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Abstract

Background Patients with malignant hilar biliary obstruction typically present with painless jaundice. They
commonly have perihilar cholangiocarcinoma (pCCA), but also intrahepatic cholangiocarcinoma, gallbladder cancer,
and metastases to the liver hilum can present with hilar biliary obstruction. Endoscopic biliary drainage is the standard
of care in most centers. Many patients develop drainage-related complications after endoscopic biliary drainage for
malignant hilar biliary obstruction, in particular cholangitis, resulting in reinterventions, clinical deterioration and a
high mortality rate. Primary percutaneous stenting (PPS) aims to avoid bacterial contamination and reduce drainage-
related complications. The aim of this randomized controlled trial is to compare PPS with endoscopic biliary drainage
in patients with unresectable malignant hilar biliary obstruction.

Methods This multicenter phase 3 randomized controlled trial (TESLA RCT) will recruit 148 patients with
unresectable malignant hilar biliary obstruction in six Dutch tertiary academic referral centers. Diagnosis of malignant
hilar biliary obstruction is pathologically confirmed or determined as very likely by the multidisciplinary team. In the
intervention arm, patients undergo primary percutaneous stenting with uncovered self-expandable metal stents
without crossing the ampulla and without leaving an external drain. In the control arm patients undergo endoscopic
biliary drainage according to international guidelines. The primary endpoint is major complications within 90 days
after randomization. Secondary outcomes include technical success, reintervention rates, decrease of bilirubin levels,
eligibility for palliative systemic treatment, quality of life, and overall survival.
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(NCT06671418), registered on November 1, 2024.

Discussion The multicenter TESLA RCT compares primary percutaneous stenting with endoscopic biliary drainage in
patients with unresectable malignant hilar biliary obstruction. First patient was randomized on August 9, 2023.

Trial registration Netherlands Trial Register (NL-OMON53463), registered on May 12, 2023, and Clinicaltrials.gov

Keywords Malignant hilar biliary obstruction, Primary percutaneous stenting, Endoscopic biliary drainage,
Randomized controlled trial, Major complications, Overall survival

Background

Malignant hilar biliary obstruction (MHBO) is most
commonly caused by perihilar cholangiocarcinoma
(pCCA), but can also be caused by intrahepatic cholan-
giocarcinoma, gallbladder cancer, and metastases from
other malignancies to the liver hilum [1, 2]. Most patients
with MHBO are ineligible for curative surgery due to the
presence of distant metastases, locally advanced disease
or poor performance status. In the palliative setting,
the median overall survival of pCCA is approximately 5
months [3-5]. Painless jaundice is the typical presenta-
tion in patients with unresectable MHBO. Adequate bili-
ary drainage is a prerequisite for effective palliative care
including quality of life improvement and palliative sys-
temic treatment [6]. The standard of care for palliative
biliary drainage is through endoscopic retrograde cholan-
giopancreatography (ERCP) with plastic or self-expand-
able metal stents (SEMS; Fig. 1a). When ERCP has failed
or is not feasible due to anatomical challenges (e.g., after
a gastric bypass), percutaneous biliary drainage (PBD) is
the preferred intervention (Fig. 1b) [7].

The main drawback of both ERCP and PBD is the high
incidence of drainage-related infections caused by bacte-
rial contamination of the biliary tract. This contamina-
tion is probably caused by the transpapillary approach
followed by stents often placed across the ampulla, or
internal-external bile duct drains placed percutaneously.
Inadvertent instrumentation or contrast injection into
undrained liver segments increase the risk of segmental
cholangitis requiring reinterventions and often results in
clinical deterioration. Consequently, most patients with
unresectable MHBO never get systemic treatment and
survival remains poor [4, 8, 9]. In a Dutch nationwide
study of 186 patients with perihilar cholangiocarcinoma,
161 patients underwent ERCP and 24% of these patients
required unplanned reintervention. The 90-day mortality
of the entire cohort (ERCP and PBD) is 36%. Notably, no
difference in 90-day mortality was found between initial
ERCP and PBD [10]. In another cohort of 16.822 patients
from the UK patients who underwent palliative PBD for
biliary tract cancer had a median overall survival of 92
days after drainage [11].

We hypothesize that the poor outcomes of PBD and
ERCP shown in prior studies are mainly due to bacterial
contamination of the bile ducts caused by disruption of

the ampulla. Primary percutaneous stenting (PPS) aims
to maintain the sterility of the bile ducts as it avoids
crossing the ampulla. The stents only cross the biliary
duct obstruction with the distal end of the stent placed
in the extrahepatic bile duct. By glueing the puncture
trajectory after PPS the need for an external drain is
omitted (Fig. 1c). This technique was investigated in our
single center TESLA pilot study (MEC-2019-0789) of 67
patients with unresectable MHBO [12]. Cholangitis or
pancreatitis were never observed after the initial PPS in
all 67 patients. Other drainage-related severe complica-
tions were observed in only 17.9% and all were resolved
with reinterventions; two patients (3.0%) developed
acute cholecystitis, one patient (1.5%) a biliary leak, three
patients (4.4%) hemorrhage, and six patients (9.0%) had
persistent jaundice. Most patients (61.2%) started with
palliative systemic treatment within four weeks after
drainage. Palliative systemic treatment was never with-
held due to complications of drainage or inadequate
drainage. The median overall survival was 10.1 months
(95% CI 7.9-14.4) with a 6-month OS of 68.7% (95% CI
58.4%-80.7%).

To validate the results of the non-randomized pilot
study, we designed a multicenter, randomized controlled
trial, the TESLA RCT. This study has been registered at
Netherlands Trial Register (NL-OMON53463) and Clini-
calTrials.gov (NCT06671418). The primary aim of this
study is to determine whether PPS reduces major compli-
cations compared to ERCP in patients with unresectable
MHBO.

Methods

Trial design

The TESLA RCT is a multicenter, phase 3, randomized
controlled trial. All six Dutch academic centers treating
patients with primary liver tumors have agreed to par-
ticipate. Patients with unresectable MHBO are random-
ized for PPS with uncovered self-expandable metal stents
(ucSEMS) without crossing the ampulla and without
leaving an external drain (intervention; arm 1) or ERCP
according to the American Society for Gastrointestinal
Endoscopy (ASGE) guidelines of 2021 (control; arm 2).
Randomization is performed in a 1:1 ratio using type of
tumor (pCCA versus other types of malignancies) and
center of inclusion as stratification factors through the
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Fig. 1 (A) Endoscopic biliary drainage (ERCP); (B) Percutaneous biliary drain (PBD); (C) Primary percutaneous stenting (PPS)

web-based software tool for clinical research CASTOR
EDC (version 2023.1.0.0). All participating centers must
perform five PPS procedures in the TESLA pilot before
participating in the TESLA RCT to minimize the impact
of a potential learning curve for the intervention arm.

Trial eligibility
Patients with unresectable MHBO and hyperbilirubine-
mia>50 pmol/L (>2.8 mg/dL) are screened for inclusion.
All patients are discussed in a multidisciplinary team in
an academic center to confirm ineligibility for both liver
resection and liver transplantation. Unresectability can
be due to local tumor extension (i.e., locally advanced
disease), distant metastases, insufficient future liver rem-
nant (FLR) function due to liver parenchyma disease,
and/or poor patient performance. Ineligibility for liver
transplantation is based on international guidelines [13].
Written informed consent is obtained. Cytological or his-
tological confirmation of malignancy is recommended.
However, study inclusion is also allowed if the multidis-
ciplinary team agrees that the risk of malignancy is very
high based on symptoms, imaging, and laboratory values.
Exclusion criteria include a high suspicion of benign
disease, for example because of fluctuation or spontane-
ous decrease in bilirubin levels before the initiation of
any treatment or a high IgG4. Previous biliary drainage
attempts and clinical signs of cholangitis are other exclu-
sion criteria. Cholangitis is defined as the presence of
both fever (i.e., body temperature>38.5 °C) and leuko-
cytosis (i.e., >10x 10°/L) without clinical or radiological
evidence of acute cholecystitis [14]. Patients who under-
went an attempted, but failed ERCP are eligible only
when no papillotomy or cannulation was performed.

Treatment

In both treatment arms, the objective is to drain>50%
of non atrophic liver (ASGE guideline 2021) [4, 8, 9,
15]. A low threshold for placing more than one stent is

recommended. Drainage of atrophic liver segments and
liver segments with portal vein occlusion is avoided. Both
procedures are performed under deep sedation with pro-
pofol and anesthesiologic monitoring.

Intervention arm: PPS

After sterile exposure, percutaneous ultrasound- and
fluoroscopy-guided access to the biliary tree is obtained
(Fig. 2A-D). When pathological confirmation is lack-
ing, percutaneous or endoluminal forceps biopsy or
brush cytology is performed. Before stent insertion, the
stricture is dilated with a balloon catheter of 6—8 mm
that is pulled over the guidewire, as shown in Fig. 2E.
Bilateral stenting involves kissing percutaneous translu-
minal angioplasty (PTA) with 6 mm. After balloon dila-
tation, an ucSEMS is placed ensuring adequate overlap
with the unaffected bile ducts and without crossing the
ampulla. After stent placement, post-dilation with a 6 to
8 mm kissing balloon catheter is conducted (Fig. 2F-G).
The percutaneous transhepatic puncture tract is sealed
with 0.5 gr Avitene™ (BD, NJ, USA) mixed with 8 ml of
iodine contrast agent without leaving an external drain,
as shown in Fig. 2H. Passing of the tumor may require
several attempts and considerable time. Only when the
tumor cannot be passed with a wire after repeated and
prolonged attempts, an external biliary drain is placed.
A second attempt of recanalization and stenting is per-
formed after 3 to 5 days.

Control arm: ERCP
ERCP is performed by a gastroenterologist who is expe-
rienced in performing ERCP in patients with MHBO.
ERCP is performed according to the ASGE guidelines of
2021 [4, 8,9, 15].
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Fig. 2 Step by step process of primary percutaneous stenting. Ultrasound-guided access to the biliary tree is obtained (A); and fluoroscopy confirms
catheter placement in the bile duct (B); Contrast injection visualizes the biliary anatomy and obstruction (C); A guidewire is advanced, carefully passing
the tumor while avoiding the ampulla (D); Balloon dilation is performed to widen the stricture (E); and stent insertion is performed, followed by post-dila-
tion with two balloon catheters (F); Bilateral uncovered self-expanding metallic stents are deployed (G); and the puncture tract is sealed with Avitene (H)

Periprocedural care

Antibiotics

All patients receive a single intravenous dose of cefurox-
ime 1500 mg with metronidazole 500 mg during proce-
dure. After the drainage procedure, all patients receive
another five-day course of broad spectrum antibiotics
(i.e., amoxicillin-clavulanic acid or ciprofloxacin). If bili-
rubin levels exceed 250 pmol/L (15 mg/dL) before pro-
cedure, its recommended to start prophylactic oral broad
spectrum antibiotics at diagnosis to prevent spontaneous
cholangitis prior to biliary drainage.

Discharge

The patient may be discharged once vital functions are
both normal and stable, and pain is manageable (with or
without oral analgesics). Patients in the intervention arm
(i.e., PPS) are recommended to stay overnight due to the
novel procedure, whereas patients in the endoscopic arm
undergo ERCP as a day-case procedure, which is stan-
dard protocol in all centers in the Netherlands. Serum
liver functions and hemoglobin are routinely checked
before discharge; however, normalization of bilirubin is
not required prior to discharge. The timing of discharge
is determined at the discretion of the treating physician.

Primary and secondary endpoints

The primary endpoint of this study is the proportion of
patients with major complications within 90 days after
randomization. Major complications are defined as any

complication leading to prolonged hospital stay of more
than 72 h; readmission to a hospital; any invasive rein-
tervention, and/or death, within 90 days after random-
ization. Major complications include drainage-related
complications (Table 1) and complications that do not
appear to be drainage-related.

Secondary outcomes include primary and secondary
technical success of stent placement at the initial drain-
age procedure, the number of reinterventions, admis-
sion days after drainage, patient-reported quality of life,
bile cultures at initial drainage, and primary clinically
successful drainage. Other secondary outcomes were
the proportion of patients that started with palliative
systemic treatment, 90-day mortality, and OS. Primary
technical success was defined as successful passage of the
stricture and stent placement without leaving an external
drain during the initial drainage procedure. Secondary
technical success was defined as successful passage of the
stricture and stent placement during a second attempt
4-7 days after an unsuccessful initial procedure. Primary
clinically successful drainage was defined as a biliru-
bin 50 pmol/L (>2.8 mg/dL) or a reduction in bilirubin
level of at least 50% within 14 days after the first drainage
procedure.

Follow-up

About 14 days after biliary drainage, serum bilirubin
is measure and primary clinically successful drain-
age is assessed. Patients are recommended to have a
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Complication Criteria

Cholangitis

Elevation in temperature > 38,5 °C and Leukocytes > 10 *10%/L, thought to have a biliary cause and requiring invasive

intervention, without concomitant evidence of acute cholecystitis.

Acute cholecystitis

Radiologic evidence of cholecystitis, elevation in temperature more than 38.5 °C and Leukocytes > 10 *10%/L, requiring

emergency cholecystectomy or percutaneous drainage.

Persistent jaundice

Persistent elevated bilirubin levels after primary technically and clinically successful drainage had initially been obtained,

without signs of cholangitis or cholecystitis, requiring a reintervention.

Acute pancreatitis

Two or more of the following criteria be met for the diagnosis of acute pancreatitis: abdominal pain suggestive of pancre-

atitis, serum amylase or lipase level greater than three times the upper normal value, or characteristic imaging findings.

Biliary leak Symptomatic intra-abdominal bile leakage due to bile duct perforation or leakage from the puncture tract documented
by any radiographic technique requiring intervention.
Haemorrhage Clinical evidence of bleeding requiring blood transfusion or reintervention.

consultation with a medical oncologist to discuss pal-
liative systemic treatment. Quality of life is measured
before treatment and at two weeks, one month, and three
months follow-up using the EORTC QLQ-C30 and BIL21
questionnaires [16, 17]. The EORTC QLQ-C30 assesses
quality of life specifically for cancer patients. The BIL21
focuses on symptoms related to patients with biliary tract
cancer.

Safety and monitoring

Adverse events (AEs) are defined as any undesirable
event occurring to a subject during the study, regardless
of whether they are related to the investigational inter-
vention. AEs of grade III or higher according to the Cla-
vien-Dindo classification, reported either spontaneously
by the subject or observed by the investigator or study
staff, will be systematically recorded. Serious Adverse
Events (SAEs) are defined as any untoward medical
occurrence or effect that results in death, is life threat-
ening (at the time of the event), requires hospitalization
or prolongation of existing inpatients’ hospitalization or
results in persistent or significant disability or incapacity.
SAEs will be reported via a web portal (Onderzoekspor-
taal) to the accredited Medical Ethics Review Committee
(METC) within seven days for SAEs resulting in death or
life-threatening events, with an additional eight days to
complete the preliminary report. All other SAEs will be
reported within 15 days of the sponsor’s first knowledge
of the event. Reporting will continue for the duration of
the study. All AEs will be followed until resolution or sta-
bilization. An independent Data Safety Monitoring Board
(DSMB) will oversee the safety data throughout the study.
One non-binding interim analysis for superiority of the
primary endpoint will be performed after the data of the
first 60% randomized patients are available. The results
by arm of the interim analysis will be presented to the
DSMB, while the principal investigator will only receive
results of both arms together.

Data collection and statistical analysis

The handling of personal data is in compliance with the
EU General Data Protection Regulation (GDPR) and the
Dutch Act on Implementation of the General Data Pro-
tection Regulation (UAVG). Each patient is assigned a
unique patient study number at enrolment, which is used
to code the patient’s identity in the study documents. The
investigator will keep a subject enrolment and identifi-
cation log that contains the key to the code, i.e. a record
of the personal identification data linked to each patient
study number. This record is filed at the investigational
site and should only be accessed by the investigator and
the supporting site staff, and by representatives of the
Sponsor or a regulatory agency for the purpose of moni-
toring visits or audits and inspections. All data will be
entered in electronic case report forms using the elec-
tronic online database CASTOR EDC by trained data
managers.

Sample size calculation

The sample size calculation was conducted for the pri-
mary outcome. The major complication rate in the con-
trol arm (ERCP) was estimated at 50% based on the
literature. To detect a 50% reduction in the complication
rate (to 25%) with 90% power and a 5% two-sided sig-
nificance level, and with one non-binding interim analy-
sis for superiority, a total of 148 patients will need to be
randomized. The sample size calculation was performed
using East software (version 6.5, Cytel Inc., Cambridge,
MA). The estimated accrual period is three years. Total
study duration is 3.5 years with 6 months follow-up after
inclusion of the last patient.

Statistical analysis

The primary analysis will be conducted on an intention-
to-treat basis, i.e. patients will be analyzed according to
the arm they were assigned to at randomization. The pro-
portion of patients with a major complication within 90
days after randomization and 95% confidence interval
will be calculated by randomization arm. The difference
in proportions of patients with major complications at
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the interim and final analysis will be analyzed using East
version 6.5, using the Interim Monitoring option. For
other dichotomous outcomes, proportions will be com-
pared between treatment arms using the Chi-squared
test. For continuous outcomes, including absolute and
relative decrease in bilirubin levels, the Mann-Whitney
U test will be used to compare treatment arms. Repeated
measurements, including quality of life scores over time,
will be analyzed using linear mixed models to account
for intra-patient correlation with adjustments for base-
line values. Survival outcomes will be analyzed using
the Kaplan-Meier method, with survival differences at
3 and 6 months after randomization between groups
assessed using Fisher’s exact test (when no loss to fol-
low up occurs), or the logrank test, whichever applicable.
A p-value of <0.05 will be considered statistically sig-
nificant. All statistical analyses will be performed using
validated software, including East version 6.5 for interim
monitoring.

Discussion

The TESLA RCT is a multicenter phase 3 RCT compar-
ing PPS with ERCP in patients with unresectable MHBO.
Guidelines are inconsistent about the optimal approach
for palliative drainage of MHBO. Clinical guidelines of
the ASGE 2021 and ACG 2023 suggest either ERCP or
PBD in patients with unresectable MHBO undergoing
palliative drainage [15, 18]. The final decision should be
based on patient preferences, disease characteristics, and
local expertise. The NCCN guidelines for biliary cancer
do not express a preference for ERCP or PBD [19]. Typi-
cally, PBD involves internal-external drainage with a plas-
tic drain. PPS as conducted in the present study involves
a distinct approach with stent placement without cross-
ing the ampulla and without leaving an external biliary
drain, in a single intervention.

Several studies have investigated ERCP and PBD (with
internal-external drain) for both unresectable and resect-
able MHBO. However, patient outcomes have been con-
sistently poor with both approaches. Up to date, only
two randomized controlled trials have investigated bili-
ary drainage in patients with resectable pCCA. Both tri-
als were discontinued prematurely. The DRAINAGE
trial randomized 54 patients with resectable pCCA from
four academic Dutch centers. This study demonstrated
a 90-day mortality of 14% and 40% after ERCP and
PBD, respectively. Although not statistically significant
(p=0.08), the mortality difference was considered clini-
cally relevant, and the study was prematurely stopped.
The INTERCPT trial from the United States evaluated
patients with MHBO across all disease stages. This trial
included only 13 patients who underwent ERCP (N=38)
or PBD (N=5) and was discontinued due to slow accrual.
Mortality after drainage in the INTERCPT trial was high
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with a 3-month mortality rate of 50% after ERCP, and
80% after PBD [20, 21].

In addition, several retrospective studies have explored
percutaneous SEMS placement in patients with MHBO.
Paik et al. showed an improvement of technical success
rates for PDB compared to ERCP in patients with Bis-
muth III or IV pCCA (92.7% vs. 77.3%, p=0.049) [22].
The risk of drainage-related complications was com-
parable between both ERCP and PBD (29.5% vs. 31.7%,
p=0.83). Similarly, Thornton et al. described outcomes
of primary percutaneous SEMS placement in 71 patients
receiving PPS at Memorial Sloan Kettering Cancer Cen-
ter (MSKCC) [23]. Major drainage related complications
occurred in 14% (N=10). It is important to note that in
both studies, an external biliary drain was left in place,
and stent placement (plastic or metal) either crossed the
ampulla or ampulla involvement was not reported.

Notably, both studies utilized external biliary drain-
age with SEMS placed across the ampulla, whereas plas-
tic stent (PS) placement in prior reports either avoided
ampullary involvement or did not specify this anatomical
relationship. This distinction may be clinically relevant,
as SEMS placement across the ampulla— analogous to
our earlier findings in resectable perihilar cholangiocar-
cinoma [4]- could enhance drainage efficacy through
improved stent patency compared to PS.

PPS as an alternative to ERCP and PBD aims to pre-
vent bacterial contamination of the biliary tract. This
approach was investigated in the TESLA pilot study
(MEC-2019-0789) involving 67 patients with MHBO and
without prior drainage attempts (i.e. uncolonized bili-
ary tract). Most patients were diagnosed with perihilar
cholangiocarcinoma (40.3%), followed by intrahepatic
cholangiocarcinoma (34.3%), gallbladder cancer (13.4%),
liver metastases (10.5%), and hepatocellular carcinoma
(1.5%). PPS showed a technical success rate of 98.5% at
the initial procedure. Severe drainage-related complica-
tions occurred in 17.9% of patients. There were no cases
of cholangitis or pancreatitis observed. Complications
included acute cholecystitis (3.0%), biliary leak (1.5%),
hemorrhage (4.4%), and persistent jaundice requiring
additional stenting (9.0%). No drainage-related mortality
was reported. Palliative systemic treatment was initiated
in 62.7% of patients, and the median overall survival was
10.1 months (95% CI 7.9-14.4) [12]. (TESLA pilot study,
submitted) The single-center and single-arm setting may
limit the reproducibility of the TESLA pilot study. The
participating interventional radiologists have specific
expertise on treatment of hilar obstructions which may
have had a favorable impact on the outcome. Compari-
sons with historical ERCP and PBD data may underesti-
mate the quality and outcomes of the current procedures.
Especially ERCP outcomes may have improved over time
due to novel approaches such as suprapapillary stenting
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and centralization. Prior research has shown that SEMS
placement is associated with lower stent failure rates
compared to plastic stents in patients with resectable
perihilar cholangiocarcinoma, potentially contributing to
drainage outcomes [24].

This study has several limitations. The most important
challenge in this study remains the referral of patients
before they have undergone biliary drainage attempts.
Participating centers will need to convince their potential
referring centers to refer patients with suspected MHBO
timely and undrained. After referral, multidisciplinary
assessment of eligibility for the study needs to be facili-
tated. Reproducibility of successful trial results may be
challenging, as the success of biliary interventions partly
depends on the expertise of the interventional radiolo-
gist and the interventional gastroenterologist. As PPS is
a novel intervention, all participating centers are required
to perform five procedures following the TESLA pilot
protocol before contributing to the TESLA RCT, ensur-
ing procedural consistency and reducing the impact of
operator variability on trial outcomes. Another poten-
tial limitation is that the protocol allows for placement
of ucSEMS without pathological confirmation. To reduce
the risk of stent placement in patients with benign dis-
ease, well-defined inclusion and exclusion criteria are
implemented, including case discussion in a multidisci-
plinary team at an academic center, and monitoring of
bilirubin trends before the procedure.

Conclusion

In conclusion, the TESLA RCT is designed to investigate
whether PPS is superior to ERCP in patients with unre-
sectable MHBO. By addressing the limitations of tradi-
tional ERCP and PBD, particularly the risk of bacterial
contamination associated with drainage-related compli-
cations, PPS without crossing the ampulla and without
leaving an internal-external drain has the potential to
improve patient outcomes. The multicenter randomized
design of the TESLA RCT, with standardized procedural
expertise, aims to provide robust evidence that could
change the standard of care for patients with malignant
hilar biliary obstruction.
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