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Abstract

Purpose To evaluate the efficacy of cisplatin-infused and
normal saline-infused radiofrequency ablation (RFA) with
internally cooled perfusion (ICP) electrode.

Materials and Methods Using a 200 W generator, thirty
ablation zones were created and divided into three groups
of 10 each as follows: group A, RFA alone with 16 gauge
monopolar internally cooled (IC) electrode; group B, cis-
platin-infused RFA with 16 gauge ICP electrode; and group
C, normal saline-infused RFA with 16 gauge ICP electrode.
Radiofrequency was applied to the explanted bovine liver
for 12 min. During RFA, cisplatin and normal saline were
injected into tissue at a rate of 0.5 mL/min through the ICP
electrode by injection pump. Dimensions of the ablation
zone and technical parameters were compared between the
three groups.

Result In the cisplatin-infused RFA group, the ablation
zone size was significantly larger than that of the RFA-
alone group but significantly smaller than normal saline-
infused RFA group. The width of longitudinal section and
volume were 3.39 & 0.22 cm?® and 26.55 & 4.62 cm’ in
RFA-alone group, 3.88 + 0.32 cm?® and 36.45 + 5.46 cm®
in cisplatin-infused RFA group, and 4.52 + 0.50 cm? and
49.44 £ 7.55 cm® in normal saline-infused RFA group,
respectively (p < 0.05 between any two groups). The mean
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impedance in group A, B, and C were 60.0 £ 7.2,
50.3 £ 2.5, and 40.3 £4.0 Q, respectively (p < 0.05
between any two groups).

Conclusion Cisplatin-infused RFA with ICP electrode
created the larger size of ablation zone than that of
monopolar RFA with an IC electrode, but created the
smaller size of ablation zone than that of normal saline-
infused RFA.

Keywords Liver - Interventional procedures -
Radiofrequency ablation - Experimental study

Introduction

Image-guided radiofrequency ablation (RFA) has become a
worldwide accepted minimally invasive strategy for
effective treatment of the hepatocellular carcinoma and
metastatic liver tumor [1-3]. However, when the tumor is
larger than 2 cm, it can cause incomplete coagulation
necrosis of RFA, which is an important cause of high local
tumor progression rate [4, 5]. Several attempts have been
made to overcome local tumor progression of RFA, which
are the use of combination therapies to increase the size of
the ablation zone, including a combination of RFA with
chemical ablation, transarterial chemoembolization, intra-
venous liposomal chemotherapy, and vascular occlusion
[6-10]. However, such combined treatment may increase
patient discomfort, costs, and procedure time. Alterna-
tively, there are methods of increasing the volume of
coagulation necrosis using an electrode designed to modify
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tissue-energy interaction. Among them, continuous infu-
sion of various fluids was attempted using a perfusion
electrode during the RFA, especially saline infusion
[11-13]. Besides saline solution, several other fluids such
as acetic acid or hydrochloric acid-infused RFA have been
suggested to create larger lesions than RFA alone [14, 15].
Previously, there was a study on the intratumoral injection
of anticancer agent immediately followed by RFA [16].
However, this is an experimental model for breast cancer,
and the intratumoral injection of the anticancer drug was
not a continuous injection during the RFA. There were a
few attempts to continuously infuse anticancer agent into
tumors during RFA with perfusion electrode. We hypoth-
esized that significant increase in coagulation necrosis
could also be achieved by anticancer agent-infused RFA
with perfusion electrode. As a broad-spectrum anticancer
drug, cisplatin is an effective agent for the treatment of
many malignant tumors and is mainly administered
through intraarterial or intravenous route. Moreover, direct
intratumoral injection of cisplatin has been used to treat a
variety of malignant tumors, including lung cancer [17],
head and neck cancer [18], and liver tumors [19].

The purpose of this experimental study was to evaluate
the in vitro efficacy of cisplatin-infused radiofrequency
ablation with internally cooled perfusion (ICP) electrode
by assessing the dimensions and technical parameters of
ablated lesions in the bovine liver. We then compared the
efficacy of RFA alone using internally cooled (IC) elec-
trode, cisplatin-infused RFA using ICP electrode, and
normal saline-infused RFA using ICP electrode.

Materials and Methods
RFA Setting and Ablation Protocol

In our institution, in vitro experimental study did not
require institutional review board approval. The IC RF
system is a 200W RF generator (VIVA RF generator;
STARmed; Goyang-si, Gyunggi-do, Republic of Korea)
with a conventional 16-gauge electrode (Proteus RF elec-
trode, STARmed) with the 3 cm active tip. The electrode
was cooled internally by delivering chilled saline to
maintain the electrode temperature < 25 °C with a peri-
staltic pump (VIVA pump; STARmed).

The ICP RF system uses the same generator and peri-
staltic pump as the IC electrode. A 16-gauge ICP electrode
consist of an inner part of internally cooling water (18-
gauge) with an outer part of infusion (16-gauge) separately
(Injectable RF electrode, STARmed). An ICP electrode
with 3 cm active tip has 20 side holes (5 holes x 4 lines;
each holes 0.25-0.35 mm in diameter) at the exposure area
so that the saline or cisplatin is used for infusion to the

tissue at a rate of 0.5 mL/min by independent injection
pump (BYZ-810, Changsha BEYOND Medical Device,
Hunan, China) (Fig. 1). Normal saline-infused RFA
involved a continuous infusion of 0.9% normal saline and
cisplatin-infused RFA involved a continuous infusion of
cisplatin (CISPLAN INJ 50 mg/100 ml, Seoul, Korea). RF
was applied to the livers in the monopolar mode, and RF
energy was applied to both systems for 12 min. Tissue
impedance was monitored using the circuitry incorporated
in the generator. The applied current, power output, and
impedance were continuously monitored during the RF
ablation, and these parameters were recorded automatically
using a computer program (Real Time Graphics software V
2.0; Radionics, Burlington, Mass., U.S.A.).

In Vitro Preparation

RF ablation (RFA) was performed in ten freshly excised
bovine livers that were cut into about 10 x 10 x 10 cm®
blocks and partially immersed in a 50 x 20 x 20 cm®
saline-filled bath. A custom-made metal plate grounding
pad was placed to one sidewall of the bath. The electrode
was inserted at least 5 cm into the liver tissue to ensure that
no active tip surface was exposed to the air and there was
enough tissue to contain a lesion. From ten freshly excised
bovine livers, thirty blocks were created and subdivided
into three different groups based on the RFA procedure to
be followed: group A, 10 RFA with IC electrode; group B,
10 cisplatin-infused RFA with ICP electrode; group C, 10
normal saline-infused RFA with ICP electrode.

Lesion Size Measurement

The liver blocks containing the ablated area were dissected
along the electrode insertion axis (longitudinal plane,
L-plane) and then cut transversely perpendicular to the
L-plane (transverse plane, T-plane). Previously, the central
white area of the RF-induced ablation zone had been
shown to correspond to the zone of coagulation necrosis
[20]. Thus, two investigators measured the depth of lon-
gitudinal section (Dv) along the electrode axis and the
width of longitudinal section (Dw) perpendicular to the Dv
in the L-plane. After measuring these two diameters of the
ablation zone in the L-plane, the long axis diameter (Dtl)
and the short axis diameter (Dt2) of the ablation zone in the
T-plane were measured. The ablation area volume was
determined by converting the lesion to a sphere using the
formula: 7(Dv x Dtl x Dt2)/6.

Statistical Analysis

The dimensions of the ablation zones and the technical
parameters of the three groups were averaged for each
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Fig. 1 Schema shows longitudinal section of the internally cooled
perfusion electrode. The electrode consists of a part of internally
cooling water (18-gauge) with a part of infusion (16-gauge)
separately. There are 20 side holes (5 holes x 4 lines; each holes

group and then compared using one-way analysis of vari-
ance (ANOVA) with the Turkey test (p = 0.05, two-tailed
test). The values were expressed as means =+ standard
deviation. Statistically significant differences were defined
as p values < 0.05. The statistical analysis was performed
using STATA ver. 14.0 (Stata Corp LP., College Station,
TX, USA).

Results

Size of Ablation Zone

0.25-0.35 mm in diameter) on the active exposure portion of the part
of infusion. A part of infusion separates from a part of internally
cooling water, and can inject useful solution such as hypertonic saline
for increasing electrical conductivity

respectively. In the cisplatin-infused RFA group (group B),
the mean Dw, Dtl, and Dt2 of ablation zones was signif-
icantly larger than those of the RFA-alone group (group A),
but significantly smaller than those of the normal saline-
infused RFA group (group C). The mean Dv of the ablation
zones in group B and C was significantly larger than that in
group A (p < 0.05). There were no significant differences
in the mean Dv between groups B and C (p > 0.05).

The mean calculated volume of the ablation zones in
cisplatin-infused RFA group (group B) was significantly
larger than that of RFA-alone group (group A), but sig-
nificantly smaller than that of the normal saline-infused
RFA group (group C) (p < 0.05): 22.55 + 4.62 cm® in

The four diameters and the calculated volume are sum-  group A, 36454 546cm® in group B, and

marized in Table 1. The mean Dw, Dv, Dtl, and Dt2 of 49.44 4+ 7.55 cm® in group C (Fig. 2).

each group were 3.39 4+ 0.22, 4.22 4+ 0.22, 3.56 + 0.25,

and 3.36 & 0.28 cm in group A, 3.88 + 0.32,4.67 &+ 0.14,

4.03 + 0.32, and 3.68 £ 0.23 cm in B, and 4.52 4+ 0.50,

474 + 0.19, 4.62 + 0.46, and 4.30 £ 0.37 cm in C,

Table 1 T}.le measurgd values Group A Group B Group C p value

of the ablation zones in each

group Dw (cm) 3.39 £ 0.22 3.88 £0.32 4.52 + 0.50 < 0.05*
Dv (cm) 422 +0.22 4.67 + 0.14 474 £ 0.19 < 0.05°
Dtl (cm) 3.56 £+ 0.25 4.03 £ 0.32 4.62 + 0.46 < 0.05%
Dt2 (cm) 3.36 £ 0.28 3.68 £ 0.23 4.30 £ 0.37 < 0.05%
Volume (cm?®) 26.55 + 4.62 36.45 + 5.46 49.44 + 7.55 < 0.05%

@ Springer

Data are the mean = the standard deviation (SD). Dw: width of the longitudinal section, Dv: depth of
longitudinal section, Dtl: long axis diameter of the transverse section, Dt2: short axis diameter of trans-
verse section. Group A: RFA with IC electrode; group B: cisplatin-infused RFA with ICP electrode, group
C: normal saline-infused RFA with ICP electrode

“The differences between any two groups were statistically significant

The differences between group A and the other groups (B, C) were statistically significant
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Fig. 2 Comparison of radiofrequency ablation (RFA)-induced coag-
ulation in the three groups. The mean volume of the ablation zone in
group B was significantly larger than that of group A, but significantly
smaller than that of group C. A. Photograph of specimen from group
A (RFA alone) B. Photograph of specimen from group B (cisplatin-
infused RFA) C. Photograph of specimen from group C (normal
saline-infused RFA)

Technical Parameters

The mean impedance in group A, B, and C was 60.0 £+ 7.2,
50.3 £ 2.5, and 40.3 £ 4.0 Q, respectively (p < 0.05
between any two groups). The mean current in group A, B,
and C was 1148 £ 115, 1330 £ 64, and 1495 £ 112 mA,
respectively (p < 0.05 between any two groups). The mean
of the total delivered energy in group A, B, and C were
8.52 + 1.08, 10.10 £ 1.04, and 9.30 £ 1.38 kcal, respec-
tively (p < 0.05 between groups A and B) (Table 2).

Discussion

Percutaneous RFA is widely used as an alternative to
surgical treatment of liver tumors, but the major limitation
of RFA is the small ablation volume [1-4, 21, 22]. Several
studies have been tried to increase coagulation volume,
among which RFA with chemoablation using ethanol or
acetic acid and RFA with continuous fluid infusion can be
performed at the same time and same place [6—15]. Several
investigators used saline-infused RFA, which improved the
electrical and heat conduction and energy delivery, with a
resulting in an increased ablation volume [11, 12]. How-
ever, there has been no study about the continuous infusion
of the anticancer agent during RFA. Cisplatin is composed
of a platinum ion surrounded by four ligands and has a
molecular weight of 301.1 g/mol, and a density of 3.74 g/
cm® [23]. Cisplatin is known as a broad-spectrum anti-
cancer agent that kills tumor cells by directly destroying
DNA duplication and causes an immune response [24]. In
the treatment of hepatocellular carcinoma, cisplatin is used
for transarterial chemoembolization and hepatic arterial
infusion while reducing systemic toxicity and side effects
[25, 26]. The response rate was reported to be 33.8% [26]
with a hepatic arterial infusion of cisplatin and only 9%
[27] with systemic cisplatin chemotherapy, suggesting that
the anticancer effect of the cisplatin is directly related to
the local concentration of cisplatin. Recently, some studies
on intratumoral chemotherapy have shown that local
injection of anticancer drugs into tumors minimizes sys-
temic side effects and increases the therapeutic dose of
tumors by 6-10 fold [28]. According to the literature, the
anticancer agents used in intratumoral chemotherapy are
cisplatin, methotrexate, bleomycin, mitoxantrone, mito-
mycin, and 5-fluorouracil [29, 30]. Cisplatin has been used
as an intratumoral injection in hepatic tumors as one of the
above anticancer drugs [19]. We have designed a method
of radiofrequency ablation with continuous infusion of
cisplatin into a tumor using a perfusion electrode, consid-
ering that cisplatin has an enhanced anticancer effect at
high local concentration and can be used for intratumoral
chemotherapy.
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Table 2 The measured values

Group A Group B Group C p value

of the technical parameters in
each group Mean impedance (€2) 60.0 £ 7.2 503 £ 25 40.3 £ 4.0 < 0.05°
Mean current (mA) 1148 £ 115 1330 + 64 1495 + 112 < 0.05°
Mean energy (Kcal) 8.52 £ 1.08 10.10 £ 1.04 9.30 £ 1.38 <0.05¢

Data are the mean =+ the standard deviation (SD). Group A: RFA with IC electrode; group B: cisplatin-
infused RFA with ICP electrode, group C: normal saline-infused RFA with ICP electrode

“The differences between any two groups were statistically significant

The differences between group A and B were statistically significant, and the differences between groups
A and C and groups B and C were not statistically significant

Our result shows that the ablation size of cisplatin-in-
fused RFA was larger than that of RFA alone but smaller
than that of normal saline-infused RFA. The impedance
was the smallest in normal saline-infused RFA group and
the largest in RFA-alone group, and the current was
opposite. Several factors may explain this difference.
Continuous infusion of fluid during RFA prevents the loss
of moisture around the tissue, which reduces impedance
and increases electrical and heat conductivity and increases
the size of ablation, compared to RFA alone. This can be
supported by previous studies that injection of a fluid
containing no ions such as distilled water, ethanol, or 5%
glucose solution led to an increase in coagulation volume
[13]. Saline is an ion-containing liquid and has a higher
electrical conductivity than non-ionic solution. Cisplatin
can reduce the impedance and increase the ablation volume
during RFA as an ionic fluid property, but it is not as good
as saline.

Previous studies have reported that combination of RFA
and intratumoral doxorubicin injection in an animal model
and the combination of RFA and IV liposomal doxorubicin
in animal and human tumor model have been shown to
increase the extent of coagulation [9, 16, 31]. Ahmed et al.
[32] showed that similar extent of tumor coagulation was
observed between liposomal doxorubicin and cisplatin
chemotherapy combined with RFA in an animal tumor
model. This can be explained by the synergy of sublethal
thermal damage induced by RFA and cytotoxic effect of
the chemotherapeutic agent. Although thermal coagulation
by RFA alone usually occurs above 50 °C, the effect of
anticancer agents is enhanced by hyperthermia at the
periphery of ablation zone, which is about 45-50 °C
[33, 34]. Thus, a combination of RFA and chemotherapy
can lower the threshold temperature of cell death, thereby
increasing the extent of coagulation. Our study is an
in vitro study applied to the explanted bovine liver, which
is significantly different from animal tumor model descri-
bed above. If cisplatin-infused RFA with perfusion elec-
trode is applied to an animal tumor model, it may have
resulted in higher coagulation volume than that obtained in
our in vitro study. Therefore, further studies in animal

@ Springer

tumor models are needed to demonstrate the combined
effect of thermal ablation and anticancer agent.

Our experimental study has certain limitations. First, it
was performed with normal liver parenchyma in vitro, not
with tumors in situ; hence, the results obtained cannot be
readily adapted for use in a clinical setting. Living tumor
tissues benefit from a cooling “sink” effect due to the
blood flow, resulting in rapid heat exchange. Also, it is
difficult to assess cytotoxic effect of cisplatin in our in vitro
study, considering that cisplatin kills cancer cells by
damaging their DNA. We did not attempt to evaluate the
biological effects of cisplatin infusion. We demonstrated an
increase in the ablation volume due to the increased elec-
trical and thermal conductivity by cisplatin infusion. The
results of this experiment may serve as a reference for
estimating the ablation area due to the physical/chemical
property of cisplatin. This study can be a stepping stone for
future animal experiments in vivo, and the combination of
our study and future in vivo study will help determine
additional ablation volume increases by pure cytotoxic
effects other than the physical/chemical properties of cis-
platin. Second, the present study was performed with rel-
atively small sample size. Additional multi-institutional
studies with larger sample size are needed to validate our
findings. Third, the diameter of the ablation zone was
measured on the gross specimens instead of using an
imaging modality such as computed tomography, which
can more accurately determine the volume and shape of the
RFA zone.

In conclusion, cisplatin-infused RFA with ICP electrode
created a larger size of ablation zone than RFA alone with
an IC electrode but was less effective than normal saline-
infused RFA. Further studies in animal tumor models are
needed to demonstrate the combined effect of thermal
ablation and anticancer agent.
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