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Abstract

Purpose: To evaluate the usefulness of a virtual ultrasound
(US) imaging device as a tool to assist novice sonographers.
Materials and Methods: A prospective blinded pilot study
was conducted involving patients with liver lesions. Two so-
nographers and 2 medical doctors with less than 5 years of
experience performed US examinations. The time needed
to detect liver lesions on US and the success rate for detect-
ing liver lesions with and without using the virtual US imag-
ing device SYNAPSE VINCENT® (Fujifilm Medical Co., Tokyo,
Japan) before US examination were evaluated. Results:
Thirty-two patients with the following 42 liver lesions were
included: liver cyst (n = 24), hemangioma (n = 8), hepatocel-
lular carcinoma (n = 6), and liver metastasis (n = 4). The max-
imal diameter of these lesions ranged from 0.3 to 1.5 cm
(mean * SD, 0.8 + 0.4). The average time for detecting liver
lesions on US was 47.8 s (range, 7-113) with VINCENT and
112.9 s (range, 14-313) without VINCENT before US exami-
nation. There were significant differences in the duration of

US examination with and without VINCENT (p = 0.0002, Stu-
dent’s t test). The rates for accurately detecting liver lesions
were 100 and 76.2% (16/21) in US beginners with and with-
out VINCENT, respectively. Significantly higher detection
rates were found in the US beginners who used VINCENT
compared to those who did not use VINCENT (p = 0.047,
Fisher's exact test). Conclusion: Before US examination, a
reference with VINCENT could contribute to the successful
detection of liver lesions and could be time-saving for US

beginners. ©2014'S. Karger AG, Basel

Introduction

Multidetector CT has been in clinical use since the late
1990s, and 3D imaging technology has markedly ad-
vanced. At the beginning of its clinical application, CT
image reconstruction focused on displaying organs in
real time [1, 2]. Recently, 3D imaging analysis has diversi-
fied. The ease and speed of obtaining needed images from
3D volume data have become important for the treatment
of liver tumors, especially radiofrequency ablation for he-
patocellular carcinoma [3, 4]. Especially in the liver, diag-
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nostic imaging offers diverse modalities, including non-
invasive evaluations [5-14]. Many types of imaging soft-
wares using multiplanar reconstruction (MPR) have
become available for the diagnosis and/or treatment
guidance for liver cancers [15-18].

Ultrasound (US) fusion imaging (Real-Time Virtual
Sonography, HITACHI ALOKA Medical Systems, To-
kyo, Japan; Fusion, GE Healthcare, Chalfont St. Giles,
UK; Smart Fusion, Toshiba Medical Systems, Tokyo, Ja-
pan) is a new system using MPR, and fusion imaging of
B-mode US and CT/MRI can be displayed simultaneous-
ly and in real time according to the angle of the transduc-
er in the magnetic field [19-22]. Fusion imaging can help
us understand the 3D relationship between the liver vas-
culature and tumors. However, this system only operates
with high-end US machines, and the fusion process is
somewhat complex.

The volume analyzer SYNAPSE VINCENT® (Fuji-
film Medical Co., Tokyo, Japan) is a 3D image analysis
system that enables quick and easy access to high-defini-
tion 3D images of organs and vessels using previously
captured CT or MRI, while also providing highly practi-
cal analysis functions at the workstation [23]. In particu-
lar, this can also generate virtual sonographic images us-
ing MPR with a quick and easy operation. In this study,
we evaluated the usefulness of SYNAPSE VINCENT, a
virtual US imaging device,, as a tool to assist US begin-
ners.

Materials and Methods

A prospective blinded pilot study was conducted involving pa-
tients with liver lesions. Two medical doctors and 2 sonographers
with less than 5 years of experience performed US examinations.
The primary objective was to compare the liver lesion detecting
time on US and the success rate for detecting liver lesions with or
without using the virtual US imaging device SYNAPSE VINCENT
before US examination.

Equipment

The local area network system is connected to a computer with
SYNAPSE (Fujifilm Medical Co.), a medical imaging and informa-
tion management system, at the Takamatsu Red Cross Hospital.
VINCENT is an application of imaging analyses using SYNAPSE
and can display 2D MPR images as virtual sonography corre-
sponding to the angle in the plane of 3D volume image data. This
angle of the plane can be operated quickly and freely at the work-
station for scanning in epigastric, subcostal, and intercostal posi-
tions.

B-mode sonographic scans were obtained using LOGIQ E9
(GE Healthcare) with a 2- to 5-MHz convex probe (C1-5D) and a
4-t0 9-MHz linear probe (9LD), an Ascendas (HITACHI ALOKA
Medical Systems) with a 1- to 5-MHz convex probe (EUP C715)
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and a 3- to 7-MHz linear probe (EUP L52), or a Xario XG (Toshi-
ba Medical Systems) with a 3- to 6-MHz convex probe (PVT-
375BT).

CT was performed using a 64-slice multidetector-row CT
scanner (Aquilion 64, Toshiba Medical Systems) with the follow-
ing scan parameters: reconstructed slice thickness = 1 mm; rota-
tion time = 0.5 s; helical pitch = 23.0; pitch factor = 0.791; X-ray
tube parameters = 120 kV, 300-400 mA. Triple-phase contrast-
enhanced CT was performed at 40, 70, and 180 s after initiating
the injection of contrast media to obtain hepatic arterial, por-
tal venous, and equilibrium phase images, respectively. A total of
100 ml of nonionic contrast material containing 300 mg of iodine
per milliliter (Iopamidol, Bayer Yakuhin, Osaka, Japan) was in-
jected intravenously at a rate of 3 ml/s using an automatic power
injector.

Evaluation

Patients with liver tumors who have previously been diagnosed
by dynamic CT or MRI were selected for this study. US beginners
were permitted to obtain imaging information of some patients
using VINCENT, whereas information on previous imaging re-
sults of other patients was withheld.

The liver was examined first using a subcostal approach in sag-
ittal and paraxial planes. As a rule, the right hepatic lobe was also
examined with a lateral approach through the intercostal space.
Sonographic reports and images were reviewed in conjunction
with CT/MRI to determine whether a determinate lesion shown
on CT/MRI could be detected sonographically and to confirm le-
sion correspondence. Thereby, the detection rates and duration of
detecting liver lesions on US were evaluated.

Statistical Analysis

All values are expressed as the mean + standard deviation (SD).
Comparisons between the two groups were analyzed using Stu-
dent’s t test and Fisher’s exact test. p < 0.05 was considered sig-
nificant. Statistical analyses were performed using Microsoft Excel
2013 for Windows.

Results

This pilot study involved 32 patients undergoing rou-
tine US examinations. All patients with the following 42
liver lesions were included: liver cyst (n = 24), heman-
gioma (n = 8), hepatocellular carcinoma (n = 6), and liv-
er metastasis (n = 4). The maximal diameter of these le-
sions ranged from 0.3 to 1.5 cm (mean + SD, 0.8 + 0.4)
on CT.

The average time for detecting liver lesions on US was
47.8 s (range, 7-113) with VINCENT and 112.9 s (range,
14-313) without VINCENT before US examination.
There were significant differences in the duration of US
examination with and without VINCENT (p = 0.0002,
Student’s t test; fig. 1).

The rates for accurately detecting liver lesions were
100% (21/21) and 76.2% (16/21) in US beginners with

Oncology 2014;87(suppl 1):50-54 51
DOI: 10.1159/000368145

/2015 1:31:18 AM



http://dx.doi.org/10.1159%2F000368145

300

p = 0.0002

250
200

150 4

100 + T

50 L

Without VINCENT

Time (s)

R —

With VINCENT

Fig. 1. The time needed to detect the liver lesions with and without
VINCENT.

and without VINCENT, respectively. Significantly high-
er detection rates were found in the US beginners who
used VINCENT compared to those who did not use
VINCENT (p = 0.047, Fisher’s exact test).

Discussion

Preparation is a necessary ingredient for success, and
even more so for beginners. This study demonstrated
that pre-check imaging by SYNAPSE VINCENT could
contribute to the successful detection of liver lesions and
could be time-saving on US examination for beginners.
In general, axial imaging on CT is common in clinical
use, whereas US shows cross-sectional images with vari-
ous angles. In particular, an intercostal view of the liver
on US provides quite a different image from usual CT
images because the intercostal view is in a diagonal di-
rection against the body trunk. Therefore, it is often dif-
ficult for US beginners to understand the 3D anatomy of
the liver and display available images with an intercostal
view. Moreover, US images may differ from a familiar
view because the shape of the liver changes after surgical
liver resection. This could also lead to wasting time on
US examination. However, SYNAPSE VINCENT has
the potential to resolve these problems. VINCENT can
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Fig. 2. Imaging of a 66-year-old man with liver cysts. a Transverse
portal phase CT shows two cysts (arrows) in segment III and VI of
the liver. b Screen shot shows setting windows for VINCENT. Up-
per images show the transverse, sagittal, and coronal views for the
cyst in segment VI. The lower left image shows that the transduc-
er angle in the plane of the body trunk indicates images obtained
from the subcostal view. The lower right image displays the vir-
tual US image and the cyst as low-density area. ¢ B-mode US image
corresponds to the virtual US image. The cyst is shown as low
echoic area (arrow). Our US beginners missed this cyst without
using VINCENT because the rib bone hid it.
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simulate US examinations by virtual US imaging at a
workstation [23]. Preparation using VINCENT could
promote an efficient and successful US examination
(fig. 2).

While the basic technical development depends on the
frequency of US examination, successful experience
would stimulate a US beginner’s growth. This study gives
powerful support for the effectiveness of training in early-
phase US skill acquisition with the use of VINCENT. To
perform US examination with competence, not only the
sonographer, but also the medical doctor must have a
good understanding of the abdominal anatomy. The use
of various models and stimulators will help to understand
the abdominal anatomy and shorten the learning curve.
Therefore, a training program with the use of virtual US
imaging would shorten the learning curve for US begin-
ners.

However, virtual US devices such as VINCENT
should provide reference images at a workstation. Vir-
tual US images do not completely correspond to US im-
ages. This imaging incompatibility could be attributed to

variations in the depth of breath holding on CT and US
examination [20]. In addition, the liver is also rotated to
varying degrees from the time when CT was previously
captured.

The principal limitation of this study is that it could
suffer from selection bias because patients with liver le-
sions were enrolled according to the senior doctors’ sub-
jective selections. Second, it is a preliminary study with a
relatively small number of patients. Further studies of
this technique with a larger number of patients are war-
ranted.

In summary, SYNAPSE VINCENT could display vir-
tual US images clearly and smoothly. Before US exami-
nation, a reference with VINCENT could contribute to
the successful detection of liver lesions and could be time-
saving for US beginners.
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