
Abstract. Radiofrequency ablation (RFA) is a new local
therapy for hepatocellular carcinoma (HCC). In this study,
we investigated the risk factors associated with local recur-
rence of HCC after single-session RFA with a single electrode
insertion. From April 2003 to December 2007, we treated 138
HCC lesions by single-session RFA with a single electrode
insertion using the Cool-tip RFA, RTC 2000 and RTC 3000
Systems. Risk factors for the local recurrence of these lesions
and complications after RFA were analyzed. The mean size of
the 138 lesions was 16.9±5.4 mm in diameter (range 7-33 mm).
Local recurrence rates were 6.6 and 22.0% at 1 and 2 years,
respectively, during the mean follow-up period of 16.4 months.
Univariate analysis showed that tumor diameter (≥20 mm),
tumor location, pre-treatment AFP-L3 fraction level and abla-
tion pattern were significant variables. Multivariate analysis
of these four variables identified only the tumor diameter as
an independent risk factor for local recurrence. Complications
occurred in 2.2% of the lesions (3/138). Single-session RFA
is an effective treatment for HCC in that it reduces serious
complications. This study demonstrated that a tumor size
≥20 mm influenced the local recurrence of single-session
RFA with a single electrode insertion.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide and occurs in association with liver cir-
rhosis. Surgical resection has been found to be a very effective
treatment for the prevention of the local recurrence of HCC.
However, in most patients with HCC, surgical resection is

limited by liver dysfunction caused by liver cirrhosis. Thus,
minimally invasive approaches, which are effective and
repeatable, are desirable for most patients with HCC.

Local therapies for HCC, such as percutaneous ethanol
injection therapy (PEIT) (1), percutaneous microwave
coagulation therapy (PMCT) (2) and percutaneous radio-
frequency ablation therapy (RFA), appear to be beneficial
mainly for treating solitary small HCC (3,4). RFA for HCC
is capable of ablating a wide area in a single session, and is
therefore considered to require fewer sessions for more
effective local control compared to PEIT and PMCT. Recently,
RFA has emerged as an alternative to PEIT and PMCT. RFA is
less invasive than surgical resection, and reportedly produces
results comparable to those of radical surgical resection,
particularly in patients with a tumor diameter less than 30 mm
(5). Consequently, RFA has recently been evaluated regarding
its efficacy (1,6,7).

It is known that HCC occurs multicentrically and frequently
metastasizes intrahepatically. The reported 1-, 2- and 3-year
local recurrence rates of HCC after RFA are 1.3-24, 2.4-36.4
and 2.4-46.6%, respectively (6,8-16). To achieve better
therapeutic effects, it is important to sufficiently control local
recurrence after RFA, and the analysis of factors involved in
local recurrence is essential. Further multiple-session RFA
has been reported to increase the incidence of complications,
such as bleeding and tumor seeding, and to promote the rapid
progression of HCC (17,18). Therefore, we attempted to
perform single-session RFA with a single electrode insertion.
Here, we report the evaluation of single-session RFA based on
local recurrence rates, factors associated with local recurrence
and complications in patients who had previously undergone
RFA in our hospital.

Subjects and methods

From among 118 HCC patients who had undergone RFA at our
hospital between April 2003 and December 2007, 138 lesions,
excluding local recurrent lesions which had undergone single-
session RFA, were included. The RFA systems used were the
Csool-tip RFA System (Covidien, Boulder, CO, USA) and
the RTC 2000 and 3000 Systems (Boston Scientific Inc.,
Natick, MA, USA). All patients underwent ultrasound (US)-
guided RFA. For lesions that were immediately in the
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vicinity of a subcapsular location or diaphragmatic dome,
making them difficult to visualize by US, artificial pleural or
ascitic fluid (500-1,000 ml of 5% glucose solution) was used
to facilitate their visualization.

The Cool-tip RFA System and RTC 2000 and 3000
Systems were employed to ablate 93 and 45 lesions, respec-
tively. RFA was performed using different needle electrodes as
follows: i) the Cool-tip RFA System was used with a 17-gauge
cooled-tip electrode with a 20-mm exposed tip. Initial power
output was 40 W. This was then increased by 10 W every
minute to a maximum of 60 W, and RF energy delivery was
conducted three times until impedance increased beyond the
limit of the generator. ii) The RTC 2000 and 3000 Systems
were used with a LeVeen needle outer 15-gauge electrode. The
maximum dimension was 30 and 35 mm on full expansion.
The electrode was slightly expanded at the base of the tumor
according to its size, and initial power output was 30-40 W.
This was then increased by 10 W every minute until reaching
the maximum suitable for the diameter of the needle expansion,
and then maintained until roll-off occurred. Subsequently, the
needle electrode was fully expanded and initial power output
was set to 40 W. This was increased by 10 W every minute
until power output reached 90-120 W. Power was then main-
tained until roll-off occurred. After a 30-sec pause, power was
reapplied at 70% of the maximum output achieved until power
roll-off again occurred. If the area of necrosis was insufficient,
the needle electrode was moved 5-10 mm upward under US
monitoring, and ablation was repeated (stepwise expansion
technique).

Therapeutic effect was assessed by contrast-enhanced CT
(CE-CT) of the abdomen 3-5 days after RFA. The ablated
area was considered adequate if the pre-treatment tumor
enhancement disappeared completely in the early phase and
the ablated area circumferentially exceeded the border between
the pre-treatment tumor margin and non-tumor area in the
portal-dominant phase. The ablation pattern was defined
according to the degree of ablation achieved as follows: R1,
ablative margin is 5 mm or wider all around the tumor; R2,
ablative margin is formed all around the tumor, but is <5-mm
wide in some places; and R3, a complete ablative margin is
not formed, although no residual tumor is apparent (Fig .1).

Follow-up was carried out every 3-4 months after RFA
using CE-CT and US. When HCC was identified within or in
contact with the ablated area during the follow-up period after
RFA, it was considered to be local recurrence.

The following 11 variables were analyzed in terms of their
association with local recurrence: age (≥65 vs. <65 years),
background liver [chronic hepatitis (CH) vs. liver cirrhosis
(LC)], etiology (HBV vs. HCV vs. non-B non-C virus), Child-
Pugh classification (A vs. B or C), tumor diameter (≥20 vs.
<20 mm), tumor location (subcapsular vs. non-subcapsular),
pre-treatment AFP level (≥20 vs. <20 ng/ml), pre-treatment
AFP-L3 fraction level (≥10 vs. <10%), pre-treatment PIVKA
II level (≥40 vs. <40 mAU/ml), presence or absence of initial
treatment, and ablation pattern (R1 vs. R2 vs. R3). The local
recurrence rate for each variable was computed by Kaplan-
Meier estimates. For each variable analyzed, differences in the
curves were tested with the log-rank test. Parameters assessed
before treatment that proved to be significant on univariate
analysis were tested by the multivariate Cox's proportional

hazards model. P-values <0.05 were considered to be statis-
tically significant.

Adverse events, such as prolonged hospitalization after
RFA, were considered to be complications.

This study was approved by the ethics committee of Toho
University Medical Center, Omori Hospital, Tokyo, Japan.

Results

The subjects consisted of 86 men (102 lesions) and 32 women
(36 lesions) with a mean age of 68.2±8.3. Patients aged ≥65
years or <65 years with 92 and 46 lesions, respectively,
underwent RFA. The background liver showed LC and CH
in 120 and 18 lesions, respectively. The etiology was HBV,
HCV, and non-B non-C virus in 13, 111 and 14 lesions, respec-
tively. In LC patients, the Child-Pugh classification was A in
88 and B or C in 32 lesions, respectively. Of the 138 lesions,
43 were initially treated for HCC (Table I).

Local recurrence rates were 6.6% at 1 year and 22.0% at
2 years during the mean follow-up period of 16.4 months
(Fig. 2).

The mean tumor diameter was 19.8±6.5 and 16.2±4.8 mm
in the local and non-local recurrence groups, respectively.
Forty-one and 97 lesions were ≥20 and <20 mm in diameter,
respectively. Univariate analysis of variance showed a
significant difference (P<0.0001) between tumor diameters
≥20 and <20 mm. 

There was a significant difference (P<0.0001) between
tumor locations (subcapsular in 44 lesions vs. non-subcapsular
in 94 lesions).

The mean pre-treatment AFP level was 50.5±60.8 ng/ml
in the local recurrence group and 51.8±171.1 ng/ml in the
non-local recurrence group, and the pre-treatment AFP level
was ≥20 ng/ml in 55 lesions and <20 ng/ml in 83 lesions. The
mean pre-treatment AFP-L3 fraction level was 12.1±15.3%
in the local recurrence group and 7.5±12.2% in the non-local
recurrence group, and the pre-treatment AFP-L3 fraction level
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Figure 1. The radicality of radiofrequency ablation (RFA) was classified into
3 grades (R1, R2 and R3) according to the extent of the ablated area around
the tumor for use in assessing therapeutic effect.



was ≥10% in 30 lesions and <10% in 108 lesions. The mean
pre-treatment PIVKA II level was 279.4±1134.0 mAU/ml in
the local recurrence group and 44.6±69.5 mAU/ml in the non-
local recurrence group. The pre-treatment PIVKA II level was
≥40 mAU/ml in 34 lesions and <40 mAU/ml in 102 lesions,
and was not measured in 2 lesions. The PIVKA II level tended
to be markedly elevated in the local recurrence group, but
univariate analysis only showed a significant difference
(P=0.0028) between pre-treatment AFP-L3 fraction levels ≥10
and <10%.

Seventy-eight, 38 and 22 lesions showed the R1, R2, and
R3 ablation patterns, respectively. A significant difference
(P=0.018) was noted between the R1 and R3 ablation patterns.

Univariate analysis showed that, among the 11 variables,
tumor diameter, tumor location, pre-treatment AFP-L3 fraction
level and ablation pattern were significant variables (Table II).
Multivariate analysis of these four variables identified only
the tumor diameter as an independent risk factor for local
recurrence (Table III).

Patient complications occurred in 2.2% (3/138) of all
lesions: bleeding, pleural effusion, and intestinal obstruction
in one case each. The treatments for these complications
were an embolization, a pleural fluid drainage and a tube
decompression, respectively. The post-treatment course was
uneventful in all patients who were discharged after their
hospital stay was prolonged by 2-3 weeks.

Discussion

RFA, first reported in 1993 by Rossi et al (19), was considered
a simple low-invasive and highly effective treatment modality,
and has gained popularity as a medical therapy option for HCC
in recent years (20,21). We previously reported that multiple-
session RFA increased the risk of tumor seeding (22).
Additionally, Livraghi et al (23) reported that a high number
of sessions was associated with an increased incidence of
serious complications, such as bleeding and tumor seeding.
Seki et al (18) noted that multiple-session RFA promoted the
rapid progression of HCC after RFA. Although there is no
clear evidence of the rapid progression of HCC in patients
undergoing multiple-session RFA, the possibility of tumor cell
seeding cannot be excluded. To reduce these complications
and rapid progression, we attempted to perform single-session
RFA with a single electrode insertion using the Cool-tip
RFA, RTC 2000 and RTC 3000 Systems.

The reported rates of local recurrence after RFA vary
from one center to another depending on different RFA
methods, including needle electrodes and generator operation
methods, evaluation methods for therapeutic efficacy and
follow-up methods. One- and 2-year recurrence rates of 1.3-24
and 2.4-36.4%, respectively, have been reported (6,8-16).
According to reports from various centers, the 1- and 2-year
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Table I. Clinical background of the patients.
–––––––––––––––––––––––––––––––––––––––––––––––––
Variable
–––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 68.2±8.3 (range 42-86)

Gender
Male 102 (74%)
Female 36 (26%)

Background of liver
LC 120 (87%)
CH 18 (13%)

Etiology
HBV 13 (9.4%)
HCV 111 (80.5%)
Other 14 (10.1%)

Child-Pugh in LC patients
A 88 (73%)
B or C 32 (27%)

Tumor diameter (mm) 16.9±5.4 (range 7.0-33.0)

First therapy for HCC 43 (31%)

AFP (ng/ml) 51.5±155.0 (range 1.4-1630.0)

AFP-L3 (%) 8.5±13.0 (range 0-65) 

PIVKA II (mAU/ml) 91.2±510.4 (range 6.0-5930.0)

Tumor location
Subcapsular 44 (32%)
Non-subcapsular 94 (68%)

Kind of electrodes
Cool-tip 93 (67%)
LeVeen 45 (33%)

Ablation pattern
R1 78 (57%) 
R2 38 (27%)
R3 22 (16%)

–––––––––––––––––––––––––––––––––––––––––––––––––
LC, liver cirrhosis; CH, chronic hepatitis; HBV/HCV, hepatitis B/C
virus; HCC, hepatocellular carcinoma. No. of tumors 138. Data are
expressed as the mean (range).
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. The local recurrence rate of hepatocellular carcinoma (HCC) after
single-session RFA. The local recurrence rates were 6.6% at 1 year and
22.0% at 2 years.



rates of local recurrence after single-session RFA for tumors
with mean diameters of 21.5-30 mm were 9-24 and 10-29%,
respectively (8-11), and the 1- and 2-year rates of local
recurrence after multiple-session RFA for tumors with mean
diameters of 16-28 mm were 1.3-23.6 and 2.4-36.4%,
respectively (6,12-16), exhibiting no obvious differences in
association with the number of sessions. The 1- and 2-year
rates of local recurrence after single-session RFA in our
hospital were 6.6 and 22.0%, respectively, which were in the
previously-reported range. Vincent et al (10) reported the 1-
and 2-year rates of local recurrence after single-session RFA
using a cool-tip electrode with a 30-mm exposed tip to be 9

and 10%, respectively. Thus, the 2-year recurrence rate was
lower than that in this study. This is probably because they
used different approaches for RFA as needed, depending on
the location and number of tumors, and included patients
who had undergone laparoscopic or open RFA in their study.
Komorizono et al (8) reported the 12- and 15-month cumu-
lative local recurrence-free intervals after single-session RFA
using a cool-tip electrode and LeVeen needle electrode to be 76
and 74%, respectively. In their study, lesions that underwent
transcatheter arterial chemoembolization (TACE) prior to RFA
were included. Thus, some centers perform laparoscopic or
open RFA depending on tumor location and TACE prior to
RFA for hypervascular HCC. However, since patients with
chronic liver disease, particularly LC, frequently have liver
dysfunction, RFA under general anesthesia appears invasive.
To minimize invasiveness, we make a point of performing
single-session RFA with a single electrode insertion. In this
study, local recurrence is defined as a case in which HCC was
identified within or in contact with the ablated area during the
follow-up period after RFA. Tumors smaller as well as larger
than 25 mm are reportedly accompanied by satellite lesions
(9,24), which can be misdiagnosed as local recurrence. The
differences in the definition of local recurrence among centers
appear to be the cause of the variation in the local recurrence
rate.

A tumor diameter greater than 20 mm, a subcapsular
tumor and an ablative margin less than 5 mm have previously
been reported as risk factors for local recurrence (1,8-10,
13,14,16,25). A number of studies have reported that larger
tumors are associated with a higher rate of local recurrence
(8-10,12,14). We also identified a tumor diameter of 20 mm
or more as a significant independent factor contributing to
local recurrence. 

SHIOZAWA et al:  LOCAL RECURRENCE OF HCC AFTER SINGLE-SESSION RFA92

Table II. Univariate analysis for factors contributing to local recurrence.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Variables Number of lesions P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) ≥65 (92) vs. <65 (46) 0.9090

Background of liver LC (120) vs. CH (18) 0.6970

Etiology HBV (13) vs. HCV (111) 0.3990
HBV (13) vs. Other (14) 0.3730
HCV (111) vs. Other (14) 0.2270

Child-Pugh A (88) vs. B or C (32) 0.0660

First therapy for HCC Yes (43) vs. No (95) 0.6840

Tumor diameter (mm) ≥20 (41) vs. <20 (97) <0.0001a

AFP (ng/ml) ≥20 (55) vs. <20 (83) 0.9570

AFP-L3 (%) ≥10 (30) vs. <10 (108) 0.0028a

PIVKA II (mAU/ml) ≥40 (34) vs. <40 (102) 0.2990

Tumor location Subcapsular (44) vs. Non-subcapsular (94) <0.0001a

Ablative margin R1 (78) vs. R2 (38) 0.1210
R1 (78) vs. R3 (22) 0.0180a

R2 (38) vs. R3 (22) 0.2550
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aIndicates statistical significance.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Multivariate analysis for factors independently
contributing to local recurrence.
–––––––––––––––––––––––––––––––––––––––––––––––––
Variables P-value Hazard ratio (95% CI)
–––––––––––––––––––––––––––––––––––––––––––––––––
Tumor diameter (mm)
≥20 vs. <20 0.041a 0.621 (0.392-0.982)

AFP-L3 (%)
≥10 vs. <10 0.092 0.666 (0.414-1.069)

Tumor location
Subcapsular vs. 0.810 1.051 (0.701-1.573)
non-subcapsular

Ablative margin
R1 vs. R3 0.120 0.731 (0.491-1.088)

–––––––––––––––––––––––––––––––––––––––––––––––––
aIndicates statistical significance.
––––––––––––––––––––––––––––––––––––––––––––––––––––––



In general, single-session RFA is considered to acheive a
maximum ablated area 30 mm in diameter (26); however, Hori
et al (9) reported that the maximum ablated area obtained by
single-session RFA using RITA model 30 was 25.5 mm in
diameter. Rossi et al (4) reported the maximum diameter of
the ablated area to be 25 mm by single-session RFA using a
single-needle electrode. It was reported that the ablated area
produced by RFA conformed to the size of the tumor and was
smaller than expected in the surrounding cirrhotic tissue (27).
Therefore, the greatest short-axis dimension of the ablated
area was less than 30 mm in diameter. A number of studies
have recommended an ablative margin of at least 5 mm in
RFA (13,28). Considering that the ablative margin of RFA is
wider than 5 mm based on these reports, a sufficient ablated
area may not be achieved in a single session for tumors larger
than 20 mm in diameter. Hori et al (9) reported that the rate of
local recurrence after single-session RFA using RITA model
30 differed markedly depending on whether the tumor was
smaller or larger than 25 mm in diameter; in patients with
tumors smaller than 25 mm in diameter, the 1-, 2- and 3-year
local recurrence rates were 4.0, 8.0 and 14.6%, respectively,
whereas in those with tumors larger than 25 mm in diameter,
the 1-, 2- and 3-year local recurrence rates were 21.1, 32.3 and
over 50%, respectively. Since the possibility of the presence
of satellite lesions around tumors larger than 25 mm is high,
we consider a tumor size less than 20 mm in diameter to be
the best indicator for single-session RFA without concomitant
TACE. In this study, needle electrodes for which the maximum
dimension was 30 and 35 mm on full expansion were also
used, and wide ablated areas were achieved. However, since
single-session RFA using such needle electrodes targets large
tumors, treatment, including that of satellite lesions, was
considered insufficient. Thus, large tumors should be carefully
treated by a combination of RFA with TACE, for example, in
consideration of satellite lesions.

A few studies have reported that the presence of subcap-
sular tumors is associated with a high rate of local recurrence
after RFA (8,9). This is because subcapsular lesions are
difficult to visualize by US, the intercostal insertion of a needle
electrode is difficult, the expansion of an expandable needle
electrode is prone to be insufficient and an adequate ablative
margin is difficult to secure. On the other hand, another study
reported conflicting results; no significant difference was
found in the local recurrence rate between subcapsular and
non-subcapsular lesions (11). The non-subcapsular lesion
was a significant factor for local tumor recurrence in this
study. Tumors near the blood vessel are considered to be
easily influenced by the cooling effect of blood flow, leading
to inadequate ablative margins (12). In particular, lesions
located near the second or third branches of the portal vein, a
central lesion, are difficult to treat by RFA because of the
cooling effect of hepatic blood flow (29-31). Therefore, non-
subcapsular lesions seem to be more subject to the vascular
cooling effect. Furthermore, we sometimes encounter cases
in which the RFA needle electrode cannot be advanced in the
desired direction, but is erroneously inserted in the cranial or
caudal direction. This is probably because the firm fibrotic
liver parenchyma in patients with chronic liver disease,
particularly LC, resists the insertion of the needle electrode.
Thus, when performing single-session RFA, it seems easier

to insert a needle electrode into the center of subcapsular than
into non-subcapsular deeper lesions to obtain an adequate
circumferential ablative margin. Moreover, in cases where it
was difficult to visualize subcapsular lesions by US, artificial
pleural or ascitic fluid was used to ensure their detection,
thereby additionally enabling the safe effective RFA of
subcapsular lesions.

Okusaka et al (24) reported that surgical specimens of
HCC less than 30 mm in diameter contained small satellite
lesions 5-10 mm away from the main tumor; therefore, it is
necessary to assess whether a 5-mm ablative margin is
sufficient or not. However, since many HCC patients have
underlying LC and liver dysfunction, the expansion of the
ablated area by more than is necessary may further impair
liver function. In this study, we noted a significant difference
between the R1 and R3 ablation patterns; i.e., there was no
difference between the groups in which an ablative margin
greater or less than 5 mm was obtained around the tumor, in
disagreement with previous reports. In general, CE-CT and
gadolinium-enhanced MRI (Gd-MRI) were the most fre-
quently used modalities and are regarded as the gold standard
for assessing the efficacy of RFA. However, complete ablation
on CE-CT and CE-MRI after RFA did not always reflect
complete necrosis of the tumors on pathologic examination,
particularly at the margin of the ablated area. Moreover,
evaluation of therapeutic efficacy is influenced by wishful
thinking. As a result, evaluation of complete ablation report-
edly varies with the center (10). Therefore, the finding that
there was no difference between R1 and R2 ablation patterns
suggests that the actual observed image of the ablated area
does not coincide with complete necrosis on pathologic
examination, and that CE-CT does not accurately display the
ablated area when the therapeutic effect of RFA is evaluated.
It is important to perform careful follow-up using modalities
including Gd-MRI and contrast-enhanced US (CE-US) as well
as CE-CT, and to perform RFA to achieve an ablated area
suitable for the tumor while preserving liver function.

Various centers have reported that complications due to
RFA occur in 4.7-12% of cases (13,32-34). In the present
study, serious RFA-associated complications requiring
prolonged patient hospitalization occurred for three (2.2%) of
the 138 lesions, which was slightly less frequent than reported
previously (13,32-34). Although bleeding, pleural effusion, and
intestinal obstruction occurred in one case each, the post-treat-
ment course of each complication was uneventful, probably
because of safe and successful treatment with single-session
RFA without serious complications. A previous study reported
that there was no significant difference in prognosis between
patients with and without local recurrence after RFA if
adequately treated (10), suggesting that it is important to
perform safe RFA with few complications instead of aiming
to achieve complete ablation by multiple-session RFA.

Although, in this retrospective study, a number of rel-
atively small HCCs were treated by single-session RFA and
the post-RFA follow-up period was short, this is the first study
to evaluate the factors associated with local recurrence and
complications with single-session RFA with a single electrode
insertion for HCC using the Cool-tip RFA System and the
RTC 2000 and 3000 Systems without laparoscopic RFA, open
RFA and the combination of RFA with TACE. Since HCC
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patients frequently have liver dysfunction, it is important to
perform appropriate RFA for the tumor diameter while
preserving liver function, making single-session RFA with a
single electrode insertion a good treatment option. Further
follow-up of these patients, including the prognostic outcome
and a comparison with patients undergoing multiple-session
RFA, will clearly indicate the efficacy of single-session RFA.

In conclusion, single-session RFA is an effective treatment
for HCC in that it reduces serious complications. A tumor
diameter greater than 20 mm was identified as a significant
factor for local tumor recurrence. The use of artificial pleural
or ascitic fluid facilitated the effective treatment of subcapsular
lesions as well. Needle electrodes applicable for larger tumors
are available for the creation of large ablated areas; however,
therapeutic effect cannot necessarily be assessed correctly
through imaging. The presence of satellite lesions, for example
larger-diameter tumors, should be treated skillfully using a
combination of RFA and TACE.
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