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INTRODUCTION

iliary obstruction remains a common
Bclinical compliant, and strategies to treat
this such as ERCP have been widely
employed. The majority of patients with biliary
obstruction harbor an underlying malignancy,
most commonly pancreatic adenocarcinoma and
cholangiocarcinoma. Hepatocellular carcinoma,
metastatic masses or adenopathy, gallbladder
carcinoma, and ampullary carcinoma are also seen
frequently.! Surgical resection is the treatment of
choice, and if possible leads to better long term
outcomes.>? However, because of the insidious
and progressive nature of these malignancies, the
presentation and diagnosis often occurs late in the
disease and most cases are surgically unresectable.
Therefore, the palliative relief of biliary obstruction
has become the standard of care, and has been
shown to improve quality of life.**
The development of self-expanding metal stents
(SEMS) has been shown to give symptomatic relief
and offers improved quality of life. However, tumor
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ingrowth, overgrowth, and stent occlusion from
sludge or stones can cause stent failure, often at a
median time of 6-8 months.>*’ While most stent
occlusions are treated by placement of a new stent
within the old stent, interest in other approaches
has resulted in the development of endoscopic
strategies to relieve stent occlusion, including
photodynamic therapy (PDT) and radiofrequency
ablation (RFA).

In PDT, a photosensitizer is administrated
48 hours prior to the procedure and is taken up
by tumor tissue. An ERCP-directed laser fiber is
passed across the malignant stricture, and apoptosis
is induced via specific light wavelengths. PDT
has demonstrably improved both quality of life,
and outcomes in malignant biliary obstruction.
The photosensitizer is believed to possibly be
preferentially absorbed by malignant cells, and so
it may have the advantage of causing relatively
little damage to nearby non-malignant cells. %1%

Radiofrequency Ablation

Radiofrequency ablation utilizes an electric current
to induce thermal coagulative necrosis of localized
tissue. The circuit is composed of either a monopolar
probe coupled with a dispersive electrode placed
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Figure 1a. Cholangioscopic image of a malignant
biliary stricture before application of RFA.
(Image courtesy Amy Tyberg MD)

on the skin of the patient, or a local bipolar probe.
The current alternates between probes at the
frequency of radio waves, typically 400-600 hertz
(Hz). Tissue is a poor electrical conductor, and so
as the current flows it causes the target tissue to
heat up to 50-100 degrees Celsius.'? Heat causes
protein denaturation, followed by cell dehydration
and coagulative necrosis. The heat generated is
directly proportional to the current generated,
and so tissue nearest the probe experiences the
greatest rise in temperature. Necrosis causes
eventual dehydration and charring with loss of
the conducting ions within the cells. This leads to
a rise in impedance, reducing the depth to which
RFA can penetrate.'!'*!* One strategy to reduce this
impedance is by using pulsed RFA, which allows
the tissue to cool and rehydrate between pulses,
allowing the current to travel deeper into the tissue.
Another strategy is to use internally cooled RFA
probes. In this case, the goal is to reduce the heat
gradient between the probe and the tissue while
maintaining current, thereby reducing charring,
and allowing deeper penetrance of adequate heat
to induce coagulative necrosis.'

RFA has also been proposed to stimulate
systemic antitumor immunity. Theoretically, by
exposing tumor antigen with modalities such
as RFA, antigen presenting cells can direct
the immune system against targets that would
otherwise be hidden.'>'® Further research into the
field of synergistic immunomodulation with RFA
is ongoing.

Percutaneous or intraoperative RFA has been
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Figure 1h. Same location following RFA.
Note superficial mucosal ablation.
(Image courtesy Amy Tyberg MD)

historically quite successful in the management
of solid tumors including liver, breast, lung, and
kidney. More recently RFA has been used in the
management of various gastrointestinal disorders
as well including Barrett’s esophagus, gastric antral
vascular ectasia, and metastatic hepatocellular
carcinoma.'® First described in 2011, Habib et
al. developed a bipolar catheter that could be
directed via ERCP to enter the biliary tree. Since its
development, several groups have investigated the
safety and efficacy of RFA in biliary obstruction. Its
use has been described mostly in the management
of malignant biliary obstruction, both before SEMS
placement, and after SEMS occlusion. Newer uses
are being investigated as experience with RFA
grows.

ENDOBILIARY RADIOFREQUENCY

ABLATION PROCEDURE

The Habib EndoHPB catheter (Habib EndoHPB,
EMcision Ltd, London, UK) is an 8Fr catheter with
two 8 mm stainless electrodes separated by 6 mm.
The proximal end is connected to an electrosurgical
generator, where the power and duration can be
adjusted. The biliary tree is accessed via standard
ERCP. Opacification of the biliary tree is used to
demarcate the stricture location and size, and the
guidewire is directed across the stricture. The RFA
catheter is then threaded over a guidewire. Energy
is supplied by the generator at desired specifications
(typically 5-10 watts for 90-120 seconds with a
60 second cooling period). After RFA, the biliary
tree is then swept via balloon to remove debris.
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Depending on the size and location of the stricture,
multiple RFA applications may be required, and
these may be to some extent overlapping. This
is usually followed by the application of SEMS.
If RFA is applied to an already obstructed stent,
several applications may be required.'>!'*

RFA FOR MALIGNANT BILIARY STRICTURES
In the vast majority of patients, RFA is used in the
setting of a malignant obstruction, either prior to
SEMS placement or in an occluded SEMS that
has developed tumor ingrowth or overgrowth.
(Figure 1)

RFA Prior to Stent Placement

The first group to look at the use of RFA prior to
SEMS placement in humans was Steel et al. in
2011. In this study, a total of 21 patients underwent
RFA for malignant biliary stricture by either
cholangiocarcinoma or pancreatic adenocarcinoma.
At 30 days, there were no mortalities, and at 90
days 16 of the initial 21 patients were alive with
patent stents. This paper introduced RFA as a
relatively safe modality to reduce obstruction prior
to SEMS placement. !’

Four additional small studies from 2013 to 2015
also investigated the safety and feasibility of RFA
in malignant biliary obstruction. In a retrospective
study, Alis et al. investigated obstruction secondary
to cholangiocarcinoma in 17 patients. Of this group,
7 did not have successful ERCP or endobiliary RFA,
although the group did not describe the technical
difficulties. Of the 10 remaining patients, 30-day
mortality was 0%. Two patients developed ERCP-
pancreatitis. The authors concluded that RFA was a
safe modality for malignant obstruction, although
there was a high rate of technical failure.'® A pilot
study by Figueroa-Barojas et al. looked at 20 total
patients (11 with pancreatic adenocarcinoma, 7
with cholangiocarcinoma, 1 intraductal papillary
mucinous neoplasm and 1 metastatic gastric
cancer). All 20 patients underwent successful RFA,
and complication rates were similar to rates that
had been published for ERCP with stent alone. With
a 0% immediate and 30-day mortality, the group
concluded that RFA was a safe, and technically
feasible technique for malignant obstruction.” In
a 2014 study of 12 patients, Tal et al. investigated
the safety of RFA in hilar tumors (mostly Klatskin
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Bismuth 1V), followed by placement of plastic
stents. RFA was technically successful in all cases,
but there was a higher frequency of complications.
Hemobilia occurred in three patients between 4
and 6 weeks: one of which was spontaneous, and
two, which occurred during removal of the plastic
stent. Two of these cases were fatal, and one was
successfully treated with a SEMS. 30 and 90-
day mortality were 8.3% and 50% respectively.
Given their higher mortality and complication rate
than prior studies, the group reported RFA as a
technically feasible technique, but one that required
further investigation with large controlled trials to
avoid fatal complications.?® In a 12 patient case
series, Laquiere et al. investigated the safety of
RFA in a relatively homogenous group of patients
with extrahepatic cholangiocarcinoma. Endobiliary
RFA was technically successful in all cases. Within
30 days, there was one patient with sepsis thought
to be secondary to bacterial translocation, and one
patient with acute cholangitis secondary to stent
migration. 30-day mortality was 0%. Patients
were followed to 9 months and of the 12 patents,
6 received a second RFA session, 3 of which were
due to acute stent obstruction with or without acute
cholangitis, 3 of which were planned to prevent
re-obstruction. This study demonstrated again that
RFA was a safe technique for treatment patients
with malignant obstruction, and suggested that
scheduled repeat session may also be effective at
preventing biliary re-obstruction.?!

In 2014, Dolak et al. published a retrospective,
multicenter study of 58 patients undergoing a total
of 84 total RFA procedures to look at safety and
feasibility.”? 78 procedures were performed via
ERCP and 6 were performed via a percutaneous
approach. The patient population had varying
malignancies (51 with biliary tract cancer, 4
with pancreatic cancer, and 3 with hepatocellular
cancer), and over 50% had received other treatment
modalities prior to RFA. The majority had SEMS
placed (35 of 58 pts), and 19 received plastic
stents. 30-day mortality was 1.7%, and 90 day
mortality was 19%. Within 30 days, there 5 cases
of cholangitis, three cases of hemobilia, two
cases of cholangiosepsis, and one case each of
gallbladder empyema, hepatic coma, and newly
diagnosed left bundle branch block. The patient
with hepatic coma had a fatal oucome. One patient
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had a severe complication of liver infarct, which
was thought to be secondary to thermal damage
to a segmental branch of the hepatic artery. The
patient with hepatic coma Median survival rates
were extrapolated to 10.6 months post RFA
procedure, and 17.9 months from initial diagnosis.
Median stent patency was found to be 115 days in
plastic stents and 218 days in metal stents. This
was the largest retrospective analysis of RFA to
date, and while it again demonstrated RFA as a
relatively safe option, the size of the cohort allowed
the authors to suggest RFA as a way to improve
survival and extend stent patency in malignant
biliary obstruction.

While the above studies provide data regarding
the safety and feasibility of RFA for malignant
obstruction, several groups have investigated
whether this procedure could impact stent patency
and patient survival. To this end, Sharaiha et al.
compared patients receiving RFA prior to SEMS
placement to patients who received SEMS alone.?
Of 66 total patients, 26 underwent RFA prior to
SEMS placement, and they were matched with
40 patients treated with SEMS alone. RFA was
technically successful in all attempts. There were
five adverse events in both groups including 3
with abdominal pain, one with pancreatitis, and
one with cholecytitis. There was no difference
in adverse events between the two groups. There
was no significant difference in survival rates
between the two groups. However, Multivariate
Cox proportional analysis showed that RFA was
an independent predictor of survival, with a hazard
ratio 0f 0.29 (95% confidence interval 0.11-0.76).
The following year, the same group retrospectively
studied 69 patients: 45 with cholangiocarcinoma, 19
with pancreatic cancer, 2 with gallbladder cancer, 1
with gastric cancer, and 3 with liver metastases.?*
These patients all underwent RFA in addition to
stent placement for malignant biliary stricture, and
were compared to Surveillance, Epidemiology,
and End Results (SEER) database patients. In the
study group, 78% had received prior or concurrent
chemotherapy, and there was a mixture of plastic
stents and SEMS. In the study group, the authors
described survival rates of 14.6 and 17.7 months
for pancreatic and cholangiocarcinoa respectively.
These were significantly improved over SEER
database survival rates: 5.9 months for pancreatic
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Figure 2a. Use of RFA to treat adenomatous tissue
extending into the distal common bile duct in a
patient undergoing ampullectomy. Note that the
ampullary mass has already been removed and
the area treated with argon plasma coagulation. A
pancreatic duct stentis in place and the RFA catheter
is introduced into the distal common bile duct.

cancer and 6.2 months for cholangiocarcinoma.
The authors concluded that their study suggested
that RFA prior to stenting can improve survival
rates. However, their study was limited in its
retrospective nature, and use of historical data,
necessitating larger and prospective trials.

Kallis et al. (2015) performed a similar study
to assess the efficacy of RFA in biliary obstruction
secondary to pancreatic adenocarcinoma.? In this
study, 23 patients receiving RFA prior to SEMS
were matched with 46 controls receiving SEMS
alone. 30 day mortality was 0%, and adverse events
were limited to one case each of hyperamylasemia
and antibiotic-responsve cholangitis. Of note, the
two groups were stringently matched based on
demographic characteristics and chemotherapeutic
regimens. The group found that there was a
statistically significant difference in survival:
median survival 226 days with the RFA group vs.
123.5 days in the SEMS only group. Multivariate
analysis revealed that RFA afforded an early
survival benefit, but this was lost after the 180
day mark. They also found that stent patency was
not significantly improved with RFA, and that
a majority of patients died from carcinomatosis
rather than complications arising from biliary
obstruction. The authors concluded that while there
was a survival benefit associated with RFA, they
could not necessarily connect it to improved stent
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Figure 2b. Cholangioscopic image of the distal
common bile duct after RFA application.

patency. While their data could not adequately
demonstrate improved stent patency, just 9 of 23
patients in the RFA group, and 14 of 46 patients
in the control group reached the end point of stent
occlusion due to mortality. The high mortality rate
of these malignancies makes correlation between
patency and survival inherently difficult.

Dutta et al. published a study that also looked at
RFA vs stenting alone. ?® This was a smaller study,
with 15 patients in the RFA arm, and 16 receiving
stent alone, and compared various malignancies
causing biliary obstruction. RFA median survival
was 220 days vs 106.5 days in those receiving
SEMS alone. Multivariate analysis was able
to demonstrate a survival advantage with RFA
independent of age, malignancy type, or obstruction
site. Although many of the above studies were able
to demonstrate statistically significant efficacy,
they were limited in their retrospective nature, and
small sample size.

In an attempt to combine the data from several
of these smaller studies, Sofi et al. performed a
meta-analysis to evaluate survival and stent
patency benefits, as well as complication rates in
RFA for malignant biliary strictures.?” Their study
population included 505 patients from nine studies,
and had patients receiving both percutaneous and
endoscopic RFA. The authors found that stent
patency was significantly improved by a mean
of 50.6 days in the RFA group. Survival rates
were significantly better as well with a median
285 days in the RFA group versus 248 days in the
controls. When evaluating for adverse events, the
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Figure 2¢. Placement of a fully covered metal
stent across the distal CBD to reduce the risk of
stricture formation.

RFA group was found to have significantly more
episodes of abdominal pain, but all other common
adverse events (cholangitis, acute cholecystitis,
acute pancreatitis, and hemobilia) were not
significantly different between the two groups. Sofi
et al. concluded that while their pooled data was
promising, they acknowledge the need for larger
prospective trials to fully elucidate the efficacy
of RFA and the correlation between stent patency
and survival.

In a randomized, controlled, single-center
prospective study, Yang et al. investigated the
use of RFA in 65 patients with unresectable
extrahepatic cholangiocarcinoma.”® The patients
were randomized to RFA combined with plastic
stenting, or stenting-only. Of note, patients receiving
chemotherapy, and those with Bismuth types III
and IV lesions were excluded from the study. All
patients received endoscopic ultrasound prior to
intervention to fully characterize the lesions, and
had repeat RFA at a mean of 6 months after initial
RFA. Adverse event rates were not significantly
different between the two groups, and included 3
cases of acute cholangitis, and one each of acute
pancreatitis and hemorrhage. The authors found
that stent patency was significantly improved with
RFA (6.8 months vs 3.4 months). Survival rates
were also significantly improved in the RFA group
with a mean survival of 13.2 months vs 8.3 months
in the stent-only group. The authors concluded that
RFA prior to stenting can significantly improve
both survival and stent patency in extrahepatic
cholangiocarcinoma.
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RFA vs PDT Prior to Stent Placement

In the only study to date to directly compare PDT
to RFA prior to stent placement, Strand et al.
performed a retrospective analysis of 48 patients
with unresectable cholangiocarcinoma. *’Of these
patients, 16 received RFA, and 32 underwent
PDT, followed by either plastic stent or SEMS.
The PDT group received primarily plastic stents
(90.6%) whereas the RFA group received primarily
uncovered SEMS (68.7%). Tumor type, and
percentage of patients receiving chemotherapy
were not significantly different between the two
groups. Median survival rates were 9.6 months
in the RFA arm, and 7.5 months in the PDT arm,
which were not significantly different. In general,
adverse event rates were comparable in the two
arms, although stent occlusion and cholangitis were
significantly increased in the RFA arm. The authors
concluded that while their study was limited in
its retrospective nature and small sample size, it
suggested that RFA and PDT were comparable
methods for the palliative treatment of unresectable
cholangiocarcinoma. They also discussed the
relative advantages and disadvantages between
the two methods. While PDT does potentially
preferentially select malignant cells, it requires a
pre-treatment with photosensitizer and subsequent
avoidance of sun exposure for at least 48 hours. The
continued comparison between these two methods
requires further, large, prospective trials.

RFA for Occluded SEMS

Pozsar et al. were the first to report the use of RFA
for occluded biliary SEMS in 2011.% In this small
trial, 5 patients with occluded SEMS secondary
to cholangiocarcinoma were treated with RFA. In
all patients, biliary obstruction was successfully
relieved without complication. The median stent
patency after RFA treatment was 62 days, and the
authors concluded that RFA was a relatively safe
method for treating occluded SEMS. In a larger
trial, Kadayifci et al. investigated the use of the
RFA in 50 patients with occluded SEMS.?! In
their study, patients with occluded SEMS were
split into two groups. The first group had a new,
plastic stent placed within the occluded stent. The
second group had RFA to the occluding tissue,
without subsequent stent placement. In the RFA
group, only 56% had successful ablation, defined
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as >80% obstruction removed. In the remaining
44%, RFA was considered to have failed, and
plastic stents were placed. Analysis of RFA failure
found that pancreatic cancer and distal obstruction
were predictive of RFA success. Survival rates
were not significantly different between the two
groups. However, stent patency was found to be
significantly improved in the successful ablated
group when compared to those with stent alone.
The authors concluded that while RFA success was
dependent on tumor type and location, when >80%
ablation was achieved, there was a demonstrable
improvement in stent patency compared to re-
stenting alone.

Percutaneous Intraductal RFA

While not the focus of this review, it should be
noted that percutaneous intraductal RFA has been
described in the literature as a viable tool. Several
studies have looked at the use of percutaneous
intraductal RFA in malignant biliary strictures. In
general, these groups have shown this technique to
be safe and feasible. #3333 Larger trials, such as
those by Wu et al. and Cui et al., have demonstrated
a significant improvement in both stent patency
and survival.***” Their outcomes were comparable
to those found in endoscopic RFA trials discussed
above.

OTHER USES FOR ENDOBILIARY RFA
Ampullary Adenoma with Intraductal Extension

Ampullary adenomas are typically treated
successfully with endoscopic or surgical resection.
However, when the adenoma extends into the
biliary tree itself, it often presents a therapeutic
challenge for clinicians. (Figure 2) Suarez et al.
investigated the use of RFA for the treatment of
ampullary adenomas with intraductal extension in
a 4 patient case series.*® Three of the patients had
benign ampullary adenomas, and the fourth had an
ampullary adenoma with a foci of adenocarcinoma.
All cases were technically feasible, and aside from
a delayed biliary stricture in one patient, there were
no immediate adverse events. Those with benign
adenomas had no recurrence of ampullary lesions,
but the patient with adenocarcinoma developed
overt invasive ampullary cancer and passed away
from their disease, demonstrating the limitations
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of this technology. Rustagi et al. investigated the
use of RFA in ampullary neoplasms in a slightly
larger trial of 14 patients.** The group had mixed
pathology, including two adenocarcinomas, and
a mix of tubulovillous and tubular adenomas.
There were also varied treatment strategies, with
half receiving RFA-only, and half receiving a
mix of RFA in combination with argon plasma
coagulation, PDT, or electrocoagulation. Despite
the heterogenous nature of the cohort, the
authors reported 92% of patients with successful
eradication of disease after a 16 month median
follow up period. Adverse event rates were high at
43%, the majority of which were benign common
bile duct strictures. These studies demonstrate that
RFA has potentially beneficial applications in the
management of ampullary lesions, but will require
more robust, standardized trials to further elucidate
its clinical utility.

Benign Biliary Strictures

As several groups reported the safety and efficacy
of RFA in malignant biliary strictures, this
technique was proposed by some as a means to
manage benign strictures as well. Benign strictures
are fairly heterogenous in nature, resulting from
multiple etiologies including liver transplant,
pancreaticobiliary surgery, and any condition
causing chronic inflammation. The majority results
in stiff fibrinous tissue, histologically far different
than malignant strictures. Typically managed by
dilatation and multiple stenting procedures, up to
40% of strictures are refractory to current endoscopic
techniques. Hu et al. investigated the use of RFA
in 9 patients with benign biliary strictures.* All
patients had successful RFA followed by balloon
dilatation. No serious adverse events occurred, and
all patients achieved immediate improvement or
resolution of their benign strictures. There were
variable follow up times, but at a median of 12.6
months, 4 patients had achieved full stricture
resolution without need for further stenting. The
authors concluded that RFA was a feasible and safe
method for benign biliary strictures, but refrained
from making conclusions on efficacy given the
relatively small and heterogenous study design.
Swine models are currently being developed, and
further studies are needed to investigate the use of
RFA in benign biliary strictures.
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CONCLUSION

Biliary RFA has emerged as a viable method for
the ablation and palliation of biliary strictures. Data
thus far has been largely limited to retrospective
analyses, but the results from these studies suggest
that endobiliary RFA is a safe, and feasible
technique. In unresectable malignancy, RFA may
confer both survival and stent patency benefits, but
further investigation is required before definitive
statements can be made. Clinicians should be
aware of the adverse events common to endobiliary
RFA, including abdominal pain, cholangitis, acute
cholecystitis, stricture formation or worsening,
and hemobilia. As experience with endobiliary
RFA grows, further questions remain; including the
effect of chemotherapy on survival and how plastic
vs metal stents may alter stent patency duration.
Continued investigation with large, randomized,
controlled, prospective trials is required to answer
these questions and further elucidate the efficacy
of endobiliary RFA in the management of biliary
strictures. W
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