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Objective: To compare the in-vitro efficiency of dual-switching monopolar (DSM) radiofrequency ablation (RFA) using a
separable clustered electrode (Octopus® electrodes) with consecutive monopolar (CM) and switching monopolar (SM) RFA
techniques to create an ablative zone in the explanted bovine liver.

Materials and Methods: For DSM-RFA, we used a prototype, three-channel, dual generator RFA Unit and Octopus®
electrodes with three, 17 gauge internally cooled electrodes. The RFA Unit allowed simultaneous radiofrequency (RF) energy
delivery to two electrodes of the Octopus® electrodes as well as automatic switching among the three electrode pairs
according to the impedance changes. RF energy was sequentially applied to one of the three electrodes for 24 minutes
(group A; CM mode, n = 10) or alternatively applied for 12 minutes (group B; SM mode, n = 10) or concurrently applied to a
pair of electrodes for 12 minutes (group C; DSM mode, n = 10) in explanted bovine livers. Changes in the impedance and
current during RFA as well as the dimensions of the thermal ablative zones were compared among the three groups.
Results: The mean, delivered RF energy amounts in groups A, B, and C were 63.15 + 8.6 kJ, 72.13 + 5.4 kJ, and 106.08 +
13.4 kJ, respectively (p < 0.001). The DSM mode created a significantly larger ablation volume than did the other modes,
i.e., 68.1 + 10.2 cm® (group A), 92.0 + 19.9 cm’ (group B), and 115.1 + 14.0 cm® (group C) (p < 0.001). The circularity in

groups A, B, and C were 0.84 + 0.06, 0.87 + 0.04 and 0.90 + 0.03, respectively (p = 0.03).
Conclusion: DSM-RFA using Octopus® electrodes can help create large ablative zones within a relatively short time.
Index terms: Liver, interventional procedures; Radiofrequency ablation; Experimental study

INTRODUCTION

Radiofrequency ablation (RFA) is the most commonly
used percutaneous ablation technique for the management
of primary and metastatic liver tumors and its use continues
to increase (1, 2). However, clinical studies have reported
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a high rate of inadequate treatment for index tumors with
diameters greater than 3 cm as well as relatively high rates
of local tumor progression (3). The single most important
factor affecting the local tumor progression rate after

RFA for hepatocellular carcinoma (HCC) or colorectal liver
metastases (CRLM) could be the ablation of a tumor-free
margin of hepatic parenchyma along the tumor margin

as well as in the tumor itself (4-7). When the thickness

of the ablative margin is evaluated by CT image fusion, a
margin of 3-5 mm to 1 cm appears to be associated with

a lower rate of local tumor progression after percutaneous
RFA of HCC or CRLM (5, 6, 8, 9). Most clinically available
electrodes, including internally cooled electrodes, multi-
tined, expandable needle electrodes, and perfusion
electrodes induce coagulation necrosis in the range of 3-4
cm in diameter after only a single ablation (10). Therefore,
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in order to treat liver tumors larger than 2 cm in diameter,
multiple, overlapping ablations are often required in order
to create a large ablative zone encompassing the tumor and
the surrounding healthy tissue rim (7, 11). However, when
ultrasound guidance is used, it is technically challenging

to create a large ablative zone by the overlapping ablation
technique, as RFA almost always creates numerous
microbubbles in a heated tissue, which can obscure the
unablated portions so that further electrode placement at
the target site may thus be difficult or impossible (11).
Recent technical development of the electrode design,
improved ablation algorithms, and simplification of the
exact electrode placement procedure using new, real-time
fusion techniques of pre-interventional CT/MRI images

or biplane fluoroscopic images with intra-interventional
ultrasound have the potential to reduce the variable and
sometimes the high rate of local tumor progression (12,
13). At the same time, there is a large clinical demand

to improve the efficacy of RFA in order to create larger
coagulation necrosis (14-17). The recent techniques that
are used to improve the efficacy of the radiofrequency (RF)
device in order to increase the coagulation with a single
application include multiple electrode RFA in the switching
monopolar (SM) (7, 18-20), bipolar or multipolar (20, 21)
modes. Theoretically, the multiple electrode RFA approach,
where three or four electrodes are placed in triangular or
square arrays with equidistant inter-electrode spacing, may
permit a creation of large, spherical-shaped ablative zones
for the local treatment of human liver tumors (20-22). Using
prior studies as references (18, 20-22), we assumed that
the dual switching monopolar (DSM) RFA using a separable
clustered electrode (Octopus® electrodes: STARmed, Goyang,
Korea) having three, internally cooled electrodes and a dual
generator system, where RF energy is applied to the two
electrodes at the same time as well as the switching of RF
energy between a pair of electrodes could create a large
ablative zone with a spherical shape and thus, with better
efficiency for delivering RF energy during a given treatment
time.

Therefore, we attempted to compare the in-vitro efficiency
of DSM RFA using a separable clustered electrode with
consecutive monopolar (CM) and SM RFA techniques in
order to create an ablative zone in the explanted bovine
liver.
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MATERIALS AND METHODS

Development of a Three-Channel, Dual-Generator RFA
Unit

In order to improve the efficiency of the multiple-
electrode RFA using a separable clustered electrode
(Octopus®; STARmed, Goyang, Korea) by allowing the
delivery of a large amount of RF energy within a given
amount of time, a prototype of a three-channel dual-
generator RFA unit (VIVA Multi®; STARmed, Goyang, Korea)
was developed. In order for it to be possible to control
the RF power of each RF amplifier independently based
on independent impedance changes, and to deliver RF
energy to the electrodes simultaneously, we developed the
multichannel RF system instead of using a single generator
RF system. The three-channel, dual-generator RFA Unit
features simultaneous RF energy delivery to two electrodes
using two independent 200 W generators. It is also able to
automatically switch the RF energy between the two pairs
of three electrodes according to the impedance changes
similar to those of a multi-channel generator (7, 18, 19)
(Fig. 1). This system is based on the use of a simultaneous
mode and a SM mode which are used to heat the tissue; RF
power is then simultaneously applied to a pair of electrodes;
however, when impedance changes occur, RF energy is then
delivered in an alternating fashion to three possible pairs
of active tips of the separable clustered electrode in order
to obtain improved efficiency for delivering RF energy at
a given time. Although in theory, simultaneous RF energy
delivery with two generators to two electrodes could create
interference in multiple RF electrodes (Faraday Cage Effect),
which could result in an unheated portion between the
electrodes, we theorized that if the degree of tissue heating
around each electrode is strong enough, the thermal

g

Fig. 1. Photographs of single Octopus® electrode and prototype
three-channel dual generator radiofrequency ablation unit.

Korean J Radiol 14(3), May/Jun 2013 kjronline.org



Dual Switching Monopolar versus Consecutive or Switching Monopolar RF Ablation

conduction between the areas of active heating may create
a large, single ablation area.

The RFA unit uses two generators with a maximum
power of 200 W at a frequency of 480 kHz, thus allowing
simultaneous RF energy delivery; we used the unit at
maximum power (200 W) in the impedance control mode.
The circuitry incorporated into the RF system allows
continuous monitoring of the impedance between the active
portion of the electrode and the grounding pads.

In Vitro Experimental Setting

We performed RFA in 20 freshly excised bovine livers
weighing an average of 7 kg each. The liver was cut into
one or two 12 x 12 x 7 cm® blocks, which were immersed
in a 50 x 20 x 25 cm’ saline-filled bath. The RFA system
used in our experiments was comprised of a separable
clustered electrode (Octopus® electrode; STARmed) with
three internally cooled electrodes with a 3 cm long active
tip each and a prototype of a three-channel dual generator
RFA unit (VIVA Multi®; STARmed) used at maximum
wattage (- 200 W). The Octopus® electrode is a separable
clustered electrode with a specialized handle portion that
can be incorporated into a larger handle in a single unit
(18). As each electrode has a flexible, 50-cm-long cable,
an Octopus® electrode can be placed in the liver with a
variable inter-electrode distance determined by the size of
the tumor. Recently, Lee et al. (18) demonstrated that RFA
using 17 gauge Octopus® electrodes with three separate,
individual electrodes at a 10 mm inter-electrode distance
was more efficient for creating a larger coagulation area
than a conventional, monopolar RFA using clustered

Korean Journal of Radiology

electrodes. Based on some of the previous study results of
SM RFA (19), we decided to place the three electrodes of the
Octopus® electrode in a triangular array with equidistant,
inter-electrode spacing at 3 cm through an acrylic plate
containing multiple holes at 5 mm intervals. The electrode
tips were advanced at least 4 cm deep into the target
tissue. A peristaltic pump (Watson-Marlow, Medford, MA,
USA) was used to infuse the normal saline solution at 0°C
into the electrode lumens at a rate sufficient to maintain
a tip temperature of 20-25°C. The applied current, power
output, and impedance were continuously monitored by
the generator during RFA and were recorded automatically
using a computer program (VIVA Monitor Software V 1.0;
STARmed, Goyang, Korea). The technical aspects of RFA,
including impedance and wattage changes, as well as the
dimensions of the RF-coagulated area, were compared with
each technique.

Ablation Protocol

Based on the results of the previous study (19), the
electrodes were placed in a triangular array with equidistant
3 cm inter-electrode spacing. A total of 30 ablation areas
were created in the CM mode (group A, total 24 minutes
[8 minutes x 3], n = 10), in the SM mode (group B, 12
minutes, n = 10), and in the DSM mode (group C, 12
minutes, n = 10) (Fig. 2). In the CM mode, RF energy
(- maximum 200 W) was consecutively applied to each
electrode for eight minutes by changing the current flow
to the second electrode just after ablation with the first
electrode. To prevent tissue cooling between ablations,
we attempted to minimize the time between sequential
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Fig. 2. Diagram showing typical patterns of radiofrequency energy delivery during radiofrequency ablation in three groups.

A. Consecutive mode: radiofrequency (RF) energy was consecutively applied to each electrode for eight minutes by changing current flow to second
electrode just after ablation with first electrode (in total 24 minutes). B. Switching monopolar mode: RF energy (- maximum 200 W) was applied
to one of three electrodes and was switched between three electrode tips of Octopus® electrode depending on tissue impedance changes for total
of 12 minutes. C. Dual switching mode: synchronous parallel RF energy (- maximum 400 W; 200 + 200 W) was applied to pair of three electrodes;
similar to switching monopolar mode, RF energy was delivered in alternating fashion to three possible pairs of electrodes of Octopus® electrode.

kjronline.org Korean J Radiol 14(3), May/Jun 2013 405



Korean Journal of Radiology

RF ablations, and succeeded in reducing it to less than

5 seconds, which was needed in all cases to change the
connection in one of the three electrodes as well as in
the generator (21). RF energy delivery was performed at
maximum wattage (200 W) using an impedance-controlled
algorithm to optimize the energy administration to the
tissue. The circuitry incorporated into the generator allowed
continuous monitoring of impedance between the active
portion of the electrode and the grounding pads, and the
generator automatically controlled the power output with
the pulsing algorithm.

In the SM mode, the RF energy (- maximum 200 W) was
applied to one of the three electrodes and was switched
between the three electrode tips of the separable clustered
electrode depending on the tissue impedance changes for
a total of 12 minutes (Fig. 2) (19, 23). In the SM mode,
the maximum power switched to the other electrode at
approximately 30 seconds if there was no impedance rise
for 50 ohm above the baseline value (18). However, if the
impedance of one of the electrodes rose 50 ohm above the
baseline value, the current was automatically switched to
the other electrode; if the impedance immediately rose 300
ohm above the baseline value, no power was applied to that
particular electrode for 15 seconds (18, 19).

In the DSM mode, synchronous parallel RF energy (-
maximum 400 W; 200 + 200 W) was applied to a pair
of the three electrodes; similar to the SM mode, the RF
energy was delivered in an alternating fashion to the three
possible pairs of electrodes of the separable clustered
electrode (Fig. 2). The switching of RF energy delivery
between the pair of electrodes was automatically controlled
by the microprocessor of the prototype triple channel
dual RF generator system according to the continuously
measured impedance values. The maximum power (2 x
200 W) switches at approximately 30 seconds if there is
no impedance rise of 170% of the baseline value (initial
impedance) for example, the first pair of electrodes is
energized for 30 seconds, after which the second pair of
electrodes is energized for 30 seconds, etc. However, if
the impedance of one of the electrodes rises higher than
170% of the baseline impedance value the baseline value,
the current is automatically switched to the other pair
of electrodes. Consequently, the switching time can vary
depending on the tissue impedance changes during the RF
energy delivery.
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Ablative Zone Size Measurement and Shape Analysis

The liver blocks containing ablative zones were dissected
along the axis of the electrode insertion, and the blocks
were sliced again in the transverse plane perpendicular
to the electrode tracks. As the white, central area of the
RF-induced ablative zone has been shown to correspond
to the zone of coagulation necrosis (24), two observers
(technicians with at least three years of clinical experience
participating in RF experiments) measured the long-axis
diameter (Dmx), the vertical diameter (Dv), and the short-
axis diameter (Dmi) of the central, white region of the RF-
induced ablative zones at the slice showed the maximum
area in consensus. Further, in order to avoid any bias in the
measurements of the ablative zones, the slices were then
placed on an optical platform and photographed along with
a ruler using a digital camera (Canon EQS 600D; Canon Inc.,
Tokyo, Japan); the pictures were then saved to a computer
equipped with Image J software (http://rsb/info/nig/gov)
(19). The ablative zone size measurements were reconfirmed
by one reviewer among the authors (J.M.L.) who had
clinical experience, performing more than 2000 RFA
procedures; he measured the diameters of the white, central
areas of the ablative zone using the Image J program and
was blinded to all information regarding the RFA techniques
used (18, 19).

The volume of the ablative zone was evaluated by
approximating the lesion to a sphere using the following
formula: m (Dv x Dmx x Dmi) / 6. If the ablative zone was
clover leaf shaped, we drew an ellipse, which passed by
three tangent points, and measured the maximum (Dmx-
eff) and minimum (Dmi-eff) diameters of the ellipse. The
volumes of the ablative zones created were evaluated by
approximating the coagulation zone to a sphere using the
following formula: Volume =1 / 6 x Dmx x Dmi x Dv and
Volumey; =11 / 6 x Dmi® (21).

The shape of the RF-induced ablative zone was
characterized by the ratio between the Dmx and Dmi
(18, 19). The area analysis was performed on a computer
equipped with Image J software (http://rsb/info/nig/
gov). The shape of the ablative zone was evaluated using
a rough estimate of the ablative zone “roundness” in two
dimensions by computing the isoperimetric ratio for each
ablative zone in the most representative slice. This value
was computed using the following formula: R = 474 / %,
where R is the isoperimetric ration and A is the area of the
measured zone; [ was obtained using the computer program
National Institutes of Health image J.
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Statistical Analysis

For all of the experiments, the results were reported
as mean + standard deviation (SD) values. The normal
distribution of the values of the dimensions of the thermal
ablative zone and the technical parameters of the three
groups (consecutive vs. SM vs. DSM modes) were tested
with the Kolmogorov-Smirnov test. Next, the dimensions
of the thermal ablative zone and the technical parameters
of the three groups were compared using the analysis of
variance (ANOVA) test. In order to test the variability of
the dimensions of the ablative zone in the three groups,
we calculated the coefficient of variation (CV) of the
ablation volume. CV was defined as the ratio of the SD to
the mean size of the ablative zone in each group (18).
For all statistical analyses, a p value less than 0.05 was
considered statistically significant. Statistical analysis was
performed using the summary statistics and the ANOVA test
with MedCalc statistical software, version 12.2.1 (MedCalc
Software, Mariakerke, Belgium).

RESULTS

Technical Parameters

During RFA procedure, tissue impedance was automatically
well-controlled by the impedance control mode, and the
mean impedance for the three groups was in 62-66 ohm.
In the SM and DSM modes, there was no dead time not
to deliver RF energy during the procedure time as RF
energy was continually delivered to at least one electrode.
Therefore, the mean RF energy delivered was significantly
higher in the DSM mode than in either the SM mode or the
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CM mode (p < 0.001), and the SM mode also delivered a
higher amount of RF energy than the CM mode; the average
of the delivered wattage during the procedure time was
74.15 + 12.1 Watts in the CM mode (group A), 115.94 + 5.95
Watts in the SM mode (group B), and 237.92 + 14.5 Watts
in DSM mode (group C) (p < 0.001). The mean amounts of
the cumulative, delivered RF energy in groups A, B, and

C were 63.15 + 8.6 kJ, 72.13 + 5.4 kJ, and 106.08 + 13.4
kJ, respectively (p < 0.001). Furthermore, the DSM mode
provided the highest efficiency for delivering RF energy per
minute among the three modes, i.e., 1.51 kJ/min in the (M
mode; 6.01 kJ/min in the SM mode; and 8.84 kJ/min in the
DSM mode (p < 0.001).

Ablative Zone Size Measurement and Shape Analysis

There was no case which showed a separated ablative
zone; moreover, all three modes generated unified ablative
zones along the three electrodes (Fig. 3). The mean values
of Dmx of the RF-induced central white zones measured in
the gross specimens of the three groups were 5.51 + 0.42
cm in Group A, 5.97 + 0.45 cm in Group B, and 6.49 + 0.30
cm in Group C (p < 0.01) (Table 1). The Dmi of the ablation
areas in groups A, B, and C were 5.06 + 0.31 cm, 5.53 + 0.54,
and 6.18 + 0.35 cm, respectively (p < 0.01).

With regard to the ablation volume, the DSM RFA (group
() created a significantly larger volume of ablative zones
than did the other modes (groups A and B): 68.06 + 10.23
cm’® (group A); 91.97 + 19.92 cm’ (group B); and 115.06
+ 13.97 cm® (group C) (p < 0.001, thus indicating that the
difference between each group was significant) (Table 1).
The CV values of the ablation volume were 15% in group A,

.«:u--]I|i1.u.,m}lnmlmui-...1?,..’lm-pln'mipui'
100 10 120 130 40 150 164

C

Fig. 3. Comparison of radiofrequency ablation (RFA)-induced coagulation created by applying radiofrequency in consecutive,
switching, and dual switching modes and with 3 cm, inter-electrode distance.

A. Transverse cut section of specimen created in consecutive monopolar RFA showed 4.54 x 5.03 sized ablation area. B. Transverse cut section of
specimen created in switching monopolar RFA. Long-axis and short-axis diameters of ablative zone were 5.77 cm and 5.29 cm, respectively. C.
Transverse cut section of specimen created in dual switching RFA. Long-axis and short-axis diameters of ablative zone were 6.78 cm and 6.55 cm,

respectively.
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Table 1. Mean Values of Parameters in Each Group
Ablation Area Group A (n = 10) Group B (n = 10) Group C (n = 10) P
Dmi (cm) 5.06 + 0.31 5.53 + 0.54 6.18 + 0.35 < 0.001*
Dmx (cm) 5.51 £ 0.42 5.97 + 0.45 6.49 + 0.30 < 0.001*
Dv (cm) 4.64 £ 0.20 5.25 + 0.44 5.46 + 0.28 <0.001*
Volume (cm’) 68.06 + 10.23 91.97 + 19.92 115.06 + 13.97 < 0.001*
Volume.s (cm?) 68.5 + 13.6 90.9 + 26.0 124.87 + 20.2 <0.001*
CV of the Volume (%) 15 21.7 12.1
Circularity 0.84 + 0.06 0.87 £ 0.04 0.90 + 0.03 0.03'
Dmi/Dmx Ratio 0.92 + 0.06 0.93 + 0.05 0.95 + 0.35 0.33*

Note.— Values are mean + standard deviation. *Stands for statistical difference between group A, group B, and group C, 'Represents
differences in dimension of ablative zone between group A and group B + C. Dmi = minimum diameter of the ablative zone, Dmx
= maximum diameter of the ablative zone, Dv = vertical diameter of the ablative zone, Volume.s = effectively ablated volume, CV =

coefficient of variation

21.7% in group B, and 12.1% in group C, respectively.
Regarding the shape of the ablative zones, the ratios
between the Dmx and the Dmi of the ablative zones in
groups A, B, and C were 0.92 + 0.06, 0.93 + 0.05, and
0.95 + 0.35, respectively (p = 0.33), thus indicating that
there was no significant difference among the three groups.
However, the circularity of the ablative zones measured
using the Image J program by one of the authors was 0.84
+ 0.06 in group A, 0.87 + 0.04 in group B, and 0.90 + 0.03
in group C, respectively; there were significant differences
in the three groups (p = 0.03). Compared with the CM (group
A), the SM mode (group B) and the DSM mode (group C)
thus produced round ablative zones with a less prominent
waist formation between the electrodes (p < 0.05).

DISCUSSION

In our study, DSM RFA using a single Octopus® electrode
and a prototype three-channel dual generator RFA unit
created a significantly larger ablation volume (115.1 cm?)
than the consecutive mode (68.1 cm®) (p < 0.001) (Table
1). The mean short-axis diameter (6.18 cm) of the ablative
zone in group C was also significantly larger than those
of groups A (5.06 cm) and B (5.53 c¢m). Furthermore, DSM
RFA (group C) created larger ablative zone in only 50% of
the ablation time compared with the CM mode (group A),
primarily due to its improved efficiency for delivering RF
energy at a given time. In addition, compared with the
CM mode (group A), which created rather elongated, oval-
shaped ablative zones, the SM and DSM modes tended to
produce round-shaped ablative zones with less prominent
waist formation between electrodes (p = 0.03). As it is
quite difficult to reposition the electrode during overlapping
ablations, as numerous micro-bubbles form in the heated
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tissue during RFA, based on our study results, DSM RFA may
improve the therapeutic efficacy of RFA for the treatment
of both HCC and CRLM by reducing local recurrence along
with reduced treatment time; it may also increase the RFA
indications to include larger liver malignancies. Although
placing three electrodes into the index tumor can make the
RFA procedure slightly more difficult, it is only minimally
more complicated compared to the insertion of a single
electrode. Furthermore, inserting the electrodes before RF
energy instillation may avoid the problem of moving the
electrode from one site to another (18).

The greater efficiency of DSM RFA using the prototype
three-channel dual-generator RFA unit mode, and a single
Octopus® electrode compared with CM or SM RFA in our
study could be attributed to several factors. First, it could
be caused by the greater RF power delivery during the
procedure time through the simultaneous delivery of two
200 W RF generators. The means of the cumulative delivered
RF energy in groups A, B, and C were 63.15 + 8.6 kJ, 72.13
+ 5.4 kJ, and 106.08 + 13.4 kJ, respectively (p < 0.001).
Second, it could be related to the greater efficiency of the
DSM mode for delivering RF energy to the target tissue
compared with the consecutive overlapping RFA (18). The
average of the delivered wattage during the procedure
time of SM RFA (237.92 + 14.5 Watt) was significantly
greater than that of the CM mode (74.15 + 12.1 Watt) or
the SM mode (115.94 + 5.95 Watt) (p < 0.001). Third, the
greater efficiency of DSM RFA for creating a large ablative
zone could be related to heat trapping between the pair of
electrodes (23). In the CM mode, heat is diverted from the
ablation site in all directions. In the DSM mode, as heat is
trapped between the electrodes and higher temperatures
are thus achieved, there is less cooling in the direction of
the collateral electrode compared with the CM mode (23).
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Currently, RFA procedures are widely performed at many
hospitals using a single electrode, a cooled-tip electrode, a
clustered electrode, or an umbrella-type electrode (18, 25).
In a large number of cases in clinical practice, overlapping
ablation is required in order to create a sufficient number
of safety zones around the index tumor in order to increase
the dimensions of the RF-induced ablative zones. However,
the single electrode approach is limited for creating a large
ablative zone despite of its improved performance or for
creating a spherical-shaped ablative zone in a controlled
fashion (26). As demonstrated in several previous studies
regarding the multiple electrode approach as a strategy to
increase the dimension of the spherical-shaped ablative
zone (7, 18-20), we believe that the separable clustered
electrode (Octopus®) could provide the same advantages as
those of the multiple-electrode RF approaches.

Previous investigations (20, 27) demonstrated that
bipolar or switching bipolar RFA show greater energy
efficiency than monopolar RFA. In several previous studies,
in order to use multiple electrodes (two or more than three)
for RFA, several modes can be used to deliver RF energy
to the electrodes, i.e., CM, simultaneous monopolar, SM,
and switching bipolar and multipolar modes (7, 18-23,
27-31). The conventional, simultaneous monopolar mode
using a single generator and a cluster electrode allows
synchronous energy application to all electrodes, and
therefore, the maximal energy of any electrode is a reduced
equivalent to the number of electrodes used (Rule of Ohm)
(21). Furthermore, the simultaneous mode has the intrinsic
problem of the Faraday Cage Effect, which represents the
interference in multiple RF electrodes and which may
result in an unheated portion between the electrodes (29).
Although DSM RFA may exhibit the same problem with
the conventional simultaneous mode RFA, we assume that
if the degree of tissue heating around each electrode is
strong enough, the thermal conduction between the areas
of active heating can create a large, single ablation area.
Based on our study results with DSM-RFA using a proto-
type three-channel dual-generator RFA unit, which created
large unified ablative zones along the three electrodes, we
believe that if the degree of tissue heating around each
electrode was strong enough, the thermal conduction might
be more critical for creating an ablative zone than an
electronic conduction in the liver tissue.

Although DSM RFA using a single Octopus® electrode and
a prototype three-channel dual-generator RFA unit created a
significantly larger volume of ablation (115.1 cm?) than did

kjronline.org Korean J Radiol 14(3), May/Jun 2013

Korean Journal of Radiology

the consecutive mode (68.1 cm?), it has certain drawbacks.
First, the multiple electrodes RFA technique is more costly
than the single, consecutive RF application. Second, in DSM
RFA, it is optimal that the electrodes be placed equidistant
from each other in order to create a single, large ablation
sphere. In the clinical environment, the insertion of the
three electrodes at equidistance might be difficult for
operators with less clinical experience.

Our experimental study has certain limitations. First, the
application of our study results to the human liver tumor
is limited because our study was performed under ex-vivo
conditions using normal liver parenchyma. However, despite
these concerns, we believe that our study results provide
a reliable basis for future comparative studies regarding
the efficiency of various RF modes in in vivo large animals,
particularly the DSM mode, which provided a relatively
larger amount of energy to the tissue. Second, we tested
the efficacy of the SM and DSM RF modes for creating large
ablative zones using a 24-minute CM RFA. However, in
theory, with increasing RFA time longer than 24 minutes,
the CM RFA might be able to create a larger ablative zone
than that seen in our study results. However, we believe
that a 24-minute RFA time is not less than the usual RFA
time seen in clinical practice. Third, we did not perform
a comparative study between the DSM mode and the
multipolar mode. Fourth, even though the DSM mode RFA
using an Octopus® electrode showed better performance
in creating large ablative zones when compared to the
monopolar RFA, the placement of the three electrodes
through intercostal spaces may present technical difficulties
in the clinical setting. Lastly, although the creation of large
ablative zones with a single RF application is beneficial
for achieving complete necrosis of the index tumor, it also
has an increased risk of unexpected thermal injury to the
adjacent vital structures, such as the bile duct. In addition,
in DSM-RFA mode, synchronous parallel RF energy (-
maximum 400 W; 200 + 200 W) can be applied to a pair of
the three electrodes in an ideal environment, which might
increase the risk of the RFA procedure. Therefore, so as to
resolve the possible safety issues, an experimental study in
a large animal tumor model of clinically relevant size will
be necessary before the clinical application of DSM RFA
using the dual generator system and a separable clustered
electrode for the treatment of human liver malignancies.

In conclusion, as DSM RFA can achieve large ablative
zones with improved time efficiency, this technology may
provide a useful tool for the treatment of large malignant
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tumors of the liver.
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