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a b s t r a c t

Purpose: We evaluated the safety and usefulness of high-intensity focused ultrasound (HIFU) assisted
by ultrasound-computed tomography three-dimensional (US-CT 3D) dual imaging for the treatment of
hepatocellular carcinoma (HCC).
Materials and methods: HIFU ablation was performed in 13 patients with small HCC (≤3 lesions, ≤3 cm
in diameter). The HIFU system (Chongqing Haifu Tech) was used under ultrasound guidance. By trans-
ferring the sagittal or axial plane of the 3D US and the CT volume data into the ZioM900, multiplanar
reconstruction images were displayed in a manner resembling conventional monitor US to assist the
HIFU treatment.
Results: Overall, 69% (9/13) of the patients in whom good visualization using B-mode sonography could
not be obtained because of the influence of multi-reflections, rib shadows, and unclear tumor margins
were successfully treated under the guidance of US-CT 3D dual imaging. In 5 of the 13 patients, multi-
reflections were responsible for the poor visualization. In 2 cases, the tumor was poorly visualized because
of a rib shadow. In one case, the margin of the tumor was too unclear to be detected using ultrasography.
The 3D US images obtained as part of the US-CT 3D dual imaging had a high resolution and were useful for

examining the area of HCC invasion and for determining the extent of the ablation area. The CT images,
which are not influenced by bone shadows or multi-reflections, were useful for detecting the tumors and
for visualizing the presence of the intestines in the sonication zone. HIFU treatments were successfully
performed in all the patients with the assistance of US-CT 3D dual imaging.
Conclusion: US-CT 3D dual imaging is useful for HIFU treatment for HCC, compensating for the occasionally

ed by
poor visualization provid

. Introduction

Hepatocellular carcinoma (HCC) is one of the most common
alignancies in the world. A variety of nonsurgical procedures,
Please cite this article in press as: Fukuda H, et al. Usefulness of US-CT 3
carcinoma treatment using HIFU. Eur J Radiol (2011), doi:10.1016/j.ejrad.2

uch as percutaneous ethanol injection (PEI) [1,2] and microwave
3,4] and radiofrequency ablation (RFA) [5,6], have been widely
sed for the treatment of small hepatocellular carcinoma (HCC)
atients who are not candidates for surgery [7–9]. High-intensity
ocused ultrasound (HIFU) is a noninvasive treatment method, as
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complete coagulation necrosis is achieved without the insertion of
any instruments [10–16].

B-mode conventional sonography is used to monitor the HCC
during HIFU treatment, but tumors located below the diaphragm
or deep within the liver are often obscured on conventional monitor
sonography. In addition, smaller HCCs cannot be detected clearly
on conventional monitor sonography.

Three-dimensional (3D) sonography is reportedly useful for the
detection of tissue structures and the diagnosis of small lesions
D dual imaging for the planning and monitoring of hepatocellular
010.12.073

[17,18]. These previous reports have indicated a good correlation
between contrast-enhanced 3D sonography and histological find-
ings. Although sonography has the disadvantage that it cannot
depict a wide area without being influenced by air and bone, com-
puted tomography (CT) can visualize a wide area. Recent advances
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Table 1
Baseline clinical characteristics of patients with hepatocellular carcinoma (n = 13).

Characteristics

Number of patients 13
Sex (male/female) 6/7
Age 73.2 ± 6.5 (63–80)
Alcohol/HCV/HBsAg 1/12/0
Child A/B/C 8/6/0
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Table 2
US detection and causes of the poor visibility.

US detection Cause of poor visibility

Clear 4
Poor

US-CT 3D dual imaging. Finally, HIFU treatment assisted by US-CT
Diameter 16.5 ± 3.6 (10–23)
Rt/Lt 6/7

n CT have enabled the synthesis of high-quality multiplanar recon-
truction (MPR) images. US-CT 3D dual imaging is a diagnostic
maging support system that can provide the same cross-sectional

PR images on the same monitor screen using DICOM (Digital
maging and Communication in Medicine) volume data from 3D
S and 3D CT.

The purpose of the present study was to evaluate the safety
nd usefulness of HIFU assisted by US-CT 3D dual imaging for the
reatment of HCC.

. Materials and methods

.1. Patients

Between July 2006 and July 2008, 13 patients with HCC were
nrolled in this clinical study. Table 1 summarizes the baseline
haracteristics of the treated patients. The patients consisted of 6
en and 7 women, with a mean age of 73.2 ± 6.5 years (mean ± SD).

he average tumor diameter was 16.5 ± 3.6 mm (mean ± SD). The
iagnosis of hepatocellular carcinoma was confirmed by percuta-
eous needle biopsy in 2 tumors. The remaining 11 tumors were
iagnosed as hepatocellular carcinomas based on imaging find-

ngs (contrast-enhanced multiphase helical computed tomography
CT]). Thirteen patients had liver cirrhosis as a result of hepati-
is C (n = 12) or alcoholism (n = 1). At the time of HIFU, 8 and 5
atients had Child-Pugh classifications A and B, respectively. Prior
o treatment, the patient’s skin was shaved and degassed. Epidu-
al anesthesia was performed during the procedure. Our hospital
thics committee approved this study, and each patient signed an
nformed consent form at the time of enrollment.

.2. Ultrasound therapy system

Sonications were performed using a clinical US guided ultra-
ound surgery system. The Tumor Therapy System (Chongqing
aifu Tech Co., Ltd., Chongqing, China) used in this study was
uided using real-time ultrasonographic imaging [11–14]. An HIFU
150S US imaging unit was installed on the HIFU system to obtain
eal-time US imaging during HIFU ablation. A 2—5-MHz imaging
robe was positioned in the center of the HIFU transducer and was
ounted in a reservoir of degassed water [11–14]. The therapeutic
S energy was produced by an HIFU transducer with a 1.0 MHz
perating frequency. After suitable anesthesia was induced, the
atient was carefully positioned, either prone or on his or her
ight side, so that the skin overlying the lesion to be treated
ould be easily placed in contact with the degassed water. During
he focused ultrasound ablation of each section, the real-time US
mages obtained before and after each exposure were immediately
Please cite this article in press as: Fukuda H, et al. Usefulness of US-CT
carcinoma treatment using HIFU. Eur J Radiol (2011), doi:10.1016/j.ejrad.2

ompared to determine whether the echogenic changes, indicating
he extent of coagulation necrosis, had covered the desired treat-

ent area [11–14]. Patients were trained to hold their breath in a
epeated manner when the tumor was situated behind a rib.
Multi-reflection 5
Rib shadow 3
Unclear tumor margin 1

2.3. Ultrasound imaging

3D volume data from ultrasonography (AplioTM; Toshiba Medi-
cal Systems Corp., Tokyo, Japan) was obtained using free-hand tilt
scanning with a convex type probe equipped with a 3D sensor while
the patients held their breaths for 10–12 s [17,18]. The imaging
parameters employed for 3D gray scale US imaging were a trans-
mission frequency of 3.2 MHz, a mechanical index (MI) of 1.6, and
an acquisition rate of 19 frames/s and a gain of 84 [17,18].

2.4. CT imaging

Triple-phase helical CT was performed after overnight fasting
with the patient in a spinal position using a CT scanner (Light Speed
Ultra, GE Medical Systems, Milwaukee, WI, USA). Contrast medium
(Iopamiron; Bracco, Milan, Italy) was injected intravenously. The
scanning parameters were as follows: 1.25 mm collimation × 16,
pitch of 0.63, 140 kVp, 280 mA, 512 × 512 matrix, 1.25 mm recon-
struction thickness.

2.5. US-CT 3D dual imaging

The 3D US volume data were obtained while the patient was
in the same spine position and with breezing-in when the CT scan
was performed. The 3D raw data obtained using ultrasonography
were converted to DICOM data using Echo to CT (Toshiba Medi-
cal Systems Corp., Tokyo, Japan) and sent to the ZioM900 (ZIOSOFT
Inc., Tokyo, Japan). 3D CT DICOM data were sent to the ZioM900
directly. By setting the 3D CT plane as the axial or sagittal plane of
the 3D US on the ZioM900, MPR images of 3D CT were displayed in
a shape resembling conventional monitor US. To adjust for minute
differences in the planes between the CT and US images, the intra-
hepatic portal vein, hepatic vein, gallbladder and diaphragm were
used as markers. The 3D images were observed stereoscopically
while using opacity control and plane shifting.

3. Results

Table 2 summarize US monitor detection and causes of the poor
visibility. Overall, the lesions in 69% (9/13) of the patients could not
be adequately visualized using B-mode monitor sonography. The
reasons for the poor visualization included the influence of multi-
reflections, rib shadows, and an unclear tumor margin. In 5 of the
13 patients, multi-reflections were responsible for the poor visual-
ization. In 2 cases, the tumor was poorly visualized because of a rib
shadow. In one case, the margin of the tumor was too unclear to
be detected using ultrasography. In these patients, the CT images,
which are not influenced by bone shadows or multi-reflections,
were useful for tumor detection. In these cases, it was very useful
to detect the tumor on the monitor by referencing the distance of
the tumor from the main portal vein and the hepatic vein using
3D dual imaging for the planning and monitoring of hepatocellular
010.12.073

3D dual imaging was successfully performed in all the patients.
Representative cases of US-CT 3D dual imaging in patients with

HCC are presented in Figs. 1 and 2. The tumor on the monitor
ultrasonogram was not clearly visible because of the presence of

dx.doi.org/10.1016/j.ejrad.2010.12.073
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Fig. 1. A 78-year-old male patient with an HCC. (a) Monitor ultrasonography. The tumor (arrow) was not clearly visible because of multi-reflections. (b) The 3D US images
obtained as part of US-CT 3D dual imaging were useful for examining the area invaded by the HCC and for determining the extent of the ablation area. (c) 3D CT images
obtained as part of US-CT 3D dual imaging were useful for checking the safety of the procedure by enabling the presence of intestines and lung gas to be identified in the
sonication zone (dotted line). (d) Tumor staining was visible on the CT scan during the arterial phase (arrow). (e) CT assessment after HIFU ablation. After treatment, the
tumor staining disappeared from the CT scan obtained during the equilibrium phase (arrow).

Fig. 2. A 63-year-old female patient with an HCC. (a) The tumor (arrow) was not depicted clearly on the monitor. (b) 3D ultrasonogram. (c) 3D CT images obtained as part of
the US-CT 3D dual imaging were useful for confirming the safety in the sonication zone (dotted line). (d) CT scan during the arterial phase before HIFU ablation (arrow). (e)
The area of ablation is visible as a very low-density area after HIFU treatment on the CT scan obtained during the arterial phase (arrow).

dx.doi.org/10.1016/j.ejrad.2010.12.073
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ulti-reflections. By transferring the sagittal or axial plane of 3D
T volume data to the ZioM900, MPR images of 3D US and CT were
isplayed in a shape resembling conventional US on the HIFU mon-

tor (Fig. 1b and c). The 3D US images obtained as part of US-CT
D dual imaging had a high resolution and were useful for exam-

ning the area of HCC invasion and for determining the extent of
he ablation area. On the other hand, the 3D CT images obtained
s part of US-CT 3D dual imaging were useful for confirming the
afety of the procedure by enabling the presence of intestines and
ung gas to be detected in the sonication zone, since CT can depict a

ide area. The tumor staining successfully disappeared after treat-
ent. In another case, the tumor on the monitor was not depicted

learly because the tumor was located deep within the liver and
ulti-reflection interference was present (Fig. 2). The 3D US images

btained as part of US-CT 3D dual imaging were useful for depicting
he margin of HCC and for determining the extent of the ablation
rea. Meanwhile, the 3D CT images obtained as part of US-CT 3D
ual imaging were useful for confirming the safety of the procedure.
he ablated area after HIFU ablation was thought to be sufficiently
ide.

. Discussion

In recent years, numerous type of 3D software to analyze CT,
RI and US images have been developed for clinical use [19–22].

n this study, US-CT 3D dual imaging was used to depict the same
ection of US and CT images, and the utility of this modality for
lanning HIFU for the treatment of HCC was evaluated. The poor
isualization using HIFU monitor is caused by the presence of
he multi-reflections, rib shadows and the unclear tumor mar-
ins. Tumors located deep within the liver are easily influenced
y multi-reflections. The another reason for the poor visualization
sing HIFU machine is thought to be that US monitor is designed
ith the assumption that the US probe will not touch the skin to
rotect the US probe from the HIFU power during HIFU sonication
nd the presence of degassed water between the skin and the US
robe.

US has a high resolution for depicting minute lesions but is
asily influenced by several factors, such as lung shadow, rib
hadow, intestinal gas and multi-reflections. On the other hand,
T can depict a wide area without any influence from these factors.
epending on whether the US images are obtained in a sagittal or
xial plane during the treatment of hepatocellular carcinoma, the
D CT image slices are obtained sagittally or axially, respectively. By
ntering the angle number of the 3D volume data into the ZioM900,
PR images of the CT data were easily displayed in a shape resem-

ling conventional US. To adjust for minute differences in the planes
etween the CT and US images, the intrahepatic portal vein, hepatic
ein, gallbladder and diaphragm were used as markers. We are able
o use opacity control and plane moving because 3D volume data
as available for both CT and US images. The difference between

eal time virtual sonography (RVS) (Hitachi Co., Tokyo) [23–26], a
imilar modality to make the same plane of the CT and US images,
nd 3D dual imaging is that RVS is simulated the same plane of
oth the US and CT images simultaneously and is useful for abla-
ion planning. The detectability of 3D US was superior to that of
wo-dimensional (2D) US [17,18], so 3D US images are thought to
e more useful for the diagnosis of small minute lesions because
D US images contain 3D volume data, unlike 2D US data obtained
sing RVS. The reason for this higher detectability of 3D US imag-
Please cite this article in press as: Fukuda H, et al. Usefulness of US-CT
carcinoma treatment using HIFU. Eur J Radiol (2011), doi:10.1016/j.ejrad.2

ng is thought to be the availability of opacity control and plane
hifting. Although the high resolution of 3D US is advantageous, it
annot depict a wide area, compared with CT scans. So, the com-
ination of CT and US was expected to be useful for planning the
xtent of the ablated area and to ensure the safety of the proce-

[

[

 PRESS
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dure. US-CT dual imaging was not used for the needle puncture in
the present study, so we think that simultaneous movement is not
necessary.

When the tumor was not depicted clearly on the monitor dis-
play, we used 3D CT volume data to detect the tumor first. Then,
we calculated the distance between the tumor and the main inter-
nal indicators, such as the portal vein, gallbladder and hepatic vein,
using the CT volume data. Next, we depicted the internal indicators
on the US monitor display and move the US probe the distance cal-
culated on the CT scan. As the tumor was thought to exist around
this location, we examined this area carefully or touched the US
probe to the skin if multi-reflections interfered with the tumor
image. In this manner, all the tumors in this study were successfully
detected and treated.

During the follow-up period after HIFU treatment, only one local
recurrence occurred. The patient with the local recurrence had dif-
ficulty remaining in the correct position and the procedure lasted
for a relatively long time, so it was very difficult to obtain a wide
safety margin. No severe complications were detected during the
follow-up period. This study was limited in that only a small num-
ber of cases was examined. Further study is needed to determine
the usefulness of US-CT 3D dual imaging conclusively.

In conclusion, US-CT 3D dual imaging is useful for planning the
extent and safety of HIFU for HCC.
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