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Abstract 

Endobiliary radiofrequency ablation (RFA) has emerged as a promising adjunct to biliary stenting in 
the palliative management of unresectable extrahepatic cholangiocarcinoma. By generating localized 
thermal injury through a high-frequency alternating current (400–500 kHz) delivered via an 
intraductal electrode, RFA induces coagulative necrosis of malignant tissue, aiming to delay tumor 
ingrowth, maintain ductal patency, and improve quality of life. The procedure can be performed 
during endoscopic retrograde cholangiopancreatography or percutaneously, using bipolar probes 
advanced over a guidewire under fluoroscopic control. Technical success depends on adequate 
positioning of the electrodes within the stricture, correct energy settings (7–10 W for 60–120 s), and 
appropriate stent selection. Preclinical studies demonstrated controlled necrosis extending through 
the bile-duct wall, while clinical investigations have evaluated its impact on outcomes. Early 
retrospective series and several randomized controlled trials showed that RFA combined with 
stenting prolongs stent patency and, in selected subgroups, improves survival compared with 
stenting alone, without increasing the overall rate of complications. Meta-analyses have confirmed a 
consistent benefit in stent function and a moderate survival advantage, particularly in distal 
malignant strictures, although results remain heterogeneous due to differences in technique, patient 
selection, and stent type. The most frequent adverse events are cholangitis, pancreatitis, and acute 
cholecystitis. Overall, endobiliary RFA is a safe, technically feasible, and clinically relevant option to 
enhance biliary drainage in advanced cholangiocarcinoma. Standardization of procedural 
parameters and prospective trials are still needed to better define its therapeutic role and identify 
patients most likely to benefit. 

Keywords: endobiliary radiofrequency ablation; cholangiocarcinoma; malignant biliary obstruction 
 

1. Introduction 

Cholangiocarcinoma is a rare but aggressive malignant tumor arising from the biliary 
epithelium, accounting for approximately 3% of all gastrointestinal cancers. It is classified according 
to its anatomical site of origin into intrahepatic, perihilar, or distal cholangiocarcinoma. The majority 
of patients (up to 70%) present at diagnosis with locally advanced or metastatic disease, making them 
ineligible for surgical resection. In such cases, the prognosis is poor: median survival with 
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chemotherapy alone is less than 12 months, and it decreases to 7.5 months with best supportive care 
only. [1] 

 
Most patients with perihilar or distal cholangiocarcinoma present with obstructive jaundice. 

Therefore, biliary drainage plays a crucial role in patients with advanced disease, as it helps prevent 
episodes of cholangitis, reduces bilirubin levels to those compatible with chemotherapy 
administration, improves quality of life, and potentially increases survival. [1] 

The introduction of self-expandable metal stents (SEMS) has significantly improved the 
palliative management of jaundice by reducing occlusion rates and the need for reintervention 
compared with plastic stents. However, the problem of re-obstruction persists: despite the use of 
SEMS, many patients experience recurrent jaundice or cholangitis due to tumor ingrowth into the 
stent or biliary sludge formation. [2] These complications can disrupt the continuity of chemotherapy 
and negatively affect morbidity and mortality. 

This highlights the need for additional strategies to control intraductal tumor growth, prolong 
stent patency, and potentially improve survival. Among these, photodynamic therapy and 
intraluminal brachytherapy have been investigated in the past but have not entered routine clinical 
practice due to significant limitations. Photodynamic therapy is costly and associated with premature 
stent displacement and systemic phototoxicity. [3] Intraluminal brachytherapy, which requires a 
surgical or percutaneous approach and careful handling of radioactive material, poses logistical 
challenges and is associated with serious adverse effects such as duodenal stenosis, gastrointestinal 
bleeding, and hemobilia. [4] 

In this context, endobiliary radiofrequency ablation (RFA) has emerged as a promising and 
relatively safe therapeutic option that can be applied concurrently with palliative biliary drainage. 

2. Endobiliary Radiofrequency Ablation 

2.1. RATIONALE AND MECHANISM OF ACTION OF RFA 

RFA consists of delivering high-frequency alternating current through an electrode positioned 
within the malignant biliary stricture. This method relies on the interaction between a high-frequency 
alternating current (approximately 400–500 kHz) and biological tissue. The energy delivered through 
the electrode causes ionic agitation and frictional heating, producing temperatures in excess of 60 °C 
that denature proteins and result in coagulative necrosis. [5–7] The heating gradient is greatest near 
the electrode and declines with distance through thermal conduction. The central ablation zone is 
surrounded by a peripheral area that is exposed to sublethal temperatures (40–60 °C), in which cells 
may undergo apoptosis or recover (Figure 1). However, excessive heat (>100 °C) can cause 
carbonisation and tissue impedance, which limits current flow and treatment efficacy. [5–8] Ablation 
depth depends on electrode geometry, tissue conductivity, temperature, and exposure time. Animal 
studies indicate that energy delivery for 30–120 s at 7–10 W achieves necrosis from the bile duct wall 
to adjacent tissue. Vascular cooling (“heat-sink” effect) may reduce efficacy near vessels >3 mm. [9–
11] Cell necrosis disrupts membrane integrity and releases intracellular antigens, heat-shock proteins, 
and nucleic acids, which can stimulate local and systemic immune activation. [12,13] 
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Figure 1. Schematic representation of the mechanism of action of endobiliary RFA. The delivery of high-frequency 
alternating current through the intraductal electrode induces ionic agitation and frictional heating, producing 
temperatures exceeding 60 °C and leading to coagulative necrosis of the target tissue. The highest temperatures 
occur near the electrode, with a gradual decline through thermal conduction, resulting in a central ablation zone 
surrounded by a peripheral area exposed to lower temperatures (40–60 °C). 

The goal of local thermal ablation is to reduce tumor burden and slow intraductal neoplastic 
growth, with two main expected benefits: prolonging stent patency (by reducing tumor ingrowth 
and the formation of hyperplastic granulation tissue) and potentially improving patient survival. 
Indeed, maintaining biliary duct patency for a longer time prevents recurrence of jaundice and 
cholangitis, allowing uninterrupted chemotherapy and improving the overall clinical condition. 

Moreover, it has been hypothesized that tumor necrosis induced by RFA exerts a local 
immunomodulatory effect by releasing tumor antigens that can stimulate an antineoplastic immune 
response. This local immune response could further contribute to disease control and may partly 
explain the survival benefit observed in some studies. [14] 

2.2. CLINICAL EVIDENCE 

Since its introduction following the first pilot study in 2011, [15] RFA has been the subject of 
numerous investigations—initially mostly retrospective series, later followed by randomized 
controlled trials (RCTs) in recent years. The first reports indicated a clinical benefit from adding RFA 
to stenting in the management of malignant biliary obstruction: early studies conducted on small 
cohorts of patients showed prolonged stent patency and increased survival compared with stenting 
alone in patients with malignant biliary strictures. [16,17] 
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The first RCTs published on the efficacy of this technique in cholangiocarcinoma subsequently 
confirmed these positive findings, demonstrating that the combination of intraductal RFA and stent 
placement was associated with longer stent patency and improved survival compared with stenting 
alone. [18,19] A 2021 meta-analysis including 17 studies (of which only 3 were RCTs) substantially 
confirmed the benefits of the technique. [20] However, as higher-quality evidence accumulated, the 
results became less consistent. Two recent European RCTs investigating RFA efficacy in malignant 
biliary strictures found no significant differences in either survival or stent patency, raising some 
doubts about the universal effectiveness of the technique. [21,22] 

To clarify these findings, several groups conducted systematic reviews and meta-analyses of 
available RCTs. One meta-analysis including 6 RCTs and 439 patients with malignant biliary 
obstruction of mixed etiology showed that RFA combined with stenting was associated with a 
moderate survival benefit of 85 days. Subgroup analysis revealed that the survival improvement was 
limited to patients with distal malignant strictures, while the stent patency benefit was observed in 
both distal and perihilar strictures. [23] 

The systematic review published by our group in 2024 included 5 RCTs comprising a total of 
370 patients with unresectable extrahepatic cholangiocarcinoma. [24] Results indicated that, 
compared with stenting alone, RFA plus stent significantly improved stent patency (HR 0.64; 95% CI 
0.45–0.90; p = 0.01). However, overall survival did not differ significantly between the two groups 
(HR 0.62; 95% CI 0.36–1.07; p = 0.09), except for a favorable trend in subgroup analysis: in trials using 
plastic stents, patients treated with RFA demonstrated better survival (HR 0.42; 95% CI 0.22–0.80; p 
= 0.009) than those with stenting alone. This may be explained by the possibility of performing 
repeated RFA sessions in studies using plastic stents, suggesting a potential cumulative therapeutic 
effect. Importantly, the rate of adverse events was not globally increased by RFA (odds ratio 1.21; p 
= 0.50), indicating that adding ablation does not entail a higher incidence of complications compared 
with stenting alone. 

A more recent meta-analysis by Ramai et al. included 9 RCTs for a total of 750 patients with 
malignant biliary obstruction. [25] This broader analysis, which also encompassed obstructions 
caused by other malignancies—such as pancreatic, ampullary, and gallbladder adenocarcinomas—
found no significant difference in 3-month stent patency between RFA + stent and stent alone (RR 
1.01; 95% CI 0.92–1.11; I²=4%), indicating comparable proportions of patent stents at 3 months. 
Interestingly, however, the 6-month survival rate was significantly higher in patients treated with 
RFA (RR 0.84; 95% CI 0.73–0.96; p = 0.01). Notably, the subgroup analysis by etiology revealed that 
patients with cholangiocarcinoma experienced the greatest survival benefit, with a mean difference 
of 4.9 months. 

Regarding safety, Ramai et al. confirmed no overall significant differences in major 
complications between the two approaches, except for acute cholecystitis, which was more frequent 
in patients undergoing endobiliary RFA (~5% vs. <1% with stenting alone). This increased risk is 
likely related to ablation near the cystic duct orifice, possibly leading to ischemic/inflammatory 
damage to the gallbladder. [26]  

Finally, a meta-analysis published by Zhou et al. in 2025 specifically investigated patients with 
hilar cholangiocarcinoma, including 11 studies and 874 patients. The pooled results showed a 
significant survival benefit for those treated with RFA plus stenting compared with stenting alone 
(HR 0.74; 95% CI 0.61–0.89; p = 0.002) and improved stent patency (HR 0.77; 95% CI 0.61–0.97; p = 
0.03). No significant differences were observed in overall or procedure-related adverse events (OR 
1.48; p > 0.05), including cholangitis, pancreatitis, and liver abscess. Importantly, patients who also 
received chemotherapy demonstrated markedly better survival outcomes (HR 0.57; 95% CI 0.40–
0.81), suggesting a potential synergistic effect between RFA and systemic therapy. These findings 
reinforce the role of RFA as a safe and effective adjunct in the palliative management of unresectable 
hilar cholangiocarcinoma, while emphasizing the importance of multimodal treatment strategies. 
[27] The results of the published meta-analyses are summarized in Table 1. 
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Table 1. Summary of main meta-analyses on endobiliary RFA in malignant biliary strictures. 

Study Type of studies 
included (N) 

Type of malignant biliary 
strictures 

Intervention vs. 
Comparison 

 Pooled survival Pooled stent 
patency 

de Jong (2022) 
[28] 

RCT (2) / NRSI 
(7) 

Cholangiocarcinoma 
RFA + stent vs 

stent alone 
 

HR 0.65 (95% CI 
0.50–0.84; I² = 38%) 

NR 

Tarar (2023) [20] 
RCT (3) / NRSI 

(14) 

Cholangiocarcinoma / pancreatic 
adenocarcinoma / ampullary 

adenocarcinoma 

RFA + stent vs 
stent alone  

MD 58.5 days (95% 
CI 32.6–84.4; I² = 
71%) in favor of 

RFA 

WMD 45.3 days 
(95% CI 30.1–60.5; I² 
= 16.4%) in favor of 

RFA 

de Oliveira 
Veras (2024) 

[23] 
RCT (6) 

Cholangiocarcinoma / pancreatic 
adenocarcinoma / ampullary 

adenocarcinoma 

RFA + stent vs 
stent alone 

 

MD 85.8 days (95% 
CI 35.0–136.6; I² = 
97%) in favor of 

RFA 

MD 22.3 days (95% 
CI 17.4–61.9; I² = 

97%; p = 0.27) 

Balducci (2024) 
[24] 

RCT (5) Cholangiocarcinoma RFA + stent vs 
stent alone 

 
HR 0.62 (95% CI 

0.36–1.07; p = 0.09; I² 
= 80%) 

HR 0.64 (95% CI 
0.45–0.90; p = 0.01; I² 

= 23%) 

Ramai (2025) 
[25] RCT (9) 

Cholangiocarcinoma / pancreatic 
adenocarcinoma / ampullary 

adenocarcinoma 

RFA + stent vs 
stent alone  

At 6 months: RR 
0.84 (95% CI 0.73–

0.96; I² = 21%) 

At 3 months: RR 
1.01 (95% CI 0.92–
1.11; I² = 4%; p = 

0.84) 

Zhou (2025) [27] 
RCT (4) / NRSI 

(7) 
Cholangiocarcinoma 

RFA + stent vs 
stent alone 

 
HR 0.74 (95% CI: 

0.61-0.89, p = 0.002) 
HR 0.77 (95% CI: 

0.61-0.97; p = 0.03) 
Abbreviations: CI, confidence interval; HR, hazard ratio; MD, mean difference; NR, not reported; NRSI, non-
randomized study of intervention; RCT, randomized controlled trial; RFA, radiofrequency ablation; RR, relative 
risk; WMD, weighted mean difference. 

Overall, although the data are not yet conclusive, available evidence on the role of endobiliary 
RFA in cholangiocarcinoma indicates a potential benefit both in delaying stent re-obstruction and in 
improving overall survival. These effects may have meaningful clinical implications in the palliative 
setting, potentially reducing episodes of cholangitis and hospitalizations and allowing more 
complete administration of planned chemotherapy regimens. 

Nevertheless, study results remain inconsistent. The reasons for these discrepancies may lie in 
differences in study design (inclusion criteria, stent type—plastic vs. SEMS, follow-up duration), 
patient characteristics (performance status, tumor location and extent—hilar vs. distal—and 
concomitant chemotherapy), and technical variables (ablation parameters, endoscopic vs. 
percutaneous approach, number of RFA sessions performed). 

It is also important to note that RFA acts primarily as a complementary therapy: its positive 
impact may be most evident when integrated into a broader strategy that includes systemic 
treatment. Some data suggest that combining endobiliary RFA with chemotherapy improves survival 
compared with chemotherapy alone—at least in locally advanced disease—although such benefits 
are not confirmed in metastatic settings. [29] 

The recently published EASL guidelines on the management of extrahepatic 
cholangiocarcinoma confirm that RFA may be considered in combination with stenting to improve 
patency, although they issue a weak recommendation due to the heterogeneity of available evidence. 
[1]  

Optimal candidates for endobiliary RFA are patients with unresectable, locally advanced 
extrahepatic cholangiocarcinoma confined to the biliary tree (no distant metastases) who are eligible 
for systemic chemotherapy. In metastatic disease with limited extrahepatic spread, RFA may still 
prolong stent patency, but any survival impact is likely modest. Contraindications include poor 
performance status (ECOG > 2) or general unfitness for active treatment, and benign biliary strictures. 
Precautions are warranted when the cystic duct is patent and the target lesion is proximal in the 
common hepatic duct (risk of acute cholecystitis) and in very long or multifocal strictures, where 
achieving uniform ablation is challenging. Multidisciplinary assessment is recommended to balance 
expected benefits with procedural risk. [1] 
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In summary, current evidence supports the use of endobiliary RFA as an additional palliative 
tool in the treatment of unresectable extrahepatic cholangiocarcinoma. However, further RCTs are 
needed to better define the magnitude of benefit—particularly in terms of survival—and to identify 
the subgroups of patients most likely to derive maximum advantage.  

2.3. TECHNIQUE 

Radiofrequency ablation can be performed either endoscopically or percutaneously. In the 
endoscopic approach, the radiofrequency application is performed during endoscopic retrograde 
cholangiopancreatography (ERCP). In patients with a native papilla, sphincterotomy is preferable. 
Prophylactic antibiotic therapy is also suggested. [30] 

A cholangiogram is required to properly visualize and measure both the length and diameter of 
the stricture before advancing the guidewire with the ablation catheter. Pneumatic dilation of the 
stricture may also be necessary before performing the ablation. 

Currently, two probes are commercially available for endobiliary RFA: the Habib™ EndoHPB-
RF (Boston Scientific, Marlborough, MA, USA) and the ELRA™ RF (Taewoong–STARmed, Koyang, 
South Korea). Both are bipolar catheters designed for intraductal use and are advanced over a 
guidewire into the bile duct under fluoroscopic guidance, ensuring that the electrode rings are in 
close contact with the target tissue. 

The ELRA™ system, coupled with its dedicated VIVA Combo™ generator, integrates dual 
safety and control mechanisms: a temperature sensing system, which maintains a consistent ablation 
temperature by modulating energy delivery in real time to prevent carbonization, and an impedance 
monitoring system, which continuously assesses tissue contact and electrical resistance, 
automatically reducing or interrupting energy output when poor contact or tissue desiccation is 
detected. These features allow for precise, reproducible ablation zones and reduce the risk of 
excessive thermal spread. 

In contrast, the Habib™ EndoHPB catheter does not include active temperature or impedance 
feedback and is typically powered by third-party generators (e.g., ERBE or RITA systems). Energy 
delivery is therefore controlled by preset power and time parameters, without real-time adjustment 
based on tissue response. While technically simpler and widely available, this configuration may 
result in less consistent energy distribution and potentially higher variability in ablation depth 
compared with temperature-controlled systems.  

Energy and application time are variable (7–10 W, 60–120 seconds) and have yet to be 
definitively standardized. Excessive energy output or prolonged application should be avoided to 
limit thermal injury beyond the target area. The number of radiofrequency applications varies 
according to stricture length; when the stenosis exceeds 15 mm, using a probe with a longer electrode 
or performing multiple overlapping applications is recommended to achieve uniform ablation along 
the entire lesion. Treatment should proceed from the proximal to the distal end of the stricture, 
minimizing overlap to reduce the risk of complications. A one-minute interval between applications 
is recommended to prevent treated tissue from adhering to the probe. 

After probe removal, a balloon catheter is used to clear necrotic debris, and a follow-up 
cholangiogram is performed to rule out complications. Finally, a biliary stent is placed to ensure 
adequate drainage. The use of plastic stents is indicated when periodic RFA sessions are planned, 
whereas self-expandable metal stents (SEMS) are preferred when a single RFA treatment is 
performed during biliary drainage. 

To maximize procedural efficacy and minimize complications, the probe electrodes must be 
correctly positioned within the malignant stricture. In some cases, cholangiographic assessment of 
the stricture may be insufficient. In such cases, cholangioscopy can be performed to obtain a direct 
view of the lesion before positioning the electrodes under direct visualization. Cholangioscopy can 
also be repeated after the procedure to verify the absence of immediate complications such as 
bleeding or perforation. [31] 
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Post-procedure, patients should be observed for signs of cholecystitis—particularly when 
ablation is performed near the cystic duct confluence—and, in cases with plastic stents, repeat 
endobiliary RFA may be considered every 3 ± 1 months or according to clinical judgment, while 
maintaining routine oncologic follow-up. 

Table 2. Technical features of the two commercially available endobiliary RFA systems. 

Feature STARmed (Korea) Boston Scientific (USA) 
Main brand ELRA™ Electrode Habib™ EndoHPB 

Polarity Bipolar Bipolar 

Electrode size 
11, 18, 22, 33 mm(11, 22 mm = 2-ring 

type; 18, 33 mm = 4-ring type) 24 mm(2-ring type) 

Catheter diameter 7 Fr (2.31 mm) 8 Fr (2.6 mm) 

Radiofrequency generator 
STARmed VIVA Combo (dedicated 

generator) 
No dedicated generator (commonly 

ERBE or RITA) 

Temperature control 
Available (automatic thermal 

feedback) Not available 

Ablation power 10 W for 33 mm 7 W for 18 mm 10 W 
Ablation duration 120 s 90 s 

If electrode contacts lesion poorly 

Generator automatically stops and 
alarms poor contact; energy is 

delivered only with adequate tissue 
contact 

Generator continues to deliver energy 
regardless of contact quality 

Device control and feedback 
Thermal- and impedance-controlled 

(automatic feedback via VIVA 
Combo™ generator) 

Power-controlled (no impedance or 
temperature feedback) 

Adapted from manufacturer technical data on endobiliary RFA systems. [32,33]. 

3. Discussion 

Despite its growing adoption, the clinical value of endobiliary RFA in unresectable extrahepatic 
cholangiocarcinoma remains uncertain. While early studies and meta-analyses suggested that RFA 
combined with stenting might prolong stent patency and potentially improve survival, [16–20,23–25] 
more recent randomized trials have yielded inconsistent results, with some showing no significant 
advantage compared with stenting alone. [21,22] These discrepancies may reflect heterogeneity in 
study design, patient selection, and procedural parameters such as energy delivery, duration of 
application, and stent type. 

The type of malignancy could also influence outcomes, as the effect of RFA may differ among 
cholangiocarcinoma, pancreatic, and ampullary adenocarcinomas. Similarly, the choice of stent may 
play a role: plastic stents could allow repeated ablation sessions, helping to maintain ductal patency 
during chemotherapy, whereas self-expandable metal stents generally limit treatment to a single 
session. Consequently, RFA might be most beneficial in selected patients—those with good 
performance status, limited disease extent, and receiving systemic therapy—although this remains 
to be demonstrated. 

Importantly, the interaction between RFA and chemotherapy has not been adequately 
investigated. The two modalities could act synergistically, but the lack of prospective studies 
designed to assess their combined effect prevents firm conclusions. 

The immunologic impact of RFA also remains hypothetical. Experimental models suggest that 
necrosis may induce the release of tumor antigens and promote immune activation, but clinical 
confirmation is still lacking. Likewise, although RFA is generally well tolerated, safety concerns 
persist—particularly the potential for acute cholecystitis when ablating near the cystic duct—and the 
absence of standardized procedural settings complicates reproducibility. 
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Overall, RFA plus stenting appears to have comparable rates of major adverse events to stenting 
alone in randomized and pooled analyses, with cholangitis and pancreatitis occurring at similar 
frequencies; however, acute cholecystitis may be more frequent after ablation near the cystic duct 
orifice. Severe events (e.g., bleeding, perforation, liver abscess) are uncommon but reported. Recent 
meta-analyses and RCTs did not show a global increase in adverse events with RFA, although a 
higher risk of cholecystitis has been noted in some series. Careful electrode positioning and avoidance 
of prolonged/high-energy applications near the cystic duct are advisable. [21,22,25–27] 

5. Conclusions 

Endobiliary RFA may offer an additional palliative option for patients with unresectable 
extrahepatic cholangiocarcinoma. By improving local tumor control and maintaining stent patency, 
RFA could help preserve chemotherapy continuity and quality of life. Although current evidence 
remains inconclusive, recent data and guideline recommendations support its use in selected patients 
with locally advanced disease eligible for systemic therapy. RFA should be regarded as a potential 
adjunct within a multimodal approach rather than a stand-alone treatment. Further randomized 
studies are needed to refine patient selection and standardize procedural protocols. 
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The following abbreviations are used in this manuscript: CI: Confidence interval; EASL: 
European Association for the Study of the Liver; ECOG: Eastern Cooperative Oncology Group 
(performance status); ELRA™: Endobiliary RFA electrode (STARmed/Taewoong); ERCP: 
Endoscopic retrograde cholangiopancreatography; Fr: French (catheter size); HR: Hazard ratio; I²: 
Inconsistency (heterogeneity) index; kHz: Kilohertz; MD: Mean difference; OR: Odds ratio; RFA: 
Radiofrequency ablation; RCT: Randomized controlled trial; RR: Risk ratio (relative risk); SEMS: Self-
expandable metal stent(s); VIVA Combo: STARmed radiofrequency generator; WMD: Weighted 
mean difference. 
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