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Abstract: (1) Background: Preclinical and clinical data about a novel radiofrequency ablation (RFA)
system (STARmed Co, Ltd.; Koyang, Korea) designed to be used under endoscopic ultrasound
(EUS) control for pancreatic lesion ablation, are limited, obtained with non-standardized procedures
and heterogeneous results. The aim of this study is to standardize the RFA procedure of this
system in order to define the optimal ablation power and time. (2) Methods: RFA was performed
on an ex-vivo porcine liver at different powers (40, 30, 20, 10 Watts (W)) and times (1, 3, 5, 7,
15 min) with a 1-centimeter monopolar electrode (perfused by chilled solution) positioned on the
distal tip of a 19-Gauge needle. A blinded expert pathologist histologically analyzed each ablation
area. (3) Results: The size of the total macroscopic ablated area was negatively correlated with
ablation power (R −0.74): the largest was obtained at 10 W (p = 4.7 × 10−4 ) for longer times (R 0.92;
p = 8.9 × 10−8 ). Central histologic coagulative necrosis did not differ among ablation settings (mean
size 3.25 mm). External “parenchymal hypochromia” or “diaphanization” resulted the widest at
10 W, for longer times (R 0.8, p = 3.6 × 10−4 ). (4) Conclusions: The RFA system can produce small
sizes of coagulative necrosis, regardless of the setting. Larger areas of diaphanization surrounding
the necrosis can be produced at lower powers for longer times.
Keywords: radiofrequency ablation; ex-vivo; animal models; EUS; pancreatic lesions

1. Introduction
Radiofrequency ablation (RFA) is a minimally invasive technique widely applied in clinical practice
for the treatment of parenchymal tumors, obtaining a thermal-induced coagulative necrosis [1,2].
Nevertheless, due to the thermal effect, the application of RFA on pancreatic tumors carries an
important risk of injury of the surrounding structures, like the common bile duct, the duodenum
and the pancreas itself, with the potential risk of acute pancreatitis. Available probes differ based on
their application, whether employed for surgical or endoscopic pancreatic RFA. These are designed
to obtain a spherical area of ablation, with an extension influenced by the thermal efficiency of the
delivery system and by intrinsic tissue factors, such as tissue impedance or “resistive heating” and the
“heat-shrink” effect [3,4].
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Figure 1. Radiofrequency ablation system (STARMED, Koyang, Korea): (A,B) EUSRA needle and tip
(active part), available at different sizes and usable under endoscopic ultrasound guide; (C) peristaltic
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high power (50 W) with an 18 G needle and 1-centimeter (cm) of active part [11]. Notably, the protocol
had to be modified after the first procedures due to the high rate of complications such as pancreatitis
and perforation. This further highlights the importance to standardize the conditions of the RFA system
on pre-clinical models in order to minimize complications and optimize the benefits of the treatment.
The aim of the present study is therefore to standardize the RFA procedure of this system in the
context of an ex-vivo model of porcine liver in order to define the ideal ablation power and ablation
time, inducing the maximum size of histological coagulative necrosis.
2. Materials and Methods
2.1. Animal Model
Different RFA tests were conducted on ex-vivo porcine livers from male animals at least after 48 h
from animal explant, as previously performed for the evaluation of another RFA plus cryoablation
probe usable under the EUS guide [12,13]. In particular, in-vivo animal studies were conducted after
ex-vivo animal preliminary probe tests. RFA was applied on cubic pieces of hepatic parenchyma
(about 5 × 5 cm), cut at the same size before the ablation procedure. The study was a preclinical phase
of an ongoing approved research about RFA of human ex-vivo pancreatic solid lesions (pancreatic
adenocarcinoma and neuroendocrine tumors; protocol: RFA ex-vivo 2016).
2.2. RFA System
The ablation power and time could be set on the RF generator, with tissue impedance, current, and
temperature continuously monitored during the procedure. The system could automatically modulate
and decrease the power during the ablation if tissue impedance quickly increased or could eventually
stop the treatment if the impedance (and relative temperature) raised beyond the safety thresholds
(impedance ≥ 500 Ohm (Ω); temperature > 100 ◦ C).
RFA was delivered with a 1 cm-monopolar electrode, positioned on the distal tip of a 19 G needle,
150 cm in total length, designed to be inserted in an echoendoscope, and connected to the RF generator.
In order to avoid the tissue charring around the probe (due to the thermal damage, inducing the
“resistive heating” effect) and maximizing the ablation volume, the needle was cooled and internally
perfused by circulating chilled (0 ◦ C) saline solution delivered via a peristaltic pump.
The needle was inserted perpendicularly in each liver sample for an equal length in order
to standardize the subsequent macroscopic and microscopic measurement of the diameter of
damaged tissue.
2.3. Ablation Setting
Different ablation powers were set on the generator to ablate the specimens at 40, 30, 20,
and 10 Watts (W). Each ablation power was applied respectively on different liver pieces for a time of
1, 3, 5, 7, and 15 min, according to the Fibonacci escalation dose scheme, used in phase I studies [14].
In particular, the total number of specimens treated and analyzed was 40. Among those, 10 specimens
were treated at 40 W (2 pieces for 1 min, 2 for 3 min, 2 pieces for 5 min, 2 for 7 min, and 2 specimens
for 15 min), 10 specimens at 30 W (2 pieces for 1 min, 2 for 3 min, 2 pieces for 5 min, 2 for 7 min, and
2 specimens for 15 min), 10 specimens at 20 W (2 pieces for 1 min, 2 for 3 min, 2 pieces for 5 min 2 for
7 min, and 2 specimens for 15 min), and 10 specimens at 10 W (2 pieces for 1 min, 2 for 3 min, 2 pieces
for 5 min, 2 for 7 min, and 2 specimens for 15 min).
At the end of the ablation procedure, the specimens (each specimen treated at a certain power and
time) were dived in buffered 10% formalin, labeled with a number, and delivered to a gastrointestinal
and pancreato-biliary expert pathologist (LA) blinded about the settings (power and time) applied.
The pathologist sliced the tissue with a sharp blade, perpendicularly respective to the probe entry,
and registered the macroscopic and histologic ablation diameters of the midpoint slice (total ablated
area and coagulative necrosis core diameters) obtained in each specimen.
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3.2. Area of Coagulative Necrosis
Macroscopically, the size of the “dark ring” around the needle insertion point was not different
among samples treated with different ablation powers and ablation times.
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Figure 6. Macroscopic and histologic ablated areas aspect at different powers. Specimens in photos
represent the macroscopic aspect of different ablation powers applied (see the differences between
higher (40 W) and lower (10 W) powers) and schematic drawings represent the histologic aspect of
respective specimens at high (40 W) and low (10 W) powers. Hematoxylin and eosin staining on
the tissue section shows the histologic aspect of the different zones obtained after the radiofrequency
ablation (coagulative necrosis-air bubbles limiting the thermal ablation diffusion and finally the external
normal hepatic parenchyma).

represent the macroscopic aspect of different ablation powers applied (see the differences between
higher (40 W) and lower (10 W) powers) and schematic drawings represent the histologic aspect of
respective specimens at high (40 W) and low (10 W) powers. Hematoxylin and eosin staining on the
tissue section shows the histologic aspect of the different zones obtained after the radiofrequency
ablation (coagulative necrosis-air bubbles limiting the thermal ablation diffusion and finally the
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Figure 7.
Histologic “parenchymal hypochromia” diameters and ablation times at 10 W.
Parenchymal hypochromia diameter (Y-axis) increases linearly with ablation time (X-axis).

4. Discussion
Figure 7. Histologic “parenchymal hypochromia” diameters and ablation times at 10 W. Parenchymal
hypochromia
diameter
(Y-axis)
linearly withof
ablation
time (X-axis). tumors, particularly in
RFA
is becoming
a valuable
toolincreases
in the management
many parenchymal
primary and metastatic hepatic lesions [15].
4. EUS-guided
Discussion RFA of pancreatic tumors is increasingly investigated as a potentially useful technique,
offeringRFA
the best
combination
of a real-time
imaging
guidance,
precise
electrode localization
with a
is becoming
a valuable
tool in the
management
of amany
parenchymal
tumors, particularly
minimal
invasiveness.
Preliminarily
to
a
clinical
application
and
investigation,
such
techniques
need
in primary and metastatic hepatic lesions [15].
pre-clinical
studies inRFA
orderofto pancreatic
standardizetumors
the conditions
to obtaininvestigated
an optimal treatment
and possibly
EUS-guided
is increasingly
as a potentially
useful
avoid
complications.
technique, offering the best combination of a real-time imaging guidance, a precise electrode
Few pre-clinical
investigated
other RFA probes
before.
In an ex-vivo
study [16]
localization
with a studies
minimalhave
invasiveness.
Preliminarily
to a clinical
application
and investigation,
on such
porcine
liver with
different EUS-guided
RFA to
probe
(Habib the
EUS-RFA
probe-EMcision
Ltd.,
techniques
needa pre-clinical
studies in order
standardize
conditions
to obtain an optimal
London,
UK),
ablation
was
performed
with
different
powers
and
times,
and
the
obtained
macroscopic
treatment and possibly avoid complications.
and microscopic
ablation
areas have
wereinvestigated
recorded. The
maximal
ablation
area In
(8 an
mm
in diameter
and on
Few pre-clinical
studies
other
RFA probes
before.
ex-vivo
study [16]
21 porcine
mm in length)
wasaobtained
10 W for 90RFA
s (s).probe
Higher
powers
inducedprobe-EMcision
shorter ablationLtd.,
diameters
liver with
differentat
EUS-guided
(Habib
EUS-RFA
London,
due
to the
charring
hepatic tissue
a RFA
probe
a smaller
(1 French
smallerand
UK),
ablation
wasofperformed
witharound
different
powers
andwith
times,
and thecaliber
obtained
macroscopic
compared
to our
19 G system).
microscopic
ablation
areas were recorded. The maximal ablation area (8 mm in diameter and 21 mm
Ex-vivo animal and other pre-clinical studies were conducted also to investigate the possible role
of endoscopic guided-RFA of biliary lesions with bipolar probes [17] and resulted fundamentally to
define the correct ablation setting on the basis of the target area.
Previous pre-clinical experiences with the specific RFA system investigated in the present study
applied different settings (ablation power and times), starting from high ablation powers [5–7]. The first
animal study [5] applied this kind of ablation in-vivo in 10 pancreas of adult pigs with a setting of 50 W
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for 5 min (50 W was chosen on the basis of previous ex-vivo tests on bovine liver). The well-demarcated
area of coagulative necrosis was obtained after the ablation, distinguished from healthy pancreatic
parenchyma by a fibrotic peripheral rim. No histological evaluation of the ablated areas were reported
except for the macroscopic one (mean diameter of ablation 23 ± 6.9 mm). In three pigs, a retroperitoneal
fibrosis or adhesions were observed.
When compared to these previous RFA experiences, the present results, instead, suggest that
a lower power maintained for a longer time allows optimal effects possibly with a limited risk of
complications. In a recent human experience [9], eight patients with locally advanced pancreatic
cancers were treated with EUS-RFA (EUSRA needle 18 G in caliber; electrode 1 cm in length) at 30 W
of power and possibly a repeated RFA application if needed, with multiple passes inside the lesions.
Ablation time was not previously determined because the treatment was dependent on the rise of
tissue impedance, with an automatic stop of the generator beyond a certain threshold. The final mean
ablation time of the pancreatic cancer ablations was 58 s. A CT scan was performed at 24 h for each
patient. A CT scan taken one month after RFA showed a mean of 30% of “thermal induced” ablation
area in the tumors.
Scopelliti et al. [10] reported similar results in a case-series, applying EUS-RFA (EUSRA needle
18 G in a caliber of −1 cm in length for the active part) in 10 patients with locally advanced pancreatic
adenocarcinoma. Larger lesions (>3 cm) were treated at 30 W of power and smaller ones were treated
at 20 W, with a single or multiple (2) needle passes. These settings were established on the basis of
their previous experience in open surgery. RFA delivery was automatically stopped by the system
when a sharp rise in electric impedance occurred above a certain threshold (>500 Ω). EUS-RFA was
feasible and safe and a demarcated “hypodense ablated area” was observed inside the cancers at 7-day
and 30-day CT scans in all cases (mean diameter at 7-day CT scan: 28 mm ± 14 standard deviation;
size of the ablated area at the 30-day CT scan unclear).
In those series [9,10], the authors set the ablation powers at a lower threshold and assessed the
efficacy of treatment through a non-standardized radiological analysis in order to quantify the damage
in the lesions.
In a recent prospective multicenter study [11], pancreatic cystic lesions or pancreatic
neuroendocrine neoplasms were treated at higher powers (50 W) with a relatively high rate of
complications, particularly in the absence of prophylaxis for acute pancreatitis or infection. Moreover,
one patient developed a pancreatic duct stenosis after the treatment.
Our experience confirms that RFA is effective at relatively low powers. A larger parenchymal
hypochromia area was obtained at 10 W with a longer ablation time due to a low and more stable
impedance during the ablation, avoiding tissue charring at liver-needle interface and permitting a better
thermal diffusion. Nevertheless the so-called “parenchymal hypochromia” zone was histologically
related to a cytoplasmic hypochromia in hepatocytes, without evidence of a final necrosis. This is
a preliminary ex-vivo animal study and the in-vivo evolution of this “damaged but not killed”
ablated zone should be assessed in the future. One might speculate that depending on the effect of
vascularization and immune response this damaged area might recover or evolve into necrosis.
Indeed, in the present ex-vivo study, RFA determined limited histological diameters of coagulative
necrosis around the needle insertion point, regardless of ablation times and ablation powers applied.
Necrosis, irrespective to the type, is the final aim of a local ablative treatment in order to obtain a
subsequent fibrosis and malignant cells destruction.
On the basis of the limited sizes of coagulative necrosis areas obtained in our preliminary
experience, it is likely that the optimal indication for this probe could be to treat relatively small
(millimeters) pancreatic lesions or to act as co-adjuvant for other ablative local therapies, able to treat
larger masses, inducing larger necrotic areas such as the Hybrid Therm Probe (HTP) [12,13,18–20].
Notably, Barret et al. [21] confirmed in a recent pre-clinical in-vivo animal study comparing the
two available EUS-RFA systems on the market (this specific system and Habib EUS-RFA probe) that
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EUS-guided RFA can obtain relatively small sizes of coagulative necrosis on porcine liver and pancreas
(maximum of 3.8 ± 0.4 mm).
The strength of the present study is the rigorous standardization of the procedures at different
powers and time-points and the careful pathological observation of the obtained effects. Among the
limitations are the physical and histological differences between the treated healthy hepatic parenchyma
and the possible future targets of EUS-guided RFA, such as pancreatic adenocarcinoma which is usually
a stiffer lesion. Differences between healthy hepatic parenchyma and pancreatic adenocarcinoma tissue
were considered in the design of the study but the idea of this preclinical study was to investigate the
optimal power settings able to create the largest necrotic area and then to evaluate these parameters on
a subsequent ex-vivo pathological human pancreatic tissue (solid lesions as pancreatic adenocarcinoma
or neuroendocrine tumors).
Furthermore, future studies should assess the possible role of RFA in locally advanced pancreatic
cancer as an addition to chemotherapy in light of its possible immuno-modulatory role [22,23],
especially for non-surgical patients.
5. Conclusions
In conclusion, the employed RFA system can produce small sizes of coagulative necrosis,
regardless of the setting (power and time) applied. Nevertheless, the system can produce larger
“parenchymal hypochromia” zones surrounding the necrosis at lower powers for longer times,
due to a better thermal diffusion. Future studies are needed to assess the in-vivo evolution of this
“parenchymal hypochromia” areas and the ex-vivo effect of RFA with this system on pancreatic
solid lesions.
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