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Abstract The purpose of this study was to assess the
usefulness of a three-dimensional (3D) angiography system
using a flat panel detector of direct conversion type in
treatments with subsegmental transcatheter arterial
chemoembolization (TACE) for hepatocellular carcinomas
(HCCs). Thirty-six consecutive patients who underwent
hepatic angiography were prospectively examined. First,
two radiologists evaluated the degree of visualization of the
peripheral branches of the hepatic arteries on 3D digital
subtraction angiography (DSA). Then the radiologists
evaluated the visualization of tumor staining and feeding
arteries in 25 patients (30 HCCs) who underwent subseg-
mental TACE. The two radiologists who performed the
TACE assessed whether the additional information pro-
vided by 3D DSA was useful for treatments. In 34 (94.4%)
of 36 patients, the subsegmental branches of the hepatic
arteries were sufficiently visualized. The feeding arteries of
HCCs were sufficiently visualized in 28 (93%) of 30
HCCs, whereas tumor stains were sufficiently visualized in
18 (60%). Maximum intensity projection images were
significantly superior to volume recording images for
visualization of the tumor staining and feeding arteries of
HCCs. In 27 (90%) of 30 HCCs, 3D DSA provided addi-
tional useful information for subsegmental TACE. The
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high-quality 3D DSA with flat panel detector angiography
system provided a precise vascular road map, which was
useful for performing subsegmental TACE .of HCCs.
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Introduction

Although hepatocellular carcinoma (HCC) is the most
common tumor that originates in the liver, hepatic resec-
tion frequently is contraindicated because of coexisting
cirrhosis [1]. Transcatheter arterial chemoembolization
(TACE) is the widely used therapy in patients with HCC
who are considered to be unsuitable candidates for surgery,
and recent reports have demonstrated survival benefits after
TACE [2, 3]. Recent advances in the therapeutic technique
of TACE including the development of some types of
microcatheter enable us to carry out successful selective
and effective treatment to the target with minimum injury
to the surrounding liver tissue. Several previous studies
have reported that subsegmental TACE may be used
effectively as a treatment for small HCC and be consid-
erably superior to the outcome of treatment with
conventional TACE [4, 5]. For subsegmental TACE, the
interpretation of feeding artery for the treatment of HCC
and the understanding of the anatomic relationship of the
hepatic artery branches are important factors for successful
selective catheterization of the feeding arteries. Although
digital subtraction angiography (DSA) has been considered
to be the standard criterion for abdominal angiography
studies, conventional DSA provides only two-dimensional
(2D) projections of the vascular anatomy. Because it is
difficult to determine the relationship between multiple
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overlapping vessels from 2D projectional images, multiple
acquisitions at various angles and catheter location are
often necessary to analyze their angioarchitecture pre-
cisely. Thus, these multiple acquisitions result in increased
radiation exposure to the patient and contrast material.
Recently, three-dimensional (3D) angiographic techniques,
including 3D DSA and 3D digital angiography, were
developed and have been applied clinically to the evalua-
tion of intracranial aneurysms [6—8]. Moreover, some
publications have reported the utility of 3D rotational
angiography for TACE procedure [9, 10].

3D angiographic techniques with an image intensifier
television (II-TV) system have inferior spatial resolution
compared with conventional 2D DSA, and did not enable
imaging of the entire vascular structures. Recently, a flat
panel detector (FPD) of direct conversion type based on
amorphous selenium (a-Se) became commercially avail-
able for angiography. Compared with the II-TV system,
this angiography system using the FPD has several the-
oretical advantages such as high spatial resolution, wide
dynamic range, square field of view, and real-time
imaging capabilities with no geometric distortion, and
these advantages allow for higher-resolution 3D DSA
created from rotational angiography data. The purpose of
our prospective study was to assess the usefulness of 3D
DSA with this new angiography system in conjunction
with 2D DSA for subsegmental TACE in patients with
HCC.

Materials and Methods
Case Selection and Classification

From June through October 2004, 36 consecutive
patients (25 men, 11 women; age range, 44-82 years;
mean age, 69.1 years) who underwent hepatic angiog-
raphy were prospectively examined. All patients were
suspected of having at least one liver tumor on the basis
of CT findings. In these patients, the final disease
diagnoses were HCC (n = 33), cholangiocarcinoma
(n = 1), metastatic liver tumor (n = 1), and hemangioma
(n =1). Of the 33 patients with HCC, 19 had histo-
logically proven HCCs, and in the remaining 14 patients,
HCC was diagnosed on the basis of a high level of
serum o-fetoprotein and the characteristic CT findings. In
patients who underwent needle biopsy, typically the
biopsy was performed for one lesion. The cholangio-
carcinoma and metastatic liver tumor were diagnosed
with surgical specimens. A hemangioma was diagnosed
on the basis of a characteristic angiographic finding. All
patients gave informed consent, and the study was
approved by our institutional review board.
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Angiography Protocol

All angiography examinations (2D and 3D angiography)
were performed using an angiography system with a FPD
of direct conversion type on a motorized C-arm (Safire;
Shimadzu Corp., Kyoto, Japan). This newly developed
detector has a pixel pitch of 150 pm and an array format of
1536 x 1536 pixels, covering a field of view of 23 cm”. An
a-Se film, about 1000 pum thick, is used for the x-ray
conversion layer. Using the Seldinger technique, the tip of
a 5-Fr catheter was guided from the femoral artery to the
descending aorta. First, all patients underwent 2D DSA that
included celiac and superior mesenteric angiographic
examinations with the use of 24 mL of nonionic contrast
material (Iopamiron 300) to evaluate the vascularity of the
HCC and the vascular anatomy. Then the 5-Fr catheter was
placed in the common hepatic artery, proper hepatic artery,
or replaced right hepatic artery if it arose from the superior
mesenteric artery, and 10-14 mL of contrast material was
manually administered using a 20-mL syringe. After 2D
DSA, rotational angiography was performed; the catheter
position was the same between 2D DSA and rotational
angiography in all patients. 3D data sets were obtained
from rotational series consisting of two rotations. This
series covers a total angular range of 195 deg around
patients, with a first rotation of 60 deg/s to acquire sub-
traction mask images, and a second rotation of 60 deg/s to
acquire opacified images during the administration of
contrast material. Data were acquired at 30 frames per
second with 1024 x 1024 matrices. The isocenter for the
rotational field was the area of interest in the patient’s
abdomen. The contrast material was automatically admin-
istered using a power injector (Autoinjector 120S; Nemoto
Kyorindo, Tokyo). In most patients, a delay of 1-3 s and a
flow rate of 3—5 mL/s were used, with a total amount of
17-28 mL.

3D Reconstruction Techniques

Image datasets were immediately transferred to a work-
station (DAR-5000; 3D-ANGIO option V3.0; Shimadzu
Corp.). 3D images were available approximately 3 min
after 3D data were transferred to a workstation. MIPs
(maximum intensity projections), which were displayed
with optimal windows, and VRs (volume renderings),
which were displayed with optimal threshold, were
reconstructed by a radiologist (Y.H.) who was experi-
enced in angiography. When the radiologists required
further information to evaluate the anatomic relationship
of the hepatic artery branches, they could independently
examine the 3D images on the workstation from desired
angles.
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Analysis of Overall Image Quality

For evaluation of 3D DSA, two radiologists (S.K., N.O.),
who were unaware of clinical findings and did not take part
in image manipulation, independently reviewed two dif-
ferent display forms, MIP and VR images, in separate
sessions. These 3D images were always evaluated in con-
junction with the 2D DSA on hardcopy films. After
independent interpretations were performed, the differ-
ences in assessments between the two radiologists were
resolved by consensus. 3D DSA was displayed on a 19-in.
CRT monitor (model RDF192S; Mitsubishi, Tokyo). An
intuitive and efficient user interface allows manipulation
(e.g., rotation, zoom, electronic scalpel) of these views in
real time on this CRT monitor.

Overall image quality was rated according to the degree
of visualization of the peripheral branches of the hepatic
arteries in field of view using a 4-point scale as follows: 4 =
excellent, subsubsegmental branches of the hepatic artery
were visualized; 3 = good, all subsegmental branches were
clearly visualized; 2 = fair, some subsegmental branches
were indistinct; and 1 = poor, no subsegmental branches
were visualized [11]. A subsubsegmental branch of the
hepatic artery was defined as a peripheral artery that
branched from a segmental hepatic artery [11]. Artifacts
were evaluated as follows: 4 = no visible artifact,
3 = minimal artifact that did not interfere with diagnostic
quality, 2 = moderate artifact sufficient to interfere with
diagnostic quality, and 1 = heavy artifact resulting in
nondiagnostic study. When an artifact was presented,
radiologists were asked to indicate the locations and
characteristics of artifacts such as patient’s motion artifact,
cardiac motion artifact, and respiratory motion artifact.

Analysis in Subsegmental TACE

Of 33 patients with HCCs, subsegmental TACE was not
performed in 4 patients because of large HCCs (n = 2) or
multiple HCCs (n = 2). In 3 (4 HCCs) of the remaining 29
patients (36 HCCs), selective catheterization distal to the
subsegmental artery failed technically or was anatomically
impossible, thus the success rate of subsegmental cathe-
terization was 89% (32 of 36 HCCs). One (2 HCCs ) of 26
patients (32 HCCs) was excluded from the evaluation
because the field of view did not cover the tumor staining
on 3D DSA. Therefore, 30 HCCs in 25 patients were
included in this evaluation; two radiologists evaluated the
visualization of the tumor staining and feeding arteries for
the 30 HCCs (nodule size range, 540 mm in diameter;
mean, 18.0 mm; median, 15.0 mm). Three-phase (arterial,
portal, and delayed phases) spiral CT obtained before
hepatic DSA detected all 30 HCCs; 29 of 30 HCCs were

detected in the arterial phase, which is better than in the
portal phase (n =17) and the delayed phase (n = 20).
Lesions and diameters of the tumors were determined with
2D DSA. Three of 30 HCCs were located in segment S3, 5
in S4, 6 in S5, 5 in S6, 2 in S7, and 9 in S8.

The following scale was used to evaluate tumor staining:
5 = excellent (tumor staining depicted with close to the
same quality as with 2D DSA); 4=good (tumor staining
clearly visualized but image quality somewhat reduced
compared with that with 2D DSA); 3 = adequate (blurred
visualization of tumor staining but providing sufficient
useful information for TACE); 2 = insufficient visualiza-
tion; and 1 = not visible. Feeding artery for the treatment of
HCC was evaluated as follows: 5 = excellent (vessel seg-
ment clearly visualized and vessel-tissue contrast high); 4 =
good (satisfactory visualization but vessel-tissue contrast
somewhat reduced); 3 = adequate (visualization of vessel
segment still sufficient); 2 = insufficient visualization; and
1 = not visible. When tumor staining and the feeding artery
of HCC were evaluated as 2 or 1 (insufficient visualization
or not visible), the readers were asked to indicate possible
reasons for nonvisualization, such as patient motion, car-
diac motion artifact, respiratory motion artifact, or poor
contrast enhancement.

In addition, two radiologists who performed or assisted
with subsegmental TACE were questioned as to whether
the additional information provided by 3D angiography
was useful for treatment. The answers of these radiologists
for each HCC were scored as follows: grade 3, 3D DSA
provided very useful information that was helpful for the
TACE approach, and interventional radiologists could
perform selective catheterization of the feeding artery
without a further hepatic angiography session after the 3D
DSA session; grade 2, 3D DSA provided sufficient infor-
mation that was helpful for the TACE approach and could
reduce further hepatic angiography sessions after the 3D
DSA session; grade 1, 3D DSA provided further informa-
tion that was not helpful for TACE; or grade 0, 3D DSA
provided no further information. The judgments were
obtained by consensus.

Statistical Analysis

All statistical analyses were performed with a statistical
software package (StatView 5.0; SAS Institute, Cary, NC).
For scores of image quality, all results are expressed as the
mean =+ standard error of the mean for each reconstruction
technique (MIP and VR image). Analysis of Wilcoxon
signed rank test was performed on the results to assess the
statistical significance of the different scores assigned to
MIP and VR images. A p value of <0.05 was considered to
indicate a statistically significant difference. To evaluate
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the level of interobserver agreement on scores of image
quality, a Kendall W test was performed. Kendall W
coefficients between 0.5 and 0.8 were considered to indi-
cate good agreement, and coefficients >0.8 were
considered to indicate excellent agreement.

Results

Conventional 2D DSA and rotational angiography were
successfully performed in all 36 patients without any
complications, and a diagnostic image was obtained in all
patients. Rotational angiography was performed with
catheterization at the common hepatic artery (n = 24), the
proper hepatic artery (n = 9), or the replaced right hepatic
artery arising from the superior mesenteric artery (n = 3).

The overall image quality of MIP images was scored to
be excellent in 29 (80.6%) of 36 patients, good in 5
(13.9%), and fair in 2 (5.6%), while the overall image
quality of VR images was excellent in 15 (41.7%), good in
18 (50%), and fair in 3 (8.3%) (Table 1). The mean rating
scores for the overall image quality were 3.75 £ 0.55
(mean £+ SD) for MIP images and 3.33 £ 0.63 for VR
images (p < 0.001; Wilcoxon signed rank test). In 34
(94.4%) patients the subsegmental branches of the hepatic
artery were sufficiently visualized on MIP images. None of
the examinations revealed artifacts that resulted in a non-
diagnostic study. Moderate artifacts due to identifiable
cardiac motion, which interfered with the image quality in
visualization of the subsegmental hepatic artery branches,
were observed on the left lateral lobe in two (5.6%)
patients each for both MIP and VR images (Fig. 1). There
were minimal artifacts, associated with misregistration due
to respiratory motion, in 10 (27.8%) for MIP and 3 (8.3%)
for VR images. All these artifacts were present on the
diaphragmatic surface (Fig. 2).

The results on visualization of tumor staining and
feeding artery are summarized in Table 2. Sufficient
visualization of tumor staining (score, 5-3) was obtained in
18 (60.0%) of 30 HCCs for MIP images and in 11 (37.6%)
for VR images; MIP images were significantly superior to
VR images (mean rating score, 2.80 £ 1.35 s,

Fig. 1 Images in a 71-year-old woman with hepatocellular carci-
noma. MIP image from the inferior and right anterior oblique view
obtained with contrast material injection in the selective common
hepatic artery. An artifact due to identifiable cardiac motion interferes
with the diagnostic quality of the hepatic artery in the left lateral lobe
(arrows)

Fig. 2 Images in a 56-year-old woman with cholangiocarcinoma.
MIP image shows a respiratory misregistration artifact associated
with the subtraction technique on the diaphragmatic surface
(arrowheads)

Table 1 Evaluation of 3D DSA with regard to visualization of the peripheral branches of the hepatic artery

Score for overall image quality Mean + SD* p value®
4 3 1

MIP (n = 36) 29 (80.6%) 5 (13.9%) 2 (5.6%) 0 (0.0%) 3.75 £ 0.55

VR (n = 36) 15 (41.7%) 18 (50.0%) 3 (8.3%) 0 (0.0%) 3.33 £ 0.63 <0.001

Note. Data are the number of patients

? Data are mean + SD of scores for overall image quality evaluated using a 4-point scale (4 = excellent, 3 = good, 2 = fair, 1 = poor)

® Wilcoxon signed rank test
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Table 2 Evaluation of 3D DSA with regard to visualization of tumor staining and feeding artery

Score for image quality Mean + SD* p value®
5 4 3 2 1
Tumor staining (n = 30) MIP 4 (13.3%) 5 (16.7%) 9 (30.0%) 5 (16.7%) 7 (23.3%) 2.80 + 1.35 <0.001
VR 0 (0.0%) 3 (10.0%) 8 (26.7%) 5 (16.7%) 14 (46.7%) 2.00 £+ 1.08
Feeding artery (n = 30) MIP 21 (70.0%) 6 (20.0%) 1 (3.3%) 1 (3.3%) 1 (3.3%) 3.50 £ 0.97 <0.001
VR 9 (30.0%) 12 (40.0%) 6 (20.0%) 1 (3.3%) 2 (6.7%) 2.83 £ 1.12

Note. Data are the number of patients

Data are mean £ SD scores for image quality evaluated using a 5-point scale (5 = excellent, 4 = more than adequate, 3 = adequate, 2 =

insufficient visualization, 1 = not visible)

® Wilcoxon signed rank test

Fig. 3 Images in a 71-year-old
man with hepatocellular
carcinoma. (A) MIP image and
(B) VR image from the left
oblique view obtained with
contrast material injection in the
selective common hepatic
artery. MIP image sufficiently
reveals the tumor stain
(arrowheads) and the feeding
artery (arrow); however, the
tumor stain was insufficiently
visualized on VR image

2.00 £ 1.08; p < 0.001) (Fig. 3). The reason for the poor
or absent visualization of tumor staining was insufficient
contrast enhancement of the tumors in all (12 for MIP and
19 for VR images). Sufficient visualization of feeding
arteries (score, 5-3) was obtained in 28 (93.3%) of 30
HCCs on MIP images; MIP images were significantly
superior to VR images (mean rating score, 3.50 = 0.97 vs.
2.83 £ 1.12; p < 0.001). Visualization was scored as
excellent in 21 (70.0%) for MIP images and in 9 (30.0%)
for VR images. The reasons for poor or absent visualization
of feeding arteries were insufficient contrast of the vessels
in all (two HCCs for MIP and three HCCs for VR images).

The additional information for the TACE approach
provided by 3D DSA was ranked grade 3 in 10 (33.3%) of
30 HCC:s (Figs. 4 and 5), grade 2 in 17 (56.7%), and grade
1 in 3 (10.0%), and no HCC was ranked grade O (no further
information).

Interobserver Agreement

For evaluation of 3D DSA, interobserver agreement
between the two radiologists in rating image quality
parameters were good or excellent for both MIP and VR
images, respectively, with Kendall W values (t) of 0.92 and

0.84 for rating of overall image quality, 0.99 and 0.94 for
rating of visualization of tumor staining, and 0.80 and 0.83
for rating of visualization of feeding artery.

Discussion

Currently, two types of FPD architecture have been
proposed, one being an indirect detection type and the
other a direct detection type. In the indirect detection
type, absorbed x-ray photons are converted to photons of
visible light in a scintillator layer (e.g, amorphous silicon
or cesium iodide), and the photons are then detected by
a two-dimensional photodiode array. In contrast, in the
direct detection type, absorbed x-ray photons are directly
converted to electron hole pairs in a conversion layer
(e.g., amorphous selenium) and then collected as electric
charges on storage capacitors [12-14]. The direct
detection type has superior spatial resolution to the
indirect detection type because of its simple conversion
process 15]. There are several studies in the literature
which investigate the use of FPD of direct conversion
type in radiography [16-19]; however, few studies
dealing with an angiography system using a FPD of the
direct conversion type have been done.
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Fig. 4 Images in a 69-year-old woman with hepatocellular carci-
noma. Anteroposterior selective common hepatic angiograms, (A) 2D
DSA and (B) MIP image, show tumor staining in the liver. However,
the relationship between the tumor staining and the feeding artery

(arrows) is unclear. (C) The superior and right anterior oblique MIP
image clearly reveals the relationship between the tumor staining
(arrowheads) and the feeding artery (arrow)

Fig. 5 Images in a 57-year-old woman with hepatocellular carci-
noma. (A) Anteroposterior celiac angiogram (2D DSA) shows the
tumor staining and feeding artery. However, the relationship between
the feeding artery for the treatment of HCC and the other hepatic
artery branches are unclear. (B) MIP image from the inferior and right
anterior oblique view obtained with contrast material injection in the

Our study demonstrated that the subsegmental branches
of the hepatic artery were sufficiently visualized in 34
(94.4%) patients on MIP images of 3D DSA. The theo-
retical advantages with the FPD such as the high spatial
resolution and wide dynamic range may allow precise
visualization of small and peripheral vessels on 3D DSA.
Modulation transfer function (MTF) is generally accepted
as the most important parameter of spatial resolution for
characterizing the performance of a detector system.
Although measurements of physical imaging characteris-
tics cannot be directly related to expected observer
performance in a diagnostic setting, there is general
agreement that a higher MTF is indicative of superior
image quality. The FPD used in this study shows a high
MTF in previous experimental testing [20]. Another major
advantage of the FPD is the wide dynamic range of the
detector. The dynamic range of our FPD system is 1:10,000
according to the manufacturers’ specifications. The wide
dynamic range may explain the better visualization of the
peripheral small vessels in the right subphrenic location
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selective common hepatic artery clearly reveals the tumor stain
(arrowheads) and the anatomic relationship between the feeding
artery (arrow) and the other hepatic artery branches. For TACE, the
MIP image provided the guidance for successful catheterization by
visualizing the origin of hepatic branch vessels

where large differences in x-ray absorption exist between
the liver and lung regions. Another reason for the high
image quality in depicting peripheral vessels may be that
the FPD has an imaging capability with no geometric
distortion. This characteristic allows excellent uniformity
of response and resolution across its area.

In our study, although 2D DSA demonstrated tumor
staining for all 30 HCCs, MIP images of 3D DSA visual-
ized tumor staining in only 18 (60.0%) of 30 lesions. There
are several possible reasons for this result. First, the con-
trast resolution and signal-to-noise performance of 3D
DSA may not be sufficient for visualization of relatively
faint staining of tumors in comparison with 2D DSA.
Second, since we arbitrarily determined the volume of
contrast material and the delay time from the start of the
injection, insufficient tumor staining may be related to an
insufficient time for a substantial amount of contrast
material to reach the tumor during. Further evaluation is
necessary to determine the optimal timing of rotational
angiography for better visualization of tumor staining.
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Third, complicated blood supplies of HCCs in underlying
cirrhosis from both the portal vein and the hepatic artery
may affect the visualization of tumor staining during
rotational angiography [21-23].

This study was not intended to evaluate the additional
diagnostic value of 3D DSA images in the depiction of
HCC:s but, rather, to assess the additional value of 3D DSA
images for the subsegmental TACE procedure over 2D
DSA alone. 3D DSA provided guidance of successful
catheterization by viewing the origin of branch vessels. It is
important for endovascular catheterization to find a 2D
view that clearly depicts the anatomic relationship of the
hepatic artery branches. In most patients, we found some
optimal views using 3D DSA and reduced the multiple
oblique acquisitions that are usually needed with 2D DSA.
In addition, it is important to note that, even in patients
without tumor staining on 3D DSA, 3D DSA provided
additional useful information for interventional radiologists
by combined inspection with 2D DSA and/or preinter-
ventional CT studies.

Reduction of multiple oblique acquisitions with the use
of 3D DSA also leads to a reduction in radiation exposure
to patients. Radiation injuries are typically divided into two
types of effects, deterministic and stochastic. Deterministic
effects are those associated with a minimum threshold dose
below which the effect is not seen. Examples of deter-
ministic effects include early transient erythema,
temporary epilation (hair loss), and cataracts. Recently, it
has been reported that the radiation dose for TACE could
lead to local transient erythema in many patients [24].
Further study is required to determine how much reduction
of the radiation dose can be obtained with active use of 3D
DSA in each patient who undergoes TACE. We reported
that our FPD system allowed a significant reduction of
patient exposure in comparison with the II-TV system
during 2D DSA, maintaining superior spatial resolution
[25]. Therefore, our system may have an additive positive
effect of the FPD itself and 3D DSA for the control of
radiation exposure during interventions.

In this study, two postprocessing algorithms, MIP and
VR images, of 3D DSA were compared, and MIP image
was superior to VR image for visualization of the tumor
staining and feeding artery. The MIP algorithm selects only
the voxel with the highest attenuation along a ray projected
through the data set, and this characteristic of reconstruc-
tion algorithm seems to allow the depiction of low-contrast
objects, such as tumor staining and feeding artery down to
the subsegmental level. Unlike the MIP image, the VR
image is a weighted sum of data from all voxels along lines
projected through the data set. Therefore the VR image
maintains the original anatomic spatial relationships of the
3D angiographic data set. Although VR image has been
reported to be superior to MIP image in demonstrating the

interpretation of vascular interrelationships [26, 27], we
believe that the MIP image is enough for understanding the
anatomic relationship of the hepatic artery branches when
the MIP image was analyzed from desired views in real
time on the workstation.

Another purpose of our study was to assess the degree of
degradation in image quality caused by artifacts, such as
patient motion artifact, cardiac motion artifact, and respi-
ratory motion artifact. For CT angiography, respiratory
motion artifact was considered the main cause of inade-
quate visualization of the hepatic arterial anatomy [28]. In
this study, artifacts due to respiratory motion did not
interfere with diagnostic quality, probably because of the
short acquisition time for the 3D data, which is approxi-
mately 3 s in a single breath hold. Although cardiac motion
artifacts were seen on the left lateral segment in two
patients, they did not interfere with the diagnostic quality
of the feeding artery and tumor staining because there were
no tumors in the left lateral segment in these patients. It
will be necessary to investigate the effects of cardiac
motion artifacts on HCCs in the left lateral segment.

A major limitation of the system used in this study is the
small field of view (9 in. [22.9 cmz]), which may not be
large enough for examination of the abdomen. Recently,
however, a large-area FPD (41 x 41 cm?) for angiography
has been reported in the laboratory environment [29, and it
will probably be used clinically in the near-future.

In conclusion, our FPD angiography system based on a-
Se can create high-quality 3D DSA, which can provide a
precise vascular roadmap to determine the feeding arteries
of HCCs during subsegmental TACE. This information is
expected to help reduce the dose of radiation and contrast
material by facilitating attempts at selective catheterization
of the feeding arteries of hepatic tumors.
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