multidisciplinary teams at 
each centre were screened for eligibility. Perihilar 
cholangiocarcinoma was defined as a tumour originating 
in the common hepatic duct, at the hepatic duct 
confluence, or in the left or right hepatic duct on imaging 
(CT or magnetic resonance cholangiopancreatography, or 
both).15 Patients who were aged at least 18 years, had a 
resectable tumour that required major hepatectomy 
based on imaging, and had biliary obstruction of the 
future liver remnant were included in the study. Criteria 

Research in context

Evidence before this study
Perihilar cholangiocarcinoma is a rare tumour originating in the 
bile ducts at the liver hilum, which typically causes biliary 
obstruction. Biliary drainage is recommended to treat 
obstructive jaundice and optimise clinical condition before liver 
resection. The two most commonly used drainage techniques 
are endoscopic biliary drainage and percutaneous transhepatic 
biliary drainage. A previous retrospective study reported fewer 
complications after initial percutaneous drainage as compared 
with endoscopic drainage. Before the start of the present trial, 
no prospective studies had been done. We searched PubMed, 
Embase, MEDLINE, and Cochrane, between Feb 1, 2013, and 
March 1, 2013, without date or language restrictions, for 
studies including the terms “hilar cholangiocarcinoma”, 
“proximal bile duct cancer”, and “biliary drainage”. Findings 
from another retrospective series from Japan also showed 
favourable results after percutaneous biliary drainage. 

Added value of this study
In this multicentre, randomised controlled trial, we randomly 
assigned 54 patients with jaundice because of perihilar 

cholangiocarcinoma to undergo either endoscopic or 
percutaneous transhepatic biliary drainage before a major liver 
resection. The trial was prematurely closed because of higher 
mortality in the percutaneous transhepatic biliary drainage 
group. To our knowledge, this is the first prospective trial in an 
unselected group of patients with potentially resectable 
perihilar cholangiocarcinoma. Despite early termination, the 
trial provides insight into this complex disease.

Implications of all the available evidence
Although previous retrospective studies suggested that 
percutaneous biliary drainage is beneficial in patients with 
perihilar cholangiocarcinoma, the present trial was terminated 
at 50% accrual because of high mortality in the percutaneous 
transhepatic biliary drainage group. Furthermore, a recent 
meta-analysis and retrospective study acknowledged the 
occurrence of severe postoperative complications after the 
percutaneous approach. These results call for reconsideration of 
indications for and strategy towards biliary drainage in this 
complex disease.
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for resectable perihilar cholangiocarcinoma were an 
anticipated complete (R0) resection with adequate future 
liver remnant (>30%) and no arterial involvement. Biliary 
obstruction was defined as a total bilirubin concentration 
of at least 50 μmol/L (2·9 mg/dL) before drainage. 
Patients with a previous endoscopic drainage attempt in 
the referring hospital were also eligible for randomisation. 
The choice to include these patients was made on the 
basis of daily clinical practice emphasising a real-life 
design. When patients present with jaundice, endoscopic 
retrograde cholangiopancreatography is often done on 
the suspicion of biliary stones, and drainage attempts 
then often fail. These patients were eligible for inclusion 
if they had a persistently elevated total bilirubin 
concentration of more than 50 μmol/L (because of 
insufficiently draining stent or no stent), or persistent 
biliary dilatation in the future liver remnant on imaging. 

The objective of both endoscopic biliary drainage and  
percutaneous transhepatic biliary drainage was to drain 
the future liver remnant only. The type of liver resection 
and anticipated future liver remnant were established 
in the multidisciplinary team meeting. Pathological 
confirmation of perihilar cholangiocarcinoma before 
surgery was not required.

Exclusion criteria were Eastern Cooperative Oncology 
Group (ECOG) performance score of 3 or higher, 
technical contraindications for either endoscopic biliary 
drainage or percutaneous transhepatic biliary drainage, 
incomplete clinical recovery from side-effects of previous 
stenting attempts, and signs of active cholangitis.

All participants provided written informed consent.

Randomisation and follow-up
Patients were randomly assigned (1:1) to endoscopic 
biliary drainage or percutaneous transhepatic biliary 
drainage by minimisation through the use of computer-
generated allocation. To equally distribute possible 
confounders over groups, randomisation was stratified 
for previous (attempted) biliary drainage, the extent of 
bile duct involvement (Bismuth-Corlette classification), 
and enrolling centre. Randomisation was done by the 
trial coordinator (RJSC). Patients were enrolled by 
clinicians of the participating centres. Biliary drainage 
was done within 5 days after randomisation.

Further preoperative work-up consisted of staging 
laparoscopy at the discretion of the surgeon, and portal 
vein embolisation in patients with a small future liver 
remnant (<30%). Patients who were randomly assigned, 
but who did not undergo resection after randomisation 
were included in the analysis. Final study follow-up was 
scheduled at 90 days after surgery.

Procedures
Preoperative biliary drainage preferably consisted of 
drainage of the future liver remnant. In patients requiring 
portal vein embolisation, the indication for bilateral 
drainage was evaluated by the multidisciplinary team.16 

Endoscopic biliary drainage procedures were done by 
experienced gastroenterologists, and percutaneous trans-
hepatic biliary drainage procedures by experienced 
interventional radiologists. The technique and antibiotic 
prophylactic protocol are described in the appendix 
(pp 6–7). After percutaneous transhepatic biliary drainage, 
bile was externally drained during the first 48 h, after 
which the drain was capped for full internal drainage. 
External drainage of percutaneous drains was allowed in 
the event of suspected cholangitis. Repeat procedures 
were allowed if adequate drainage of the future liver 
remnant was not achieved or complications occurred. 
Crossover treatment was allowed if the allocated procedure 
was not feasible. Crossover to percutaneous transhepatic 
biliary drainage was mandatory if endoscopic biliary 
drainage failed after two attempts.

Technical success of biliary drainage was defined as 
achievement of internal biliary drainage of the future 
liver remnant segments. Follow-up with ultrasound and 
measurement of total bilirubin concentration was done 
7 days later. Therapeutic success was defined as normal 
calibre bile ducts in the future liver remnant on 
ultrasound examination and a decrease in total bilirubin 
concentration of at least 20% at day 7 relative to the 
concentration at randomisation. To evaluate adequacy of 
biliary drainage, additional total bilirubin assessments 
were done at 14 days after technical success, and at 
admission for exploratory laparotomy.

Exploratory laparotomy was done 4–6 weeks after 
randomisation. A radical resection was done if the 
diagnosis of locally resectable perihilar cholangio-
carcinoma without distant metastases was found at 
laparotomy. Resections consisted of excision of the liver 
hilum and the extrahepatic bile ducts en bloc with 
(extended) hemihepatectomy including the caudate lobe, 
and complete lymphadenectomy of the hepatoduodenal 
ligament. Portal vein excision with reconstruction was 
used only when the tumour infiltrated into the portal 
vein bifurcation. If present, transhepatic percutaneous 
drains were routinely left in situ and used as trans-
anastomotic drains. External drainage was allowed to 
decompress the biliary-enteric anastomoses in the first 
5–7 days after surgery. In the event of locally advanced 
tumours or distant metastases precluding a curative-
intent resection, palliative cholecystectomy or gastro-
enterostomy, or both, was done if indicated by the 
surgeon. These patients usually underwent palliative 
stenting with metal biliary stents before discharge.

Outcomes
The primary outcome was the number of severe drainage-
related complications between randomisation and explor-
atory laparotomy. Severe compli cations were defined as 
any complication leading to additional invasive inter-
ventions, admission to hospital, or death (definitions in 
appendix, p 4), assessed by data managers at each centre 
under supervision of the local principal investigator. For 

For more on computer-
generated allocation see 
www.aleaclinical.eu
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patients who did not undergo exploratory laparotomy, the 
number of drainage-related complications was measured 
until 7 days after the decision to cancel exploratory 
laparotomy or 90 days after randomisation, whichever 
came first. To exclude bias in the determination of events 
pertaining to the primary outcome measure, the study was 
designed with a masked endpoint assessment. A masked 
adjudication committee reviewed all adverse events and 
evaluated whether complications were severe according to 
the predefined definitions. Determination of the severity 
of a com plication was not subject to judgment of the 
clinicians or investigators. 

Secondary outcomes included measures of the 
technical and therapeutic success of biliary drainage, 
quality of life, and 90-day postoperative morbidity and 
mortality (see appendix, p 4, for full list).

All baseline and outcome data were collected by 
designated independent data managers at each site using 
a standardised case record form (appendix, pp 9–29). 
The study coordinator, statistician, and lead academic 
author analysed the data and were responsible for the 
completeness and accuracy of the analyses.

Statistical analysis
The principal analysis consisted of an intention-to-treat 
comparison of the number of preoperative severe 
drainage-related complications in both groups, using a 

Mann-Whitney U test for ordered categorical data with 
a two-sided 0·05 significance level. The proportion of 
patients with any severe drainage-related complication 
was also expressed in terms of relative risk (RR) and 
95% CIs. Categorical variables were evaluated using 
Pearson’s χ² test or Fisher’s exact test.

Sample size calculation resulted in 106 patients. On the 
basis of previous data, complications were expected to 
occur in 50% of cases after endoscopic biliary drainage 
and in 25% of cases after percutaneous biliary drainage 
and this estimation was further expanded with proportions 
for the number of complications (appendix, p 7).12,14 Per 
group, 53 patients were needed to achieve a power of 80% 
to detect a difference with a two-sided significance level of 
0·05 and accounting for 3% patient dropout.

Quality-of-life scores from available assessments during 
follow-up were analysed using descriptive statistics with 
mean difference, with baseline levels for successive 
measurements over time. Missing follow-up data were 
regarded as missing at random (appendix, p 42–44).

Statistical analyses were done with SPSS version 24.0. 
The trial was registered in the Netherlands National Trial 
Register (NTR4243).

Early termination
After the first annual progress report, fewer patients in 
the percutaneous drainage group completed full study 

261 patients assessed for eligibility

207 excluded
191 did not meet inclusion criteria

99 had metastases or locally advanced tumours
54 had adequate future liver remnant drainage status
38 had no jaundice

8 met exclusion criteria
8 declined to participate

54 randomly assigned

27 assigned to percutaneous transhepatic biliary drainage
26 had percutaneous transhepatic biliary drainage alone

1 had percutaneous transhepatic biliary drainage with
additional endoscopic biliary drainage

12 completed 90-day follow-up after laparotomy

27 included in intention-to-treat analysis

15 discontinued
 4 had laparotomy cancelled
 3 died before laparotomy
 8 died within 90 days of laparotomy

27 assigned to endoscopic biliary drainage
11 had endoscopic biliary drainage alone
15 had endoscopic biliary drainage with additional

percutaneous transhepatic biliary drainage
1 had percutaneous transhepatic biliary drainage

19 completed 90-day follow-up after laparotomy

27 included in intention-to-treat analysis

8 discontinued
 5 had laparotomy cancelled
 3 died within 90 days of laparotomy

Figure: Trial profile
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follow-up than in the endoscopic drainage group, and the 
institutional review board at the Amsterdam University 
Medical Center (trial coordinating centre) called for early 
data and safety monitoring board analysis. Mortality was 
found to be imbalanced between the groups, and because 
the safety monitoring board and trial steering committee 
did not find a causal relation, the safety monitoring board 
decided that if the imbalance increased at interim 
analysis and a satisfying explanation had not been found, 
the trial would be terminated. On interim analysis at 
50% accrual, the mortality difference had increased 
and reached statistical significance. The data and safety 
monitoring board recommended the trial be stopped on 
the basis of higher mortality in the percutaneous 
transhepatic biliary drainage group than in the 
endoscopic biliary drainage group without clear cause 
(summary of data and safety monitoring board reports 
provided in appendix, p 36). All investigators met to 
discuss additional post-hoc subgroup analyses for 
mortality and crossover treatment. All outcome events 
that occurred in patients included in the trial before the 
date of trial termination were included in the analysis. 
Because of the small sample size, we used the Jonckheere-
Terpstra test for ordered categorical data to establish 
whether the difference between the number of patients 
in both groups with zero to one, or two or more 
complications was statistically significant.

Role of the funding source
Funding for data management was received from the 
Dutch Cancer Foundation. The funder had no role in the 
study design, data collection, analysis, or interpretation 
of the data or the writing of the report. RJSC, ER, MGD, 
and TMvG had access to the raw data. The corresponding 
author had full access to all of the data and the final 
responsibility to submit for publication.

Results
From Sept 26, 2013, to April 29, 2016, 261 patients were 
screened for participation; 54 eligible patients were 
randomly assigned to receive endoscopic biliary drainage 
(n=27) or percutaneous transhepatic biliary drainage 
(n=27; figure). Among the 191 patients who did not meet 
the inclusion criteria, 99 had metastases or locally 
advanced tumours on presentation, 54 had adequate 
future liver remnant drainage status, and 38 had no 
jaundice. One patient in the endoscopic biliary drainage 
group underwent percutaneous drainage because 
endoscopic drainage could not be done within 5 days 
for logistical reasons. Demographics and clinical 
characteristics of the study groups were similar at 
baseline (table 1). About a third of patients underwent a 
drainage attempt at the referring hospital before 
randomisation.

12 (22%) of the 54 patients did not have surgery. In the 
endoscopic drainage group, three patients had tumour 
progression (two with local progression, one with 

pulmonary metastases), one patient was diagnosed with 
IgG4-related sclerosing cholangitis after 4 weeks, and 
another was considered unfit for surgery because of his 
pulmonary condition. In the percutaneous drainage 
group, seven patients did not have surgery; three patients 
had tumour progression (one with local progression, 
two with liver metastases), and one patient was con-
sidered unfit for surgery because of old age (81 years)  
and preoperative cholangitis. Three other patients in the 
percutaneous drainage group died of complications after 
biliary drainage and before surgery.

Two patients in the endoscopic group died within 
90 days after resection. One patient in this group died 
within 90 days after surgery, but no resection was 
performed (unresectable tumour). Eight patients in the 
percutaneous transhepatic biliary drainage group 
(five within 90 days after resection) died after surgery. The 
difference in mortality from randomisation until 90-day 
follow-up after surgery between the percutaneous 

Endoscopic biliary 
drainage (n=27)

Percutaneous transhepatic 
biliary drainage (n=27)

Age, years 66 (60–72) 69 (64–73)

Sex

Men 18 (67%) 18 (67%)

Women 9 (33%) 9 (33%)

Body-mass index, kg/m² 24 (23–26) 25 (23–27)

ECOG performance score*

0 9 (33%) 10 (37%)

1 9 (33%) 11 (41%)

2 6 (22%) 6 (22%)

Total bilirubin, µmol/L 249 (68–355) 280 (196–447)

C-reactive protein, mg/L 10 (6–19) 21 (15–32)

Leucocytes, 109/L 7·8 (7·2–10·3) 9·4 (8·0–11·2)

Tumour diameter, cm 2·6 (1·9–3·5) 2·5 (1·9–3·0)

Bismuth-Corlette type

1 1 (4%) 0

2 3 (11%) 1 (4%)

3A 10 (37%) 12 (44%)

3B 4 (15%) 7 (26%)

4 9 (33%) 7 (26%)

Imaging

CT 26 (96%) 26 (96%)

MRI 16 (59%) 16 (59%)

Drainage attempt before referral and enrolment 9 (33%) 8 (30%)

Type of drainage (endoscopic biliary drainage, 
percutaneous transhepatic biliary drainage) 8, 1 8, 0

More than one attempt 3 1

Anticipated future liver remnant left liver 18 (67%) 14 (52%)

Data are median (IQR); n (%); n, n; or n. *Eastern Cooperative Oncology Group (ECOG) scores were missing for three 
patients in the endoscopic biliary drainage group. 

Table 1: Demographics and clinical characteristics of the patients at baseline
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transhepatic biliary drainage group (11 [41%] of 27 patients) 
and endoscopic biliary drainage group (three [11%] of 
27 patients; RR 3·67, 95% CI 1·15–11·69; p=0·03) 
resulted in termination of the trial at interim analysis, as 
recommended by the data and safety monitoring board.

The characteristics of biliary drainage and surgical 
procedures are listed in table 2. Technical success of 
biliary drainage was higher in the percutaneous drainage 
group than the endoscopic drainage group (93% vs 
74%, p=0·07), with a shorter procedure duration (35 vs 
50 min, p=0·06). Therapeutic success 1 week after biliary 

drain age was 78% for percutaneous drainage and 63% for 
endoscopic drainage (p=0·21). Crossover in the 
endoscopic drainage group was high: 15 (56%) of 
27 patients required additional percutaneous transhepatic 
biliary drainage because of technical failure (n=7), 
therapeutic failure (n=2), complications (n=5), or 
selective segmental branch biliary drainage (n=1). 
One patient in the percutaneous drainage group required 
additional endoscopic drainage to achieve internal 
drainage. The remaining 26 (96%) patients had 
successful internalisation of the percutaneous trans-
hepatic biliary drainage. 41 (76%) of 54 patients had more 
than one drainage procedure between randomisation 
and surgery. Percutaneous transhepatic biliary drainage 
catheters, whether additionally placed in patients who 
had undergone endoscopic drainage or initially placed in 
patients who had undergone percutaneous drainage, 
remained longer in situ until surgery in the percutaneous 
transhepatic biliary drainage group (65 vs 47 days, 
p=0·01).

42 (78%) of the 54 patients had exploratory laparotomy, 
leading to a resection with curative intent in 23 (55%) of 
those patients (n=12 in the endoscopic biliary drainage 
group; n=11 in the percutaneous transhepatic drainage 
group). The median time from randomisation to surgery 
was 16 days shorter in the endoscopic drainage group 
than the percutaneous drainage group (49 vs 65 days, 
p=0·07), whereas the proportions of staging laparoscopy 
and portal vein embolisation were similar in both 
groups. Surgery was rescheduled because of drainage-
related complications in four patients in each group. Of 
23 resections, 11 (48%) patients had extended resections 
involving five or more liver segments, and 12 (52%) 
patients had portal vein reconstruction. These 
proportions were similar in both groups. Percutaneous 
drains remained in situ postoperatively in all patients in 
the percutaneous transhepatic biliary drainage group, 
whereas only six (50%) of 12 patients in the endoscopic 
biliary drainage group had a transanastomotic drain 
after crossover to percutaneous drainage. Malignancy 
was confirmed in 20 (87%) of 23 resection specimens; in 
the other three specimens, benign, inflammatory 
lesions were diagnosed.

Between randomisation and surgery, 17 (63%) of 
27 patients in the percutaneous drainage group and 
18 (67%) of 27 patients in the endoscopic drainage 
group developed one or more severe drainage-related 
complications (RR 0·94, 95% CI 0·64–1·40; absolute risk 
difference [ARD] 3·7%; table 3). The proportion of 
patients with more than one complication was similar 
between groups (Jonckheere-Terpstra test, p=0·88). 
The most frequent complication was cholangitis, which 
occurred in 16 (59%) patients in the percutaneous 
drainage group and ten (37%) patients in the endoscopic 
drainage group (p=0·1). Of the three patients who died 
after initial percutaneous transhepatic biliary drainage 
(before surgery), one died of cholangiosepsis with 

Endoscopic biliary 
drainage (n=27)

Percutaneous transhepatic 
biliary drainage (n=27) 

p value

Initial procedure duration, min 50 (45–60) 35 (20–60) 0·06

Number of adequate stents placed ·· ·· 0·14

Failure to pass obstruction 7 (26%) 2 (7%) ··

1 13 (48%) 19 (70%) ··

2 7 (26%) 6 (22%) ··

Technical success 20 (74%) 25 (93%) 0·07

Therapeutic success* 17 (63%) 21 (78%) 0·21

Crossover treatment 15 (56%) 1 (4%) <0·0001

Total number of procedures until surgery ·· ·· 0·04

1 4 (15%) 9 (33%) ··

2 15 (56%) 6 (22%) ··

≥3 8 (30%) 12 (44%) ··

Duration of percutaneous drain in situ 
until surgery, days 47 (35–62) 65 (51–80) 0·01

Total bilirubin at 1 week, µmol/L 91 (40–218) 164 (61–227) 0·22

Total bilirubin at 2 weeks, µmol/L 49 (28–102) 100 (67–166) 0·04

Surgery n=22 n=20 ··

Staging laparoscopy 6 (27%) 7 (35%) 0·59

Portal vein embolism 8 (36%) 5 (25%) 0·43

Time to surgery, days 49 (39–68) 65 (51–80) 0·07

Preoperative total bilirubin, µmol/L 21 (14–42) 19 (10–30) 0·47

Resections n=12 n=11 ··

Type of resection ·· ·· 0·42

Bile duct resection only 2 (17%) 0 ··

Hemihepatectomy left 2 (17%) 5 (45%) ··

Hemihepatectomy right 2 (17%) 1 (9%) ··

Trisectionectomy left 2 (17%) 1 (9%) ··

Trisectionectomy right 4 (33%) 4 (36%) ··

Portal vein reconstruction 6 (50%) 6 (55%) 0·83

Blood loss, mL 2372 (1075–4375) 1450 (800–2500) 0·28

Number of hepaticojejunostomies ·· ·· 1·0

1 9 (75%) 9 (82%) ··

2 3 (25%) 2 (18%) ··

Transanastomotic drain 6 (50%) 11 (100%) 0·01

Data are median (IQR) or n (%). *Therapeutic success was defined as normal caliber bile ducts in the future liver 
remnant on ultrasound examination and at least a 20% decrease in total bilirubin level at day 7 compared with the 
reference at randomisation.

Table 2: Characteristics of preoperative biliary drainage and surgery
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subsequent liver failure, one died of hypovolaemic shock 
due to gastrointestinal bleeding, and one patient had 
therapy-resistant cholangitis and asked for euthanasia 
(appendix, p 38). 

13 (65%) of 20 patients in the percutaneous drainage 
group and 12 (55%) of 22 patients in the endoscopic 
drainage group had severe complications within 90 days 
after exploratory laparotomy (RR 1·19, 95% CI 0·73–1·96; 
ARD 10·4%; table 4). 11 (26%) of 42 patients died within 
90 days after exploratory surgery, three (14%) of 22 in the 
endoscopic biliary drainage group, and eight (40%) of 
20 in the percutaneous transhepatic biliary drainage 
group (RR 2·93, 95% CI 0·91–9·55; ARD 26·4%). 
Among patients in the endoscopic drainage group who 
had exploratory laparotomy, 12 (55%) of 22 underwent 
resection; two (17%) of these patients died after resection, 
one of liver failure due to hepatic arterial thrombosis, 
and one due to disease progression (vertebral metastasis) 
after discharge. Ten (45%) of 22 patients in the 
endoscopic drainage group had unresectable perihilar 
cholangio carcinoma at laparotomy, one of whom died of 
progressive disease. Among patients in the percutaneous 
drainage group who had exploratory laparotomy, 
11 (55%) of 20 underwent resection; five (45%) of these 
patients died after resection. All patients in this group 
eventually died of severe complications resulting in liver 
failure, including two associated with sepsis after hepa-
ticojejunostomy leakage (appendix, p 38). Nine (45%) of 
20 patients in the percutaneous transhepatic biliary 
drainage group had unresectable disease at laparotomy, 
three of whom died within 90 days after surgery: two died 
of myocardial infarction and one of progressive disease.

Post-hoc, as-treated, and sub-group analyses were done 
for both complications and mortality, including in 
37 patients who had not under gone a drainage attempt 
before inclusion (appendix, pp 39–41). Drainage naivety did 
not show a more favourable outcome in the percutaneous 
drainage group compared with the endoscopic drainage 
group (appendix, p 41). Patients who had both endoscopic 
and percutaneous drainage in the study (crossover group; 
n=16) had a lower risk of cholangitis and lower all-cause 
mortality than patients who underwent percutaneous 
drainage only (appendix, p 40).

Overall 90-day postoperative mortality among 100 patients 
with presumed resectable perihilar cholangio carcinoma 
who were treated at the participating centres between 2013, 
and 2016, but were not included in the trial was 10% 
(appendix, p 37).

Available data on disease-specific (EORTC-QLQ-C30 
and BIL-21) and generic quality of life (EQ-5D Visual 
Analogue scale) did not show a significant benefit for 
either of the allocated treatments (appendix, pp 42–44).

Discussion
This multicentre, randomised controlled trial of biliary 
drainage in patients with resectable perihilar cholangio-
carcinoma was prematurely stopped because of 

in creased mortality after percutaneous transhepatic 
biliary drainage, as compared with endoscopic biliary 
drainage. The incidence of severe complications was 
similar after endo scopic and percutaneous drainage.

We included patients in the trial who had a previous 
unsuccessful drainage attempt. Although this might 
have been a confounding factor, inclusion of these 
patients reflects the population that we see in clinical 
practice. Randomisation was stratified for this factor to 
ensure that the possible bias was similar and in the 
same direction across groups. The data and safety 

Endoscopic biliary 
drainage (n=27)

Percutaneous transhepatic biliary 
drainage (n=27)

p value

Any complications 18 (67%) 17 (63%) 0·78*

Specific complications

Cholangitis 10 (37%) 16 (59%) 0·10

Cholecystitis 1 (4%) 1 (4%) 1·00

Pancreatitis 5 (19%) 1 (4%) 0·19

Haemorrhage 1 (4%) 2 (7%) 1·00

Perforation 1 (4%) 0 1·00

Portal vein thrombosis 1 (4%) 0 1·00

Stent or drain dysfunction 5 (19%) 6 (22%) 0·74

Stent or drain dislocation 1 (4%) 5 (19%) 0·19

Death 0 3 (11%) 0·24

Number of complications ·· ·· 0·88†

0 9 (33%) 10 (37%) ··

1 11 (41%) 8 (30%) ··

≥2 7 (26%) 9 (33%) ··

Data are n (%). *Relative risk 0·94, 95% CI 0·64–1·40; absolute risk difference 3·7%. †Jonckheere-Terpstra test.

Table 3: Severe complications between randomisation and surgery

Endoscopic biliary 
drainage (n=22)

Percutaneous transhepatic biliary 
drainage (n=20)

p value

Any complications 12 (55%) 13 (65%) 0·49*

Cholangitis 6 (27%) 3 (15%) 0·46

Intra-abdominal abscess 4 (18%) 2 (10%) 0·67

Wound infection 1 (5%) 1 (5%) 1·00

Pneumonia 0 1 (5%) 0·48

Haemorrhage 1 (5%) 2 (10%) 0·60

Portal vein thrombosis 0 1 (5%) 0·48

Biliary leakage 4 (18%) 2 (10%) 0·67

Liver failure 2 (9%) 5 (25%) 0·23

Relaparotomy 3 (14%) 5 (25%) 0·45

Death within 90 days

With or without resection 3 (14%) 8 (40%) 0·08†

After resection 2 (17%; n=12) 5 (45%; n=11) 0·19

Data are n (%), or n (%; n). *Relative risk 1·19, 95% CI 0·73–1·96; absolute risk difference 10·4%. †Relative risk 2·93, 
95% CI 0·91–9·55; absolute risk difference 26·4%.

Table 4: Severe complications within 90 days after surgery
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monitoring board decided to terminate the trial at the 
interim analysis because of excess mortality in the 
percutaneous drainage group; although a clear cause 
was not identified, the increased mortality was deemed 
too large to ignore. We realise that the low patient 
numbers makes the study prone to type-I error. 
Therefore, although the results were prospectively 
collected and are, to our best efforts, corrected for bias, 
they should be interpreted with caution. 

Compared with our own and other previous studies, 
the rates of drainage-related complications and mortality in 
the present study are substantially higher.12,13,17–19 However, 
previous studies only reported on a select group of patients 
who had adequate biliary drainage, exploratory laparotomy, 
and resection. Because of their retrospective nature, these 
studies are prone to selection bias that might have led to 
under-reporting of complications. The current randomised 
trial included all patients with presumed resectable 
perihilar cholangiocarcinoma at the time of presentation 
according to the intention-to-treat principle. Drainage-
related complications leading to deteriorating clinical 
condition or early death, and unexpected advanced disease 
on additional staging contributed to the high 90-day all-
cause mortality (26%) in the present study. All-cause 
mortality is usually not reported in retrospective series.

Our study showed the wide range of complications 
after biliary drainage for potentially resectable perihilar 
cholangiocarcinoma. Life-threatening complications, 
such as cholangiosepsis and bleeding, were observed 
before surgery. The proportion of patients who 
experienced post-drainage, pre-surgery complications 
were similar between the two groups (63% vs 67%). 
More drain dislocations and subsequent replacements 
were reported in the percutaneous drainage group than 
the endoscopic drainage group, possibly contributing 
to the longer interval between randomisation and 
surgery. Three patients in the percutaneous drainage 
group died of drainage-related complications before 
surgery. Despite conflicting low-level evidence, studies 
published in the past few years have acknowledged the 
occurrence of severe postoperative complications after 
previous percutaneous transhepatic biliary drainage.17,20 
In one study,21 low-volume centres showed a higher 
occurrence of serious complications related to 
percutaneous drainage, whereas high-volume centres 
showed a similar proportion of complications between 
endoscopic and percutaneous drainage. 

The overall 90-day mortality after resection was 
remarkably high (30%) when compared with similar 
patients not recruited during the trial period (10%). This 
result should be seen in view of the high number 
of patients who underwent extended liver resections 
with portal vein reconstruction in the current study. 
Although postoperative complications were similar in 
the two groups in this study, patients seemed less able to 
recover from these severe postoperative complications 
after percutaneous drainage.

Nevertheless, the increased mortality associated with 
initial percutaneous transhepatic biliary drainage in our 
trial was unexpected, and the cause remains unresolved. 
One hypothesis is that a type-I error occurred because of 
early termination of the trial or because of uncorrected 
or unknown confounding factors. Another hypothesis is 
that the externally draining bile leads to loss of bile acids 
from the enterohepatic cycle, which negatively affects 
liver function, liver regeneration, and immunity.22–26 
Although internalisation of the percutaneous catheters 
was pursued in all patients, external drainage was often 
allowed in the event of cholangitis, or postoperatively, to 
decompress the biliary-enteric anastomosis. The loss of 
bile without adequate replacement perioperatively might 
have contributed to impaired immunity and suppression 
of the regenerative response, rendering patients prone 
to infectious complications and post-hepatectomy liver 
failure. Bacterial contamination of the biliary system 
after bile duct cannulation and a shift towards 
antibiotic-resistant species might contribute to this 
effect.27 Patients who crossed over from endoscopic to 
percutaneous biliary drainage could be hypothesised to 
have had partial internal biliary drainage already, which 
might neutralise a potential harmful effect of 
percutaneous transhepatic drainage. In that sense, 
patients who needed both endoscopic and percutaneous 
biliary drainage because of an absence of therapeutic 
success appeared to be a reasonable in-between group 
with regard to mortality rate (ie, 13% in this group vs 9% 
and 41% in the endoscopic and percutaneous only 
groups, appendix p 40). The speculations on the role of 
bile loss and microbiome dysbiosis call for further 
research.

The study had several limitations. The inclusion of 
patients with previously failed or inadequate stenting (a 
third of the group) might have selected patients at risk for 
worse outcome and affected the outcome of subsequent 
procedures. However, in a sensitivity analysis excluding 
these patients, outcomes were not different (appendix, 
p 41). Additionally, the early termination of the trial 
resulted in a relatively small sample size that was 
underpowered for the primary outcome; as such, the data 
should be interpreted with caution. Some patients (13%) 
had advanced tumours or benign disease on additional 
staging after randomisation, which probably also affected 
survival outcomes. This is a well known problem in the 
work-up of potentially resectable perihilar cholangio-
carcinoma.28 Details on bile loss and bile cultures were 
not collected during the trial, thus reflecting standard 
care, but would have been valuable data to analyse.

The results of the present study call for further 
investigation of indications for and strategy towards 
biliary drainage in perihilar cholangiocarcinoma. Patients 
might benefit from endoscopic or percutaneous trans-
hepatic biliary drainage depending on left or right bile 
duct involvement. Furthermore, the high number of 
complications might raise the question of whether 
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patients need biliary drainage at all. However, patients 
undergoing extended right hemihepatectomy have been 
shown to have a 22% risk of postoperative mortality when 
not drained, versus a 10% risk when drained.8 Without 
biliary drainage, evidence shows the regenerative capacity 
of the functional remnant liver is impaired, thereby 
impeding post-resection regeneration.29,30 Data published 
in the past 5 years suggest that a selected group of 
jaundiced patients who require resection of less than 50% 
of total liver volume do not benefit from preoperative 
biliary drainage in terms of having safer surgery.5,8,31 
Because patients needing right-sided hepatectomy 
usually have less than 50% remnant liver, these patients 
might benefit from biliary drainage to decrease the risk of 
liver failure. For patients having left-sided resections with 
ample remnant liver volume, biliary drainage might not 
be beneficial. These presumptions need to be further 
assessed in prospective studies.

Perihilar cholangiocarcinoma is a complex tumour that 
should be managed in high-volume centres with 
experience in hepatobiliary diseases. Biliary drainage 
should not be done before resectability is assessed at a 
specialised centre, so the desired liver segments can be 
selectively drained on the basis of the surgical plan 
without subjecting patients to unnecessary additional 
procedures and associated risks.32 The presence of stents 
might disturb the imaging studies required to establish 
diagnosis and tumour extent. The extent to which 
the outcomes of our study might be prone to statistical 
bias, or whether they instead represent real-life effects 
caused by percutaneous transhepatic biliary drainage 
will hopefully be answered by the ongoing INTERCPT 
trial,33 examining the optimal biliary drainage method in 
patients with perihilar cholangiocarcinoma.

In conclusion, in this randomised controlled trial 
comparing percutaneous transhepatic biliary drainage and 
endoscopic biliary drainage in patients with potentially 
resectable perihilar cholangiocarcinoma in four specialised 
centres, initial percutaneous transhepatic drainage was 
associated with higher mortality, although the incidence of 
drainage-related complications was similar in both groups. 
The trial was terminated at interim analysis, leaving 
several questions unanswered. Further prospective studies 
looking into this complex disease are urgently needed.
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