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Abstract Real-time virtual sonography (RVS) is a diag-

nostic imaging support system, which provides the same

cross-sectional multiplanar reconstruction images as ultra-

sound images on the same monitor screen in real time. The

purpose of this study was to evaluate radiofrequency

ablation (RFA) assisted by RVS and CT for hepatocellular

carcinoma (HCC) undetectable with conventional sonog-

raphy. Subjects were 20 patients with 20 HCC nodules not

detected by conventional sonography but detectable by CT

or MRI. All patients had hepatitis C-induced liver cirrhosis;

there were 13 males and 7 females aged 55–81 years

(mean, 69.3 years). RFA was performed in the CT room,

and the tumor was punctured with the assistance of RVS.

CT was performed immediately after puncture, and abla-

tion was performed after confirming that the needle had

been inserted into the tumor precisely. The mean number

of punctures and success rates of the first puncture were

evaluated. Treatment effects were evaluated with dynamic

CT every 3 months after RFA. RFA was technically fea-

sible and local tumor control was achieved in all patients.

The mean number of punctures was 1.1, and the success

rate of the first puncture was 90.0%. This method enabled

safe ablation without complications. The mean follow-up

period was 13.5 month (range, 9–18 months). No local

recurrence was observed at the follow-up points. In con-

clusion, RFA assisted by RVS and CT is a safe and

efficacious method of treatment for HCC undetectable by

conventional sonography.
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Introduction

Percutaneous ethanol injection and radiofrequency ablation

(RFA) have been widely performed as a method of local

treatment for hepatocellular carcinoma (HCC) [1–4]. We

have generally used B-mode sonography (conventional

sonography) to detect and display HCC for percutaneous

ethanol injection and RFA treatment. When the tumor is

located below the diaphragm or deep within the liver, the

target lesion for RFA is often obscure on conventional

sonography. In addition, smaller lesions such as well-dif-

ferentiated HCCs cannot be detected clearly on

conventional sonography, and determination of residual

viable portions of HCC after transcatheter arterial chemo-

embolization (TACE) and RFA is often difficult on

conventional sonography.

Recent advances in CT and MRI have enabled the

synthesis of high-quality multiplanar reconstruction

(MPR) images. Real-time virtual sonography (RVS; Hit-

achi Medical, Tokyo) is a diagnostic imaging support

system which can synchronize with B-mode ultrasound

images. RVS provides the same cross-sectional MPR

images as ultrasound images on the same monitor screen
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in real time, using DICOM (Digital Imaging and Com-

munication in Medicine) volume data from CT or MRI [5,

6]. The position of the sonographic probe is detected

using a magnetic sensor, high-speed processing of DI-

COM volume data is performed using the sonographic

apparatus, and MPR images on the same section as

ultrasound images can be displayed in real time. The

effectiveness of RVS has been reported by Hirooka et al.

[5], and it was reported that RVS-guided RFA treatment

could achieve better treatment efficacy for HCC [7–10].

We also expect that RFA assisted by RVS and CT can

improve treatment efficacy for HCC which is not identi-

fied by B-mode sonography.

In the present study, we evaluated the safety and use-

fulness of RFA assisted by RVS and CT for HCC

undetectable by conventional sonography.

Subjects and Methods

Patients

From August 2005 to September 2006, 20 patients with 20

HCC nodules, consisting of 13 males and 7 females aged

55–81 years (mean, 69.3 years), were enrolled in this study

(Table 1). These nodules could not be visualized on con-

ventional sonography but were detected by intravenous

contrast-enhanced CT or MRI. All patients had hepatitis C-

induced liver cirrhosis (Child-Pugh A, 14; Child-Pugh B,

6) and high levels of tumor markers (a-fetoprotein [AFP]

or protein induced by vitamin K absence II [PIVKA-II]).

HCC was diagnosed using imaging analysis, including

dynamic CT or MRI with an intravenous bolus injection of

contrast material, angiography, CT hepatic arteriography

Table 1 Patient data

No. Gender Age Tumor

location

Tumor

size

(mm)

Child-Pugh

classification

AFP (ng/ml)/

PIVKA-II

(mAU/ml)

Characteristics RVS

reference

image

Needle No. of

punctures

Follow-

up

(mo)

Local

recurrence

1 F 56 S8 29 A 69/21 Post TACE CT Cool-

tip

1 18 (–)

2 M 65 S7 25 A 44/34.1 Without

TACE

CT Leveen 1 18 (–)

3 M 75 S8 24 A 30.4/159 Post TACE CT Cool-

tip

1 18 (–)

4 M 72 S8 27 B 242.3/26 R-HCC MRI Leveen 1 18 (–)

5 M 70 S7 22 A 74.2/38 Post TACE CT Leveen 2 15 (–)

6 M 77 S7 20 B 30.1/14 R-HCC MRI Leveen 1 15 (–)

7 F 74 S8 28 A 161.4/81 Post TACE CT Leveen 1 15 (–)

8 M 74 S7 25 A 15.6/222 Post TACE CT Leveen 1 15 (–)

9 F 78 S8 25 A 10.4/120 Post TACE CT Leveen 1 15 (–)

10 M 65 S4 26 A 229.3/92 Post TACE CT Cool-

tip

1 15 (–)

11 F 78 S5 22 B 41.0/196 Post TACE CT Leveen 1 12 (–)

12 F 74 S8 32 A 74.9/40.1 Without

TACE

Modified

CTHA

Leveen 1 12 (–)

13 M 62 S8 23 A 140.7/43.7 R-HCC MRI Leveen 2 12 (–)

14 M 63 S8 27 B 17.2/60 R-HCC MRI Leveen 1 12 (–)

15 F 56 S7 18 B 14.5/61 Without

TACE

Modified

CTHA

Leveen 1 12 (–)

16 F 81 S4 20 A 25.0/83 Post TACE Modified

CTHA

Leveen 1 12 (–)

17 M 70 S4 28 A 40.9/56 Post TACE CT Leveen 1 9 (–)

18 M 55 S7 23 B 94/22 Post TACE CT Leveen 1 9 (–)

19 M 71 S8 18 A 21.3/46 Without

TACE

Modified

CTHA

Leveen 1 9 (–)

20 M 69 S7 22 A 28.8/64 Without

TACE

Modified

CTHA

Leveen 1 9 (–)

Note: AFP, a-fetoprotein; PIVKA-II, protein induced by vitamin K absence II; TACE, transcatheter arterial chemoembolization; R-HCC,

recurrent hepatocellular carcinoma previously treated with TACE; CTHA, CT hepatic arteriography
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(CTHA), and CT during arterial portography (CTAP). Nine

lesions were located in segment 8, seven in segment 7,

three in segment 4, and one in segment 5. The maximum

diameter of the HCC nodules ranged from 18 to 32 mm

(mean ± SD, 24.2 ± 3.7 mm). Among the 20 patients, 11

had received TACE within 1 week before RFA in this

series. Five patients were treated without prior TACE. Four

nodules were recurrent nodules that developed after pre-

vious TACE. The nature of this study was fully explained

to the patients, and informed consent was obtained from

each of them. This study was performed with approval

from our institutional ethics committee.

We performed TACE by selective introduction of a

microcatheter into the segmental branch of the hepatic

artery and injection of a mixture of anticancer drugs

(mitomycin and farmorbicin; Kyowa Hakko, Tokyo) and

iodized oil (Lipiodol; Bayer Schering Pharma, Osaka,

Japan) followed by small particles of gelatin sponge.

Real-Time Virtual Sonography

The ultrasound device used included an RVS system

(EUB–6500; Hitachi). The RVS system consists of a

transmitter and magnetic sensor which detect the position

of the sonographic probe. The transmitter was fixed to the

CT stage, and a magnetic sensor was applied to the sono-

graphic probe (Fig. 1). RVS provides the same cross-

sectional MPR images as ultrasound images on the same

monitor screen in real time, using DICOM volume data.

Prior to RFA treatment, DICOM volume data from CT or

MRI were loaded on the RVS apparatus. We synchronized

B-mode ultrasound images with MPR images at the best

timing of the inspiration.

Dynamic contrast-enhanced CT and CTHA were per-

formed by 32 multidetector CT scanner (Aquilion 32,

Toshiba Medical Systems Co, Ltd, Tokyo, Japan), and

images reconstructed with a thickness of 1 mm were used

for RVS. Dynamic contrast-enhanced CT consists of the

arterial phase (35-s delay), hepatic portal phase (60-s

delay), and hepatic venous phase (180-s delay), with

intravenous bolus injection of nonionic contrast material

(100 ml of 300 mg I/dl; Iopamiron; Bayer Schering

Pharma, Osaka, Japan) at 3 ml/s. Hepatic venous images

reconstructed with a thickness of 1 mm were used for 11

patients.

Modified CTHA was used for five patients and was

performed for simultaneous depiction of HCC and intra-

hepatic vessels, using two catheters, with dual injection of

contrast material. Nonionic contrast material (Iopamidol,

140 mg I; Daiichi-Sankyo, Tokyo) was injected via the

superior mesenteric artery (SMA) and proper hepatic artery

(PHA). Sixty milliliters of contrast material was injected at

a rate of 3 ml/s via a 4-F catheter placed in the SMA, and

30 ml of contrast material was injected at 2 ml/s via a 4-F

catheter placed in the PHA 20 s after injection via the SMA

(Fig. 2A). Modified CTHA was performed 30 s after the

start of the first injection via the SMA. CT conditions for

modified CTHA were as follows: helical pitch, 21; slice

thickness, 1 mm; and scanning time, *5 s. Prior to con-

trast material injection, 0.1 lg/kg of a vasodilative agent,

PGEI (Taisho-Toyama, Tokyo), was injected into the

SMA. All injections of contrast material were performed

with a power injector (Dual Shot GX; Nemotokyorindo,

Tokyo).

Dynamic gadolinium (Gd)-enhanced MRI was per-

formed with three-dimensional spoiled gradient-echo T1-

weighted MRI (three-dimensional volumetric interpolated

breath-hold examination [3D-VIBE]; Siemens Germany;

TR, 3.36 ms; TE, 1.38 ms; imaging time, 18 s; FOV,

360 9 270; matrix, 256 9 154; flip angle, 20�; band

width, 490; fat sat, on) using a 1.5-T apparatus (Avanto,

Siemens, Germany). Dynamic Gd-enhanced MRI consists

of the arterial phase (25-s delay), hepatic portal phase (50-s

delay), and hepatic venous phase (180-s delay), with

intravenous injection of contrast material (20 ml of

Magnevist [meglumine gadopentetate]; Bayer Schering

Pharma, Osaka, Japan) at 3 ml/s. Arterial phase images

reconstructed with a thickness of 3 mm were used for four

patients with recurrent nodules.

Fig. 1 Real-time virtual sonography at the time of RFA treatment.

The transmitter was fixed to the CT stage (thick arrow), and a

magnetic sensor was applied to the sonographic probe (narrow arrow)
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RFA Procedure

RFA was performed in the CT room. Before treatment,

15 mg of pentazocine and 25 mg of hydroxyzine hydro-

chloride were administered intramuscularly. Local

anesthesia was induced by injection of 10 ml of 1% lido-

caine through the skin into the peritoneum. RFA needles

used were the Leveen needle (Boston Scientific, Natick,

MA, USA) for 17 patients and the Cool-tip needle (Val-

leylab, Boulder, CO, USA) for 3.

Blood pressure, respiration, pulse, and electrocardio-

grams were continuously monitored. A ground pad was

affixed to the thighs of the patients. Tissue impedance and

power output status was monitored throughout the proce-

dure. Ablation was completed when roll-off (or

breakdown) occurred a second time.

RFA Assisted by RVS and CT

Prior to puncture, the three-dimensional (3D) anatomical

relationships between the tumor and the diaphragm or

intrahepatic vessels were sufficiently examined and the

distances were measured on RVS. The tumor site surmised

was punctured with the assistance of RVS, and CT was

then performed immediately. CT images after puncture

were reconstructed with a thickness of 1 mm at intervals of

0.5 mm and transferred to a 3D workstation (AZE, Virtual

Place), where 3D images (maximum-intensity projection

image and MPR image) were constructed. Needle insertion

was confirmed with CT and 3D images immediately after

puncture. After confirmation of needle insertion into the

target tumor, ablation was performed. If the needle was not

inserted into the tumor, the needle was pulled and removed

and the tumor was punctured with RVS assistance again.

The range of ablation was evaluated by two radiologists

1 week later with contrast-enhanced CT. If the necrotic

area depicted on posttreatment dynamic CT was larger than

the viable lesion on pretreatment CT, the treatment was

considered successful. We evaluated the mean number of

punctures and rates of success of the first puncture and

RFA procedures. Follow-up dynamic CT scans were per-

formed every 3 months after RFA and treatment effects

were evaluated.

Results

The RFA needle was successfully inserted and RFA was

successfully performed in all patients. The target HCC

nodule and viable portion of the HCC could be detected

with RVS in all patients. With modified CTHA, HCC,

hepatic arteries, portal veins, and hepatic veins can all be

depicted simultaneously (Fig. 2B). Ablation was safely

performed in all patients after confirming with CT that the

RFA needle had been inserted into the tumor (Figs. 3 and

4). After RFA, mild pain and fever were noted, but no

severe complications occurred. Even the tumor lesions

directly beneath the diaphragm were ablated without side

effects such as injury of the diaphragm. No thermal injuries

to adjacent structures or organs occurred. The puncture

procedure was performed at most twice. The mean number

of punctures was 1.1, and the rate of success of the first

puncture was 90.0% (Table 2). Contrast-enhanced CT

1 week after RFA showed complete local tumor ablation in

all patients. The mean follow-up period was 13.5 months

Fig. 2 A Injection protocol for modified CTHA for simultaneous

depiction of the HCC, hepatic arteries, portal veins, and hepatic veins.

Sixty milliliters of contrast medium was injected at a rate of 3 ml/s

via the SMA, and then 30 ml of contrast medium was injected at

2 ml/s via the PHA 20 s later. Scan delay was 30 s. B A 56-year-old

female patient with an HCC in the S7. MPR image using modified

CTHA. The liver vasculature and HCC(thick arrow) were demon-

strated simultaneously. Hepatic artery, curved arrow; portal vein,

arrowhead; hepatic vein, narrow arrow
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(range, 9–18 months). No local recurrence was observed in

any patients. RFA was technically feasible and local tumor

control was achieved in all patients.

Discussion

The sonographic guidance method is most suitable for

detecting and treating liver nodules and, therefore, has been

performed most widely in percutaneous interventional

treatment for HCC [11, 12]. However, nodules below the

diaphragm and in deep from the body surface cannot be

detected clearly on conventional sonography. With pro-

gression of cirrhosis, echo signals in the liver become

heterogeneous, and identification of the target HCC nodule

becomes difficult on conventional sonography. It has also

been difficult to determine the residual viable portion of

HCC after treatments such as TACE and RFA, because of

the similarity in appearance of necrosis and viable tumor

tissue on conventional sonography.

For HCC nodules undetectable by sonography, use of

puncture methods under CT guidance [13, 14] and with

intrathoracic injection of artificial pleural effusion [15, 16]

has been reported. However, with puncture under CT

guidance, puncture of the HCC nodule must be performed

blindly and CT must be performed several times during the

procedure. It was reported that pneumothorax was some-

times observed after CT-guided puncture [14]. In

ultrasonically guided puncture with artificial pleural effu-

sion, after a 5% glucose sterile solution (500–1500 ml) was

Fig. 3 A 65-year-old male

patient with an HCC in the S7

hepatic dome. RFA was

performed with a 3.0-cm

Leveen needle. A Selective

CTHA; B RVS image using

enhanced CT; C CT after

puncture; D MPR image after

puncture; E contrast-enhanced

CT 1 week after RFA; F
Contrast-enhanced CT 6 months

after RFA. The tumor was

demonstrated in the S7 hepatic

dome on selective CTHA via

the right hepatic artery. The

tumor was not visualized on

sonography but was clearly

detected with RVS imaging

(arrow: tumor lesion). CT and

MPR images after puncture

demonstrated that the Leveen

needle had been inserted into

the tumor. Contrast-enhanced

CT 1 week after RFA revealed a

low-density area, indicating

complete necrosis of the tumor.

No local recurrence was noted

on contrast-enhanced CT

6 months after RFA
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Fig. 4 A 77-year-old male

patient with a recurrent HCC

after previous TACE in the S7

hepatic dome. RFA was

performed with a 2.0-cm

Leveen needle. A Arterial-phase

image on dynamic CT; B
arterial-phase image of dynamic

MRI; C RVS image using the

arterial phase of dynamic MRI;

D CT after puncture; E MPR

image after puncture; F
contrast-enhanced CT 1 week

after RFA; G contrast-enhanced

CT 12 months after RFA.

Lipiodol had accumulated in the

tumor (arrowhead), and

determination of viable lesions

and recurrence was difficult on

dynamic CT because of

Lipiodol deposition. Arterial

enhancement was recognized in

the left portion of the tumor on

dynamic MRI (narrow arrow).

The viable tumor lesion was not

visualized on sonography but

clearly detected on the RVS

image (wide arrow). CT and

MPR images after puncture

demonstrated that the Leveen

needle had been inserted into

the tumor. Contrast-enhanced

CT 1 week after RFA revealed a

low-density area larger than the

viable lesion. No local

recurrence was noted on

contrast-enhanced CT

12 months after RFA
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injected into the pleural cavity to separate the lung and the

liver, it became possible to obtain an image of the whole

tumor. However, complications such as temporary mild

cough and dyspnea and reduction of oxygen saturation of

the blood have been reported [16]. In addition, some

patients with adhesion of the pleura may not be indicated

for artificial pleural effusion.

The target HCC nodule and viable portion of the HCC

can usually be detected with contrast-enhanced CT or MRI.

Therefore, even HCC nodules not visualized on conven-

tional sonography are depicted clearly with RVS. It was

reported that RVS-guided RFA treatment can achieve

better treatment efficacy for HCC [7–10]. Hirooka et al.

reported that the mean number of treatments with RVS was

significantly lower than that without RVS [7]. Kitada et al.

reported that the mean gap between the needle insertion

line and the center of the tumor was 1.6 mm [9]. However,

since RVS reference images provide virtual information, it

is necessary to evaluate 3D anatomical relationships

between the HCC nodules and the diaphragm or liver

vasculature prior to puncture. Furthermore, needle inser-

tion into the tumor should be confirmed on CT after

puncture and before ablation. CT confirmation after

puncture permits determination of whether or not the

needle has touched the diaphragm or extended into the

extrahepatic region and, thus, enables safe performance of

RFA for HCC undetectable by conventional sonography

without complications. Therefore, CT confirmation of

needle insertion is important in this procedure. We used

two kinds of needles, the Leveen needle and Cool-tip

needle, in this study. The Leveen needle is a 17-gauge

expansion-type electrode with a hook needle. The Cool-tip

needle is a single 17-gauge electrode. While CT scanning

after puncture, the former needle was fixed to the liver with

hook without support. The hook needle was useful in this

procedure assisted by CT.

In this study, we used CT and MRI data for RVS ref-

erence images. In arterial-phase images of dynamic studies,

the HCC is depicted clearly, but liver vasculature such as

the hepatic veins and portal veins is unclear. Minami et al.

reported that the portal phase of CT images may be the

most suitable to indicate the 3D relationship between the

liver vasculature and tumors on RVS [10]. Tatsugami et al.

reported an intravenous double-step injection of contrast

material for the simultaneous depiction of HCC, portal

veins, and hepatic veins in RVS [17]. CTHA and CTAP

have been shown to have a high sensitivity for detecting

hepatic tumors and to be capable of demonstrating subtle

changes in the attenuation values of tumor nodules [18,

19]. In this study, we devised a modified method in which

CTHA and CTAP were performed simultaneously. With

modified CTHA, the HCC, hepatic arteries, portal veins,

and hepatic veins were all depicted simultaneously, and

evaluation of 3D anatomical relationships between HCC

nodules and liver vasculature was easy. Modified CTHA

was helpful in the simultaneous identification of HCC

nodules and intrahepatic vessels under RVS and contrib-

uted to the accurate and safe performance of RFA for

HCCs.

We used 3D-VIBE for MR scanning. 3D-VIBE can

rapidly provide 3D images of the abdomen, which can be

collected as isotropic voxel data suitable for maximum-

intensity projection and MPR processing [20–22]. MRI

images obtained by 3D-VIBE can be used for RVS due to

their isotropic spatial resolution. Determination of the

viability of lesions is usually evaluated with contrast

effects on the arterial phase. Iodized oil (Lipiodol) is

usually used in TACE. Determination of the viable portion

or recurrence of the tumor after TACE is often difficult in

contrast-enhanced CT because of Lipiodol deposition,

though the contrast effects of the tumor can be evaluated by

Gd-enhanced MRI regardless of Lipiodol deposition [23].

MRI is thus useful for RFA for viable lesions and recur-

rences after TACE. Furthermore, MRI can be performed

without exposure to irradiation. However, at least 15 s of

breath-holding is required for MRI scanning of the entire

liver. Scanning time for MRI is much longer than for

MDCT at present.

We have shown, with data including the rates of success

of the first puncture and local recurrence, that RFA assisted

by RVS and CT can be effective for treating HCC. Fur-

thermore, no major complications were noted in any

patients, indicating that our method of using assistance

with RVS and CT is safe and efficacious for the treatment

of HCC undetectable by conventional sonography.
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