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ABSTRACT

Background and study aims Recurrent biliary stent oc-

clusion and tumor ingrowth remain a major concern among

patients with malignant biliary obstruction (MBO) with sig-

nificant impact on patient morbidity and survival. Intraduc-

tal radiofrequency ablation (RFA) has emerged as a promis-

ing treatment that seeks to extend stent patency. This

study aimed to evaluate the impact of RFA on overall survi-

val (OS) and stent patency among patients with unresect-

able MBO.

Methods A comprehensive search of electronic databases

was performed for randomized controlled trials (RCTs) com-

paring RFA plus biliary stent (RFA+S) versus biliary stent

alone (S-alone). Outcomes assessed included overall survi-

val, stent patency, and adverse events (AEs) with mean dif-

ference (MD) calculated from pooled proportions. Sub-

group analyses were performed for hilar strictures and cho-

langiocarcinoma (CCA).

Results Six RCTs (n =439 patients) were included and dem-

onstrated improved survival among patients who received

RFA+S (MD 85.80 days; 95% confidence interval [CI]

35.02–136.58; I2 = 97%; P <0.0009). The pooled MD for to-

tal stent patency was 22.25 days (95% CI 17.38–61.87; I2 =

97%; P=0.27). There was no difference in AEs between RFA

+S vs S-alone (P >0.05). On subgroup analyses, RFA+S was

associated with improved stent patency (MD 76.73 days;

95% CI 50.11–103.34; I2 = 67%; P <0.01) and OS (MD 83.14

(95% CI 29.52–136.77; I2 =97%; P <0.01] for CCA. For hilar

strictures, stent patency was improved among patients

with RFA+S [MD 83.71 days (95% CI 24.85–142.56; I2 =

84%; P <0.01].

Conclusions RFA+S improved OS in the treatment of MBO

when compared with S-alone. Moreover, the RFA therapy

prolonged stent patency in hilar strictures and CCA, with

similar rates of AEs.

Review

Additional material is available at

https://doi.org/10.1055/a-2204-8316

de Oliveira Veras Matheus et al. Intraductal radiofrequency ablation… Endosc Int Open 2024; 12: E23–E33 | © 2024. The Author(s). E23

Accepted Manuscript online: 2023-11-06   Article published online: 2024-01-05



Introduction
Malignant biliary obstruction (MBO) is a condition related to
cancer of the biliary tract and extrinsic compression by local ex-
tension of adjacent tumors or lymph nodes. The most common
causes of MBO are cholangiocarcinoma (CCA) and pancreatic
cancer (PC) [1]. The current management of MBO remains a
significant challenge for diagnosis and treatment because
many patients present with unresectable disease, leading to in-
creased morbidity and mortality [2]. For patients who are not
candidates for surgery or transplantation, the bedrock of pallia-
tive treatment of MBO involves biliary drainage, accomplished
through a combination of therapeutic endoscopy, radiother-
apy, and/or chemotherapy.

Searching for less invasive and cost-effective approaches for
bile duct decompression, stent placement either endoscopical-
ly or percutaneously has proven to be effective for the treat-
ment of MBO. At present, endoscopic biliary decompression
and drainage remains the preferred modality for patients with
amenable disease [3]. However, despite being a first-line treat-
ment strategy, stent occlusion of biliary stents may occur due
to biliary sludge accumulation, stent migration, or tumor in-
growth [4]. Self-expanding metal stents (SEMS) have been
shown to reduce the risk of stent occlusion and remain a rea-
sonable treatment option for patients with unresectable dis-
ease, due to larger luminal diameter, increased stent patency,
and lower reintervention rates [4, 5]. However, in recent years,
the development of novel anticancer therapies has increased
overall survival among these patients [6], subsequently result-
ing in a greater incidence of stent occlusion. Given the in-
creased life expectancy with SEMS, newer ablation techniques
have emerged in an attempt to prolong stent patency [7].

Intraductal radiofrequency ablation (RFA) is a novel therapy
in treatment of MBO. RFA works by promoting coagulation ne-
crosis on the targeted area and, consequently, local control of
tumor growth [8]. Given the mechanisms of intraductal RFA,
research has been undertaken to determine whether RFA could
not only improve survival, but also prolong stent patency [9,
10, 11, 12, 13]. Despite increased adoption of intraductal RFA
in advanced endoscopy practice, typically limited to high-vol-
ume or tertiary centers, there is a paucity of data and guide-
lines to suggest its use. Intraductal RFA remains a priority area
for investigation by current guidelines and consensus [14, 15].
As such, the primary aim of this study was to perform a struc-
tured systematic review and meta-analysis to evaluate the im-
pact of RFA combined with biliary stent placement (RFA+ S) on
survival and stent patency among patients with MBO.

Methods
Eligibility criteria

This systematic review and meta-analysis was performed in
conformity with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [16]. Only ran-
domized controlled trials (RCTs) comparing RFA+S versus bili-
ary stent alone (S-alone) among patients diagnosed with unre-
sectable MBO were included. Studies were searched from in-

ception through January 2023. For inclusion, the study was re-
quired to compare the clinical outcomes of interest, including
patient survival and stent patency. Patients undergoing onco-
logic palliative treatment were not excluded.

Search and study selection

All relevant published abstracts and full-text manuscripts of
RCTs in English, regardless of year of publication, were included
in this systematic review and meta-analysis. For duplicate data,
or among studies with the same authors, care was taken to
avoid duplication of data and the most recent study was select-
ed for inclusion. Individualized searches of electronic databases
(MEDLINE, EMBASE, Central Cochrane and Clinical Trials) were
performed based upon a standardized protocol from inception
through January 2023. Eligibility evaluation and the selection of
screened trials were performed independently in an unblinded
standardized fashion by two reviewers. Appendix 1 details the
search criteria utilized.

Risk of bias and quality of evidence

The risk of bias was assessed by Revised Cochrane risk-of-bias
tool for randomized trials (RoB 2). Each endpoint was classified
as high risk, low risk, or some concerns. The quality of evidence
was assessed using standards from the Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE)
working group [17], which uses four levels for certainty of evi-
dence: high, moderate, low, and very low.

Measured outcomes

The primary study outcomes were difference in overall survival,
defined from enrollment to death, and total stent patency, de-
scribed as the period from stent insertion to stent occlusion or
death (measured in days). Secondary outcomes were 3- and 6-
month survival as well as stent patency rates for all MBO etiolo-
gies. Additional outcomes included adverse events (AEs) speci-
fically related to biliary drainage performed by endoscopic
retrograde cholangiopancreatography (ERCP) within the first
30 days. Types of AEs included mild bleeding, pancreatitis, cho-
langitis, and acute cholecystitis. Subgroup analyses of survival
and stent patency were also conducted according to type of
stent performed, strictures due to CCA, and hilar MBO.

Stent occlusion was determined by associated imaging find-
ings of increased proximal biliary duct dilation combined with
the presence of lumen obliteration in the stent. Mild post-pro-
cedure bleeding was reported when endoscopic therapy could
control the event without blood transfusion. Pancreatitis was
defined as the serum amylase level higher than the standard
limit of three times or more at >24 hours after the operations,
combined with the presence of new or worsened abdominal
pain. In this study, fever was defined as > 38°C for 24 to 48
hours after surgery and high indicators of infectious disease
combined with elevated cholestatic parameters, which were
treated as cholangitis.
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Statistical analysis and assessment of heterogeneity

In this study, all statistical analyses were performed using Re-
view Manager software (Rev Man 5.4, The Cochrane Collabora-
tion) [18]. Total stent patency and overall survival were meta-
analyzed using the inverse variance test and assessed by mean
difference (MD). Dichotomous variables were calculated by risk
difference (RD), using the Mantel-Haenszel method. All pooled
results were calculated using the random-effects model and P
<0.05 was considered statistically significant. Absolute num-
bers, means, and standard deviations were used for the statisti-
cal analysis. Stent patency and survival rates reported in
months were converted to days. In studies that expressed the
results in median and interquartile ranges, mathematical for-
mulas were used for the data conversion. Heterogeneity (in-
consistency) was assessed and quantified according to the chi-
square (χ2) and Higgins method. Heterogeneity (I2) values >50%
were considered high.

Results

Descriptive results

Study selection and characteristics of included studies

We identified 2724 articles in our initial protocolized search.
After removing duplicate records and screening based on elig-
ibility criteria, six RCTs were included in the systematic review
and meta-analysis (▶Fig. 1) [19, 20, 21, 22, 23, 24]. One eligible
abstract was excluded because it presented duplicated data in
another study already included in the analysis [25]. From se-
lected studies, the number of patients included was 479, in
whom RFA+S was performed in 236 patients, while 245 pa-
tients were allocated to receive S-alone. ▶Table1 summarizes
individual study data.

Route and stents

Cholangiogram was routinely performed to identify the loca-
tion, diameter, and length of biliary stricture. Biliary stent
placement with or without RFA was performed only endoscopi-
cally in four studies [19, 21, 23, 24], percutaneously in one
study [22]. One study included both percutaneous and endo-
scopic biliary stent placement [20]. Three RCTs exclusively
used SEMS [20, 22, 24] while two studies utilized plastic stents
[19, 21]. In one study, use of both SEMSs and plastic stents was
described (▶Table 1) [23].

Radiofrequency ablation technique

The Habib EndoHBP probe (Boston Scientific) delivered RFA in
all studies except one[20], which used an ELRA RF catheter
(Taewoong Medical). The whole length of the stricture was ab-
lated in all studies and biliary stents were deployed immediate-
ly after the application of RFA in five studies [19, 20, 21, 23, 24].
In one study protocol, the patient first underwent percuta-
neous cholangiography followed by transhepatic drainage with
stent deployment a few days later [22]. Four RCTs [20, 21, 23,
26] recorded stricture length with a mean length of 26.62mm
(SD 6.8). More than one biliary ablation was performed in half
of the included studies [19, 21, 23].

Quality of evidence
Risk of bias and quality of evidence

The risk of bias assessed was low in four RCTs [20, 21, 22, 23]
and with some concerns in two [19, 24]. RoB-2 is summarized
in ▶Fig. 2. The quality of evidence was assessed by GRADE for
each outcome as shown in data highlighted in the Appendix.

Records removed before screening:
Duplicate records removed (n = 652)

Records excluded:
Not related to the subject  (n = 2006)

Full-text article excluded with reason:
Non-RCTs (59)
Duplicate data with another study already included (n–1)
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Records identified through database searching
(n = 2724)
1471 Medline; 1162 Embase; 91 Cochrane

Records screened 
(n = 2072)

Full-text articles assessed for eligibility 
(n = 66)

Studies included in qualitative synthesis (n = 6)
Studies included in quantitative synthesis (meta-analysis) (n = 6)

Identification of studies via databases and registers

▶ Fig. 1 Flow diagram showing study selection process for meta-analysis.
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Meta-analysis
Survival

Overall survival was reported in five studies [19, 20, 21, 22, 23].
The pooled MD was 85.70 days (95% confidence interval [CI]
34.29 to 137.10; I2 = 98%; P=0.001) (▶Fig. 3). The RDs for sur-
vival rate after 3 and 6 months between the two groups were
-0.01 (95% CI -0.15 to 0.13; I2 = 39%; P=0.9) and 0.17 (95% CI
0.09 to 0.25; I2 = 0%; P <0.001), available in three and four
RCTs, respectively (▶Fig. 4).

Survival analysis for patients diagnosed with CCA revealed a
MD of 83.14 in favor of RFA+ S (95% CI 29.52 to 136.77; I2 =
97%; P=0.002) (▶Fig. 5).

Stent patency

Total stent patency was reported in five studies (▶Fig. 6). The
pooled MD for all MBO etiologies was 22.20 days (95% CI
-17.24 to 61.63; I2 = 97%; P=0.27). The RDs for stent patency
rate after 3 months (5 RCTs) and 6 months (4 RCTs) between
the two groups were 0.04 (95% CI -0.11 to 0.19; I2 = 67%; P=
0.56) and 0.03 (95% CI -0.10 to 0.16; I2 = 51%; P=0.66), respec-
tively (▶Fig. 7).

Subgroups analyses based upon type of stent demonstrated
non-significant differences for total stent patency for SEMS
(24.14 [95% CI -28.08 to 76.36; I2 = 92%; P=0.36]) and plastic
stents (29.71 [95% CI -54.47 to 113.88; I2 = 99%; P=0.49]) in
the treatment of MBO (▶Fig. 8).

Among patients diagnosed with CCA, there was a MD 76.73
days (95% CI 50.11 to 103.34; I2 = 67%; P <0.001) in overall stent
patency analysis (▶Fig. 9) and RD of 0.23 (95% CI -0.13 to 0.58;
I2 = 81%; P=0.21) and 0.13 (95% CI 0.02 to 0.23; I2 = 0%; P=0.02)
for stent patency rate after 3 and 6 months, respectively (▶Fig.
10). For patients with hilar strictures, the MD was 83.71 (95% CI
24.85 to 142.56; I2 = 84%; P=0.005) and RDs of 0.23 (95% CI
-0.13 to 0.58; I2 = 81%; P=0.21) and 0.13 (95% CI 0.02 to 0.23;
I2 = 0%; P=0.02) for stent patency rate after 3 and 6 months,
respectively (▶Fig. 11, ▶Fig. 12).

Adverse events

Total AEs specifically related to biliary drainage performed by
ERCP were reported in four studies [19, 21, 23, 24]. One study
[20] allowed RFA and stent placement through a percutaneous

▶Table 1 Characteristics of studies and patient demographics.

Sample (I/

C)

Route Stent Etiology Tumor location Mean

age

Adjuvant

therapies

Albers D [24]
(2022)

86 (42/44) ERCP SEMS CCA (24%) | PC
(63%) | Others (3%)

Distal (63%), middle
(23%), proximal (14%)

71.6 CTx (62%)

Kang H [23]
(2022)

31 (15/16) ERCP Plastic stent +
SEMS (3 mo la-
ter)

CCA (87%) | GBC
(13%)

Proximal* 74.0 CTx (33%)

Andrasina T
[22] (2021)

76 (36/40) PTC SEMS CCA (60%) | PC
(17%) | GBC (9%)
Others (4%)

Proximal (63%) Mid-
dle/distal (37%)

65.5 CTx (62%) BT
(58%)

Gao DJ [21]
(2021)

174 (87/
87)

ERCP Plastic stent
(repeat 3 mo
later)

CCA (84%) | AC
(16%)

Distal (73%), proximal†

(27%)
68.2 CTx (0.6%)

IMT (1.1%)

Kang H [20]
(2021)

49 (24/25) PTBD/
ERCP

SEMS CCA (52%) | PC
(30%) | GBC (10%)
Others (8%)

Distal (79%), proximal
(21%)

70.0 CTx (69%)

Yang J [19]
(2018)

65 (32/33) ERCP Plastic stent
(repeat every 3
mo)

CCA Distal (71%), proximal‡

(29%)
63.2 None

ERCP, endoscopic retrograde cholangiopancreatography; PTC, percutaneus transhepatic cholangiography; SEMS, self-expanding metal stent; NM, not mentioned;
CCA, cholangiocarcinoma; PC, pancreatic cancer; GBC, gallbladder cancer; CTx, chemotherapy; BT, brachytheraphy; IMT, immunotherapy.
Proximal = Bismuth I-IV or intrahepatic strictures.
Distal =Ampullary cancer, distal common bile duct strictures.
*This study considered Bismuth type I cholangiocarcinoma as a middle/distal location of biliary stenosis.
†Gao et al did not consider Bismuth type IV as an extrahepatic location.
‡Yang et al excluded Bismuth types III and IV from their study.

Risk-of-bias assessment

Study D1 D2 D3 D4 D5 Overall

Albers D (2022)

Kang H (2022)

Andrasins T (2021)

Gao DJ (2021)

Kang H (2021)

Yang J (2018)

▶ Fig. 2 Risk-of-bias assessment.
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or endoscopic route and was excluded from the quantitative
synthesis. The analysis of total events revealed a RD of 0.03
(95% CI -0.05 to 0.011; I2 = 27%; P=0.44)] (▶Fig. 13). All AEs
are detailed in ▶Fig. 14.

 RFA+S S-alone Mean diff erence Mean diff erence
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95 %CI IV, Random, 95 %CI

Kang H (2022) 230 88.33 15 152.7 93.27 15 16.3 % 77.30 [12.29, 142.31]
Andrasina T (2021) 272.5 62.93 34 294 50.22 40 20.9 % –21.50 [–47.76, 4.76]
Gao DJ (2021) 429 41.56 87 274.5 34.6 87 21.9 % 154.50 [143.14, 165.86]
Kang H (2021) 243.95 72.8 24 180 87.87 24 18.8 % 63.95 [18.30, 109.60]
Yang J (2018) 393 18 32 249 15 33 22.0 % 144.00 [135.93, 152.07]

Total (95 %CI)   192   199 100.0 % 85.70 [34.29, 137.10]
Heterogeneity: Tau2 = 3108.38; Chi2 = 164.82, df = 4 (P <0.00001); I2 = 98 %
Test for overall eff ect: Z = 3.27 (P = 0.001)

S-alone  RFA+S
0 100 200–100–200

▶ Fig. 3 Forest plots: RFA+S vs S-alone – overall survival.

 RFA+S S-alone Risk diff erence Risk diff erence
Study or subgroup Events Total Events Total Weight M-H, Random, 95 %CI M-H, Random, 95 %CI

1.2.1 3 months
Albers D (2022) 32 42 32 44 33.3 % 0.03 [–0,15, 0.22]
Kang H (2022) 15 15 14 15 37.7 % 0.07 [–0,10, 0.23]
Andrasina T (2021) 21 34 31 40 28.7 % –0.16 [–0,37, 0.05]
Subtotal (95 %CI)  91  99 100.0 % –0.01 [–0.15, 0.13]
Total events 68  77
Heterogeneity: Tau2 = 0.01; Chi2 = 3.30, df = 2 (P = 0.19); I2 = 39 %
Test for overall eff ect: Z = 0.12 (P = 0.90)

1.2.2 6 months
Albers D (2022) 19 32 16 32 11.4 % 0.09 [–0,15, 0.34]
Andrasina T (2021) 15 21 21 31 10.4 % 0.04 [–0,22, 0.29]
Gao DJ (2021) 77 87 57 87 46.3 % 0.23 [0,11, 0.35]
Yang J (2018) 31 32 27 33 32.0 % 0.15 [0,01, 0.30]
Subtotal (95 %CI)  172  183 100.0 % 0.17 [0.09, 0.25]
Total events 142  121
Heterogeneity: Tau2 = 0.00; Chi2 = 2.48, df = 3 (P = 0.48); I2 = 0 %
Test for overall eff ect: Z = 4.05 (P <0.0001)

S-alone RFA+S
0–0.5 0.5–1 1

▶ Fig. 4 Forest plots: RFA+S vs S-alone – 3- and 6-month survival rates.

 RFA+S S-alone Mean diff erence Mean diff erence
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95 %CI IV, Random, 95 %CI

Andrasina T (2021) 335.25 75.32 20 378.75 78.81 22 28.5 % –43.50 [–90.13, 3.13]
Gao DJ (2021) 398.25 53.82 69 275.25 33.77 78 35.4 % 123.00 [108.25, 137.75]
Yang J (2018) 393.18 18 32 249 15 33 36.1 % 144.18 [136.11, 152.25]

Total (95 %CI)   121   133 100.0 % 83.14 [29.52, 136.77]
Heterogeneity: Tau2 = 2057.88; Chi2 = 63.81, df = 2 (P <0.00001); I2 = 97 %
Test for overall eff ect: Z = 3.04 (P = 0.002)

S-alone  RFA+S
0 100 200–100–200

▶ Fig. 5 Forest plots: RFA+S vs S-alone – overall survival in patients with CCA.
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Discussion
This is the first systematic review and meta-analysis of RCTs
(Evidence 1A) comparing RFA+S versus S-alone for manage-
ment of MBO. The results of this study revealed that intraductal
RFA was associated with increased overall survival in all patients
with MBO, with no difference in adverse events compared to
stent alone therapy. Furthermore, RFA combined with a biliary
stent demonstrated enhancement of stent patency in patients
diagnosed with CCA and/or hilar strictures.

Four previous meta-analyses have investigated stent paten-
cy comparing groups with and without RFA; however, there
have been discrepant results [27, 28, 29, 30]. In these prior
meta-analyses, most eligible studies were observational or ret-
rospective; there were few RCTs, and limited data regarding
type of stent utilized, treatment route (endoscopic or percuta-

neous), tumor location, and etiology of MBO. These factors are
critically important to accurately assess stent patency, espe-
cially when studying such a heterogeneous population. Another
meta-analysis included duplicate data, which also limited inter-
pretability of the results [30]. Our current systematic and meta-
analysis is strengthen by including only RCTs, and thus, pre-
sents the highest evidence level.

Our analysis demonstrated that RFA+S therapy is not super-
ior in the global assessment of stent patency, regardless of
whether examined in the short (3 and 6 months) or long-term.
However, the superiority of biliary ablation was found for al-
most all these outcomes when patients with CCA were investi-
gated. This favorable result has been previously well elucidated
and can be explained by the fact that primary biliary tumors
emerging from the biliary epithelium offer a better response
to local ablation given the direct involvement of the biliary lin-

 RFA+S S-alone Mean diff erence Mean diff erence
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95 %CI IV, Random, 95 %CI

Kang H (2022) 178 44.22 15 122 6.23 15 20.6 % 56.00 [33.40, 78.60]
Andrasina T (2021) 179.25 104.79 34 214.50 150.7 40 14.9 % –35.25 [–93.75, 23.25]
Gao DJ (2021) 110.25 14.72 87 123 6.93 87 22.1 % –12.75 [–16.17, –9.33]
Kang H (2021) 132 18.7 24 116 36.72 24 21.3 % 16.00 [–0.49, 32.49]
Yang J (2018) 190.5 38.82 32 117.75 35.52 33 21.1 % 72.75 [54.65, 90.85]

Total (95 %CI)   192   199 100.0 % 22.25 [–17.38, 61.87]
Heterogeneity: Tau2 = 1849.47; Chi2 = 123.53, df = 4 (P <0.00001); I2 = 97 %
Test for overall eff ect: Z = 1.10 (P = 0.27)

S-alone  RFA+S
0 100 200–100–200

▶ Fig. 6 Forest plots: RFA+S vs S-alone – total stent patency.

 RFA+S S-alone Risk diff erence Risk diff erence
Study or subgroup Events Total Events Total Weight M-H, Random, 95 %CI M-H, Random, 95 %CI

1.2.1 3 months
Albers D (2022) 30 42 36 44 22.1 % –0.10 [–0,28, 0.07]
Kang H (2022) 9 15 3 15 13.0 % 0.40 [0,08, 0.72]
Andrasina T (2021) 20 20 20 22 24.8 % 0.09 [–0,05, 0.23]
Gao DJ (2021) 52 87 61 87 25.0 % –0.10 [–0,24, 0.04]
Kang H (2021) 14 24 11 24 15.1 % 0.13 [–0,16, 0.41]
Subtotal (95 %CI)  188  192 100.0 % 0.04 [–0.11, 0.19]
Total events 125  131
Heterogeneity: Tau2 = 0.02; Chi2 = 11.95, df = 4 (P = 0.02); I2 = 67 %
Test for overall eff ect: Z = 0.59 (P = 0.56)

1.2.2 6 months
Albers D (2022) 10 30 19 36 19.1 % –0.19 [–0,43, 0.04]
Andrasina T (2021) 19 20 16 20 23.0 % 0.15 [–0,05, 0.35]
Gao DJ (2021) 19 52 15 61 27.0 % 0.12 [–0,05, 0.29]
Kang H (2021) 0 14 0 11 30.8 % 0.00 [–0,15, 0.15]
Subtotal (95 %CI)  116  128 100.0 % 0.03 [–0.10, 0.16]
Total events 48  50
Heterogeneity: Tau2 = 0.01; Chi2 = 6.15, df = 3 (P = 0.10); I2 = 51 %
Test for overall eff ect: Z = 0.44 (P = 0.66)

S-alone RFA+S
0–0.5 0.5–1 1

▶ Fig. 7 Forest plots: RFA +S vs S-alone – 3- and 6-month stent patency rates.
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 RFA+S S-alone Mean diff erence Mean diff erence
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95 %CI IV, Random, 95 %CI

Kang H (2022) 178 68.58 13 122 10.5 13 28.4 % 56.00 [18.29, 93.71]
Andrasina T (2021) 267 51.94 20 150.75 82.28 22 25.9 % 116.25 [75.02, 157.48]
Yang J (2018) 190.5 39.82 32 117.75 35.52 33 45.8 % 72.75 [54.39, 91.11]

Total (95 %CI)   65   68 100.0 % 79.25 [50.77, 107.73]
Heterogeneity: Tau2 = 373.61; Chi2 = 4.86, df = 2 (P = 0.09); I2 = 59 %
Test for overall eff ect: Z = 5.45 (P < 0.00001)

S-alone  RFA+S
0 50 100–50–100

▶ Fig. 9 Forest plots: RFA+S vs S-alone – stent patency in patients with CCA.

 RFA+S S-alone Risk diff erence Risk diff erence
Study or subgroup Events Total Events Total Weight M-H, Random, 95 %CI M-H, Random, 95 %CI

1.3.1 CCA – 3 months
Andrasina T (2021) 20 20 20 22 67.0 % 0.09 [–0,05, 0.23]
Kang H (2021) 12 17 9 21 33.0 % 0.28 [–0,03, 0.58]
Subtotal (95 %CI)  37  43 100.0 % 0.15 [–0.06, 0.16]
Total events 32  29
Heterogeneity: Tau2 = 0.01; Chi2 = 1.86, df = 1 (P = 0.17); I2 = 46 %
Test for overall eff ect: Z = 1.39 (P = 0.16)

1.3.2 CCA – 6 months
Andrasina T (2021) 19 20 16 20 28.5 % 0.15 [–0,05, 0.35]
Gao DJ (2021) 61 69 52 68 71.5 % 0.12 [–0,01, 0.25]
Subtotal (95 %CI)  89  88 100.0 % 0.13 [0.02, 0.23]
Total events 80  68
Heterogeneity: Tau2 = 0.00; Chi2 = 0.07, df = 1 (P = 0.80); I2 = 0 %
Test for overall eff ect: Z = 2.36 (P = 0.02) S-alone RFA+S

0–0.5 0.5–1 1

▶ Fig. 10 Forest plots: RFA+ S vs S-alone – 3- and 6-month stent patency rate in CCA.

 RFA+S S-alone Mean diff erence Mean diff erence
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95 %CI IV, Random, 95 %CI

2.6.1 SEMS
Kang H (2022) 139 33.89 15 64 21.01 15 36.6 % 75.00 [54.82, 95.18]
Andrasina T (2021) 179.25 104.79 34 214.50 150.7 40 26.1 % –35.25 [–93.75, 23.25]
Kang H (2021) 132 18.7 24 116 36.72 24 37.3 % 16.00 [–0.49, 32.49]
Subtotal (95 %CI)   73   79 100.0 % 24.25 [–27.95, 76.46]
Heterogeneity: Tau2 = 1831.03; Chi2 = 25.70, df = 2 (P <0.00001); I2 = 92 %
Test for overall eff ect: Z = 0.91 (P = 0.36)

2.6.2 Plastic stent
Gao DJ (2021) 110.25 14.72 87 123 6.93 87 50.6 % –12.75 [–16.17, –9.33]
Yang J (2018) 190.5 39.82 32 117.35 35.52 33 49.4 % 73.15 [54.79, 91.51]
Subtotal (95 %CI)   119   120 100.0 % 29.71 [–54.47, 113.88]
Heterogeneity: Tau2 = 3643.99; Chi2 = 81.24, df = 1 (P <0.00001); I2 = 99 %
Test for overall eff ect: Z = 0.69 (P = 0.49)

S-alone  RFA+S
0 100 200–100–200

▶ Fig. 8 Forest plots: RFA+S vs S-alone – stent patency concerning type of stent.
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ing. Extrinsic etiologies of MBO may not respond as well given
the intraductal nature of ablation. It is known that RFA acts to
reduce tumor ingrowth occlusion through direct action (coagu-
lative necrosis) on neoplasm tissue [8]. Although the majority
of MBOs in our study were caused by CCA, almost 30% were
not, which certainly hindered the possible benefits that could
be demonstrated in our global analysis. In addition, for hilar
strictures, we investigated the same outcomes as for CCA, and

observed similar benefits for RFA+ S. This result only reflects the
already mentioned advantage of using RFA according to the
etiology of the MBO, because most of the hilar tumors analyzed
in this study were CCAs.

Regarding safety, there was no difference in AEs between
the two groups, including in pancreatitis, cholangitis, acute
cholecystitis, and mild post-procedure bleeding. No proce-
dure-related deaths were reported. Intraductal RFA appeared

 Experimental Control Mean diff erence Mean diff erence
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95 %CI IV, Random, 95 %CI

Kang H (2022) 178 47.22 15 122 6.23 15 54.0 % 56.00 [31.90, 80.10]
Andrasina T (2021) 267 51.94 20 150.75 82.28 22 46.0 % 116.25 [75.02, 157.48]

Total (95 %CI)   35   37 100.0 % 83.71 [24.85, 142.56]
Heterogeneity: Tau2 = 1518.11; Chi2 = 6.11, df = 1 (P = 0.01); I2 = 84 %
Test for overall eff ect: Z = 2.79 (P = 0.005)

S-alone  RFA+S
0 100 200–100–200

▶ Fig. 11 Forest plots: RFA+ S vs S-alone – stent patency in patients in hilar strictures.

 RFA+S S-alone Risk diff erence Risk diff erence
Study or subgroup Events Total Events Total Weight M-H, Random, 95 %CI M-H, Random, 95 %CI

1.4.1 CCA – 3 months
Kang H (2021) 9 15 3 14 41.1 % 0.39 [0,06, 0.71]
Andrasina T (2021) 20 20 20 22 58.9 % 0.09 [–0,05, 0.23]
Subtotal (95 %CI)  35  36 100.0 % 0.21 [–0.13, 0.56]
Total events 39  23
Heterogeneity: Tau2 = 0.05; Chi2 = 3.81, df = 1 (P = 0.05); I2 = 71 %
Test for overall eff ect: Z = 1.21 (P = 0.23)

1.4.2 CCA – 6 months
Andrasina T (2021) 19 20 16 20 51.3 % 0.15 [–0,05, 0.35]
Gao DJ (2021) 23 25 17 22 48.4 % 0.15 [–0,06, 0.35]
Subtotal (95 %CI)  45  42 100.0 % 0.15 [0.01, 0.29]
Total events 42  33
Heterogeneity: Tau2 = 0.00; Chi2 = 0.00, df = 1 (P = 0.99); I2 = 0 %
Test for overall eff ect: Z = 2.04 (P = 0.04)

S-alone RFA+S
0–0.25 0.25 0.5–0.5

▶ Fig. 12 Forest plots: RFA+ S vs S-alone – 3- and 6-month stent patency rates in hilar strictures.

 RFA+S S-alone Risk diff erence Risk diff erence
Study or subgroup Events Total Events Total Weight M-H, Random, 95 %CI M-H, Random, 95 %CI

Albers D (2022) 4 42 1 44 38.6 % 0.07 [–0.03, 0.17]
Kang H (2022) 9 15 12 15 5.8 % –0.20 [–0.52, 0.12]
Gao DJ (2021) 24 87 17 87 28.3 % 0.08 [–0.05, 0.21]
Yang J (2018) 2 32 3 33 27.3 % –0.03 [–0.16, 0.10]

Total (95 %CI)  176  179 100.0 % 0.03 [–0.05, 0.11]
Total events 39  33
Heterogeneity: Tau2 = 0.00; Chi2 = 4.05, df = 3 (P = 0.26); I2 = 26 %
Test for overall eff ect: Z = 0.77 (P = 0.44)

S-alone  RFA+S
0 0.25 0.5–0.25–0,5

▶ Fig. 13 Forest plots: RFA +S vs S-alone – total procedure-related AEs in the initial 30 days.
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safe and has been validated in previous studies [28, 31], with
the most common AE being pancreato-biliary illnesses. How-
ever, more novel applications seek to introduce the concept of
a new ablation technology, including the tempered-controlled
RFA system [20, 23], which seeks to reduce overheating injury
of the bile duct during ablation, which has been responsible
for rare cases of serious complications. Not only the intensity,
but also the site of ablation can be a predisposing factor for
AEs. Performing intraductal RFA close to the cystic duct implan-
tation area, for example, may cause edema and local injury,
leading to an increase in cases of acute cholecystitis [21].

Despite the fact that this meta-analysis included data only
from RCTs, it is not without limitations. The overall quality of
evidence by GRADE methodology remains low with increased

heterogeneity of the included trials. In addition, multiple stent
types, stent sizes, treatment regimens, adjunctive oncological
therapies, MBO etiologies, stricture locations, and presence or
absence of metastases also make arriving at concrete conclu-
sions difficult. While this may improve generalizability of our
results, subgroup analyses were designed to provide stent-,
etiology-, and location-specific conclusions. To overcome these
limitations, we performed subgroups analyses such as for type
of stent, CCA, hilar location, and 3- and 6-month outcomes.

In summary, this study showed the effectiveness of intra-
ductal RFA, especially in relation to CCA. These results suggest
an increased role for intraductal RFA to aid in survival for these
patients and potential consideration in future guidelines. Cur-
rent guidelines recommend metal stents in the palliative drain-

 RFA+S S-alone Risk diff erence Risk diff erence
Study or subgroup Events Total Events Total Weight M-H, Random, 95 %CI M-H, Random, 95 %CI

1.6.1 Pancreatitis
Albers D (2022) 1 42 0 44 37.6 % 0.02 [–0,04, 0.09]
Kang H (2022) 0 15 1 15 5.4 % –0.07 [–0,23, 0.10]
Gao DJ (2021) 4 87 5 87 34.3 % –0.01 [–0,08, 0.05]
Yang J (2018) 0 32 1 33 22.8 % –0.03 [–0,11, 0.05]
Subtotal (95 %CI)  176  179 100.0 % –0.01 [–0.04, 0.03]
Total events 5  7
Heterogeneity: Tau2 = 0.00; Chi2 = 1.83, df = 3 (P = 0.61); I2 = 0 %
Test for overall eff ect: Z = 0.28 (P = 0.78)

1.6.2 Cholangitis
Albers D (2022) 1 42 0 44 53.3 % 0.02 [–0,04, 0.09]
Kang H (2022) 3 15 5 15 2.1 % –0.13 [–0,45, 0.18]
Gao DJ (2021) 10 87 9 87 24.5 % 0.01 [–0,08, 0.10]
Yang J (2018) 2 32 1 33 20.1 % 0.03 [–0,07, 0.13]
Subtotal (95 %CI)  176  179 100.0 % 0.02 [–0.03, 0.06]
Total events 16  15
Heterogeneity: Tau2 = 0.00; Chi2 = 1.34, df = 3 (P = 0.72); I2 = 0 %
Test for overall eff ect: Z = 0.82 (P = 0.41)

1.6.3 Acute cholecystitis
Albers D (2022) 1 42 0 44 30.3 % 0.02 [–0,04, 0.09]
Kang H (2022) 1 15 1 15 8.6 % 0.00 [–0,18, 0.18]
Gao DJ (2021) 9 87 0 87 29.0 % 0.10 [0,04, 0.17]
Yang J (2018) 0 32 0 33 32.0 % 0.00 [–0,06, 0.06]
Subtotal (95 %CI)  176  179 100.0 % 0.04 [–0.02, 0.10]
Total events 16  15
Heterogeneity: Tau2 = 0.00; Chi2 = 6.96, df = 3 (P = 0.07); I2 = 57 %
Test for overall eff ect: Z = 1.16 (P = 0.21)

1.6.4 Mild post-procedure bleeding
Albers D (2022) 1 42 1 44 25.2 % 0.00 [–0,06, 0.06]
Kang H (2022) 0 15 0 15 7.0 % 0.00 [–0,12, 0.12]
Gao DJ (2021) 1 87 3 87 52.0 % –0.02 [–0,07, 0.02]
Yang J (2018) 0 32 1 33 15.8 % –0.03 [–0,11, 0.05]
Subtotal (95 %CI)  176  179 100.0 % –0.02 [–0.05, 0.02]
Total events 2  5
Heterogeneity: Tau2 = 0.00; Chi2 = 0.56, df = 3 (P = 0.91); I2 = 0 %
Test for overall eff ect: Z = 1.01 (P = 0.31)

S-alone RFA+S
0–0.25–0.5 0.25 0.5

▶ Fig. 14 Forest plots: RFA +S vs S-alone – detailed analysis of AEs.
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age of MBO [1, 4, 15]; however, the decision regarding optimal
stent type remains unclear for hilar CCA. While European
guidelines suggest a role for uncovered SEMS for hilar strictures
[4], plastic stents are typically utilized in the United States, with
uncovered stents adopted for select cases [14]. The major con-
cern with uncovered stents remains the risk for obstruction by
tumor ingrowth, resulting in recurrent cholangitis. For this rea-
son, some groups have opted for new therapy modalities using
plastic or intraductal papillary stents [32, 33]. RFA has great po-
tential in this regard, with results that demonstrated improved
stent patency and improved patient survival.

Conclusions
Combining RFA+S improved overall survival in the treatment of
MBO when compared with S-alone. Moreover, intraductal abla-
tion therapy prolonged stent patency in patients with hilar
strictures and CCA, with similar rates of AEs. The results of our
meta-analysis, including only RCTs, demonstrate the efficacy of
this therapy and suggest an increased role and further adoption
of this novel technology.
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