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The major hepatitis B virus (HBV) genotypes in
Japan are B and C. HBV genotype D (HBV/D},
however, is widespread in a small area of
Western Japan, where the Gianotti-Crosti syn-
drome caused by HBV subtype ayw, which is
suspected to be HBV/D, was endemic in the
1970s. The aim of the study was to elucidate its
origin, time of transmission, and spread in this
area. Genotyping of HBV-DNA was done in 363
patients with HBV infection. The year of birth was
checked in patients with HBV/D. The full genome
sequences of 20 HBV/D strains, 2 of which were
obtained from a single carrier with a 19-year-
interval, were analyzed. An evolutionary rate, the
date of the most recent common ancestor, and
the effective number of HBV/D infections were
calculated. Fifty-two of 363 patients were infected
with HBV/D, and 39 were born in 1970s. In a
phylogenetic tree, the 20 HBV/D strains produced
a definite cluster, and the evolutionary rate was
calculated to be 5.4 x 107° nucleotide substitu-
tions/site/year. The root of the tree was estimated
to be in approximately 1,900 and began to spread
from the 1940s, leading to a rapid increase of
infected patients in the 1970s. From these results,
it is suspected that HBV/D was likely transmitted
to the area investigated approximately 100 years
ago and then spread widely inthe 1970s. From the
history of the area and the genetic analysis, HBV/
D in this area was speculated to be of Russian
origin. J. Med. Virol. 78:44-52, 2006.
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INTRODUCTION

. Hepatitis B virus (HBV) is one of the major causes
of liver disease throughout the world, as approximately

" 850 million people are infected chronically. HBV

has approximately 3,200 bases that can be divided
into several genotypes by sequence divergence, with
8 genotypes (A-H) reported [Okamoto et al., 1988;
Norder et al., 1994; Stuyver et al., 2000; Arauz-Ruiz
et al., 2002). These genotypes have a distinet geogra-
phical distribution, with genotypes A (HBV/A) and HBV/
D predominant in Europe, Middle East, Central Asia,
Siberia, and America, HBV/B and HBV/C in East Asia,
and HBV/E in Africa. In addition, HBV/F has been
reported in Central America, and HBV/G in the United
States and France [Norder et al., 1993; Lindh et al.,
1997; Sanchez-Tapias et al., 2002; Chu et al., 2003;
Miyakawa and Mizokami, 2003; Deversa et al., 2004;
Mulders et al., 2004; Tallo et al., 2004). In Japan, HBV/C
is the most prevalent, followed by HBV/B, while others
are encountered very rarely. Although the frequency of
HBV/D was reported to comprise only 0.4% of HBV
carriers in Japan [Orito et al., 2001], it was found
recently that approximately 10% of the HBV carriers in
a small geographical area (Ehime Prefecture) in Wes-
tern Japan were infected with HBV/D [Duong et al,,
2004]. In this area, an endemic occurrence of infantile
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HBYV Genotype D in Japan

papular acrodermatitis (Gianotti—Crosti syndrome),
which is known to be related to acute HBV infection
[De Gaspari et al., 1970; Gianotti, 1973), emerged in the
1970s, with the subtype (serotype) of the hepatitis B
surface antigen (HBsAg) reported to be ayw in those
patients, whereas that of the majority of other HBV
carriers in this area are infected with subtype adr
[Ishimaru et al., 1976; Toda et al., 1978]. Unfortunately,
serum samples from those patients takenin 1970s areno
longer available, although that of a girl with this
syndrome taken in 1988 was kept and subsequent
testing demonstrated that she was infected with HBV/
D, serotype ayw [Michitaka et al., 2004]. Recently, it was
reported that the deduced HBsAg serotype in all HBV/D
strains studied in this area was ayw3 [Duong et al.,
2004], in contrast to the majority of HBV/C patients in
Japan, who are known to be infected with serotype adr.
From those results, it is speculated that HBV with
subtype ayw found in patients with the Gianotti—Crosti
syndrome from this area in 1970s was HBV/D, and the
endemic occurrence of this disease was related to the
spread of HBV/D in this area. Further, it is suspected
that the HBV/D was not indigenous, but rather from
abroad, since HBV/D is very rare in the surrounding
districts.

In the present study, attempis were made to clarify
the origin, time of transmission, and time of spread
of HBV/D in this area using molecular evolutional
analyzes.

MATERIALS AND METHODS
Patients

Three hundred and sixty-three patients (13—86 years
old, median 45 years, 213 males and 150 females) with
chronic HBV infection living in the Ehime Prefecture
who attended hospital between 1997 and 2003 were
examined for HBV genotypes and the year of birth. This
was done to gain insight on the period of spread of
genotype D. Among these patients, 253 patients had
normal levels of serum aminotransferase (ALT) and
110 patients had elevated levels of ALT. Four of patients
had a past history of Gianotti—Crosti syndrome. The
purpose of the study was explained to patients before
taking the samples and written informed consent was
obtained from all patients.

Materials for Complete Genome Sequence

Twenty complete HBV genome sequences from
19 Japanese patients infected with HBV/D (8 women,
11 men, 13—86 years of age), 16 with chronic and 3 with
acute infection, who were born and living in the Ehime
Prefecture were analyzed. Among 16 patients with
chronic infection, 14 had persistently normal ALT
levels, whereas the other 2 had persistent or inter-
mittent elevation of ALT levels. Two of the 20 HBV
strains were from a single HBV carrier that was
sampled with a 19-year-interval. Seven of the 20 HBV
strains were reported previously, while the other 13

45

were newly sequenced for this study. The newly
sequenced strains were selected at random from the
patients in this study. Serum samples were stored at
—80°C prior to genotyping and sequencing.

HBYV Genotyping

The HBV genotype was determined based on the
restriction fragment length polymorphism patterns of
the S gene sequence following amplification by the
polymerase chain reaction (PCR-RFLP) [Mizokami
et al., 19991,

Complete Genome Sequence

Complete genome sequences were determined by
direct sequencing of the PCR-products, the detail of
which were deseribed previously [Chen et al., 2003].
Briefly, DNA was extracted from sera and HBV-DNA
was amplified by PCR. To obtain the full-length HBV-
DNA sequence, 2 amplicons were obtained by PCR, and
1 fragment was 2,936 bases in length (nt 1,994-nt
1,747), and the other 1,080 bases in length (nt 1,399—nt
2,478). Sequencing was done by direct sequencing using
a commercially available kit with suitable sequencing
primers (BigDye Terminator Cycle Sequencing FS
Ready Reaction Kit, Applied Biosystems, Alameda,
CA). The accuracy of the sequence was ensured by
identification of the sequence data of the complete
genome obtained by sense sequencing primers and that
obtained by anti-sense sequencing primers.

Estimating Evolutionary Rates and
Dating the Origin of HBV

A reconstructed tree was produced using the con-
catenated non-overlapping regions of the HBV genome.
Overlapping regions were excluded, because they are
subject to complex evolutionary processes that might
increase phylogenetic noise [Bollyky and Holmes, 1999;
Fares and Holmes, 2002], resulting in a final alignment
of 1,591 bases of the non-overlapping sequences for the
phylogenetic analysis. The tree was built on the non-
overlapping regions using a heuristic maximum-like-
lihood ML) topology search with stepwise-addition and
nearest neighbor-interchange algorithms. Tree like-
lihood scores were calculated using HKY85, with the
molecular clock enforced using PAUP version 4.0b8.
Using the estimated topology, all possible root positions
were evaluated under a single rate dated tips (SRDT)
model with the computer software TipDate v1.2 and the
root that yielded the highest likelihood was adopted
[Rambaut, 2000]. The program provided an ML estimate
of therate and also the associated date of the most recent
common ancestor of the sequences, using a model that
assumed a constant rate of nucleotide substitution. The
molecular clock was tested by a likelihood ratio test
between the SRDT model and a general unconstrained
branch length model [different rate (DR) modell. To
confirm the reliability of the phylogenetic tree, bootstrap
resampling tests were also carried out 1,000 times.
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Demographic Model

For estimates of demographic history, a non-para-
metric function N(t), also known as a skyline plot, was
obtained by transforming the coalescent intervals of an
observed genealogy into a piecewise plot that repre-
sented an effective population size through time [Pybus
et al., 2001; Pybus and Rambaut, 2002]. A parametric
ML was estimated by several models with the computer
software Genie v3.0 to build a statistical framework
for inferring the demographic history of a population
on phylogenies reconstructed from sampled DNA
sequences [Pybus and Rambaut, 2002]. This model
assumes a continuous epidemic process in which the
viral transmission parameters remain constant through
time. Model fitting was evaluated by likelihood ratio
tests of the parametric ML estimates [Lemey et al., 2003,;
Pybus et al., 2003]. Approximate 95% confidence inter-
vals for the parameters were estimated using the
likelihood ratio test statistics.

RESULTS
Year of Birth

The numbers of patients infected with HBV/A, HBV/
B, HBV/C, and HBV/D were 6, 24, 281, and 52,
respectively. Figure 1 shows the number of patients
infected with HBV/C and HBV/ D in relation to years of
birth. Patients with HBV/C were born within a wide
spectrum of time (between 1940 and 1980). On the other
hand, 39 of 52 patients infected with HBV/D were born
in 1970s. All four patients who had a history of the
Gianotti—Crosti syndrome were infected with HBV/D,

Michitaka et al.

and three were born in 1970s, whereas one was born in
1980s.

Complete Sequences of 20 HBV/D Strains

The 20 serum samples from 19 patients with HBV
infection, whose HBV genotype was determined to be
HBV/D by PCR-RFLP, were subjected to complete HBV
genome sequencing. The accession numbers of the
20 complete HBV genome sequences and additional
information regarding the infected patients are shown
in Table I. All 20 strains were found to be 3,182 bases in
length except 1 with 3,194 bases (AB090269), and the
deduced HBsAg serotype was ayws in all 20 strains. No
recombinant sequences with other HBV genotypes were
detected in any of these 20 HBV complete genomes.
Among 19 patients, 1 patient whose HBV sequence was

‘Ehime D5 had the history of sexual contact with

2 patients whose HBV were Ehime D3 and Ehime D4.
Other 16 patients had no history of mutual contact.

Phylogenetic Relationship Among
Ehime HBV Strains

An un-rooted ML tree for the non-overlapping regions
of the HBV genome is represented in Figure 2. The
20 strains from Fhime, which were HBV/D, showed a
significant cluster with a high bootstrap value, and some
Furopean and Russian (Kamchatka) strains, especially
a Swedish strain (AY090453), were found to be closely
related. Such a significant cluster is suitable for a
coalescent analysis. As the tree topology on the non-
overlapping regions was quite similar to that of the
complete genomes, the tree on the non-overlapping

No. of
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. |
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Fig. 1. The years of birth of patients infected with hepatitis B virus (HBV)/C and HBV/D. Numbers of
patients infected with HBV/C was shown by white bars, whereas that with HBV/D was shown by black bars.
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sequences was used in this study to exclude phylogenetic
noise [Bollyky and Holmes, 1999; Fares and Holmes,
2002].

Rates and Demographic History of
HBYV Evolution

To determine the evolutionary rate of HBV, the 20
HBV/D strains, which included 2 strains (AB110075,
AB120308) obtained from the same subject with a 19-
year interval, were subjected to molecular evolutionary
analyses. The molecular evolutionary rate was esti-
mated by two independent methods. Briefly, direct
comparison on hon-overlapping sequences with a
19-year interval obtained from the same subject indi-
cated that a molecular evolutionary rate was 5.9 x 1075
nucleotide substitutions/site/year. Second, TipDate
(v1.2) was used to compare the DR model with the
single rate (SR) and SRDT models. The SR model was
rejected (P <0.01) and the SRDT model provides an
adequate fit to the data (P = 0.15). Based on the SRDT
model, the mean rate of nucleotide substitutions was
estimated to be 5.4 x 107° nucleotide substitutions/site/
year (95% confidence intervals of 4.0x 1075 to
7.2 x 1075), which was similar to the rate (4.2 x 107°)
estimated by Fares and Holmes [2002], and resulted
in a date estimate of 1902 for the root of the tree (95%
confidence intervals of 1,867—1,927).

Based on the phylogenetic tree, the effective number
of HBV infections through time, N(t), was analyzed
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using a skyline plot for the Ehime HBV strains. The
parameters for several models in Genie v3.0 were also
examined. Time ¢ was then transformed to year using
the same rate, assuming the collecting time to be the
present. Figure 3 shows the skyline plots and population
growth for the HBV patients in Ehime, according to a
specific demographic model in Genie v3.0 with three
parameters, a piecewise expansion growth model, which
was evaluated by likelihood ratio testing [Lemey et al.,
2003; Pybus et al.,, 2003]. Based on this molecular
evolution, it was estimated that the divergence time of
the most recent common ancestor of HBV/D in Ehime
was also estimated to be approximately 1,900. Further,
the Ehime HBV/D strains of Ehime began to increase in
the 1940s, and the time of spread was estimated to
be around 1970 when the spread time was defined
temporally as 10% of the present population size of HBV
infections (Fig. 3).

DISCUSSION

The HBV/D strains in Ehime were found to have a
significant cluster with a high bootstrap value and were
clearly distinct from most European strains. Such a
significant cluster is suitable for a coalescent analysis.
The specific demographic model based on the neutral
theory [Pybus et al., 2001, 2003; Lemey et al., 2003],
which has a constant size in the past and changes to
exponential growth until the present, was applied for
investigating the Japanese endemic of HBV/D in Ehime.

10000

—— Estimated N(t)
—g— Parametric Model

//

1000

i

100

Effective Number of HBV Inlections

Tl

1880 1960 1920

1940

1960 1980 2000 2020

Year

Fig. 3. The maximum-likelihood (ML) estimates of N(t) on the effective number of HBV/D infections in
Ehime. The parametric model is indicated by the magenta line and stepwise plots by the blue line, which
represent corresponding non-parametric estimates of N(t) (number as a function of time). Genetic distances
have been transformed into a time scale of years using estimates of the molecular clock in non-overlapping
regions of HBV.
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Several historical factors in Japan have probably
affected the spread of HBV/D, such as an increase of
intravenous drug abuse in the 1940s during and after
World War II, and the increase of blood transfusion
procedures and the use of non-sterilized medical
materials in the 1960s and 1970s. Using molecular
evolutionary analyses; the spread of HBV/D in Ehime
was determined to have started in the 1940s and rapidly
increased around 1970. The endemic occurrence of the
Gianotti—Crosti syndrome by HBV with serotype ayw in
the investigated area emerged in 1970s [Ishimaru et al.,
1976}, which were close to the estimated spread time of
HBV/D in the present study. Many infant patients with
the Gianotti—Crosti syndrome in this region were
reported to have progressed to a chronic carrier state
[Toda et al., 1978]. The fact that majority of the patients
infected with HBV/D were born in 1970s indicates a
relationship with the endemic of this disease in infants
in 1970s because the Gianotti—~Crosti syndrome
occurred at this time. It was not possible to ascertain
the exact time of infection in individual cases, therefore,
it is a limitation of this study. However, the time of birth
was almost similar, and this circumstantial evidence
strongly supports the calculated data from the molecu-
lar evolutionary analyses that the time of spread of the
infection was 1970s. Although the infectious routes have
not been clarified, the use of non-sterilized medical
equipment such as injection needles in children may be
one of the important routes. It is another problem
whether HBV/D with serotype ayw3 has a character to
induce the Gianotti—Crosti syndrome, or whether HBV/
D strains from patients with thig syndrome have a
peculiar motif in their nucleotide or amino acid
sequences. This issue should be clarified in the future.
The molecular evolutionary analyses revealed that
the time of the root of the HBV/D tree in this area was
estimated to be around 1,900. It is of an interest to
understand how HBV/D was transmitted to the Ehime
area and where it originated from. The history of this
region is likely important to solve this issue. Commu-
nication between people living in Ehime and those in
foreign countries was not frequent prior to the end of the
19th century. However, in the period of time around
1900, Japan became involved in several wars, such as
the Japanese—Sino War from 1894 to 1895, the
Japanese—Russian War from 1904 to 1905, and World
War I from 1914 to 1918. In connection with these
international conflicts, many foreigners came to this
area, since Matsuyama city in the Ehime Prefecture
had a naval port and a large prison camp, in which
approximately 100 Chinese prisoners of war were
interned from 1894 to 1895, followed by 6,000 Russian
prisoners from 1904 to 1906, and 500 German prisoners
from 1914 to 1917. These incidents were considered to
have played a role in the importation of HBV/D from
other countries to this region of Japan. Among the wars
noted above, the Japanese—Sino War is thought to have
no relation with the spread of HBV/D, because the
prevalence of HBV/D in China is very low [Miyakawa
and Mizokami, 2003]. Based on the present data that the
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divergence time of the most recent common ancestor of
HBV/D in Ehime to be approximately 1,900, the
Japanese—Russian War is the most likely candidate as
the initial event that led to HBV/D transmission in
Japan.

Four subgenotypes (D1-D4) have been described for
HBV/D [Norder et al., 2004]. The 20 isolates in the
present study were assigned D2. Two isolates from
Kamchatka in Russia shown in Figure 2 (AB188241,
AB188242) were also assigned D2. The subtype of
HBsAg of the 20 strains was ayw3. Several reports have
described an association between drug abuse and
infection with HBV subtype ayw3. van Steenbergen
et al. [2002] performed a molecular epidemiological
study of acute hepatitis B in Amsterdam, and found that
HBYV from majority of drug users were genotype D with
subtype ayws. Swenson et al. [2001] studied the HBV
genotypes and HBsAg subtypes in refugees and injec-
tion drug users in the United States, and found that 7 of
15 refugees from former Soviet Union and 17 of 32 drug
users were infected with HBV/D with subtype ayws.
Further, they described that HBsAg subtype of HBV/D
strains from the majority of the drug users showed
regular ayw3 of which HBsAg had Thr 118 and Met 125,
whereas that of the seven refugees from Soviet Union
showed variant ayw3 of which HBsAghad Val 118 or Ala
118 and Thr 125. All of the 20 strains in the present
study had HBsAg with Val 118 and Thr 125, which was
identical with variant ayw3 of refugees from former
Soviet Union in their study. Interestingly, the phyloge-
netic analysis indicated that the HBV/D strains with
subtype ayws in drug users and refugees from former
Soviet Union formed a cluster along with the 20 strains
in present study and some Furopean strains from
database (Fig. 4). Although this phylogenetic tree was
not constructed with complete HBV genome, this result
supports the speculation that the HBV/D in Ehime
would be originated from Russia. As intravenous drug
users had been common in 1940s in Japan, indeed, they
might have played some role in the spread of HBV/D in
this area.

The present study showed that HBV/D has been
spreading rapidly in the intervening century. The
infectious routes of blood transfusion, non-sterilized
medical materials, and maternal transmission are well
controlled now, however, sexual transmission, which is
the most common infectious route for adults in Japan
[Arima et al., 2003], remains uncontrolled. On the other
hand, several reports from the metropolitan area in
Japan have described that acute hepatitis with HBV/A
infection due to sexual transmission hasbeen increasing
[Kobayashi et al., 2002; Ogawa et al., 2002]. Those
reports together with the present study led to the
suspicion that HBV/A and HBV/D, whose main infec-
tious routes are horizontal, might become the dominant
genotypes in Japan in the future, rather than HBV/B
and HBV/C, whose main infectious route is vertical, if a
suitable preventive policy for HBV transmission is not
established. Thus, in order to control the spread of HBV,
especially HBV/A and HBV/D, additional efforts are
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needed to prevent sexual transmission because uni-
versal vaccination against HBV has not yet been
introduced in Japan.

In conclusion, HBV/D at the Ehime area in Japan
showed a definite cluster, and molecular evolutionary
analyses indicate that its root was likely to be around
1,900, followed by a rapid spread in the 1970s.
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Abstract

Background: Three-dimensional (3D) images can be generated using thin sections from multi-detector row computed tomography (CT) and
computer software, simulating images obtained using conventional ultrasonography (US). This software allows easy diagnosis of abdominal
lesions and subsequent treatment of focal liver lesions such as hepatocellular carcinoma (HCC). The present study used newly developed
virtual US software for diagnose and treatment of hepatobiliary disease. Methods: The software was used to create virtual US images in 10
subjects. Radiofrequency ablation (RFA) was performed by virtual US in seven patients with HCC. Results: Slices were easily reconstructed
from various angles, and each slice was continuously animated as with conventional US in all subjects. Moreover, when seven patients with
HCC were examined using virtual US, HCC nodules were visualized and could be treated with RFA. Conclusions: Virtual US should prove
usefirl for visualization of HCC nodules that cannot be seen under conventional US. Virtual US is a useful tool for US-guided treatment of

HCC.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Virtual ulirasonography; Multi-detector row CT; Abdomen

1. Introduction

Ultrasonography (US) allows the body to be scanned from
various positions and angles; whereas, the images generated
by conventional computed tomography (CT) are displayed
as horizontal tomographic slices. This means that clinicians
must synthesize mentally a three-dimensional (3D) model
of the body from multiple two-dimensional (2D) horizon-
tal CT images, creating the equivalent of an ultrasound
image. At present, diagnosis of abdominal lesions and treat-
ment of liver focal lesions such as hepatocellular carcinoma
(HCC) are performed using 2D images from US. Mental re-
construction is the most important and difficult task in US.
Multi-detector row CT (MDCT) [1,2] offers the ability to
rapidly scan large longitudinal volumes, and can scan vol-
umes over a large range within a short time with thin slice im-
ages. MDCT images are then used to reconstruct 3D images.
After reconstruction, multiplanar reformat (MPR) images
resemble conventional ultrasonographic images [3]. Using a

* Corresponding author. Tel.: +81 89 960 5308, fax: 4-81 89 960 5310.
E-mail address: onjimori@m.ehime-u.acjp (M. Onji).

computer system, slices are animated continuously, and the
user immerses in and interacts with totally virtual images.

The software used for virtual US in the present study
reconstructed images comparable to those from conventional
US. Utilizing these virtual images, radiofrequency ablation
(RFA) could be performed for HCC that could not be clearly
visualized on conventional US.

2. Materials and methods
2.1. Patients

The present study included 10 subjects (nine males and
one female). All were admitted to the Third Department-of
Internal Medicine at Ehime University School of Medicine.
Informed consent was obtained from all subjects prior to
US and CT. Mean age was 70.5 years (range, 4589 years).
Subjects comprised eight patients with HCC, one with pan-
creatic cancer, and one liver transplant donor. All patients
with HCC displayed type C liver cirrhosis, and mean tumor
diameter was 1.8cm (range, 1.0-3.5 cm). All tumors were

0720-048X/$ — see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
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visualized on dynamic CT. RFA was performed in seven
patients with HCC with surgical hepatectomy in the remain-
ing patient. Patients undergoing RFA displayed incomplete
necrotic area due to previous RFA treatment, and this was
attributable to poor visualization of puncture site. The eight
nodules were located in the anterior segment of the right
lobe (7 = 5), posterior segment of the right lobe (n = 2), and
medial segment of the left lobe (n = 1). One 75-year-old
man with pancreatic cancer displayed a lesion in the head of
the pancreas. In order to estimate the relationship between
the pancreas and other organs, virtual imaging was used.
The donor for liver transplantation (a 45-year-old man) was
studied preoperatively for further examination of relevant
arterial and venous anatomy.

2.2, Ultrasonography

US was performed after overnight fasting. A US system
(SSD-6500, Aloka, Tokyo, Japan) was used. Patients were
placed in the supine position with shoulders, buttocks, and
heels in contact with the table. Water-soluble transmission
gel was applied to the 3.5 MHz transducer.

2.3. Computed tomography

CT was also performed after overnight fasting, with
the patient in the supine position and using a CT scanner
(LightSpeed Ultra 16, GE Medical Systems, Milwaukee,
WI). Contrast medium (lopamiron, Eisai, Tokyo, Japan)
was injected intravenously. Scanning parameters were:
0.625mm collimation x 16; table speed, 6 mm/s (pitch,
1.75); 350400 mA; 120kV; 512 x 512 matrix. Transverse
images were reconstructed at 0.625mm intervals with a
0.625 mm section overlap. All MDCT data were transferred
to the 3D workstation described below.

2.4. Virtual ultrasonography

This system runs smoothly on a personal computer with
2.0 GHz dual CPU (Xeon, Intel, CA), 2.0 GB RAM, Quadro
4 900X GL graphics card and Windows 2000 operating sys-
tem.

For synthesis of 3D images and generation of virtual US
images, VirtualPlace Advance software (Medical Imaging
Laboratory, Tokyo, Japan; http://www.milab.jp) was used
(Fig. 1). MPR images were reconstructed using MDCT data
[3], and slices were displayed in a fan shape to resemble
conventional US. Using a computer system, slices are ani-
mated continuously, and the user immerses in and interacts
with totally virtual images [4].

2.5. Clinical experience
Dynamic CT was performed first. Using these CT images,

virtual US images were reconstructed. Scanning with a vir-
tual US probe, lesions were described in virtual US images.

Conventional US was then performed on patients. A con-
ventional US probe was used in the same location that the
virtual US probe had been used. Images made using con-
ventional and virtual US were then compared, and efficacy
of virtual US was evaluated.

2.6. Radiofrequency ablation

Virtual images were revisualized using conventional US,
confirming that conventional and virtual US images were
very similar. The puncture needle was visualized as a hy-
perechoic silhouette on the monitor, and the needle was ad-
vanced to the target site. The HCC nodule was poorly visu-
alized on US due to the obstruction from the lung, and water
was injected into the right pleural cavity to produce artifi-
cial pleural effusion (500 mL of 5% glucose). A 17-gauge
Cool-Tip electrode with a 2 cm exposed metallic tip (Radion-
ics, Burlington, MA) was introduced via the puncture nee-
dle to the target site. A 480kHz monopolar radiofrequency
generator was used.

3. Results

Figs. 1 and 2 are CT images from the donor for liver
transplantation. Fig 1A shows a whole abdominal image
reconstructed by volume rendering. In this 3D image, the
virtual US probe and US beam are shown, and placement of
the probe and angles of decline can be seen. Fig. 1B shows
virtual US images. Fig. 1C-E show horizontal, sagittal, and
coronal slices, respectively.

First, the whole abdominal area was scanned using vir-
tual US. Reconstructing slices from various angles was
not problematic, and each slice was continuously animated
just as in conventional US (Fig. 2). By tilting the virtual
probe from cranially to caudally (Fig. 2, lower row), the
entire abdominal area could be scanned (Fig. 2, upper
TOW).

Virtual US in a patient with pancreatic cancer invading
the splenic vein (Fig. 3B) was followed by conventional
US performed with reference to virtual images (Fig. 3A).
The abdominal aorta and transverse colon were identified
in the same position on both conventional and virtual US.
In a patient with HCC in the posterior segment of the right
lobe (Fig. 4), virtual US identified the tumor between the
anterior and posterior—inferior branch of the portal vein.
Imaging showed that the posterior~inferior branch was
separated from the posterior-superior branch (Fig. 4A).
Liver morphology and vascular arrangements indicated that
conventional and virtual US (Fig. 4B) yielded identical
results. Images from virtual US were clearer than those
of conventional US. In cases involving poor visualization
on conventional US, anatomical relationships were easily
understood using virtual US.

In a representative case (75-year-old man with HCC) of
RFA (Fig. 5A), the nodule was in the subphrenic area, so
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Fig. 1. The images made by the newly developed software. (A) Volume rendering image for whole abdomen. In this 3D image, the virtual US probe and
US beam are shown. (B) Image from virtual US using virtual probe. (C-E) Horizontal, sagittal, and coronal sections, respectively, obtained by altering

position of the virtual probe.

artificial pleural effusion was created before performing
RFA. A gray point was placed in the area that had been
treated incompletely using CT (Fig. 5B), then virtual im-
ages were reconstructed (Fig. 5C). The gray point was
placed on the same site in virtual images (Fig. 5B and C).
The virtual image was revisualized using conventional US,
and puncture to the target area was performed (Fig. 5D).
After treatment, dynamic CT revealed accurate ablation of
the target site. Complete necrosis was also obtained by RFA
in all seven patients with HCC. No severe complications
occuired.

4. Discussion

The abdominal area is complex, and includes numerous
organs and vessels that make understanding the structure
of the abdomen difficult for sonographers. US allows slices
across the whole abdominal area to be scanned from various
positions and angles. Imagining abdominal structures based
on 2D images from US is often difficult. However, using thin
sections from CT and computer software, 3D images can be
generated to accurately simulate those obtained using con-
ventional US. The present study used virtual US software,

Fig. 2. Continuous scanning for virtual ultrasonography. Slices are reconstructed from various angles, with each slice continuously animated as in

conventional US.
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Fig. 3. A case of pancreatic cancer. (A) Conventional imaging from a patient with pancreatic cancer. Tumor is invading a splenic vein (white arrow).
Transverse colon (white arrowhead) and abdominal aorta (black arrow) are shown. (B) Virtual imaging, Companson of A and B confirms that virtual
and conventional images depict the same anatomical structures and relationships.

and confirmed that images from virtual US are equal to and
clearer than those from conventjonal US.

Significant changes have followed improvements in com-
puter softwate and hardware resulting in new approaches to
representing animation of diagnostic imaging. Use of virtual
endoscopy has become widespread [5,6]. Scanning a virtual
US probe from various angles and directions allows virtual
US to be performed just like conventional US (Fig. 2). Vir-
tual images can depict the peripheral vessels of the liver
and closely resemble real images. Moreover, the organs and
structures surrounding target lesions are represented in the
same place, so users can readily grasp relationships between
target lesions and other organs.

Virtual US has many clinical applications. First, virtual
US provides an excellent educational tool for beginners.
Various medical training systems based on multimedia and
computer graphics have been reported [7,8], and requests
for education and training in abdominal US are increasing.

Using the present system, beginners can readily understand
which organ is shown, and can practice identifying not only
solid organs such as the liver, pancreas, and kidney, but
also hollow organs like the stomach, colon, bile duct, and
blood vessels. Moreover, various patterns and lesions can be
demonstrated simply by changing the imaging data. Users
can thus recreate abdominal anatomy in detail and utilize
this knowledge when implementing the treatment.

Second, virtual US can be applied to freatment.
Non-sutrgical treatment of HCC is typically performed us-
ing guidance from US [9-13]. However, comparing images
from US and CT is often difficult [14]. Using the present
software, agreement between US and CT images can be
confirmed. Virtual US is also very useful for the treatment
of nodules that cannot be visualized on US, but are appar-
ent on CT. A nodule described by virtual US can readily be
placed on conventional US using the surrounding anatomi-
cal relationships. Furthermore, virtual US is useful in RFA

400

mA.

Fig. 4. A case of hepatocellular carcinoma. (A) Conventional US showing 2 nodule between the anterior branch (black arrow) and posterior—inferior
branch (white arrow) of the portal vein (PV). The posterior—inferior branch (white arrowhead) is separated from the posterior—superior branch (black
arrowhead). (B) Virtual US closely resembles the conventional US shown in (A).
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Fig. 5. Treatment of hepatocellular carcinoma using virtual imaging. (A) Dynamic CT showing incomplete necrosis. (B) A gray point is placed on the
target site. (C) The virtual image including the gray point is revealed. Anterior branches of portal vein (black arrow and’arrowhead) and the necrotic
area from previous RFA (white arrow) are shown. (D) Comparison of the image from (C) on conventional US. (E) After treatment, dynamic CT reveals

a complete necrotic area.

[15-17]. As post-RFA lesions display a very irregular area
and target lesions can be difficult to identify, treatment is
often complicated by the need for additional sessions af-
ter the initial session of RFA. Treatment of such lesions
can reportedly be performed using contrast enhanced US
[18-20]. However, this method is very difficult and not all
lesions are contrasted. In such cases, virtual US facilitates
treatment after previous RFA.

In conclusion, virtual US is might be useful for visual-
ization of HCC nodules that those cannot be seen by con-
ventional US. Thus, virtual US greatly assists US-guided
treatment for HCC.
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