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Abstract

AIM: In the present study, the characteristics of PEI-RFA
treatment were further elucidated by analyzing the
relationship between the volume of coagulated necrosis
and the energy requirement for ablation or the amount
of ethanol injected into HCC.

METHODS: The volume of coagulated necrosis, total
energy requirement and energy requirement for
coagulation of per unit volume were examined in the
groups of PEI-RFA and RFA alone using the Cool-tip RF
system.

RESULTS: The results showed that the volume of
coagulated necrosis induced was significantly larger in
PEI-RFA group than in routine RFA group, when the total
energy administered was comparable in both groups.
In PEI-RFA, enlargement of coagulated necrosis was
admitted in 3 dimensions and the amount of energy
requirement per unit volume of coagulated necrosis was
negatively correlated with the amount of ethanol injected
into HCC.

CONCLUSION: These results suggest that, compared
to RFA alone, PEI-RFA enables to induce comparable
coagulated necrosis with smaller energy requirement, and
that PEI-RFA is likely to be less invasive than RFA alone
irrespective of inducing enhanced coagulated necrosis.
Thus, simple prior injection of ethanol may make RFA
treatment more effective and less invasive for the
treatment of patients with HCC.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most serious
problems worldwide. Although intensive efforts have been
made for the treatment of HCC, the mortality of patients
with HCC is still high. Tumor ablation technologies such as
microwave, laser and radio frequency have been shown to
be reliable and effective for inducing thermally-mediated
coagulation necrosis for primary HCCI'* and metastatic
liver cancet®. Percutaneous ethanol injection (PEI) therapy,
more frequently performed in the past, is considered to be
effective for the treatment of patients with relatively small-
sized encapsulated HCC below 3 cm in the longest diameter.
Recently, it has become possible to obtain larger areas of
coagulated necrosis by the innovation of radiofrequency
(RFA) technologies. Much effort has been applied to
enhance the therapeutic effects of RFA by the combination
of RFA with other modalities. For example, combined use
of transcatheter arterial chemoembolization? ' or saline
injection!"! with RFA therapy was shown to be effective
to enhance the coagulated nectrosis. We also developed a
novel combination therapy of PEI and RFA (PEI-RFA)
and reported that this combination therapy could induce
wider coagulated necrosis without much efforts and adverse
effects. Furthermore, this therapy can be applied to the
tumors that are difficult to treat with RFA alonel™"!,
Furthermore, this enhancing effect for inducing the
coagulated necrosis has been experimentally confirmed
using bovine liver?”. Recently, we have reported that
percutancous cthanol and lipiodol injection therapy
(PELIT), considered to be a milder therapy than RFA, was
important as a supportive treatment modality for HCCs
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especially for those lacking the vascularity or for patients
with severely impaited hepatic teserve and useful for the
treatment of HCCs that were difficult to treat with RFA
alone!l. After developing PEI-RFA treatment, we have
experienced so far some cases that were satisfactorily
treated by use of relatively low-power output control.
Thus, in the present study, PEI-RFA treatment was
further characterized from the standpoint of the energy
requirement for total and unit volume ablation as well as
of the amount of ethanol injected, using the RF system
with cool-tip type electrodes.

MATERIALS AND METHODS

Patients

PEI-RFA was performed against 75 cases (53 males and
22 females; mean age of 69 years) with biopsy-proven HCC.
The patients were also diagnosed as having HCC by helical
dynamic computed tomography (CT). Among the total
subjects, RFA alone was done in 15 patients and PEI-RFA
was in 60. The characteristics of the subjects are shown in
Table 1. All of these studies were conducted with informed
consent at the time of the enrollment for this study.

Table 1 Characteristics of patients enrolled in the present study

RFA alone PEI-RFA

Total number of patient 15 60

Male/Female 10/5 45715
Age (yr)

Mean 63 69

Range 47-74 44-86
Tumor size (cm)

Mean 2.5 3.0

Range 1.5-35 1.0-8.0
Injected ethanol (mL)

Mean 0 7.1

Range 0-0 0-37
Child-Pugh grade

A 7 38

B 7 21

C 1 1

Equipments and RFA procedures

PEI-RFA was performed under the real-time ultrasonography
(US) guidance with a 3.5-MHz sector probe (Power Vision
5000; Toshiba Medical, Tokyo, Japan). RFA was performed
by Cool-tip RF System (RADIONICS, Butlington, USA)*
according to the method described in our previous
manuscripts'®"”l. Briefly, a 17-gauge RFA needle with an
electrode of 3 cm in length was first inserted into the tumor,
and then a 21-gauge PEI needle was inserted into the tumor
in the liver through the same hole of the attachment beside
the echo probe, and then pure ethanol was slowly injected
into the tumor till the whole area of tumor was filled with
the ethanol (Figure 1). Ethanol injection into the tumor was
ceased when resistance to the injection was felt. The volume
of injected ethanol was always kept below the double of
estimated tumor volume. The ablation was performed under
the impedance control and the power output was increased
stepwise and the ablation was terminated after the high
echoic shadow sufficiently covered the tumor margin.

Figure 1 Appearance of PEI-RFA treatment. A 17-gauge RFA needle
with 2 or 3 cm electrode was first inserted into the tumor through
the hole of the attachment beside the echo probe, and then 21-gauge
PEI needle was inserted through the same hole. RFA was performed
immediately after injecting the ethanol into the tumor. The ablation
was performed under the impedance control. The amount of etha-
nol injected into the tumors was always kept below the double of
the estimated tumor volume and the injection of ethanol was ceased
if resistance to the injection was felt.

Evaluation of therapeutic efficacy

The efficacy of the RFA was assessed by using helical
dynamic contrast-enhanced CT five to seven days after the
treatment. Tumor necrosis was considered to be complete
if no enhancing areas were observed based on images
obtained during carly and late phases of dynamic contrast-

enhanced CT.

Evaluation of energy requirement for ablation

Energy requirement needed for ablation was calculated
as follows: energy (J) = Watt (W) X duration of ablation (s).
The length of coagulated necrosis of the lesion was measured
from the late phase of helical dynamic CT. Approximation
volume of whole coagulated necrosis area and energy
requirement for ablation per unit volume were calculated
as follows: whole coagulated volume (cm?®) = 4/3 X £'(cm) X
t?(cm) X £’(cm); (t' = longest diameter/2; t* = shortest
diametet/2; £> = height/2) and energy requirement for
coagulation pet unit volume (J/cm?) = energy/whole
coagulated necrosis.

Statistical analysis

Statistical analysis was performed using Macintosh software
StatView II (Version 5.0). Regression analysis was used to
calculate the correlation coefficients and P values. Statistical
significance was accepted when P<0.05.

RESULTS

Comparison of the volume of coagulated area, and energy
requirement and the energy requirement for total and unit
volume coagulation in the groups of PEI-RFA and RFA alone
Seventy-five patients were divided randomly into two groups.
One group (60 patients) received PEI-RFA, while the other
(15 patients) RFA alone. All of these patients underwent
RFA therapy by means of the Cool-tip RF system. No major
complications or adverse effects wete observed in both
groups. The volume of coagulated necrosis areas, the total
amount of energy requirement and the energy requirement
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Table 2 Comparison of the volume of coagulated necrosis, total energy requirement and the energy requirement for inducing coagulation
of per unit volume in the groups of PEI-RFA and RFA alone

EtOH (mL) L (cm) S (cm) H (cm) V (cm?) T-ENE (J) T-ENE/V (I/cm?)
RFA alone 0+0 2.3+0.6 2.1+0.6 2.4+0.4 6.5+3.6 38 700+12 549 10 010+11 124
(n=15)
PEI-RFA 6.9+6.6 4.2+1.2 3.5+1.0 4.0+1.1 34.0+£29.3 53 828+28 144 2 355+1 690
(n=60)
P <0.0001 <0.0001 <0.0001 0.0002 <0.0001 0.73 <0.0001

Sixty patients with HCC were treated with PEI-RFA by Cool-tip RF System, while 15 patients were treated with RFA alone using the same system. After the treatment, the
longest and shortest diameters and the height of the coagulated necrosis were estimated by the contrast-enhanced CT scan. Each abbreviation in the table is expressing
as follows: EtOH, the amount of ethanol; L, longest diameter; S, shortest diameter; H, height; V, the volume of coagulated necrosis; T-ENE, total energy requirement; T-
ENE/V, the energy requirement for inducing coagulation of per unit volume. The coagulated necrosis in PEI-RFA group was enlarged in 3 dimensions compared with the
group of RFA alone, although the total energy requirement was comparable between groups.

Table 3 Comparative study of coagulated necrosis in the groups classified according to the amount of ethanol injected in PEI-RFA

EtOH (mL) L (cm) S(cm) H (cm) V (cm?) T-ENE (J) T-ENE/V (I/cm?®)
EtOH <6.9 mL 3.1+16 3.8+0.9 3.0+0.6 3.6+0.9 22.3+14.3 48 901+23 219 2 796+1 752
(n=41) ()]
EtOH >6.9 mL 14.9+6.1 5.1+1.3 4.3+1.2 48+1.1 57.6+38.2 63 931+34 744 1460+1 016
(n=19) (2.6)
P <0.0001 0.0002 <0.0001 0.0003 <0.0001 0.11 0.0014

The mean volume of ethanol injected in PEI-RFA was 6.9 mL. Therefore, 60 patients treated with PEI-RFA were divided into two groups according to the amount of ethanol
injected. One group (high EtOH group) consisted of 19 cases administered with 6.9 mL and more ethanol, and the other (low EtOH group) of 41 cases less than 6.9 mL
ethanol. Each abbreviation in the table is expressing as follows: EtOH, the amount of ethanol; L, longest diameter; S, shortest diameter; H, height; V, the volume of coagulated
necrosis; T-ENE, total energy requirement; T-ENE/V, the energy requirement for inducing coagulation of per unit volume. The volume of coagulated necrosis in the high
EtOH group was 2.6 times larger than that in the low EtOH group, although the total energy requirement was comparable between groups.

Table 4 Comparative study of coagulated necrosis in the groups classified according to the total energy requirement in PEI-RFA

EtOH (mL) L (cm) S(cm) H (cm) V (cm?) T-ENE () T-ENE/V (I/cm?®)
T-ENE <53828] 5.8+5.8 3.6+£0.8 3.2+0.8 3.6+1.0 24.6+17.3 32 003+12 743 2 038+1 638
n=32) ()]
T-ENE >53828 ] 8.1+7.3 4.8+1.2 3.8+1.2 4.4+1.2 44.0+36.4 77 884+19 567 2 727+1 687
(n=28) (1.8)
P 0.23 0.0002 0.04 0.0028 0.014 <0.0001 0.052

All cases treated with PEI-RFA were divided into two groups. One was high energy group and the other low energy group according to the mean amount of total energy
requirement (53828 Joule). Each abbreviation in the table is expressing as follows: EtOH, the amount of ethanol; L, longest diameter; S, shortest diameter; H, height; V, the
volume of coagulated necrosis; T-ENE, total energy requirement; T-ENE/V, the energy requirement for inducing coagulation of per unit volume. The amount of ethanol
injected was statistically comparable in both groups. The volume of coagulated necrosis in the high energy group was 1.8 times larger than that in the low energy group.
The degree of the enhancing effect was smaller compared with that in cases classified by the mean amount of injected ethanol as shown in Table 3. Furthermore, the energy

requirement for coagulation of per unit volume was comparable between groups.

for inducing coagulation of per unit volume in the groups
of PEI-RFA and RFA alone are shown in Table 2. The
longest and shortest diameters as well as the height of the
coagulated necrosis areas and the coagulated volume
evaluated by dynamic contrast-enhanced CT scan were
significantly larger in cases treated with PEI-RFA than in
those treated with RFA alone. By contrast, the total amount
of energy requirement was comparable between groups.
Thus, the energy requirement for coagulation of per unit
volume was significantly smaller in PEI-RFA group compared
to the group of RFA alone. The energy requirement for
coagulation of per unit volume in PEI-RFA was approximately
three-fourths of that in RFA alone.

Comparative study of the coagulated necrosis and the energy
requirement for coagulation of per unit volume between PEI-RFA
and RFA groups

As shown in Table 3, the mean volume of ethanol injected
in PEI-RFA group was 6.9 mL. Therefore, 60 patients

treated with PEI-RFA were divided into two groups
according to the amount of ethanol injected. One group
(high-EtOH group) consisted of 19 cases administered with
6.9 mL and more ethanol and the other (low-EtOH group)
of 41 cases less than 6.9 mL ethanol. Between these two
groups, the total energy requirement was also comparable
as shown in Table 1. However, the volume of coagulated
necrosis was significantly larger in the high-EtOH group
than in the low-EtOH group. The volume of coagulated
necrosis in the high-EtOH group was 2.6 times larger than
that in the low-EtOH group. Accordingly, the energy
requirement for coagulation per unit volume in the high-
EtOH group was significantly lower in the high-EtOH group
than in the low-EtOH group.

All cases treated with PEI-RFA were divided into
two groups. One was high-energy group and the other
low-energy group according to the mean amount of total
energy requirement (53 828 J). As shown in Table 4, in this
classification, the amount of ethanol injected was statistically
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comparable in both groups. The volume of coagulated
necrosis in the high-energy group was 1.8 times larger than
that in the low-energy group. The degree of the enhancing
effect was smaller compared to that in cases classified by
the mean amount of ethanol injected as shown in Table 2.
Furthermore, the energy requirement for coagulation of
pet unit volume was comparable between groups.

Relationship between the amount of ethanol and the volume
of coagulated necrosis or the energy requirement for
coagulation of per unit volume

Relationship between the amount of ethanol injected and
the volume of coagulated necrosis or the energy requirement
for coagulation of per unit volume was analyzed in the
total subjects treated with PEI-RFA (60 cases). As shown in
Figure 2, the amount of ethanol injected into tumor
significantly and positively correlated with the volume of
coagulated necrosis with high correlation coefficient (» = 0.71,
P<0.0001). Then, the amount of ethanol injected negatively,
although weak, correlated with the energy requirement for
coagulation of per unit volume (» = -0.41, P = 0.014). These
results suggest that, according to the amount of ethanol
injected into tumor, larger coagulated necrosis can be
obtained and less amount of energy is required for
coagulation of per unit volume.
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Figure 2 Relationship between the amount of ethanol injected and
the volume of coagulated necrosis or the energy requirement for in-
ducing per unit volume of coagulated necrosis in PEI-RFA. PEI-RFA
was performed on 60 patients with HCC. The ablation was done by
using the Cool-tip RF system. The amount of ethanol injected into
tumors positively correlated with the volume of coagulated necrosis
(A: r = 0.71, P<0.0001) and it negatively correlated with the energy
requirement for inducing per unit volume of coagulated necrosis
(B: r=-0.41, 0.014).

Relationship between the total required energy for ablation
and the volume of coagulated necrosis or the energy requirement
for coagulation of per unit volume

Relationship between the total required energy and the
volume of the coagulated necrosis or the energy requirement
for coagulation of per unit volume was analyzed in the
total subjects treated with PEI-RFA (60 cases). As shown in
Figure 3, the total required energy significantly and positively
correlated with the volume of coagulated necrosis (r = 0.47,
P = 0.0013). However, this correlation coefficient was
smaller than that between the amount of ethanol injected
and the volume of coagulated necrosis. Moreover, the total
required energy and the energy requirement for coagulation
of per unit volume did not show significant correlation

(r=0.35, P =0.13).

Representative cases with HCC treated with PEI-RFA
By analyzing the relationship between the energy
requirement and the amount of ethanol injected in PEI-RFA,
two characteristic points have been turned out: (1) PEI-RFA
enables to induce wider coagulated necrosis by increasing
the amount of ethanol injected into tumor; (2) PEI-RFA is
able to obtain comparative therapeutic effects by means of
lower energy compared to RFA alone.

Four cases with HCC treated with PEI-RFA expressing
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Figure 3 Relationship between the amount of total energy require-
ment and the volume of coagulated necrosis or the energy require-
ment for inducing per unit volume of coagulated necrosis in PEI-RFA.
PEI-RFA was performed on 60 patients with HCC. The ablation was
done by using the Cool-tip RF system. The amount of total energy
requirement positively correlated with the volume of coagulated ne-
crosis (r = 0.47, P = 0.0013), whereas no significant correlation was
admitted between the total amount of energy requirement and the
energy requirement for inducing per unit volume of coagulated necro-
sis (r = 0.35, P = 0.13) in PEI-RFA.
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Figure 4 Two cases with large-sized HCC treated with PEI-RFA are shown. Contrast-enhanced CT before (A: delay phase, C: early vascular
phase) and after (B: delay phase, D: delay phase) PEI-RFA. Massive HCCs of 5 cm in the longest diameter were located in the right lobe of the
liver in both cases. In the first case (A and B), RFA was started at 30 W and the power output was increased stepwise to 100 W every two min
and the ablation was performed for 20 min. In the second case (C and D), because the tumor was located close by blood vessel such as inferior
vena cava, portal tract and aorta, it was likely to be difficult to treat with RFA under high power control. After injecting 19 mL of ethanol into
the tumor, one session of RFA was performed at 30 W for 12 min. The massive tumor was completely eliminated by PEI-RFA.

Figure 5 Two cases with small-sized HCCs treated with PEI-RFA under low power output control are shown. Contrast-enhanced CT before (A,
C) and after (B, D) PEI-RFA. Small HCCs of 1.5 cm in the longest diameter were located in the S8 region of the liver in both cases. In both cases,
RFA was performed at 40 W for 5 min. Though the ablation was performed at relatively low power output for short duration, the coagulated
necrosis larger than 2.5 cm was induced after the treatment.

these characteristic points are shown in Figures 4, 5. The of ethanol homogeneously into the tumor. The RFA
large-sized HCCs (5 cm in diameter) of the first and second electrode was reinserted into the tumor and the RFA was
cases were located in 87 (Figure 4A) and S1 regions performed for further 10 min. Contrast-enhanced CT after
(Figure 4C) respectively. In the first case, RFA was the treatment showed the achievement of coagulated

performed at 30-100 W for 10 min after injecting 10 mL necrosis of 8 cm in diameter and the ablated region covered
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the entire region of the tumor including the safety margin
(Figure 4B). In the second case, contrast-enhanced CT
showed the enhancement in the early vascular phase of
dynamic CT (Figure 4C). It was likely to be difficult to treat
with RFA under high power output, because the tumor was
surrounded by inferior vena cava, portal tract and aorta.
Thetefore, PEI-RFA under a relatively low power output
after injecting high amount of ethanol was chosen as a
treatment modality. After injecting 19 mL of ethanol into
the tumor, one session of RFA was petformed at 30 W for
12 min. Contrast-enhanced CT after the treatment showed
that the ablated region reached the most of the entire region
of the tumor in this case as well (Figure 4D).

The HCCs of the third and fourth cases are located in
S8 (Figure 5A) and S6 (Figure 5C) respectively and the size
of both HCCs was 1.5 cm in diameter. To obtain over 0.5 cm
of the safety margin area from the edge of the tumor, the
coagulated necrosis wider than 2.5 cm in diameter was
required for the ablation. In both cases, after injecting 2 mL
of ethanol into the tumors, RFA was performed at 40 W
for 5 min. Although RFA was performed under a relatively
low power output and for a short time period, dynamic
CT after PEI-RFA in both cases indicated the induction
of coagulated necrosis larger than 2.5 cm in diameter
(Figure 5B, D). In the third case, the energy requirement
for coagulation of per unit volume was an extremely low
level of 1244 (J/cm?), a half-value of the mean in PEI-RFA
group as shown in the Table 2.

DISCUSSION

RFA is a promising technique for local control of liver
malignancy such as primary hepatocellular carcinomal***4
and metastatic liver cancers™. This technique has become
the main stream of the treatment of non-surgical treatment
modalities in clinical settings?l. In contrast to its efficacy,
the region of coagulated necrosis induced by RFA is still
limited and tumors within 3 cm in diameter are thought to
be the good application sites of RFA therapy. Underestimated
complication was sometimes observed after RFA treatment.
To enhance the therapeutic effect of RFA, several treatment
modalities have been applied as additional treatments on
local treatment. It has been reported that combined use of
transcatheter arterial chemoembolization or saline injection
therapy with RFA enhanced the extent of induced
coagulation'*1"2*?" Recently, Pawlik e 2/ have reported
that resection combined with RFA provides a surgical option
to a group of patients with untesectable liver metastases®.
As one of the optional combination therapies, we have shown
that the injection of ethanol prior to RFA markedly increased
the induced coagulated necrosis in human!"*'” and bovine
livers®. In the present study, we further evaluated the
usefulness of PEI-RFA using the system equipped with a
cool-tip type electrode, instead of the system with an
expandable type electrode. Especially, the characteristics of
PEI-RFA were assessed from the standpoint of energy
requirement for inducing the coagulated necrosis and the
amount of ethanol injected. In our previous manuscript,
we have shown that the longest and the shortest diameters
as well as the height of the coagulated necrosis areas, and

the coagulated volume evaluated by dynamic contrast-
enhanced CT scan were significantly larger in cases treated
with PEI-RFA than in those treated with RFA alone using
the system equipped with an expandable type of electrode
(RITA-500PA)I™®. Similar enhancing effects of ethanol
injection were observed in the present study using the Cool-tip
RF system. The volume of coagulated necrosis in PEI-RFA
was approximately four times larger than that in RFA alone
in the Cool-tip RF system. This degree of enhancement of
coagulated necrosis area was quite similar to that detected
in the system with the expandable type of electrode in our
previous manuscript™®. These results suggest that injection
of ethanol prior to RFA therapy may equally enhance the
volume of coagulated necrosis in 3 dimensions to the same
extent regardless of types of RFA instruments.

More importantly and interestingly, it should be noted
that the volume and diameters of coagulated nectrosis were
significantly larger in PEI-RFA than in RFA alone, although
the amount of total energy requirement was comparable
between groups. Thus, the energy requirement for
coagulation of per unit volume was significantly lower in
PEI-RFA than in RFA alone. The degree of enhancement
of coagulated necrosis was higher between the groups
classified according to the amount of injected ethanol than
between those classified according to the amount of total
energy requirement. The former was 2.6-times enhancement
and the latter was 1.8 times. Furthermore, the volume of
coagulated necrosis showed a stronger correlation with the
amount of ethanol injected than the total energy requirement
(r=0.71 vs 0.47) respectively. While the amount of injected
ethanol, negatively correlated with the energy requirement
for coagulation of per unit volume, the total required energy
did not show negative correlation with the energy
requirement for coagulation of per unit volume. Taken
together, these results cleatly indicate that smaller energy is
required in PEI-RFA to induce comparable coagulated
necrosis to RFA alone, and the use of ethanol injection
prior to RFA is likely to alter the RFA therapy to a milder
one for the treatment of patients with HCC. These results
may be one of the explanations that PEI-RFA is able to
induce wider coagulated necrosis compared to RFA alone
under the same power output condition.

Although it is possible to say that RFA is less invasive
compared to surgical treatment, we have experienced some
patients whose liver function tests declined after RFA
treatment. Furthermore, RFA treatment has sometimes been
obliged to be ceased due to the pain complained by patients
during the treatment™. Therefore, it is very important to
develop less invasive treatments than those currently used.
It is needless to say that less invasive and more effective
treatment is desirable for local control of HCC in patients
treated with RFA.

When thinking of the medical treatment, it should be
important to take both efficacy and the adverse reactions
into consideration. In this regard, PEI-RFA is thought to be
a less invasive and more effective treatment modality for
local control of hepatic malignancies than RFA alone. PEI-
RFA is expected to conttibute to the local treatment of patients
with hepatic malignancy from the standpoint of not only the
effectiveness but also the reduction of adverse events.
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