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Introduction

Pancreatic cancer is the fourth leading cause of cancer 
mortality despite its relatively low incidence (3%) (1). It is 
postulated that it will become the second leading cause of 
cancer mortality if adequate measures are not taken (2,3). In 
addition, with advances of conventional imaging modalities, 
more asymptomatic pancreatic lesions are being incidentally 
discovered. Incidentally discovered lesions mostly include 
pancreatic cystic neoplasms (PCNs) and neuro endocrine 
tumors of the pancreas (PNETs). PCNs often have a benign 
trajectory, though some, like intraductal papillary mucinous 
neoplasms (IPMNs) and mucinous cystadenomas (MCAs), 
have malignant potential (4). Neuroendocrine tumors 
represent a group of wide-ranging biological variability 
tumors comprising less than three percent of all primary 
endocrine malignancies. Incidence of PNETs has increased 

four to six-fold as a result of increasing cross-sectional 
imaging (5-7). PNETs are classified based on their grade 
(Ki-67) index and based on function as functional (10–30%) 
or non-functional (70–90%) (8). 

Surgery is the management of choice in resectable 
pancreatic cancers. However, about 80–85% of pancreatic 
cancers are diagnosed at an advanced stage and not 
amenable to resection. Additionally, even after successful 
surgical resection for lesions detected early, the median 
survival after surgery is only 17–23 months (9). Surgery is 
also the management of choice for PNETs. Conservative 
management may be considered in asymptomatic, 
incidentally discovered non-functioning PNETs of less 
than 2 centimeters in size (10-14). For larger, symptomatic 
PNETs and/or those involving the main pancreatic duct, 
bile duct, vascular or lymph nodes, surgical resection is the 
gold standard. Surgery can be curative for PNETs requiring 
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resection, but it is also associated with significant short and 
long term adverse events (15). A recent systematic review of 
the literature by Jilesen et al., included 62 studies evaluating 
the post-operative complications, in-hospital mortality and 
survival rate after surgical resection with PNETs (16,17). 
It was noted that pancreatic fistula is the most common 
cause of morbidity and noted in about 45% of cases after 
tumor enucleation. This study also documented other 
complications like delayed gastric emptying (5–18%), 
pancreatic pseudocyst, post-operative hemorrhage (1% to 
7%) and in-hospital mortality (3% to 6%). 

For PNETs, a less-invasive alternative therapeutic 
intervention to avoid short term and long-term adverse 
events is desirable. In addition, there is a need for 
minimally-invasive palliative therapies for unresectable or 
recurrent pancreatic cancers. Endoscopic ultrasound guided 
radiofrequency ablation (EUS-RFA) allows for selective 
tissue ablation with minimal injury to the surrounding 
tissue. This is particularly important as pancreatic tumors 
often infiltrate, encase, or abut important structures that 
if damaged can lead to severe adverse effects. RFA has 
been successfully and more readily used in liver tumors 
compared to the pancreas due to the biological, anatomical 
and thermal differences. However, EUS-RFA of pancreatic 
lesions has shown high clinical and technical success 
with acceptable side effects (18). EUS-RFA has also 
shown efficacy in lymph nodes ablation and celiac plexus 
neurolysis. This paper will review the pathophysiology, 
available technology, safety and efficacy, and future 
directions of EUS-RFA. 

Pathophysiology of radiofrequency ablation

RFA causes tissue injury by focal hyperthermia which 
is thought to alter tumor microenvironment, ultimately 
damaging cells at the membrane and subcellular levels (19). 
Temperatures between 60 to 100 ℃ are generated by a 
high-frequency alternating current and the ions in the tissue 
attempt to follow the changing directions of the alternating 
current (20). Post-RFA ablation, the lesion is noted to 
have three zones: a central zone of coagulative necrosis, a 
peripheral or transitional zone of sub-lethal hyperthermia, 
and surrounding unaffected tissue (19,21,22). Temperatures 
greater than 100 ℃ is less effective, as the ablation at this 
temperature causes water vapor and burnt tissue, resulting 
in increasing tissue impedance and decreased efficacy. Of 
note, one limitation of RFA ablation is the heat-sink effect 
which makes tumor tissue adjacent to vasculature less 

susceptible to thermal damage. It is postulated that the heat 
is dissipated with the flowing blood thus decreasing the 
efficacy of RFA (19,23).

In addition to direct injury, EUS-RFA is postulated to 
also induce an immune response. In the transitional zone, 
multiple studies have shown in increase in inflammatory 
infiltrates as well as B cell s and T cells that are specific to 
the ablated tissue (24-26). These immune cells were noted 
in distant untreated tumors and also in the blood stream. 
Various immunogenic intracellular substrates released post 
hyperthermic injury like RNA, DNA, heat shock protein 
70, high mobility group protein B1 and uric acid-trigger 
innate immunity to tumor tissue. 

Available technology 

Two main types of RFA electrodes for use via endoscopic 
ultrasound are available currently. Monopolar RFA has 
a closed-loop circuit which includes a Radiofrequency 
generator, an electrode needle, a ground pad and the 
patient. Habib™ EUS-RFA (1 Fr, EMcision Ltd., London, 
UK), 19 G EUS-RFA (Radionics, Inc., Burlington, MA, 
USA) and EUSRA RF electrode (18/19 G, STARmed, 
Koyang, Korea) are the monopolar electrodes that are used 
for the pancreas. Bipolar RFA has two interstitial electrodes 
delivering energy, which precludes the need for patient 
grounding (20,27,28). Hybrid cryotherm probe (14 G, 
Hybrid-Therm; ERBE, Tubingen, Germany) is the bipolar 
electrode that is reported (27,29-32). In the United States, 
only the Habib EUS-RFA probe and the EUSRA RF 
electrode are approved by the FDA. The hybrid cryotherm 
probe is approved for use in Europe. 

The Habib™ EUS-RFA probe is a fiber that is advanced 
through a fine-needle aspiration needle and into the target 
lesion. The EUSRA RF is a needle-type probe. The metal 
part of the needle is insulated over the entire length except the 
naked terminal tip (length of which varies from 5–26 mm).  
The RFA probes are connected to generators and are 
designed to deliver accurate energy to target lesion. The 
needle tip or probe tip is introduced and positioned at 
the far end of the target lesion. Energy is delivered after 
confirming placement by EUS (Figure 1). After a lag period, 
echogenic bubbles appear around the needle confirming 
the ablation of the tissue. In larger lesions, the electrode 
can be repositioned to ablate another zone along the same 
trajectory or by using a fanning technique (Video 1: EUS-
RFA). Additional passes can be made until the desired 
ablation effect is obtained (27,33). It is recommended to 
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leave a “security ring” of at least 5 mm at the periphery 
of the tumor in order to avoid thermal injuries to nearby 
structures (34,35). Crinò et al. reported that lower wattage, 
applied for a longer time can result in a greater but slower 
damage. In this study they used 30 W for an average time 
period of 50s, which reduced the number of applications 
to 1.5 on average. This is called “thermal diffusivity effect” 
which is based on thermal conductivity in neoplastic tissue. 
Heat spreads inside the neoplastic tissue but not outside 
making the procedure safer and easier to control (34,36). 
Higher power settings were paradoxically noted to achieve 
smaller radial length or small ablation zones. This is 
because of rapid charring around the needle at high power 
with subsequent increased impedance which interferes with 
the conduction of the current and decreases the ablation 
diameter (37).

Safety and efficacy

EUS-RFA in animal studies

Goldberg et al. first reported the use of EUS-RFA of the 

normal pancreas in pigs in 1999. They documented good 
correlation between imaging and gross pathology for lesions 
>5 mm. Minimal complications of transmural gastric burns, 
serosal small intestinal burn, elevated lipase with focal 
pancreatitis were observed with no major complications 
noted (38). Carrara et al. studied the hybrid cryotherm 
probe in pigs, which uses bipolar RFA with cryotechnology. 
Complications included pancreatitis, gastric wall burn and 
adhesions between pancreas and gut with no documented 
mortality. Gaidhane et al. evaluated EUS-RFA of the 
pancreatic head using Habib EUS-RFA catheter in pigs, 
which was well tolerated with minimum amount of 
pancreatitis (39). The demonstrated safety of EUS-RFA 
in animal studies has encouraged the use of EUS-RFA in 
humans. 

EUS-RFA for PNETs and PCNs

Rossi et al. reported the first prospective study on RFA for 
the treatment of PNETs who were non-eligible or unwilling 
to undergo surgery. RFA was successfully performed in ten 
patients using percutaneous (n=6), intra-operative (n=3) or 
under EUS guidance (n=1). Major complications included 
acute pancreatitis in 3 patients who underwent RFA 
(percutaneous, n=1; intraoperative, n=2). Out of these two 
patients developed pancreatic fluid collections that were 
successfully managed with ultrasound-guided drainage and 
endoscopy. No complications were noted during the EUS 
approach (40).

Barthet et al. conducted a prospective multicenter 
study that included 12 patients who had 14 PNETs with 
mean size of 13.1 mm and 17 patients who had PCNs (16 
IPMN s and 1 mucinous cystadenoma) with mean size of 
28 mm. Among 14 PNETS, at 1-year follow-up 12 had 
completely disappeared (86% tumor resolution). Among 
17 PCNS, 71% had significant response rate. Pancreatitis 
and one small bowel perforation were reported in the first 
two patients. However, after adjusting the protocol, in 
subsequent patients only one complication of pancreatic 
ductal stenosis occurred (4).

Pai et al. reported EUS-RFA of eight patients in a 
prospective multi-center trial. Six had PCNs and two had 
PNETs. The applied power varied from 5–25 Watts and 
the mean number of applications was 4.5. They reported 
complete resolution of cysts in 2 patients (48.4%) and 
size reduction in 3 patients (%). Two patients had mild 
abdominal pain which resolved spontaneously. No other 
adverse events were reported (30).

Figure 1 EUSRA needle delivering RFA energy in a pancreatic 
lesion. RFA, radiofrequency ablation.

Video 1 EUSRA needle delivering RFA energy in a pancreatic 
lesion. RFA, radiofrequency ablation.
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Oleinkov et al. reported a retrospective study which 
included 18 patients with PNETs: 7 insulinoma patients 
and 11 with non-functional PNETs. Twenty-seven 
lesions with mean diameter of 14.3±7.3 mm were treated. 
Technical success was determined by typical post ablative 
changes on surveillance imaging which was detected in 
26 out of 27 lesions. Clinical response was noted in all 
insulinoma patients within 24 hours of treatment. No 
major complications were noted. No clinically significant 
recurrences were noted during a mean follow up of 
8.7±4.6 months (41).

Lakhtakia et al. reported 3 patients with functional 
PNETs (Insulinoma) having symptomatic hypoglycemia 
who underwent EUS-RFA using 19 G EUSRA™ (STAR 
med) with rapid symptomatic and biochemical improvement 
within 2 days after RFA in all patients. Two-year follow-
up of these patients demonstrated sustained response (29). 
Waung et al. (18 mm), Choi et al. (12 mm) and Bas-Cutrina 
et al. (10 mm), each reported one case of successful EUS-
RFA ablation of insulinoma (33,42,43).

EUS-RFA for pancreatic cancer

Girelli et al. reported a prospective study of ultrasound 
guided RFA during laparotomy in fifty patients with locally 
advanced pancreatic cancer. Abdominal adverse events 
occurred in 24% of the patients, related to direct thermal 
injury (four cases of portal vein thrombosis and two 
pancreatic fistulas). They documented when they reduced 
the applied heat from 105 to 90 degrees C there was 
significant reduction in adverse events (44). Cantore et al.  
reported that the overall survival was significantly higher 
in RFA following any other primary treatment compared 
to primary RFA alone in locally advanced pancreatic 
cancer (45). 

Choi et al. reported a prospective study of EUS RFA 
in benign solid pancreatic tumors with a technical success 
rate of 100%. Radiologic complete remission was achieved 
in 70% and median diameter changed from 20 to 6.5 mm 
(58.9% reduction in the lesion). In addition, change in 
vascularity and central necrosis was demonstrated after 
EUS-RFA. Abdominal pain and pancreatitis were the 
adverse events reported. In the patient with pancreatitis, the 
lesion was located in close proximity to the main pancreatic 
duct (4 mm away) Prophylactic pancreatic duct stenting was 
performed in this patient prior to the second session of RFA 
to prevent post-procedure pancreatitis (33). 

Crinò et al. reported a retrospective analysis of 9 patients 

with locally advanced pancreatic. The mean number of 
applications was 1.5 and mean time of RFA application 
was 58 secs. Three patients reported mild abdominal pain, 
managed conservatively with NSAIDs. No adverse events 
or mortality noted during the follow up (34).

Lastly, Song et al. used 18-guage RFA electrode to 
deliver 20 to 50 W power for 10 seconds in 6 patients. 
The mean diameter of pancreatic masses was 3.8 cm. They 
demonstrated significant improvement in the size of the 
lesion after treatment with RFA with no adverse events or 
mortality (31).

EUS-RFA combined studies

Thosani et al. reported EUS-RFA efficacy in a multicenter 
retrospective study which included 21 patients. Pancreatic 
ductal adenocarcinoma was most common lesions (47.6% of 
patients), followed by functioning PNETS (14.3%). Median 
follow up was 5 months. They reported significant decrease 
in the size of the lesion, technical success of 100% and only 
one post procedure complication of worsening abdominal 
pain (46).

Alvarez-Sanchez et al. reported a review of 42 patients 
from several case series who underwent EUS-RFA for 
a variety of pancreatic lesions: unresectable pancreatic 
cancer in 28 patients, PNETs in 7, mucinous cysts in 4 and 
microcystic adenoma in 1. Technical success was achieved 
in 36 patients (86%). The selected power and application 
time varied between studies, from 5 to 50 W and from 10 to  
360 s (47). There was no procedure-related mortality, mild 
early complications were observed in 9 of 36 patients (25%), 
and only one case of mild acute pancreatitis occurred. 

EUS-hybrid cryotherm probe studies 

Arcidiacono et al. reported a prospective study of patients 
with locally advanced pancreatic adenocarcinoma after 
standard chemoradiotherapy failure. The procedure 
was feasible in 16/22 patients; in 6 patients, the probe 
was unable to be passed inside the tumor due to GI wall 
stiffness, especially in patients who had already undergone 
radiation. No severe complications were reported during or 
immediately after the procedure. Early mild complications 
included abdominal pain with hyperamylasemia (n=3) 
and mild duodenal bleeding (n=1), which was treated 
endoscopically. Late complications could be related to 
tumor progression. The study showed a direct correlation 
between application time and the treated area (48).
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EUS-RFA other indications

EUS RFA lymph node ablation has been performed in 
porcine models with no complications. It could be a 
potential area to explore for further use in patients with 
malignant or metastatic lymph nodes (49).

EUS-guided celiac ganglion RFA can be used for pain 
control in advanced pancreatic cancer. Jin et al. reported a case 
report with significant improvement in pain with reduction in 
narcotic intake with Habib™ RFA probe through 19 G EUS 
needle (50). However, the benefit of using EUS-RFA over the 
current standard EUS-guided celiac neurolysis using alcohol 
needs to be established by further studies. 

EUS-RFA and pancreatic duct stenting

Prophylactic pancreatic duct stenting could be considered 
when the lesion is in close proximity to the main pancreatic 
duct. Barthet et al. reported one case of main pancreatic 
duct (MPD) stenosis after EUS-RFA of non-functioning 
PNET located in pancreatic neck, 1 mm from the MPD (4).  
Choi et al. reported one case of a pancreatic head lesion 
who developed pancreatitis post EUS-RFA. Pancreatic duct 
stenting was performed 7 days post-procedure and again 
prophylactically prior to the second session of RFA. Further 
data is needed to fully elucidate the role of pancreatic duct 
stenting during EUS-RFA (33). 

Adverse events 

Adverse events from EUS-RFA can range from mild 
abdominal pain with hyperamylasemia to acute pancreatitis, 
infection and perforation. In most studies, the adverse 
event rate improved with tailoring of the power settings 
suggesting that correct power settings is vitally important 
in minimizing the adverse event risk. In most studies, 
broad spectrum intravenous antibiotics were administered 
prior to the procedure to prevent post-procedure infection 
(4,31,33,41). Barthet et al. used rectal diclofenac post 
EUS-RFA as recommended before endoscopic retrograde 
cholangiopancreatography (ERCP) to prevent post-ERCP 
pancreatitis (4). In all insulinoma cases, patients received 
a continuous 10% dextrose infusion before the procedure, 
along with close monitoring of glucose during and in 
the post-op period (41). Technical precautions such as 
maintenance of a 5-mm safety margin from the MPD or 
peri-pancreatic vessels can also decrease the incidence of 
adverse events. 

Discussion

EUS-RFA is an emerging technology for pancreatic lesions. 
Literature has shown high clinical and technical success 
rates with acceptable side effect profiles (18,33,34).

Pancreatic RFA was initially performed during palliative 
surgery and showed encouraging results (44,51). However 
severe adverse events like thermal-induced pancreatitis, 
duodenal or biliary injuries have been reported after intra-
operative and percutaneous pancreatic RFA (34,40). The 
absence of internal cooling mechanism of the RFA probes 
used for percutaneous or during intra-operative routes is 
possibly the potential cause of higher number of reported 
complications. With the internal cooling system of EUS 
-RFA probes, the same has not been observed. 

EUS-RFA has been evaluated in humans for PNETs, 
PCNs, and pancreatic cancers. The bulk of literature lies 
with PNETs and PCNs in patients who are not surgical 
candidates and shows overall excellent efficacy and safety. 
The use of EUS-RFA in pancreatic cancer is starting to 
be studied with preliminary data showing encouraging 
results. However, the pancreas is very thermal sensitive 
organ in close proximity to other important vasculature and 
organs. This poses difficulty in standardizing pancreatic 
RFA protocols. Direct cellular injury is dependent on 
tissue impedance, procedure time, duration, power 
wattage, number of RFA applications per session and 
number of sessions. These were variable in different 
studies and evidence is scarce as most studies were done in 
retrospectively in small and heterogenous group of patients. 
In addition, clinical efficacy is not fully elucidated due 
to lack of long-term follow up in the majority of studies. 
Though cyto-reduction can be documented, improvement 
in quality of life, improved survival or symptom free 
intervals  for functional  NETs remains unknown. 
Prospective studies are now underway and will hopefully 
overcome these early limitations. 

The potential applications for EUS-RFA are vast. EUS-
RFA can be potentially used as a palliative therapy for 
unresectable pancreatic cancer to reduce tumor burden 
and improve the efficacy of chemotherapy by increasing 
vascularity of the post-ablated lesion. Pending further 
evaluation, it could even be used as neoadjuvant therapy 
to downgrade borderline resectable or locally advanced 
tumors prior to surgical resection. For PNETs, EUS-RFA 
may become an alternative or even replacement for surgical 
resection. 

In conclusion, EUS-RFA is an emerging modality with 
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high technical success and acceptable side affect profile. 
Current small heterogenous studies pose difficulty to 
standardize the pancreatic RFA protocol and leave long-
term potential benefits in quality of life and overall survival 
unknown. Prospective randomized controlled trials are 
needed and underway to confirm efficacy and evaluate long-
term benefits. 
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