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Objective: To compare the performance of the 15-G

internally cooled electrode with that of the conventional

17-G internally cooled electrode.

Methods: A total of 40 (20 for each electrode) and 20

ablation zones (10 for each electrode) were made in

extracted bovine livers and in in vivo porcine livers,

respectively. Technical parameters, three dimensions

[long-axis diameter (Dl), vertical-axis diameter (Dv) and

short-axis diameter (Ds)], volume and the circularity (Ds/

Dl) of the ablation zone were compared.

Results: The total delivered energy was higher in the 15-G

group than in the 17-G group in both ex vivo and in vivo

studies (8.786 1.06 vs 7.7060.98kcal, p50.033; 11.206

1.13 vs 8.4960.35kcal, p50.001, respectively). The three

dimensions of the ablation zone had a tendency to be

larger in the 15-G group than in the 17-G group in both

studies. The ablation volume was larger in the 15-G group

than in the 17-G group in both ex vivo and in vivo studies

(29.6167.10 vs 23.8663.82cm3, p50.015; 10.2662.28 vs

7.796 1.68cm3, p50.028, respectively). The circularity of

ablation zone was not significantly different in both the

studies.

Conclusion: The size of ablation zone was larger in the

15-G internally cooled electrode than in the 17-G electrode

in both ex vivo and in vivo studies.

Advances in knowledge: Radiofrequency ablation of

hepatic tumours using 15-G electrode is useful to create

larger ablation zones.

Radiofrequency ablation (RFA) is the most widely used
local ablation technique for the management of primary
and metastatic liver tumours. However, previous studies
have reported that RFA showed a relatively higher local
tumour progression rate than did hepatic resection.1,2

One of the most important factors affecting local tu-
mour progression was insufficient tumour-free ablation
margin of hepatic parenchyma around the tumour
margin.3–6

Several strategies have been developed to obtain sufficient
ablation margin. In the aspect of RFA techniques, over-
lapping technique and combined treatment with trans-
catheter arterial chemoembolization can be used.7–9

Another strategy is to use switching monopolar, bipolar or
multipolar modes to deliver radiofrequency (RF) energy
more efficiently.10,11 Sufficient ablation margin can also be
achieved by more efficient electrodes: internally cooled
electrode increases the size of ablation zone by preventing
charring around the electrode tip.12,13 Perfusion electrodes

can also enlarge the ablation zone by increasing electrical
conductance and thermal conductivity.14–16

The diameter of an electrode is also known to be associated
with the size of the ablation zone. Theoretically, as the
diameter of an electrode becomes larger, the contact sur-
face of the electrode with the surrounding tissue becomes
bigger, thereby increasing the active electric field.17,18 As
a result, an electrode with a larger diameter is likely to
create a larger ablation zone. In a previous study, Goldberg
et al17 reported that the extent of coagulation necrosis by
RFA increases as the diameter of an electrode increases
through an in vivo experimental study. However, this study
was performed with an electrode without an internal
cooling system. Recently, a clinical study comparing ther-
apeutic efficacy and safety between 15-G and 17-G in-
ternally cooled electrodes of RFA for hepatocellular
carcinoma was published.19 According to that study, the
15-G internally cooled electrode created a larger ablation
volume than did the 17-G electrode. However, the study
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was limited by selection bias owing to the retrospective study
design. In addition, the ablation protocol was not exactly the
same between the two groups. Therefore, the issue whether an
internally cooled electrode with a larger diameter creates a larger
ablation volume should be verified with ex vivo and in vivo
experimental studies.

The purpose of this experimental study was to compare the
performance of the 15-G internally cooled RF electrode with
that of the conventional 17-G electrode in both ex vivo and
in vivo studies.

METHODS AND MATERIALS
Study overview
In Samsung Medical Center, Seoul, Republic of Korea, there are
guidelines for maintenance and care of experimental animals to
ensure humane treatment and reliable results. All authors
affirmed their compliance with these guidelines. This study was
approved by the Institutional Animal Care and Use Committee
in Samsung Medical Center before initiating experiments. For
this study, research laboratory support was provided by
STARmed, Goyang, Republic of Korea. However, all authors
independently and completely controlled the whole study, in-
cluding the study design, data collection and analysis, and the
preparation of manuscript. We performed ex vivo and in vivo
studies to compare the ablation performance of the 15-G and
17-G internally cooled electrodes.

Equipment
We used conventional 17-G (Cool tip®; Valleylab™, Boulder, CO)
and 15-G (Proteus®; STARmed) electrodes, both internally cooled
electrodes with 3-cm active tip, with a 200-W RF generator (VIVA
RF generator; STARmed). The electrodes were cooled internally
by delivering chilled saline to maintain the electrode temperature
,25 °C with a peristaltic pump (VIVA pump; STARmed). The
total ablation time was 12min in both the ex vivo and in vivo
studies. A RFA was performed by a radiologist (MWL) who had
8 years’ experience with RFA for hepatic tumours.

Ex vivo study
Freshly extracted bovine livers were obtained from a local
slaughterhouse (Hyupjin Center, Seoul, Republic of Korea), and
they were cooled to maintain hypothermia at 4–6 °C. They were
transported to our research laboratory immediately before the
experiment and were cut into about 103 103 10-cm3 blocks
and partially immersed in a 503 203 20-cm3 saline-filled bath.
A custom-made metal plate grounding pad was placed to one
sidewall of the bath. The RF electrode was inserted on the outer
hepatic capsule at least 4 cm into the liver parenchyma. A total of
40 ablation zones (20 for each electrode) were alternatively made
by the 17-G and 15-G internally cooled electrodes. The gen-
erators were set to deliver the maximum power in the automatic
control mode.

In vivo study
Six Yorkshire pigs (about 60 kg of body weight) were used. All
the pigs were initially anaesthetized by an intramuscular in-
jection with 5mg kg21 body weight tiletamine hydrochloride1
zolazepam hydrochloride (Zoletil 50; Virbac SA, Carros, France)

and 0.5mg kg21 body weight xylazine (Rompun; Bayer Schering
Pharma, Berlin, Germany). A 22-G intravenous catheter was
inserted into the dorsal auricular vein. The pigs were intubated,
and anaesthesia was maintained with inhaled isoflurane gas
(Forane solution; Choongwae Pharma, Seoul, Republic of
Korea). The pigs were placed in the supine position, and vital
signs were monitored. Both thighs were shaved, and ground
pads were placed. After sterilizing the epigastric area, the liver
was exposed by laparotomy. A total of 10 RFA zones (3 or 4
ablations per pig) were created alternatively using the 2 different
types of electrodes. To determine the ablation sites in the liver,
ultrasonographic evaluation (1–4-MHz convex probe, Acuson
Sequoia™ Gastrointestinal 512; Siemens Healthcare; formerly
Siemens Medical Solutions, formerly Siemens Medical Systems,
Erlangen, Germany) was performed. A RF electrode was placed
in the liver under real-time ultrasound guidance away from
intrahepatic vessels, interlobar fissure or the liver capsule so that
the RFA zone would not be influenced by these structures. The
distance between the centre of each ablation zone was kept at
least 4 cm apart to avoid attachment of the ablation zones.
Immediately after the in vivo experiments were completed, the
animals were euthanized and the liver was extracted.

Analysis of radiofrequency ablation zones
For both the ex vivo and in vivo experiments, the liver specimens
were dissected along the axis of the electrode insertion and were
sliced again in the perpendicular plane to the electrode tracks.
The central white area of ablation zones was considered as the
zone of coagulation necrosis. The margin of the central white
zone was determined based on the consensus of two radiologists
(MWL and KDS). The long-axis diameter (Dl), vertical diameter
(Dv) and short-axis diameter (Ds) of the ablation zones were
measured. The gross images of the ablation zones were analysed
by using ImageJ software v. 1.42 (National Institutes of Health,
Bethesda, MD; http://rsbweb.nih.gov/ij/download.html). To min-
imize measurement error, the dimensions were measured three
times based on the consensus of two radiologists (MWL and
KDS), and the average dimensions were used. The volume of
the ablation zones was estimated using the following formula:
p (Dl3Dv3Ds)/6. The circularity of the ablation zones was
evaluated by the ratio between the Dl and Ds.

Statistical analysis
The three diameters, approximated volumes, ratio of Ds and Dl,
and technical parameters for the ablation zones between the two
groups were compared using t-test and the Mann–Whitney U
test according to the normal distribution assumption. The co-
efficient of variation (CV) of the ablation volume (the ratio of
the standard deviation to mean volume of the ablation zones) in
each group was calculated to test the variability of the size of the
ablation zones. Statistical significance was considered at
p, 0.05. All analyses were conducted using the appropriate
software (SPSS® for Windows v. 17.0.0; SPSS Inc., Chicago, IL).

RESULTS
Technical parameters
The average delivered energy of the 15-G group was higher
than that of the 17-G group in both the ex vivo (8.786 1.06 vs
7.706 0.98 kcal, p5 0.033) and the in vivo (11.206 1.13 vs
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8.496 0.35 kcal, p5 0.001) studies (Tables 1 and 2). The av-
erage impedance of the 15-G group was lower than that of the
17-G group (69.656 7.00 vs 84.906 3.06V, p, 0.001) in the
ex vivo study, but it was not significantly different in the in vivo
study (66.306 5.77 vs 67.406 4.47V, p5 0.172).

Analysis of the size and circularity of the
ablation zone
Ex vivo experiment
The three diameters, the calculated volume, the ratio of Ds/Dl
and the CVof ablated volume, are shown in Table 1. The Ds, Dv
and volume of the 15-G group were greater than those of the
17-G group (p5 0.020, p5 0.035 and p5 0.015, respectively).
However, the Dl and the ratio of Ds/Dl were not significantly
different between the two groups (p5 0.335 and p5 0.155, re-
spectively) (Figure 1).

In vivo experiment
The Dl and the volume of the ablation zone of the 15-G group
were greater than those of the 17-G group. However, the dif-
ferences of the Ds and Dv were not statistically significant
(Table 2) between the two groups. The ratio of Ds/Dl was also
not significantly different (p5 1.000) (Figure 2).

DISCUSSION
In this study, we compared the ablation performances between
the 15-G and 17-G internally cooled RF electrodes. Total de-
livered energy in the 15-G group was higher than in the 17-G
group, resulting in larger ablation zones in the 15-G group in
both in vivo and ex vivo studies. The circularity of the ablation
zone was not significantly different between the two groups in
both in vivo and ex vivo studies. Based on these results, the 15-G
electrode is expected to be more useful for RFA of liver tumours
than the conventional 17-G electrode owing to its higher
probability of creating a sufficient tumour-free ablation margin.

According to a study by Goldberg et al,17 there was a linear
correlation between the diameter of an electrode and the di-
ameter of an ablation zone. In that study, the diameter of the
ablation zones differed about 2mm between the 18-G and 15-G
electrodes with 3-cm active tip. This result is in agreement with
the result of the present study: the difference of the mean Dv was
3.3mm in the ex vivo study and 2.7mm in the in vivo study, and
the increment of the mean ablation volume in the 15-G group
was 24.1% [(29.61/23.862 1)3 100] in the ex vivo study and
31.7% [(10.26/7.79 – 1)3 100] in the in vivo study compared
with the 17-G group.

Table 1. Dimensions and approximated volumes of ablation zones in the ex vivo study

Measurements 17-G (n5 20) 15-G (n5 20) p-value

Total delivered energy (kcal) 7.706 0.98 8.786 1.06 0.033

Impedance (V) 84.906 3.06 69.656 7.00 ,0.001

Diameters (cm)

Long axis (Dl) 4.096 0.18 (3.62–4.81) 4.236 0.26 (3.62–4.62) 0.335

Short axis (Ds) 3.256 0.20 (2.97–3.63) 3.536 0.36 (2.76–3.96) 0.020

Vertical axis (Dv) 3.416 0.26 (2.99–3.98) 3.746 0.46 (3.06–4.73) 0.035

Volume (cm3) 23.866 3.82 (17.72–30.33) 29.616 7.10 (16.45–39.31) 0.015

Ds/Dl 0.796 0.04 (0.71–0.88) 0.836 0.07 (0.70–0.94) 0.155

Coefficient of variation (%) 16 23

Values are mean6 standard deviation (range).

Table 2. Dimensions and approximated volumes of ablation zones in the in vivo study

Measurements 17-G (n5 10) 15-G (n5 10) p-value

Total delivered energy (kcal) 8.496 0.35 11.206 1.13 0.001

Impedance (V) 67.46 4.47 66.306 5.77 0.172

Diameters (cm)

Long axis (Dl) 3.676 0.20 (3.34–3.95) 3.946 0.25 (3.49–4.38) 0.020

Short axis (Ds) 1.856 0.26 (1.47–2.25) 2.016 0.15 (1.71–2.17) 0.517

Vertical axis (Dv) 2.186 0.24 (1.74–2.50) 2.456 0.34 (1.93–3.07) 0.108

Volume (cm3) 7.796 1.68 (4.78–10.10) 10.266 2.28 (6.07–13.96) 0.028

Ds/Dl 0.606 0.09 (0.48–0.75) 0.626 0.08 (0.49–0.77) 1.000

Coefficient of variation (%) 21.6 22.2

Values are mean6 standard deviation (range).
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Multiple overlapping treatments with either a single electrode or
multiple electrodes are the common method used to increase the
size of an ablation zone.20 However, the precise re-positioning of
an electrode in a contiguous fashion or the precise positioning of
multiple electrodes can be technically challenging.13 For this
reason, more efficient RF electrodes have been developed to
decrease the need of overlapping techniques.21,22 The 15-G
electrode has an advantage over the conventional 17-G electrode
in this technical aspect. Since the size of the ablation zone is
larger in the 15-G electrode than in the 17-G electrode, the
number of overlapping treatments and consequently the overall
procedure time would be decreased.

Although the 15-G electrode can create a larger ablation zone
than the conventional 17-G electrode, there are few data re-
garding its complication. Gazelle et al23 reported that aspiration
biopsy with needles larger than 18-G resulted in increased blood
loss. However, unlike liver biopsy, the ablation tract is usually
cauterized along the electrode path in RFA of hepatic tumours to
avoid complications such as tract seeding or excessive bleeding.
Therefore, the increased bleeding risk by using a 15-G electrode
may not be a major problem compared with using a 17-G
electrode. In fact, in a recent clinical study, the complication rate
was not significantly different between the two electrode
groups.19 Meanwhile, other complications such as collateral
thermal injury to the surrounding tissue may be higher using the

Figure 1. Comparison of radiofrequency ablation zones created

by 15-G and 17-G internally cooled electrodes in ex vivo study.

(a) Cut section of the specimen created by the 15-G electrode

along the electrode insertion axis shows a 4.4833.70-cm-

sized ablation zone. (b) Cut section of the specimen created by

the 17-G electrode shows a 4.3433.18-cm-sized ablation zone.

Figure 2. Comparison of radiofrequency ablation zones

created by 15-G and 17-G internally cooled electrodes in

in vivo study. (a) Cut section of the specimen created by the

15-G electrode along the electrode insertion axis shows

a 3.9132.07-cm-sized ablation zone. (b) Cut section of the

specimen created by the 17-G electrode along the electrode

insertion axis shows a 3.713 1.70-cm-sized ablation zone.
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15-G electrode owing to its larger ablation volume than when
using the 17-G electrode. This concern regarding increased col-
lateral thermal injury from a larger ablation zone also applies for
microwave ablation, which is known to be able to create larger
ablation zones with shorter ablation time.24 Further clinical study
using 15-G electrodes is warranted to validate this issue.

Our study suffers from several limitations. First, we used gross
specimens for the size measurement of ablation zones. Although
gross appearance is known to correlate well with histological
findings, the grossly measured size of ablation zones might not
be exactly the same with the size of real coagulated tissue. Sec-
ond, although we measured the dimensions three times for each
specimen and used the average value to minimize measurement
error, there was still the possibility of measurement error since

dimensions of the ablation zone were measured manually.
Third, we did not compare the issues related with safety between
the two electrodes in this study.

In conclusion, total delivered energy and size of the ablation
zone was larger in the 15-G internally cooled RF electrode than
in the 17-G electrode in both the ex vivo and in vivo studies.
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