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Introduction

Radio frequency ablation (RFA) involves the use of catheters
to ablate tissues with thermal energy generated through
bipolar electrodes. Electricity travels in the range of 450 to
500 kHz alternatively between positive and negative electro-
des and delivers thermal energy surrounding the electrodes.
This results in coagulation and destruction of microvessels
and tissues. To enhance the efficacy of ablation, electrodes
are applied in direct contact with the targeted tissue. Depth
of ablation depends on the energy power, duration of
impacts, and energy density. Typically, in the digestive tract
the depth of ablation can go as deep as the muscularis
mucosae (700–800 microns in depth). RFA acts by causing
thermal coagulative necrosis of unwanted tissue. It has a
wide range of applications such as in treatment of cardiac
arrhythmias, varicose veins, and ablation of malignancies. In
the field of gastroenterology, RFA is commonly used for
management of biliary and pancreatic malignancies, dys-
plastic Barrett’s esophagus, and also ablation of gastric antral
vascular ectasia and radiation proctocolitis. In this review,

we specifically discuss the biliary and pancreatic applica-
tions of RFA.

Biliary RFA

Malignant biliary obstruction (MBO) resulting from cholan-
giocarcinoma of the bile ducts or gallbladder, carcinoma of
pancreas, and liver or a lymph node metastasis usually
carries a dismal prognosis at the time of diagnosis. Typically,
management involves placement of stents via endoscopic
retrograde cholangiopancreatography or percutaneous
transhepatic biliary drainage to relieve the biliary obstruc-
tion followed by surgery or palliative chemotherapy. Plastic
stents are generally preferred for resectable cases and un-
covered self-expandingmetal stents (SEMS) for unresectable
cases. SEMS has several advantages over plastic stents in-
cluding increased patency and reduced migration risk. How-
ever, there are some limitations of SEMS such as stent
occlusion due to tumor ingrowth or biliary stones/sludge.1

Several alterations in these methods aimed at prolonging
stent patency have proven to be of limited utility so far and
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Abstract Radio frequency ablation (RFA) involves use of thermal energy to perform ablation of
tissues. It has a wide range of application in gastrointestinal tract. Over the last few
years, several studies have reported successful and safe application in the biliary and
pancreatic tissues. It is particularly beneficial in patients with biliary malignancies in
whom it has shown to improve survival. Additionally, it can be applied in occluded
metal stents secondary to tumor ingrowth to prolong the patency of stents. In
pancreas, RFA can successfully ablate cystic lesions and neuroendocrine tumors. It
has also been applied in unresectable pancreatic cancers. This review discusses the
application of endobiliary and pancreatic RFAs.
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there is a need to use adjunct techniques for this purpose.
Endobiliary radio frequency ablation (EB-RFA) is an emerg-
ing modality to supplement conventional management in
patients with MBO.2 There are a variety of devices available
for biliopancreatic RFA, which are summarized in ►Table 1.

Following an endoscopic sphincterotomy, a 0.025/0.035
inch guidewire is advanced into the biliary system at the
target site. This is followed by insertion of RFA catheter over
the guidewire (►Fig. 1). Usual length is 8mm and the two
electrodes are 8mmapart fromeach other. Distal electrode is
5mm away from the tip of the probe. Radio frequency (RF)
power is applied to its two tip electrodes. The RF energy
passes through tissues to attain controlled heating with the
highest power density. A high-frequency alternating electric
current is applied through probe electrodes for a duration of
60, 90, or 120 seconds, which results in rapid intracellular
ionic movement in opposite directions. This in turn creates
frictional forces that generate heat and cause necrosis of the
surrounding tissue. In an animal study, the duration of
catheter application was the most important parameter
that influenced the depth of thermal injury rather than the
effect setting or power output.3 The two electrodes of RFA are
positioned in contact with stricture and ablation is per-
formed with 7 to 10 watts4 (►Fig. 2). For long strictures
(more than 25mm), catheter is moved by 1 cm and ablation
is repeated till complete length of stricture is treated. After
the complete ablation, single or multiple stents are placed
depending on the number, length, and position of strictures.
EB-RFA has an additional benefit of local thermal effect of
ablation to destroy the malignant biliary stricture, which
ultimately leads to disappearance of tumor blood vessels and
enlargement of bile duct lumen. It is speculated to stimulate

antitumor systemic immunity and helps in reducing adverse
effects as well as improving overall survival.5 EB-RFA probe
with sensors that control the temperature at the tissue–
electrode interface has been introduced. It is shown to
restrict charring of surface electrode and thus brings preci-
sion in ablation and helps minimizing adverse events.

There is a growing amount of evidence favoring usage of
EB-RFA followed by biliary stenting.4 In a study by Inoue
et al,4 median survival in cholangiocarcinoma patients un-
dergoing EB-RFA followed by stenting was reported to be
244 days. Adverse events (excluding recurrent biliary ob-
struction [RBO] events, 7.7%) consisted of cholecystitis, non-
occlusion cholangitis, and liver abscess. Incidence of RBOwas
reported to be 38.5% (15/39). Median time required to
develop RBO was 230 days. Development of RBO had a
positive correlation with length of the stricture (stricture
of more than 15mm significantly associated with develop-
ment of RBO). Success rate for reintervention for RBO was
92.3% (12/13). Reinterventionwas not possible in one patient
because of development of duodenal stricture.

Initial probing of EB-RFA alonewithout subsequent stent-
ing of the biliary system has yielded discouraging results
owing to higher incidence of thrombus secondary to bleed-
ing in the biliary systemwith resultant reobstruction within
short span of time.6 EB-RFA specifically improves the paten-
cy of uncovered SEMS by preventing tumor ingrowth.7 Kong
et al in their study compared RFA followed by stenting with
stenting alone.6 The stent patencywas significantly higher in
patients with RFA followed by stenting (p¼0.027). Number
of interventions required and number of stents placed were
also significantly higher among RFA followed by stenting
group (p¼0.006 and p<0.001, respectively). Adverse events

Table 1 Types of radio frequency ablation devices

System or catheter Catheter diameter Length Electrode dimensions (length�diameter)

Habib EUS-RFA 1 Fr 220 cm 20mm� 1 Fr

Habib Endo HPB 8 Fr 200 cm 8mm�8 Fr (2 electrodes)

EUSRA™ RF Electrode 18 G 150 cm 7mm�18 G

ELRA™ endobiliary RFA 7 Fr 175 cm 18 and 33mm� 7 Fr

Source: Adapted from Navaneethan et al22

Fig. 1 Endobiliary radio frequency ablation (RFA) devices: EndoHPB Bipolar Radiofrequency Catheter (A) by Boston Scientific, USA; ELRA
Endobiliary RFA Catheter (B); and VIVA combo RF System (C) by STARmed, South Korea.
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such as mild biliary bleeding not requiring blood transfusion
(p¼0.011) and moderate pain after intervention (p¼0.02)
were significantly higher among RFA followed by stenting
group compared to stenting alone. Incidence of moderate
biliary bleeding, acute pancreatitis, bile leak, and recurrent
biliary infectionwas not significant across both studygroups.

►Table 2 summarizes results of the studies of EB-RFAþ
biliary stenting against biliary stenting alone across different
studies. These studies include randomized trials as well as
retrospective studies. EB-RFA followed by stenting group had
a better overall survival and stent patency rates compared to
biliary stenting group alone. Most common adverse event
was cholangitis. Other commonly reported adverse events
with EB-RFA are hemobilia, gallbladder empyema, liver
infection, nausea, and vomiting. Initial apprehensions about
perforations secondary to EB-RFA, given the differences
between malignant biliary tissue and normal biliary epithe-
lium, are apparently theoretical, hypothetical, and overesti-
mated and the present data do not favor this hypothesis.6

Patient selection bias may be a confounding factor con-
tributing to complications. For example, patients with
obstructed biliary pathways due to intrahepatic cholangio-
carcinoma were reported to have increased incidence of
moderate bleeding and recurrent biliary infections.6 Kallis
et al speculated that intrahepatic cholangiocarcinoma is
associated with bile duct–fistula formation and is a possible
explanation for intrahepatic cholangiocarcinoma being an
independent risk factor for RBO post EB-RFA.8 It is recom-
mended to select patients with intrahepatic cholangiocarci-
noma for EB-RFA with caution.

Use of RFA against photodynamic therapy (PDT) has also
been established through few studies.9 A significant post-
procedure reduction in bilirubin, higher stent patency rate,
and lesser incidence of complications were observed with
the RFA group than PDT group. Also, the need for premature
stent replacement (before 3 months) was higher in the PDT
group. Both these studies were performed among patients of
cholangiocarcinoma. Even though there was no significant
difference in the overall survival between two groups,
patients from RFA group required significantly less number

of stents than patients from PDT group but suffered more
episodes of stent occlusion.9

EB-RFA offers advantage of being a repeatable procedure
and occlusion/obstruction of previously deployed stent can
be cleared evenwithout stenting in subsequent procedures10

(►Fig. 3). Another emerging indication for EB-RFA is refrac-
tory bilioenteric anastomotic strictures not responding to
multiple sessions of balloon dilatation and long-term biliary
drainage. Clinical success and catheter removal were
achieved in 100% (6/6) patients in whom EB-RFA was per-
formed for this indicationwith amean symptom-free period
of 430 days after EB-RFA.11However, this series has reported
success of EB-RFA in a small number of patients and it will be
premature to extrapolate its inferences to a large group of
patients. Further studies are needed to clarify the role of EB-
RFA in benign biliary strictures. EB-RFA has also shown to be
effective in conjunction with endoscopic ultrasound (EUS)-
guided hepaticoenterostomy with antegrade stenting with a
technical and functional success rate of 80% (16/20).12 The
reasons for failure in the remaining (20%) cases were failure
of passage of RFA catheter through the fistula or through the
stricture. Early and late adverse events other than RBO
occurred in 10% (2/20) and 13% (2/16) of subjects, respec-
tively. The RBO rate was 25% (4/16), and the median time to
RBO was 276 days. The success rate of endoscopic reinter-
vention using hepaticoenterostomy was 100% (4/4).

Pancreatic RFA

Similar to the biliary tract, RFA can be applied on pancreatic
tissue. The electrode is delivered via EUS-fine needle aspira-
tion (FNA) needles or special needles with electrodes at the
tip of the FNA needle. Earlier, there were concerns of
complications with pancreatic RFA, since pancreas is an
extremely thermosensitive organ and thermal ablation of
the pancreas can result in complications such as pancreatitis,
leakage of pancreatic juice resulting in pancreatic ascites/
peripancreatic fluid collections, fibrotic and cystic transfor-
mation, and injury to surrounding structures—stomach, or
small and large bowel.13 However, these complications

Fig. 2 Patient with type 4 hilar cholangiocarcinoma seen on magnetic resonance cholangiopancreatography (A) underwent endobiliary radio
frequency ablation (RFA) (B). Post-RFA digital spyglass cholangioscopy showing ablated and sloughed tissue (C).
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appear to be related to the duration of ablation as in case of
biliary RFA.14More recently, there is an increasing amount of
evidence suggesting that RFA is a safe and a feasible tool for
application in pancreas.15

RFA has a role in treatment of pancreatic neuroendocrine
tumors (NETs) and pancreatic cystic neoplasms (PCNs). In a
prospective open-label multicentric study done on 30
patients, EUS-guided RFAwas found to be safe inmanagement
of pancreatic NETs smaller than 2 cm in size and PCNs (branch
duct intraductal papillarymucinous neoplasms andmucinous
cystadenomas).16 In this study, EUS-RFA was performed with
an 18G RFA cooling needle. The overall complication rate was
10% (3/30)—acute pancreatitis, small bowel perforation, and
pancreatic ductal stenosis. It was of note that modifications in
protocols such as antibiotic prophylaxis with intravenous
amoxicillin and clavulanic acid, rectal administration of diclo-
fenac, or suctioning of the majority of cystic fluid contents
prior to RFA to evade delivery of excess current into liquid
component appeared to significantly reduce the rate of com-
plications. As far as efficacy of EUS-RFA was concerned,
pancreatic NETs exhibited 86% resolution rate at 1-year fol-
low-up,whereas PCNs showed significant response rate of 71%
(complete disappearance and one diameter that decreased by
more than 50%).

Imperatore et al17 in a systematic review studied results of
EUS-guided RFA among 73 pancreatic NETs. Patients included
were from 12 different studies. The overall effectiveness of
EUS-RFAwas 96%without major safety issues. Tumor size was
thepredictorof treatment failure:21.8mminthenonresponse
group versus 15.07mm in the response group. In the receiver
operating characteristic analysis, a pancreatic NET size cutoff
value of 18mmor less predicted response to treatment with a
sensitivity of 80%, specificity of 78.6%, and positive predictive
value of 97.1% area under curve of 81.

►Table 3 summarizes results of application of RFA in
pancreatic NETs. It is observed that the procedure is mostly
efficacious, safe, and free of adverse events and has promis-
ing results. However, the studies have a smaller sample size
and larger studies are needed to define the role of RFA in
pancreatic NETs.

At the time of diagnosis, most patients with pancreatic
cancer have advanced disease and carry a poor prognosis. In
some cases that are resectable, surgery can offer a chance for
cure. However, even in these patients the 5-year survival rate
remains low: approximately18 to 24%.18 Results with che-
motherapy are not encouraging and there is an unmet need
for other therapeutic modalities. RFA may offer better palli-
ative or alternative therapy for “difficult to treat” pancreatic
malignancies. Though it does not aim at eradicating the
tumor, it significantly reduces the bulk of tumor load.
When combinedwith other therapies such as chemotherapy,
it may help in prolongation of survival.19 Moreover, it is also
postulated that by inciting an antitumor immune response,
RFA helps in combating cancer load.20 Thus, even a subopti-
mal RFA may play a useful cytoreductive role. ►Table 4

summarizes results of RFA in pancreatic adenocarcinoma.
Studies are limited to case series and highlight the feasibility
of performing pancreatic RFA. Safety remains a concernwith
morbidity rates ranging from 10 to 40% inmost studies. With
refinement in devices and techniques, hopefully the compli-
cation rates will reduce in future. The reported survival after
RFA in these patients ranged between 3 and 36 months.
However, due to a lack of a comparative control group it is
unclear if RFA leads to improved survival.

Another emerging indication for pancreatic RFA is EUS-
guided RFA of the celiac ganglion for control of pain in
pancreatic cancer. Bang et al compared effectiveness of
EUS-celiac plexus neurolysis (CPN) and EUS-RFA for pallia-
tion of pain in pancreatic cancer and observed that patients
treatedwith EUS-RFA experienced significantly less pain and
less severe gastrointestinal (GI) symptoms thanpatientswho
were treatedwith EUS-CPN.21 This needs to be substantiated
through further studies.

Conclusion

RFA is a useful technology in management of various GI
conditions. In biliary tract, application of RFA has demon-
strated improved stent patency and increased survival as
well. It has also been successfully applied for benign

Fig. 3 Patient with tissue ingrowth in distal margin of metal stent preventing removal (A). Endobiliary radio frequency ablation (RFA) was
performed. Fluoroscopy (B) showing catheter at distal end of common bile duct and endoscopic view (C) showing catheter in the bile duct. RFA
was successfully performed and stent removed.
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indications such as bilioenteric anastomotic strictures. Al-
though there were initial safety concerns with pancreatic
RFA, with refinement in technology and techniques, the rate
of adverse events has reduced. RFA is effective in manage-
ment of PNETs and PCNs, especially less than 2 cm in size.
Role of RFA in management of unresectable pancreatic
cancer remains to be defined. Adverse events are a concern
and there is a lack of comparative data to determine any
survival benefit. Future comparative studies with controls
and use of newer RFA probes are needed. In addition, there
are several upcoming technologies such as irreversible elec-
troporation that appear to have the advantage of being
selective for tissues and thus, potentially lower rates of
complications. Comparison of RFA to these newer technolo-
gies will be needed to define its role in management of
pancreatic and biliary conditions.
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