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ABSTRACT

Introduction Two devices are currently available to per-
form pancreatic radiofrequency ablation (P-RFA). Potential
clinical indications might extend from the treatment of
pancreatic cystic lesions to ablation of small pancreatic so-
lid lesions or cytoreduction of advanced pancreatic adeno-
carcinomas, but more preclinical data from animal models
are needed to optimize P-RFA operation.

Methods P-RFA was performed under laparotomy and un-
der endoscopic ultrasonographic guidance on the liver and
pancreatic parenchyma of four live swine using the Habib
EUS RFA (EMcision Ltd, London, UK) probe and the EUS-RA
needle (Taewoong Medical, Gyeonggi-do, South Korea).
Animals were sacrificed 2 hours after the procedure. Influ-
ence of tuning ablation time and power on tissue ablation
were studied by histopathological assessment of the maxi-
mal depth of tissue damage on representative slides for
each P-RFA shot.

Results The Habib probe in the liver parenchyma resulted
in tissue necrosis increasing within the range of 1.9%
0.5 mm (Power=8W, Time=120s) to 2.5+ 1mm (Power=
10W, Time=120s). In the pancreatic parenchyma, tissue
damage ranged from 3.1+0.4mm (Power=8W, Time=
120s) to 2.3+0.Tmm (12W, 120s) in depth. EUS RFA abla-
tion of the liver parenchyma resulted in tissue damage
ranging from 1.6£0.2mm (Power=30W, Time=11s) to
1.5+0.1mm (Power=70W, Time=9s); in the pancreas, ab-
lation depth ranged from 3.6+ 0.5 mm (Power=30W, Time
=15s) to 3.8+0.4mm (Power=70W, Time=115s).
Conclusion Both devices allow for effective ablation of
pancreatic tissue within 1.5 to 3.8 mm around the RFA elec-
trode, with a modest influence of tuning power settings.
Specific settings are recommended for each of the devices
studied. Ablation of larger lesions may require more repeat
P-RFA shots in different locations rather than a simple mod-
ulation of ablation parameters.

Introduction

Surgical pancreatic resection is currently considered the treat-
ment of choice for most benign and malignant pancreatic tu-
mors. However, pancreatic resection in expert centers bears a
mortality rate of 0.6% to 1.4% and a severe morbidity rate of
16.6% to 19.8%, with pancreatic fistula at the forefront [1].
Many pancreatic neoplasms with a low or moderate risk of

malignancy, such as small pancreatic neuroendocrine tumors
(<2 cm) or intraductal papillary mucinous neoplasms without
high-risk stigmata are currently managed by surveillance in-
stead of resection [2,3]. However, surveillance requires repeat
magnetic resonance imaging procedures and follow-up endo-
scopic ultrasound (EUS), thereby incurring costs, psychological
burden for patients and uncertain efficacy, furthermore de-
pending on the patient’s compliance.
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Pancreatic radiofrequency ablation (P-RFA) has been studied
since 1999 and can be performed endoscopically using endo-
scopic ultrasound (EUS) guidance [4]. While clinical feasibility
studies have already been conducted [5], the scope of the tech-
nique, which could extend from neuroendocrine tumors and in-
traductal papillary mucinous neoplasms (IPMN) to large lesions,
including unresectable pancreatic adenocarcinoma, is as yet
unclear [6]. Furthermore, different devices are currently avail-
able for EUS-guided pancreatic RFA, two of which, described
below, have recently been made commercially available for
clinical use. Because those devices use different technologies
and instructions for use (IFU) are different, but are not suppor-
ted by publically available preclinical data, we deemed it impor-
tant to assess both devices with the same methodology in live
animal models to verify the manufacturer’s recommended set-
tings and compare tissue ablation obtained.

Methods
Animals

Four landrace pigs weighing 30 to 35kg stemming from the
same farm were used for the study. Pigs were accommodated
at our facility for 48 hours before procedure. Procedures were
performed under general anesthesia. All animals were prepared
for anesthesia with a 12-hour diet and administered an intra-
muscular injection of 10 mg/kg ketamine and 2mg/kg azaper-
one 30 minutes before induction. After induction with 8 mg/kg
intravenous (IV) 1% propofol and endotracheal intubation, an-
esthesia was maintained through inhalation of 2% isoflurane.
All animals received an IV infusion of 10 mg/kg/h crystalloid so-
lution.

Devices

The Habib EUS RFA (EMcision Ltd, London, UK) device is a 1 Fr
wire monopolar electrode that can be inserted inside a stand-
ard 22G EUS fine-needle aspiration (FNA) needle, connected to
a regular electrosurgical generator (ERBE Medizin VIO 200 or
300 series), and has no cooling system.

The EUSRA (Taewoong Medical, Gyeonggi-do, South Korea)
is an 18G RFA needle, connected to a specific RF bipolar/mono-
polar VIVA RF™ generator associated with a pump cooling the
needle internally with chilled saline solution.

Experimental protocol

The Habib EUS RFA and EUSRA probes were tested on the liver
and pancreas of four animals with exactly the same methodol-
ogy. Two animals were used to assess the effects of the Habib
EUS RFA probe, and the other two pigs to assess the EUSRA de-
vice. A linear EUS probe (GFUCT140, Olympus, Tokyo, Japan)
and a dedicated EUS platform (EUM2, Olympus, Tokyo, Japan)
were used. The body of the pancreas was identified and punctu-
red through the stomach. For the first pig, the Habib EUS RFA
was inserted through a 22G EUS FNA needle (EchoTip Ultra,
Cook, Limerick, Ireland). RF energy was delivered as recom-
mended by the manufacturer for 120 seconds (Power=10W,
Effect=4) using a VIO 300D electrosurgical unit (ERBE Tubin-

gen, Germany) to generate RF in the monopolar soft coagulati-
on mode.

Then, a median laparotomy was performed. Three hepatic
lesions were created with the Habib EUS RFA probe inserted
into the left liver lobe parenchyma, using different ablation set-
tings. For the second pig, after a median laparotomy, the hepa-
tic ablations were repeated with the same three ablation set-
tings as in the first one, and three lesions were created in the
body and tail of the pancreas under direct visualization, with
the same parameters and the same method as in the liver,
each being identified by a stitch.

Procedures were the same for the next two pigs, except for
RF settings with the EUSRA device: energy was delivered as re-
commended by the manufacturer at a power of 50W for 15
seconds, using a VIVA RF generator and the procedure was
stopped whenever impedance exceeded 1000Q. Electrosurgi-
cal settings above and below IFUs were defined for both devices
in accordance with the generator and probe manufacturers
(Erbe Medical and EmCision, respectively, for the Habib device,
Starmed for the EUS-RA device), with regard to the results of
previous in vitro experiments to avoid tissue damage to adja-
cent organs and/or probe destruction.

Two hours after the procedure, with the animals still under
general anesthesia, pigs were euthanized with 100mg/kg IV
pentobarbital. The liver, common bile duct, and duodenopan-
creatic region were collected en-bloc, fixed for 24 hours in 10
% buffered formalin. After macroscopic examination, ablated
segments were embedded in paraffin, processed into 3-pm-
thick sections, and stained with hematoxylin-eosin and saffron.
Histological assessment was performed by a pathologist ex-
perienced in digestive pathology (AR), blinded to procedural
data, using an ocular micrometer to measure the maximal ex-
tent of tissue necrosis in depth. Volumes were estimated postu-
lating an ellipsoid form of the lesions, by the formula: v=4/3 x
mabc (where a is the length, b the height and c the width). The
length was estimated by the length of the P-RFA probe (10 mm
for both EUS RFA and EUSRA), while the width and height were
assumed to be equal and measured by the extent of tissue dam-
age around the probe. The tissue was considered non-viable
when it displayed a disorganized arrangement of cell layers, ab-
sence of normally shaped native cells, or condensed cell nu-
cleus and cytoplasm suggesting cell death. Measurements
were repeated on three representative slides for each condition
of ablation. Statistical analysis was performed using Graphpad
Software (GraphPad Software Inc., San Diego, California, Uni-
ted States). Results are expressed as mean=SD.

The experimental protocol was approved by the scientific
committee of the Surgical School of Paris (Ecole de Chirurgie
de ’Assistance Publique-Hopitaux de Paris, France) and the ex-
periments were performed according to the standard animal
research guidelines established by the French Ministry of Agri-
culture.
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» Fig.1 Pancreatic radiofrequency ablation using each of the two available probes. a Habib EUS RFA probe introduced into the EUS FNA. b EUS
RFA using the Habib EUS RFA probe in healthy pancreatic body, with an echogenic cloud around the electrode. ¢ Operative view of per-laparo-
tomy radiofrequency ablation in the pancreas with the Habib EUS RFA probe. d EUSRA probe. e EUS-guided radiofrequency ablation using the
EUSRA probe in healthy pancreatic body, with a echogenic cloud around the electrode. f Operative view of per-laparotomy radiofrequency ab-

lation in the pancreas using the EUSRA probe.

Results

P-RFA procedures under EUS guidance were technically suc-
cessful with both the Habib EUS RFA and EUSRA devices, with
adequate endosonographic visualization of the RFA probes
and visualization of an echogenic cloud around the electrodes.
However, the hyperechoic area was more clearly visible after
application of the EUSRA probe. Representative views of the P-
RFA procedures are shown on » Fig. 1. In the liver parenchyma,
with the Habib EUS RFA probe, depth of tissue damage ranged
from 1.9+0.5mm for an ablation time of 120 seconds and a
power setting of 8W, to 2.5+ 1mm for an ablation time of 120
seconds and a power setting of 12W. Meanwhile, depth of tis-
sue damage using the EUSRA probe ranged from 2.3+0.Tmm
for an 11-second, 30 W ablation to 1.5+ 0.1 mm for a 9-second,
70W ablation (» Table 1).

In the pancreas, depth of tissue damage ranged from 3.1+
0.4mm to 2.3+0.1mm using the Habib EUS RFA probe with
the same parameters as in the liver. With the EUSRA probe,
depth of tissue damage ranged from 3.6+ 0.5mm for a 15-sec-
ond and 30 W ablation to 3.8+ 0.4 mm for a 15-second and 70W
ablation (» Table2). The effect of increasing the power and
time of ablation in the pancreatic parenchyma with each RFA
probe is presented in » Fig. 2a. The potential volume of the tar-
get lesions is reported in » Table3 and » Fig.2b, and ranged
from 131£0.1mm?3 to 189+0.8mm? for the Habib EUS RFA

probe, and 256+0.2mm?3 to 335+0.8 mm?> for the EUS RA
probe.

Discussion

Development of EUS RFA opens new perspectives in manage-
ment of pancreatic neoplasia. Preliminary feasibility studies of
cytoreduction or debulking in locally advanced pancreatic ade-
nocarcinoma have shown a significant effect in terms of tumor
volume reduction, but did not improve survival [7, 8]. Some re-
cent data obtained in small series of patients suggest that mor-
bidity associated with EUS RFA is acceptable, with a low rate of
pancreatitis and pancreatic fistulae [5, 6, 9]. For benign or focal
pancreatic lesions, such as pancreatic cystic lesions (intraductal
papillary mucinous neoplasms or mucinous cystadenomas) or
small, low-grade neuroendocrine tumors, RFA might become
an alternative to surgical resection and possibly reduce the
need for lifelong surveillance of patients [8-11]. Among exist-
ing devices for pancreatic RFA, one (Cryothermprobe, Erbe
Elektromedizin GmbH, Tiibingen, Germany) has been studied
experimentally and in small series of patients [7], but it is cur-
rently not commercially available. Because experimental data
on clinically available devices (i.e. the Habib EUS RFA and the
EUS-RA) are lacking, we deemed it important to compare those
devices to assess their results in terms of depth and volumes of
tissue ablation. By using several power and time settings in live
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> Table1 Outcomes of radiofrequency ablation in the liver parenchyma using each of two EUS RFA probes

Habib EUS RFA probe

(effect=4)
Power (W) Time (s) Maximal extent of tissue necrosis,
mean £ SD (mm)
8 120 1.9+0.45
10 120 2.46+1.04
12 120 2.02+0.44

EUS, endoscopic ultrasound; RFA, radiofrequency ablation

> Table2 Outcomes of RFA in the pancreatic parenchyma using each of two EUS RFA probes

Habib EUS RFA probe

(effect=4)
Power (W) Time (s) Maximal extent of tissue necrosis,
mean = SD (mm)
8 120 3.11+£0.37
10 120 3.11+£0.19
12 120 2.31+0.08

EUS, endoscopic ultrasound; RFA, radiofrequency ablation

EUSRA probe

Power (W) Time (s) Maximal extent of tissue necrosis,
mean £ SD (mm)

30 1 1.57+0.25

50 9 1.22+0.03

70 9 1.55+£0.12

EUSRA probe

Power (W) Time (s) Maximal extent of tissue necrosis,
mean £ SD (mm)

30 15 3.62+0.48

50 9 3.80+0.25

50 15 3.78+0.1

70 1 3.81+0.45

> Table3 Potential size and volume of tissue ablation with a single pancreatic RFA shot depending on power settings for each device.

Habib EUS RFA probe

(effect=4)
Power (W) Time (s) Mean lesion Mean lesion
diameter (mm) volume (mm?3)
8 120 6 189
10 120 6 189
12 120 5 131

EUS, endoscopic ultrasound; RFA, radiofrequency ablation

pigs, we found with the Habib EUS RFA probe that the depth of
tissue damage in the liver was proportional to the power used,
and reached a radius of about 2.5mm around the needle for a
power of 10W, allowing for a treatment of 5- to 6-mm lesions,
such as cystic lesions after the aspiration of cystic fluid. Similar-
ly, in the pancreas, depth of tissue damage reached a ceiling,
and was weakly influenced by the power variation beyond
10W, which does not support use of high-power settings with
a 120-second ablation time, as already suggested by Yoon et al
[12]. With the EUSRA™ probe, depth of ablation varied along
with ablation time, and was poorly influenced by high-power
settings in the liver. Conversely in the pancreas, increasing
time of ablation did not change depth of ablation at a power
of 50W, but increasing power from 30 to 70W linearly in-

EUSRA probe

Power (W) Time (s) Mean lesion Mean lesion
diameter (mm) volume (mm?3)

30 15 7 256

50 9 7.6 302

50 15 7.6 302

70 1 8 335

creased depth of ablation. Finally, a 15-second ablation time
with a 30 W power setting would already allow for ablation of a
7-mm lesion.

As already suggested by others with the Habib EUS RFA
probe [12] and by Kim et al. for the EUSRA electrode [13],
elevated power settings do not increase depth of tissue dam-
age around the radiofrequency electrode, because higher elec-
trode temperature induces tissue charring, raising tissue impe-
dance and reducing coagulative necrosis. However, this effect
can be observed in a distinctive manner with each of the devi-
ces: because the Habib probe is much slimmer and has no inter-
nal cooling, it needs to be operated at a lower power and a
longer exposure than the EUSRA probe, which can deliver
more power in a shorter burst. With both probes, the small vol-
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» Fig.2 almpact of power variation on the depth of ablated tissue in the pancreatic parenchyma with the Habib EUS RFA probe (time of abla-
tion=120 seconds) and with the EUSRA probe (time of ablation of 15 seconds for 30 and 50W, and 9 seconds for 70 W ablation). b Impact of
power variation on the volume of ablated tissue in the pancreatic parenchyma with the Habib EUS RFA probe (time of ablation=120 seconds)
and with the EUSRA probe (time of ablation of 15 seconds for 30 and 50 W, and 9 seconds for 70 W ablation).

ume of ablated tissue should be sufficient to treat a cystic le-
sion after aspiration of cystic fluid, but would require several
treatment sessions for larger solid lesions [9]. Conversely, with
the EUSRA device, the cooling system probably accounts for the
absence of plateau in ablation depth when raising the power
settings.

The example of the first generation of pancreatic radiofre-
quency electrodes used in the preoperative setting and their
high rate of complications [14] should lead us to careful precli-
nical evaluation before implementation in clinical practice. Al-
though other preclinical studies have already been conducted
in the field, they either lacked measurement of tissue damage,
used unavailable devices [4,7], single generator settings with
late assessment of tissue damage [13,15], or reported results
of only one RFA electrode [12].

This study is the first to compare several ablation settings
with both commercially available P-RFA devices in a pig model.
Furthermore, we assessed both EUS RFA and per laparotomy
and “open” pancreatic RFA, which had only been done with
the Habib EUS RFA probe [12]. The choice of performing only
one EUS-guided ablation per animal and device and several un-

der laparotomy was guided by the need first to demonstrate
equivalent visibility and feasibility of RFA application in real
conditions, which did not require repeating experiments; sec-
ond, to correlate the puncture site with lesion location at sacri-
fice after repeat experiments, which could be done only under
direct visualization.

The limitations of the current study include the small num-
ber of animals, with subsequently a limited set of ablation
parameters, limited ability to explore the ablative effects in
the full range of power and time settings, absence of well-de-
fined pancreatic targets, and a short-term observation period.
We acknowledge that a much higher number of experiments
could make the findings stronger, but we considered that the
probability that sacrificing many more animals would signifi-
cantly change our results was low, considering the strict condi-
tions of the experiments and the good reproducibility of results
for most of the conditions tested. Exploring a wider range of
parameters would have also required many more animals, and
we found it questionable to depart greatly from the settings re-
commended by the companies as a starting point for our tests,
because the risk of major damage or absence of lesions would
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likely be seriously and unacceptably increased. Regarding the
short observation between P-RFA and sacrifice, although it is
well known that full necrosis, scarring, and fibrosis may need
several days and weeks to consolidate, it has also been shown
that immediate macroscopic and histopathologic analysis pro-
vides an excellent proxy for the extent of definitive tissue dam-
age [16].

Our results show effective ablation of pancreatic tissue
about 2.5mm around the RFA electrode with both devices.
Both electrodes showed a high therapeutic index in the pan-
creas and liver, with little influence of increasing the power set-
tings on the depth of tissue damage. These data support use of
10W, 120-second ablation settings for the Habib EUS RFA
probe and 30W, 15-second settings for the EUSRA when per-
forming EUS RFA for pancreatic lesions of 5 to 6 mm. Ablation
of larger lesions should probably require repeated procedures
rather than modifications of the ablation parameters.

Finally, beyond the differences in technology and instruc-
tions for use, each device has some pros and cons that must be
acknowledged, about which we can provide a couple of hints.
One is the ability of the probe to sustain several applications in
the same patient with the same efficacy in the case of a large
tumor. While waiting for completion of RFA, the endosonogra-
pher needs to keep the electrode in the same position. But the
fiber-like thin Habib probe, once exposed outside of the FNA
needle, may not be strong enough to keep its original axis and
shape and can bend because of the patient’s respiration and
aortic pulsations, making further ablations more difficult than
with EUSRA. On the other hand, another important issue is the
access of P-RFA to targets disseminated in the whole pancreatic
gland, with some areas, such as the uncinate process, the pan-
creatic flexure of the very tip of the tail, being well-known for a
more difficult access. It must be noted that the Habib probe,
after insertion into a standard 22G needle, presents the same
stiffness as the regular stylet, whereas the stiffer 18G EUSRA
can be more difficult to handle in some challenging areas of
the pancreas and be at a disadvantage in such cases. It is diffi-
cult from our study to draw any conclusion regarding those two
issues, because ablations were done under either laparoscopic
or EUS guidance in an easy-to-reach part of the pancreatic
body.

Conclusion

Only clinical experience will provide adequate insights into the
optimal choice and handling of P-RFA devices, but we hope
these preclinical data can help design future clinical studies
more robustly.
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