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Abstract
AIM: To evaluate the safety and technical success of 
endoscopic radiofrequency ablation (RFA) for palliative 
treatment of malignant hilar bile duct obstruction.

METHODS: In this study, a recently CE and FDA-ap
proved endoscopic RFA catheter was first tested in an 
ex vivo  pig liver model to study the effect of electro-
surgical variables on the extent of the area of induced 
necrosis. Subsequently, a retrospective analysis was 
conducted of all patients treated with endoscopic RFA 
for malignant biliary obstruction at our center between 
February 2012 and April 2013. All patients received an 
additional plastic stent implantation into the biliary tree 
following RFA.

RESULTS: In the pig model, ablation time of 60-90 
seconds using the bipolar soft coagulation mode at 8-10 

watts with an effect of 8 was found to be the most 
feasible setting. Twelve patients (5 females, 7 males; 
mean age, 70 years) underwent 19 endoscopic RFA 
(range, 1-5) sessions. Deployment of RFA was success-
ful in all patients. Systemic chemotherapy was admin-
istered in four patients. We observed biliary bleeding 
4-6 wk after the intervention in three cases and two of 
these patients died: in one patient, spontaneous hemo-
bilia occurred, whereas bleeding started during stent 
extraction in the other. In the third patient, bleeding 
was stopped by insertion of a non-covered self-ex-
panding metal stent. Another three patients developed 
cholangitis during follow-up. Seven patients died dur-
ing follow-up and median survival was 6.4 mo (95%CI: 
0.05-12.7) from the time of the first RFA.

CONCLUSION: Endoscopic RFA is an easy to perform 
and technically highly successful procedure. However, 
hemobilia possibly associated with RFA occurred in 
three of our patients. Therefore, larger prospective 
studies are needed to further evaluate the safety and 
efficacy of this promising new method.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Radiofrequency ablation (RFA) is a promis-
ing tool for the treatment of patients with perihilar and 
intrahepatic bile duct cancer. While RFA is easy to per-
form and technical success rates are high, the outcome 
of patients remains unclear. Therefore, the long-term 
efficacy of this treatment approach needs to be studied 
in randomized trials. 
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INTRODUCTION
Hilar cholangiocarcinoma (CCA) accounts for about 
70% of  biliary tumors[1] and is not amenable to curative 
surgical resection in more than two thirds of  cases at the 
time of  diagnosis[1]. Palliative chemotherapy may increase 
median survival when a combination of  chemothera-
peutic agents is used[2]. In addition, endoscopic insertion 
of  plastic endoprostheses or self-expanding metal stents 
(SEMS) plays an important role in the palliative treatment 
of  biliary tract cancer[3,4].

Randomized controlled trials have indicated that 
endoscopic local ablation of  intraductal CCAs by use 
of  photodynamic therapy (PDT) significantly improves 
survival in non-resectable tumors[5,6] and these findings 
are also supported by non-randomized studies[7-10]. How-
ever, PDT is complex and expensive, requiring highly 
specialized equipment. Recently, ablation of  intraductal 
tumors has been simplified by the introduction of  a ra-
diofrequency ablation (RFA) probe, the Habib EndoHBP 
probe (EMcision UK, London, United Kingdom) that is 
inserted through the working channel of  a side-viewing 
endoscope during endoscopic retrograde cholangiopan-
creatography (ERCP) into the extra- and/or intra-hepatic 
biliary tract[11]. 

To date, few data exist on the clinical applicability of  
this new device. We therefore performed a retrospec-
tive analysis of  all consecutive patients treated with en-
doscopic RFA for malignant biliary obstruction at our 
center, with a special emphasis on technical success rates, 
safety and patient survival.

MATERIALS AND METHODS
Pre-clinical study
Before the start of  RFA treatments in patients, we per-
formed an experimental pre-clinical study in an ex-vivo 
pig liver model to investigate the effect of  electrosurgical 
variables on the extent of  the area of  RFA-induced ne-
crosis. All procedures were performed using a RFA probe 
for bipolar cautery intended for use in endoscopic surgi-
cal procedures as described below (Habib EndoHPB; 
EMcision UK, London, United Kingdom; Figure 1).

In total, five consecutive freshly resected livers from 
adult pigs were obtained. All experiments were started 
within eight hours after the pigs had been euthanized 
and were performed at room temperature. The probe 
was advanced into the center of  the liver over a guide-
wire and radiofrequency ablation was performed using 

different variations of  power (watts), mode (effect) 
and ablation time. Ablations were performed with each 
technical setting three times in a row and the probe was 
inserted at least three centimeters apart from other abla-
tion sites. Immediately after each application, the liver 
was cut along the guidewire with a scalpel to identify the 
ablation extent. The maximum diameter and length of  
the ablated area was measured separately for each appli-
cation (Figure 2).

Clinical study
RFA was performed in patients with unresectable ma-
lignant biliary duct obstruction after the most feasible (8 
to 10 watts, effect 8, 60-90 s) probe settings for optimal 
radiofrequency ablation had been identified in the pre-
clinical study at our center starting in February 2012. All 
patients treated with endoscopic RFA for malignancy of  
an intrahepatic or perihilar bile duct were eligible for in-
clusion in this study and the study protocol was approved 
by the ethics committee of  the Medical School of  the 
University of  Frankfurt, Germany. None of  the patients 
had been eligible for curative surgery or had undergone a 
previous explorative laparotomy due to locally advanced 
disease or comorbidities. However, all patients reported 
symptoms such as painless jaundice or weight loss. His-
tological diagnoses were obtained by percutaneous needle 
biopsy or intraductal endoscopically operated biopsy 
during ERCP. All endoscopic RFA procedures were as-
certained in an interdisciplinary conference of  consultant 
physicians from the departments of  surgery, gastroenter-
ology and medical oncology and treatment recommenda-
tions were given in consent.

All endoscopic procedures (ERCP) were performed 
by an experienced pancreatobiliary endoscopist under 
standard operating conditions with a commercially avail-
able duodenoscope (TJF-160 VR or TJF Q180V, Olym-
pus medical, Tokyo, Japan). Previously inserted plastic 
endoprostheses were removed before cholangiography, 
which were then used to confirm biliary length, diameter 
and localization of  the tumor stenosis.
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Figure 1  The radiofrequency ablation probe Habib EndoHPB (EMcision 
United Kingdom, London, United Kingdom) features two ring electrodes 
at the tip that are 8 mm apart. The probe is designed to perform bipolar cau-
tery in endoscopic surgical procedures. 



For endoscopic RFA, a recently FDA-approved and 
CE-certified[12] catheter was used. This probe (Habib 
EndoHPB; EMcision UK, London, United Kingdom) 
features two ring electrodes at the tip, lying 8 mm apart 
from each other (Figure 1). The catheter measures 8 
French (2.6 mm) in diameter and 1.8 m in length. The 
RFA catheter can be connected to a bipolar electrosurgi-
cal generator to produce a cylindrical necrosis around the 
ring electrodes. The extent of  the necrotic area depends 
on the mode of  the electrosurgical generator, the power 
and ablation time. For the present study, the VIO 200D 
generator (Erbe Elektromedizin, Tübingen, Germany) 
with the “bipolar soft coagulation” mode, effect 8, 8 to 
10 watts, for 90 s for treatment of  the patients. Power 
was applied with 8 watts for the left or right intrahepatic 
biliary ducts and 10 watts for the subhilar section of  the 
common hepatic or common bile duct, respectively. The 
RFA catheter was placed under fluoroscopic visualiza-
tion of  the biliary system after having visualized the 
tumor stenosis by injecting contrast medium (Iomeprol, 
Imeron® 300M, Bracco Imaging Deutschland, Konstanz, 
Germany) into the bile duct system via a standard ERCP 
probe. Positioning of  the RFA catheter was performed 
exactly within the tumor stricture by using a guidewire. In 
cases of  a stenosis more than 15 mm in length, repeated 
applications of  RFA were carefully applied without 
overlapping the treated segments (1-4 applications per 
intervention). Thus, the RFA catheter was positioned 
into the right and/or the left intrahepatic bile ducts and 
we aimed to treat all segments involved in each specific 
tumor-dependent setting (Figure 1). After RFA treatment, 
plastic endoprostheses (Gastrosoft; Optimed, Ettlingen, 
Germany) were inserted according to standard protocols. 
The technical success of  RFA was defined as positioning 
the RFA catheter at the region of  interest and applying 
coagulation current as intended with consecutive success-
ful insertion of  an endoprosthesis.

Statistical analysis
The clinical part of  this study is a retrospective cohort 
study. Data were analyzed from patients who underwent 
endoscopic RFA between February 2012 and April 2013 
at our study center. The primary endpoint was the techni-

cal feasibility of  endoscopic RFA. Secondary outcome 
measures included peri-interventional complications and 
overall survival.

Descriptive statistics are shown as mean ± SD or me-
dian and range, as appropriate. Survival was assessed us-
ing Kaplan-Meier statistics. All analyses were performed 
using the SPSS statistics software package for Mac (Ver-
sion 20.0; IBM, Somers, NY, United States).

RESULTS
Pre-clinical study
In the ex-vivo pig liver model, significant differences in 
length and diameter of  RFA-induced necrosis with varia-
tion of  the electrosurgical parameters time, power and 
effect were observed. With an ablation time of  60-90 s 
using the bipolar soft coagulation mode, at 10 watts, ef-
fect 8 (equivalent to the recommendation of  the manu-
facturer), a mean necrotic area of  22 mm × 9 mm (length 
× diameter) could be induced. Power seemed to have 
a more pronounced effect on tissue destruction when 
compared to time or mode. A power of  7 watts or less 
did not seem to produce a significant necrosis. Applying 
power in the range of  8-10 watts seemed to be most ap-
propriate for intraductal biliary use and higher power was 
associated with deep tissue destruction (Figures 2 and 3).

Clinical study
In total, 19 RFA treatment cycles were performed in 
twelve patients (5 females, 7 males) with mean age of  70 
years (median, 75; range, 33-85); Table 1, Figure 4. 

All patients presented with malignant bile duct ob-
struction of  the hepatic hilus (Klatskin like tumors). 
Final diagnosis included intrahepatic CCA in 2 patients, 
Bismuth stage IV in 8 patients, carcinoma of  the gall 
bladder in two patients and metastases of  gastric small 
cell carcinoma in one patient. Patients underwent either 
one (n = 9), two (n = 2) or five (n = 1) intraductal RFA 
applications that were considered technically successful 
during all applications. The ablations were applied to the 
left (n = 6), right (n = 9) or the main bile duct (n = 5) and 
RFA applications within one intervention ranged from 1 
to 4 according to stricture length and/or bilateral vs uni-
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Figure 2  Exemplary results from the ex vivo pig liver model. From left to right, higher watt variables were used. Necrotic areas are marked by a arrow. 
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show the longest overall survival and has been referred to 
as the “gold standard” for endoscopic treatment of  ma-
lignant biliary obstruction[5,13]. However, the management 
of  patients treated with PDT is expensive and time con-
suming and more feasible endoscopic options with equal 
survival benefit are warranted. Endoscopically applicable 
RFA represents a novel expansion of  a method that is 
well known from its percutaneous applications and which 
has shown promising results in recently published case 
series. However, the safety of  endoscopic RFA for biliary 
malignancy has not yet been clearly defined. Clinical data 
on intrahepatic treatment of  CCA are scarce and many 
of  the published studies included mostly extrahepatic 
tumors (Table 2). We here report our own experience on 
performing endoscopic RFA in 12 patients with malig-
nant bile duct obstruction (mostly Klatskin Bismuth IV) 
due to hilar tumors of  different etiologies. In our study, 
the technical applicability of  RFA procedures was found 
to be excellent, successful in all patients, and this is in line 
with previously published studies. Indeed, in the largest 
study published so far, the technical success rate was re-
ported to be 95%[12].

Despite this, we did observe three cases of  hemobilia 
that occurred 4-6 wk after RFA application. Two out of  
these three patients died from the consequences of  hem-
orrhagic shock, while bleeding was successfully stopped 
in one patient by immediate SEMS insertion into the 
bleeding bile duct.

lateral tumor stenosis. Four of  the patients who had been 
diagnosed with CCA were also treated with systemic che-
motherapy (cisplatin plus gemcitabine). 

We observed biliary bleeding 4 to 6 wk after the inter-
vention in three patients and two of  these patients died 
of  hemorrhagic shock. While one of  these patients de-
veloped spontaneous hemobilia, bleeding started during 
stent extraction in the other patients that was successfully 
stopped in one patient by insertion of  a non-covered 
self-expanding metal stent (SEMS). None of  the three 
patients had undergone chemotherapy concomitantly to 
endoscopic treatment. Of  the remaining patients, four 
patients developed recurrent cholangitis during follow-up 
that could be successfully managed with stent exchange 
and antibiotic therapy. 

From the time of  the first RFA in each patient, the 
30 and 90 d mortality of  the entire cohort was 8.3% and 
50%, respectively; Figure 5. The extrapolated median sur-
vival from the first RFA and the time of  diagnosis were 
6.4 (95%CI: 0.05-12.7) mo and 8.5 (95%CI: 4.6-12.4) mo, 
respectively.

DISCUSSION
Successful stenting of  the biliary tree with prior or ad-
ditive photodynamic therapy has been demonstrated to 
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Figure 3  Results from the ex-vivo pig liver model. A: Length; B: Width. 
Varying electrosurgical variables revealed distinct differences in the extent of 
necrotic area. The used combinations are explained in the legend. e.g., the blue 
column shows length and width of the necrosis caused by RFA with 14 watt, ef-
fect 8 with an ablation time of 90 s. RFA: radiofrequency ablation.
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Table 1  Overview of all patients treated with radiofrequency 
ablation for hilar malignancies included in our study

Patient Patient 
gender/age

Tumor 
location

No. of RFA 
treatment 

cycles

Follow-up 
(mo)

Outcome

1 F/78 CCA Bismuth 
Ⅳ

2   6.4 Dead

2 F/73 Intrahepatic 
CCA

1   0.3 Dead

3 M/72 CCA Bismuth 
Ⅳ

5 19.8 Alive

4 M/85 CCA Bismuth 
Ⅳ

2   6.2 Dead

5 M/81 CCA Bismuth 
Ⅳ

1   1.1 Dead

6 M/33 Gastric 
carcinoma

1 Lost to 
follow up

-

7 F/77 Gallbladder 
cancer

1   6.6 Dead

8 F/78 CCA Bismuth 
Ⅳ

1   1.3 Dead

9 M/47 CCA Bismuth 
Ⅳ

1 14.1 Alive

10 F/78 CCA Bismuth 
Ⅳ

1   1.2 Dead

11 M/61 Gallbladder 
cancer

1   4.0 Alive

12 M/72 Intrahepatic 
CCA

1   2.9 Alive

The number of RFAs denotes the number of treatment cycles during 
follow-up. The number of follow-up months denotes the months from the 
first RFA in each patient. CCA: cholangiocarcinoma; RFA: radiofrequency 
ablation; F: Female; M: Male.
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Although bleeding occurred several weeks after the 
RFA procedure in all three patients, a possible direct re-
lationship to RFA may be assumed. In the two patients 
in whom bleeding occurred during stent extraction, deep 
necrosis induced by RFA may have been discarded from 
the perihilar tissue when necrotic material was removed 
while extracting the plastic endoprosthesis, thereby result-
ing in injury of  a major blood vessel. Another possible 
explanation could be a strong necrotic effect induced by 
RFA that may have led to an increased angiogenic re-

sponse within the tumor causing the recruitment of  new 
vessel branches within the treated tissue. However, either 
of  these hypotheses requires confirmation by analysis of  
immunohistochemical staining and biochemical process-
ing of  the treated tissues. Possible preemptive strategies 
to avoid biliary bleeding complications could include pre-
interventional investigation with intraductal ultrasound 
(IDUS) to rule out large blood vessels in the vicinity 
of  the ablation site. For the prevention of  late bleeding 
complications, insertion of  a SEMS directly after the 
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Figure 4  Application of endoscopically guided, intraductal radiofrequency ablation in a 72-year-old patient with an extended perihilar cholangiocarcinoma 
(Klatskin tumor, stage Bismuth IV, histologically proven) involving all subsegments. Multisegmental radiofrequency ablation (RFA) applications were performed 
(from left above to lower right). The patient experienced no treatment-associated complications and was doing well 15 mo after the initiation of endoscopic RFA treat-
ment. 
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Figure 5  Kaplan-Meier survival curve of all study patients (n = 12). Calcu-
lation of survival started at the time of the first endoscopic radiofrequency abla-
tion treatment in each patient. 

Table 2  Literature overview of studies investigating the use 
of endoscopically-guided intraductal radiofrequency ablation 
in malignant biliary obstruction, localization of included 
tumors and complications are also listed for each study

Ref. Year n Localization of 
the tumor

Complications 

Figueroa-Barojas 
et al[15]

2011   8 Intra- and 
extra-hepatic

Pain: 4
Pancreatitis and 
Cholecystitis: 1

Steel et al[12] 2011 21 Extrahepatic Empyema of the 
gallbladder: 1

Dolak et al[16] 2012 43 Intrahepatic Hemobilia: 2
Liver infarction: 1

Empyema of the gallblad-
der: 1

Cholangitis: 1
Mizandari et al[17] 2012 39 Intra- and 

extrahepatic
Pain: 15

Own experience 2013 12 Intrahepatic Hemobilia: 3 (2 deaths) 
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RFA procedure seems to be feasible[12]. Severe complica-
tions associated with endoscopic RFA treatment have 
also been reported from most other published studies. 
For example, Dolak et al[14] reported that severe bleeding 
occurred in two of  their patients and liver infarction in 
another patient, while Steel et al[12] reported that two of  
their patients required percutaneous gallbladder drainage 
for empyema.

Another secondary outcome measure of  our study 
was overall survival following RFA therapy, which was 
shown to be 6.4 mo. In the above-mentioned Austrian 
multicenter study, the overall survival following RFA ap-
plication was 10.6 mo. However, this was a multicenter 
cohort, involving 58 patients in total[14]. Other reported 
outcome measures included the increase of  the diameter 
of  tumor strictures[12] or stent patency at follow-up[12,14].

Taken together, our study shows that endoscopic RFA 
for malignant bile obstruction is a technically feasible and 
easy-to-apply procedure. However, based on the current 
experience, RFA should not be applied outside of  study 
protocols given the risk of  potentially fatal bleeding. 
Thus, randomized studies comparing PDT plus stenting 
vs RFA plus stenting, both with or without chemotherapy, 
are clearly desired.
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