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ABSTRACT
Aim: The present study was designed to evaluate the feasibility of preoperative liver functional volumetry performed by
3D-technetium-99m-diethylenetriaminepentaacetic acid-galactosyl-human serum albumin (99mTc-GSA) scintigraphy/
vascular fusion imaging using SYNAPSE VINCENT and to examine the discrepancy between conventional and
functional volumetry. Methods: The study group comprised 15 patients who underwent preoperative 3-dimensional
(3D)-99mTc-GSA scintigraphy/vascular fusion imaging using SYNAPSE VINCENT software before hepatectomy
between July 2014 and August 2015. The diagnosis was hepatocellular carcinoma (n = 4), metastatic liver tumor (n =
10), or intrahepatic cholangiocarcinoma (n = 1). Right hepatectomy was performed in 2 patients, left hepatectomy in 3
patients, right posterior sectionectomy in 3 patients, segmentectomy in 2 patients, and partial hepatectomy in 4 patients.
99mTc-GSA scintigraphy and computed tomography (CT) were performed to construct 3D-99mTc-GSA scintigraphy/
vascular fused images. The conventional volume ratio of the planned resection region without tumor (% CT), and the
functional volume ratio of the planned resection region without tumor (% GSA) were calculated. The discrepancy ratio
was calculated as follows: discrepancy ratio = 100 - % GSA/ % CT × 100 (%). Results: The % GSA (17.9 ± 16.7%)
was significantly lower than the % CT (21.5 ± 17.6%) (P < 0.036). In all except 2 patients, the % GSA was lower than
the % CT. The discrepancy ratio ranged from -4% to 75% (median, 20.7%). Conclusion: 3D-99mTc-GSA scintigraphy/
vascular fused images constructed using SYNAPSE VINCENT were useful for noninvasively performing functional liver
volumetry in patients scheduled to undergo various patterns of hepatectomy. In planned resection regions without tumor,
the functional volume ratio was about 20% lower than the conventional volume ratio.
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INTRODUCTION
In liver surgery, preoperative treatment planning is
defined in the context of the anatomical structure and
the functional reserve of the liver. In patients who have
damaged liver function or who are scheduled to undergo
extended hepatectomy, the postoperative residual liver
volume with adequate preservation of blood supply and
drainage vessels is very important for the prevention of
liver failure.[1]
Virtual reality simulation on computed tomography (CT),
magnetic resonance imaging (MRI), or ultrasonography
(US) plays an important role in examining the anatomical
structure of the liver. Recently 3-dimensional (3D) imaging
techniques, such as 3D CT, 3D MRI, and 3D US, have been
developed. To date, a number of methods and software
systems have been developed for 3D surgical planning
before liver surgery.[2-6] Remnant liver volume can thus be
determined (volumetry) before hepatectomy.
Technetium-99m-diethylenetriaminepentaacetic
acidgalactosyl-human serum albumin (99mTc-GSA) is an analog
ligand of asialoglycoprotein. 99mTc-GSA binds to the
asialoglycoprotein receptor (ASGP-R) located specifically
on hepatocytes. The ASGP-Rconcentration is helpful in
evaluating the extent and progression of liver disease,
so the hepatic uptake of 99mTc-GSA reflects the number
of functioning hepatocytes.[7-11] Before hepatic resection,
however, it is difficult to correctly estimate the functional
hepatocyte mass of the remnant liver.
Thus, 99mTc-GSA scintigraphy combined with single-photo
emission computerized tomography (SPECT) and CT fused
imaging has been used to estimate the future remnant
liver function before hepatic resection.[12-16] However, the
planned resection region had to be set manually using a
2-dimensional CT display. It was difficult to estimate the
local remnant liver function in detail.
The volume analyzer software SYNAPSE VINCENT (Fujifilm
Medical Co., Tokyo, Japan) is a high-speed 3D image
analysis system. Using previously captured CT or MRI,
high-definition 3D images of organs and vessels can be
reconstructed quickly.[4] It has become easy to grasp the
complex anatomical relations between the portal triad,
hepatic veins, and local tumor by volume rendering. With
this software, the surgeon can simulate various patterns
of planned hepatectomy.[4-6]
In the present study, we performed preoperative liver
functional volumetry by 3D-99mTc-GSA scintigraphy/
vascular fused imaging using SYNAPSE VINCENT and
examined the discrepancy between conventional and
functional volumetry.

METHODS
This retrospective study was approved by our institutional
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review board; informed consent was obtained from
all patients before 99mTc-GSA scintigraphy and CT. We
retrospectively reviewed patients who had undergone
liver surgery between July 2014 and August 2015 in the
Department of Surgery of our hospital. Twenty-five patients
preoperatively underwent 3D-99mTc-GSA scintigraphy/
vascular fused imaging using SYNAPSE VINCENT.
The following exclusion criteria were applied: (1) a
history of hepatectomy or portal embolization; (2) hilar
cholangiocarcinoma with unilateral biliary drainage; and
(3) hepatectomy for benign disease. A total of 15 patients
(10 men and 5 women; age, 60 to 81 years; mean, 72.7
years) who agreed to undergo preoperative 3D-99mTc-GSA
scintigraphy/vascular imaging using SYNAPSE VINCENT
were studied. The diagnosis was hepatocellular carcinoma
in 4 patients, metastatic liver tumor in 10 patients, and
intrahepatic cholangiocarcinoma in 1 patient. Based on the
Brisbane 2000 classification criteria,[17] right hepatectomy
was performed in 2 patients, left hepatectomy in 3
patients, right posterior sectionectomy in 3 patients,
segmentectomy in 2 patients, and partial hepatectomy in
5 patients. Background of the liver was liver cirrhosis in 2
patients, chronic hepatitis in 1 patient, and normal liver
in 12 patients. The planned resection region of the liver
could be similarly resected in all patients.

3D-vascular imaging using SYNAPSE VINCENT
Preoperative enhanced CT was performed with a
64-multidetector-row CT scanner (Discovery CT 750
HD, GE Healthcare Japan, Co. Ltd., Tokyo, Japan) at
0.625-mm intervals. Four-phase contrast-enhanced CT
was performed 30, 60, 90, and 180 s after initiating the
injection of contrast media to obtain hepatic arterial,
portal venous, hepatic venous, and equilibrium phase
images, respectively. A total of 100 mL of nonionic
contrast material containing 370 mg of iodine per milliliter
(Iopamidol, Bayer Yakuhin, Osaka, Japan) was injected
intravenously at a rate of 3.3 mL/s using an automatic
power injector. With the use of a workstation, a routine
preoperative CT workup was performed in the axial and
coronal imaging planes. The data were obtained in Digital
Imaging and Communications in Medicine format and
transmitted to a workstation running SYNAPSE VINCENT.
Liver Analysis Application uses Dynamic-CT imaging of the
liver. After data for the hepatic arterial, portal venous, and
hepatic venous phases are obtained, operative simulation
by 3D-vascular images is performed. After selection of
the portal venous branch of the planned resection area,
surgical simulations can be displayed. This system also
can calculate the total liver volume, tumor volume, and
volume of planned resection region.[4]
99m

Tc-GSA scintigraphy

A bolus of 1 mL of 99mTc-GSA (185 MBq, Nihon Medi-physics
Co. Ltd., Nishinomiya, Japan) was intravenously injected
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into an antecubital vein. Images were obtained with the
patient in the supine position, using a gamma camera
over a large field of view in which a high-resolution, allpurpose parallel-hole collimator (Infinia: GE Healthcare
Japan Co. Ltd., Tokyo, Japan) was centered over the
liver and precordium. Computer acquisition of gamma
camera data was initiated simultaneously with injection
of 99mTc-GSA and stopped at 30 min. Digital images (128
× 128 pixels) were acquired in the byte mode at a rate
of 2 frames/min for 20 min after the injection. Hepatic
SPECT data were obtained for 15 min after the end of the
dynamic scintigraphic study.

3D-99mTc-GSA
scintigraphy/vascular
imaging using SYNAPSE VINCENT

fusion

Data obtained by 99mTc-GSA scintigraphy and CT imaging
are composited by adjusting the axial and coronal images,
and 3D-99mTc-GSA scintigraphy/vascular fused images are
constructed. The 3D-vascular images are used to select
the portal venous branch to be resected and to calculate
the extraction volume and ratio of the dominant region
of the branch (conventional volumetry). In 3D-99mTcGSA scintigraphy, the functional volume and ratio of
the same region are calculated (functional volumetry)
concomitantly. Count-rates are displayed on the images,
which can be saved.[4]

Image analysis

In 99mTc-GSA scintigraphy, regions of interest (ROI) over
the entire liver and heart are delineated. Time-activity
curves are generated for the ROI.
An index of clearance of 99mTc-GSA from the blood is
calculated as the quotient of the radioactivity of the
heart ROI 15 min after injection (H15) divided by the
radioactivity of the heart ROI 3 min after injection (H3),
(HH15=H15/H3). Hepatic uptake ratio of 99mTc-GSA is
calculated by dividing the radioactivity of the liver ROI at
15 min (L15) by the sum of H15 and L15 (LHL15) =L15/
[H15+L15].[10,11,18]
The 3D-99mTc-GSA scintigraphy/vascular fusion images
obtained using SYNAPSE VINCENT are used to calculate the
total liver volume without tumor, the conventional volume
ratio of the planned resection region without tumor (% CT),
and the functional volume ratio of the planned resection
region without tumor (% GSA). The discrepancy ratio is
calculated as follows: discrepancy ratio = 100 - % GSA/% CT
×100 (%).

Case 9

A 71-year-old woman was admitted with a diagnosis of
hepatocellular carcinoma concomitant with liver cirrhosis
due to autoimmune hepatitis. CT revealed hepatocellular
carcinoma (hypervascular tumor) in Segment 6 [Figure 1]. The %
CT and % GSA were 3.0% and 2.2% in partial hepatectomy,
12.2% and 11.7% in segmentectomy, 27.5% and 28.4% in
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right posterior sectionectomy, and 63.4% and 68.5% in
right hepatectomy, respectively. Segmentectomy was
performed to treat the hepatocellular carcinoma.

Statistical analysis

Values are expressed as means ± standard deviation
(range). The Student’s t test was used to compare
differences between two groups. A P value of < 0.05
was significant. All analyses were performed with SPSS
version 17 (SPSS, Chicago, IL).

RESULTS
The clinical characteristics of the 15 patients are
summarized in Table 1. The mean values of HH15 and
LHL15 were 0.64 ± 0.10 and 0.90 ± 0.06, respectively.
The % GSA (17.9% ± 16.7%) was significantly lower than the
% CT (21.5% ± 17.6%) (P < 0.036). In all except 2 patients,
the % GSA was lower than the % CT. The discrepancy ratio
ranged from -4% to 75% (median, 20.7%).

DISCUSSION
Our study demonstrated that 3D-99mTc-GSA scintigraphy/
vascular fusion imaging using SYNAPSE VINCENT is useful
for noninvasive functional liver volumetry in patients
scheduled to undergo various patterns of hepatectomy.
Postoperative liver failure remains a life-threatening
complication
after
hepatectomy.
Conventionally,
traditional liver function tests and CT volumetry have
been used to evaluate patients before hepatic surgery.
The use of 99mTc-GSA scintigraphy to evaluate liver
function was initially introduced by investigators
in Japan. 99mTc-GSA is binds to the ASGP-R located
specifically on hepatocytes. The function of ASGP-R
remains normal even in regenerating hepatocytes, and
the ASGP-R density per hepatocyte is constant. Therefore
the total amounts of ASGP-R are lower in cirrhotic liver
patients than in normal liver patients according to the
hepatocyte theory.[19-23] We previously reported that, with
progression of hepatic functional degeneration, ASGP-R
density per hepatic volume decreases, especially in
the right lobe.[9] The hepatic accumulation of 99mTc-GSA
thus reflects the functional liver volume.[24] The hepatic
uptake image of 99mTc-GSA at 15 min or later reflects the
ASGP-R population.[25] An index of clearance of 99mTc-GSA
(HH15) is calculated as the quotient of the radioactivity
of the heart ROI 15 min after injection (H15) divided by
the radioactivity of the heart ROI 3 min after injection
(H3), (HH15 = H15/H3). Hepatic uptake ratio of 99mTcGSA (LHL15) is calculated by dividing the radioactivity of
the liver ROI at 15 min (L15) by the sum of H15 and L15
(LHL15=L15/[H15+L15]).[10,11,18] HH15 and LHL15 reflect
the hepatic function. Various studies of 99mTc-GSA have
examined hepatic function.[9,10,26-28]
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Figure 1: Various patterns of % GSA and % CT on 3D-99mTc-GSA scintigraphy/vascular fusion images in case 11. (a) CT image (planned resection
region); (b) partial hepatectomy; (c) partial hepatectomy; (d) segmentectomy (S6); (e) segmentectomy (S6); (f) right lateral sectionectomy; (g) right lateral
sectionectomy; (h) right hepatectomy on 3D-99mTc-GSA scintigraphic image; (i) right hepatectomy on 3D-vascular image. % CT: conventional volume ratio
of planned resection region without tumor; % GSA: functional volume ratio of planned resection region without tumor

Table 1: Discrepancy ratio between % CT and % GSA
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
AV
SD

Age Gender Disease
60
76
72
65
78
68
74
77
71
77
81
77
78
69
68
72.7
5.6

M
M
M
F
F
M
M
M
F
M
F
F
M
M
M

HCC
Meta
HCC
ICC
Meta
Meta
Meta
Meta
HCC
Meta
HCC
Meta
Meta
Meta
Meta

Liver

Operation

HH15

LHL15

% CT

% GSA

Discrepancy ratio%

CH
Normal
Normal
Normal
Normal
Normal
Normal
Normal
LC
Normal
LC
Normal
Normal
Normal
Normal

Right hepatectomy
Right hepatectomy
Left hepatectomy
Left hepatectomy
Left hepatectomy
Right posterior sectionectomy
Right posterior sectionectomy
Right posterior sectionectomy
Segmentectomy (S6)
Segmentectomy (S8)
Partial hepatectom (S8)
Partial hepatectomy (S6)
Partial hepatectomy (S6)
Partial hepatectomy (S8)
Partial hepatectomy (S8)

0.71
0.74
0.44
0.56
0.62
0.57
0.70
0.70
0.74
0.61
0.88
0.56
0.54
0.60
0.68
0.64
0.10

0.84
0.94
0.94
0.92
0.90
0.96
0.86
0.92
0.88
0.92
0.72
0.96
0.94
0.92
0.88
0.90
0.06

33.2
66.3
42.7
21.6
32.9
28.9
27.5
25.5
12.2
17.0
6.6
1.3
1.6
2.6
2.9
21.5
17.6

33.7
66.4
19.0
12.5
29.1
25.5
23.5
23.2
11.7
12.0
5.1
1.1
0.4
2.7
2.2
17.9
16.7

-2
0
56
42
12
12
15
9
4
29
23
15
75
-4
24
20.7
21.4

HCC: hepatocellular carcinoma; Meta: metastatic liver tumor; ICC: intrahepatic cholangiocarcinoma; LC: liver cirrhosis; CH: chronic hepatitis; % CT:
conventional volume ratio of planned resection region without tumor; % GSA: functional volume ratio of planned resection region without tumor; Discrepancy
ratio: (1-% GSA % CT) × 100; AV: average value; SD: standard deviation

The SYNAPSE VINCENT system has already been tested
in various surgical fields,[29-32] and techniques for its use
have been refined. The system has been greatly helpful
in previsualizing intraoperative scenarios. In fact, the
time required for intraoperative confirmatory US was
considerably shortened after the introduction of this
technology. This system is relatively easy to operate,
allowing even a novice user to create 3D images.
3D-99mTc-GSA scintigraphy/vascular fusion images could
also be easily created with the use of SYNAPSE VINCENT.
It was possible to select the portal venous branch to be
resected on the 3D-vascular images, and the conventional
190

volume could be compared with the functional volume of
the planned resection region of the liver. The % GSA and
% CT could also be calculated and compared.
In conclusion, 3D-99mTc-GSA scintigraphy/vascular fusion
imaging performed with the use of SYNAPSE VINCENT
is useful for non-invasive functional liver volumetry
in patients scheduled to undergo various patterns of
planned hepatectomy. There was a discrepancy between
the results of conventional and functional volumetry.
In the planned resection region without tumor, the
functional volume ratio estimated with SYNAPSE
VINCENT was about 20% lower than the conventional
Hepatoma Research | Volume 2 | July 1, 2016

volume ratio.
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