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Abstract. Some hepatocellular carcinoma (HCC) nodules are 
detectable with dynamic computed tomography, but not by con-
ventional B-mode ultrasonography (US). Contrast-enhanced 
US (CEUS) with Sonazoid, a new injectable contrast agent, has 
been used in Japan since January 2007. The primary advantage 
of this agent is the ability to maintain observations continu-
ously in the Kupffer phase. We assessed the clinical role of 
CEUS with Sonazoid for radiofrequency ablation (RFA). From 
January 2005 to December 2008, 1142 patients were treated 
with surgical resection, RFA, percutaneous ethanol injection or 
transcatheter arterial chemoembolization, following the exclu-
sion of those patients treated with chemotherapy or supportive 
care. The patients included in the study were divided into the 
pre-CEUS (n=451, 2005 and 2006) and post-CEUS (n=691, 
2007 and 2008) groups. Clinical background (e.g., etiology, 
Child-Pugh classification, tumor node metastasis stage, per-
centage of patients matched with Milan criteria and selected 
therapies) was compared between the two groups. In addition, 
naïve cases were compared between the groups. There were 
130 naïve HCC cases in the pre-CEUS group and 171 in the 
post-CEUS group. Although there were no significant differ-
ences for clinical background, the percentage of RFA cases 
increased from 21 (n=95) to 32% (n=219) and from 32 (n=41) 
to 52% (n=89) for total and naïve subjects, respectively, after 
CEUS was introduced (P<0.01). In naïve cases treated with 
RFA, tumor numbers in the post-CEUS group were larger 
than those of the pre-CEUS group (1.15±0.48 vs. 1.40±0.67; 
P<0.01). CEUS with Sonazoid, therefore, makes it possible 

to perform RFA in a considerable number of HCC cases that  
would otherwise be invisible by conventional B-mode US.

Introduction

Radiofrequency ablation (RFA) is performed worldwide for 
patients with hepatocellular carcinoma (HCC) as a cura-
tive local therapy because of the low rates of morbidity and 
mortality, and the high level of efficacy (1-5). Developments 
in ultrasonography (US) and contrast-enhanced US (CEUS) 
agents for hepatic tumors have enabled the diagnosis of HCC 
in the early stage, as CEUS makes it easier to detect small 
HCC tumors that are invisible to B-mode US.

In January 2007, Sonazoid® (Perflubutane, Daiichi Sankyo 
Co., Ltd., Japan) was approved as a new CEUS agent in Japan 
(6). Hatanaka et al found that this contrast agent has higher 
sensitivity and accuracy for the diagnosis of hepatic malig-
nancy (7). We reported on the diagnostic efficacy of CEUS 
with Sonazoid in cases of HCC which were <2 cm (8). The 
primary characteristic of this agent is the ability to repeat-
edly obtain a continuous enhanced view in the Kupffer phase. 
Numata et al also noted that repeated and continuous scanning 
in the Kupffer phase using CEUS with Sonazoid allowed for 
the easy detection of target lesions during RFA procedures (9). 
Thus, this contrast enhancement agent is considered to have a 
positive effect on therapeutic strategy. However, there are no 
known reports of changes in therapies prior to and following 
the introduction of CEUS with Sonazoid.

In order to evaluate the usefulness of Sonazoid as a treat-
ment of patients with HCC, we investigated the changes in 
therapies for the period before and after its introduction at our 
institution.

Materials and methods

Patients. This study included 1142 patients who were treated 
with surgical resection, RFA, percutaneous ethanol injec-
tion (PEIT) (10) or transcatheter arterial chemoembolization 
(TACE) (11,12) from January 2005 to December 2008 at 
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our institution. Those treated with chemotherapy or sup-
portive care were excluded. Patients were admitted to Ehime 
Prefectural Central Hospital and were treated based on our 
strategy (Fig. 1), which is based on established guidelines for 

the treatment of HCC in Japan (13). HCC diagnosis was based 
on histology, past history of HCC and/or cytological findings, 
or imaging evidence of tumor formation in the liver (with arte-
rial hyper-vascularization) using at least 2 imaging modalities 
[US, dynamic computed tomography (CT), angiography and 
CT angio-portography (CTAP)] (14). Assistance with CEUS 
was considered in cases when the HCC tumors were visible by 
other modalities (e.g., dynamic CT and CTAP) and invisible 
by conventional B-mode US. RFA was performed when the 
target lesions were clearly visible by conventional B-mode US 
or CEUS with Sonazoid.

The patients were divided into 2 groups based on when 
CEUS with Sonazoid was introduced (pre-CEUS group, 
January 2005 to December 2006, n=451; post-CEUS group, 
January 2007 to December 2008, n=691). The results and patient 
backgrounds were compared. In addition, the backgrounds of 
130 naïve cases in the pre-CEUS group were investigated and 
compared to those of 171 naïve cases in the post-CEUS group. 
Clinical features, etiology, Child-Pugh classification (15), 
tumor node metastasis (TNM) stage (16), Japan Integrated 
Staging (JIS) score (17), percentage of patients matched with 
Milan criteria (single lesion ≤5 cm or 2-3 lesions each ≤3 cm) 
(18), and frequencies of each therapeutic modality selected 
(surgical resection, RFA, PEIT or TACE) were analyzed in the 
pre- and post-CEUS groups.

CEUS. Prior to CEUS, the SSD5500 machine(Aloka Co., Ltd., 
Tokyo, Japan), which had no program for CEUS was used to 
perform RFA. Aloka prosound α-10 and EUB7500 (Hitachi 
Medical Corp., Tokyo, Japan) were then introduced in 2007. 

Figure 1. Strategy used at Ehime Prefectural Central Hospital for the treatment 
of patients with HCC matching Milan criteria. For cases shown to be invisible 
by conventional B-mode ultrasonography (US), we performed radiofrequency 
ablation therapy when target lesions were detected by contrast-enhanced US 
with Sonazoid. *Surgical resection is considered, if possible (Milan criteria: 
single lesion ≤5 cm or 2-3 lesions each ≤3 cm).

Figure 2. Representative case of small hepatocellular carcinoma (0.9 cm) in the 6th segment that was visible by dynamic computed tomography (CT) and invis-
ible by conventional B-mode ultrasonography (US). With contrast-enhanced US with Sonazoid, the lesion was enhanced in the arterial phase and continuously 
shown as a defect in the Kupffer phase (white arrows). Radiofrequency ablation was successfully performed using imaging during the Kupffer phase.
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These machines have a program that allows them to perform 
CEUS with Sonazoid. Sonazoid was used as the CEUS agent 
(0.5 ml/body) in all of the examinations. The target lesions 
were scanned following injection in the arterial and Kupffer 
phases. The arterial phase of CEUS imaging was defined 
as that which occurred from 10 to 60 sec after injection of 
Sonazoid, and the Kupffer phase as that occurring 10 min after 
injection (19). Fifteen frames/sec were usually used to scan 
for a low mechanical index (0.2-0.3). A nodule was diagnosed 
as typical HCC when it was shown to be hypervascular in the 
arterial phase, and was revealed to be a defect lesion in the 
Kupffer phase (Fig. 2) by CEUS (20,21). In invisible cases, 

RFA was performed using continuous imaging in the Kupffer 
phase of CEUS.

RFA. Prior to RFA treatment, 15 mg of pentazocine hydro-
chloride and 25 mg of hydroxyzine hydrochloride were 
administered intramuscularly. Local anesthesia was induced 
by 5 ml of 1% lidocaine injected through the skin into the 
peritoneum along a predetermined puncture line. In cases with 
HCCs located near the lung, gallbladder or gastrointestinal 
tract, artificial pleural effusion (22) and artificial ascites were 
used as assistant methods for RFA. Midazolam (Dormicum®, 
Astellas Pharma Inc., Japan) was injected intravenously at the 

Table I. Background and frequency for 1142 patients with HCC.

	 Pre-CEUS group (n=451)	 Post-CEUS group (n=691)	 P-value

Etiology (HCV:HBV:	 355:20:14:62	 534:45:12:100	 0.619
HBV+HCV:nonBnonC)

Child-Pugh class (A:B:C)	 266:169:16	 428:238:25	 0.452

TNM stage (I:II:III:IV)	 75:177:160:39	 123:250:275:43	 0.547

JIS score (0:1:2:3:4:5)	 46:144:142:94:21:4	 84:192:243:146:23:3	 0.414

Milan criteria	 244:207	 349:342	 0.259
(within:without)

Frequency of RFA	 21% (n=95)	   32% (n=219)	 <0.010

RFA with CEUS	 none	 18.7% (41/219)

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HBV, hepatitis B virus; HBV+HCV, double positive for HBV and HCV; nonBnonC, 
double negative for HBV and HCV; TNM stage, tumor node metastasis stage; JIS score, Japan Integrated Staging score; RFA, radiofrequency 
ablation; CEUS, contrast-enhanced ultrasonography with Sonazoid. Milan criteria, single lesion ≤5 cm or 2-3 lesions each ≤3 cm.

Table II. Background and frequency for 301 patients with naïve HCC.

	 Pre-CEUS group (n=130)	 Post-CEUS group (n=171)	 P-value

Etiology (HCV:HBV: 	 88:9:3:30	 125:10:0:36	 0.371
HBV+HCV:nonBnonC)

Child-Pugh class (A:B:C)	 86:41:3	 119:47:5	 0.506

TNM stage (I:II:III:IV)	 27:72:20:11	 40:73:51:7	 0.545

JIS score (0:1:2:3:4:5)	 18:58:37:9:7:1	 30:60:50:28:3:0	 0.584

Milan criteria	 94:36	 119:52	 0.700
(within:without)

Frequency of RFA	 32% (n=41)	   52% (n=89)	 <0.010

RFA with CEUS	 none	 15.7% (14/89)

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HBV, hepatitis B virus; HBV+HCV, double positive for HBV and HCV; nonBnonC, 
double negative for HBV and HCV; TNM stage, tumor node metastasis stage; JIS score, Japan Integrated Staging score; RFA, radiofrequency 
ablation; CEUS, contrast-enhanced ultrasonography with Sonazoid. Milan criteria, single lesion ≤5 cm or 2-3 lesions each ≤3 cm.
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start of ablation (0.1 mg/kg). Most hypervascular nodules were 
subjected to TACE (11,12) with epirubicin-lipiodol emulsion 
and multiporous gelatine particles (Gelpart®, Astellas Pharma 
Inc.) prior to RFA, for which we inserted a 20-cm long 
17-gauge radiofrequency electrode equipped with a 2- or 3-cm 
long exposed metallic tip (Radionics Cool-tip, Burlington, 
MA, USA).

Statistical analysis. Data are expressed as the mean ± standard 
deviation. Statistical analyses were performed using Student's 
t-test for unpaired data and a Mann-Whitney U test as appro-
priate. Statistical analyses were performed using SPSS 16.0J 
(SPSS Japan Inc., Japan). P<0.05 was considered to be statisti-
cally significant.

Results

For the patients studied, there were no significant differences 
in the clinical backgrounds between the groups (Table I). HCC 
patient percentages, with the Milan criteria in the two groups, did 
not show a significant difference. However, the ratio of patients 
treated with RFA increased after CEUS was introduced [pre-
CEUS vs. post-CEUS, 21 (95/451) vs. 32% (219/691); P<0.01]. 
Furthermore, of the patients treated with RFA in the post-CEUS 
group, 18.4% (41/219) received RFA with Sonazoid.

There were 130 naïve HCC patients in the pre-CEUS group 
and 171 in the post-CEUS group, with no significant differences 
in clinical background between the two groups (Table  II). 
Naïve HCC patient percentages with the Milan criteria in the 
two groups were similar. However, the ratio of patients treated 

with RFA increased after CEUS was introduced [pre-CEUS 
vs. post-CEUS, 32 (41/130) vs. 52% (89/171); P<0.01]. During 
the RFA procedure, assistance with CEUS was used in 15.7% 
(14/89) of naïve patients treated with RFA in the post-CEUS 
group. The clinical backgrounds of naïve HCC patients treated 
with RFA in the two groups were not significantly different, 
except for the number of tumors (pre-CEUS vs. post-CEUS, 
1.15±0.48 vs. 1.40±0.67; P<0.01; Table III). In addition, the 
percentage of tumors <1 cm in diameter in naïve patients 
increased after the introduction of CEUS with Sonazoid, 
though the difference was not significant (0 vs. 8%; P=0.097).

Discussion

CEUS with Sonazoid, which is able to provide continuous 
imaging of target lesions in the Kupffer phase, has been 
reported to have a 94.7% rate of sensitivity and 81.8% rate 
of specificity for diagnosing small HCCs (<2 cm), while the 
positive and negative predictive values for those were 94.7 
and 81.8%, respectively (8). Minami et al reported that CEUS 
with Levovist® (Schering, Berlin, Germany) was useful as an 
indicator and guide for RFA (23). However, the combination 
of CEUS with another agent besides Sonazoid does not reveal 
the Kupffer phase continuously, because imaging during that 
phase is performed by bursting microbubbles that accumulate 
in Kupffer cells by sound waves (24). Continuous imaging in 
the Kupffer phase with Sonazoid occurs because the images 
are obtained with vibration rather than bursting microbubbles 
by sound waves, making it easy to observe abnormal areas 
continuously (9). Although RFA guided by CEUS with 

Table III. Clinical features of naïve HCC patients treated with RFA.

	 Pre-CEUS group (n=41)	    Post-CEUS group (n=89)	 P-value

Age (year) 	 71.4±8.3	 69.0±9.2	 0.184

Gender (male:female)	 28:13	 68:21	 0.445

Tumor numbers	  1.15±0.48	 1.40±0.67	 <0.010

Tumor diameter (cm)	 2.15±0.7	 1.96±0.67	 0.848

Number of tumors <1 cm	 none	 7 (8%)	 0.097

AFP (ng/ml)	  84.8±243.8	 124.8±524.8	 0.423

AFP-L3 (%)	  9.3±18.4	   6.5±13.3	 0.168

PIVKA-II (mAU/ml)	 71.1±99.0	   515.5±2224.3	 0.030

Etiology (HCV:HBV:	 30:2:1:8	 75:5:0:9	 0.210
HBV+HCV:nonBnonC)

Child-Pugh class (A:B:C)	 27:14:0	 67:22:0	 0.192

TNM stage (I:II:III:IV)	 17:21:3:0	 37:35:17:0	 0.429

JIS score (0:1:2:3:4:5)	 11:19:11:0:0:0	 30:30:24:5:0:0	 0.850

HCC, hepatocellular carcinoma; RFA, radiofrequency ablation; AFP, α-fetoprotein; AFP-L3, fucosylated AFP; PIVKA-II, protein induced by 
vitamin K absence or antagonist II; HCV, hepatitis C virus; HBV, hepatitis B virus; HBV+HCV, double positive for HBV and HCV; nonBnonC, 
double negative for HBV and HCV; TNM stage, tumor node metastasis stage; JIS score, Japan Integrated Staging score.
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Sonazoid has been reported (9), there are no known reports of 
changes in therapies at any institution prior to and following 
the introduciton of this procedure.

No differences in clinical backgrounds, including the ratio 
of patients with Milan criteria, hepatic reserve function and 
TNM stage were noted between the groups in the present 
study. In contrast, the RFA ratio for 1142 subjects, as well as 
the naïve cases significantly increased after CEUS was intro-
duced. We consider that these differences were attributable to 
continuous imaging in the Kupffer phase with Sonazoid, which 
enabled us to detect invisible HCCs by conventional B-mode 
US. Sonazoid allowed us to confirm that a greater number of 
target lesions were more visible by additional CEUS examina-
tion. As a result, we were able to perform the RFA procedure 
with confidence in the tumor location in those cases.

Livraghi et al reported that the same therapeutic effect 
was obtained after comparing patients, who had undergone 
surgical resection or RFA, with single HCC tumors ≤2.0 cm in 
diameter (25). We previously reported that RFA was safer and 
had a similar effect to surgical resection, though the number 
of patients with liver cirrhosis Child-Pugh B class treated with 
RFA was greater than that of patients treated with surgical 
resection (5). The results encouraged us to select RFA for liver 
cirrhosis patients with HCC. Sonazoid is a powerful agent for 
screening and performing RFA procedures for HCC nodules, 
which can be detected by other modalities such as dynamic 
CT but are difficult to detect by conventional B-mode US.

With the increasing number of small HCCs detectable by 
CEUS with Sonazoid, the number of patients that can poten-
tially be treated with RFA will also increase, indicating that 
curative and low invasive RFA procedures will be performed 
in a larger number of HCC patients in the near future. We 
found that CEUS with Sonazoid allowed for the use of RFA 
for a considerable number of patients with HCCs, which would 
have otherwise been invisible by conventional B-mode US.
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