A Cone-Beam Volume CT Using a 3D Angiography
System with a Flat Panel Detector of Direct
Conversion Type: Usefulness for Superselective
Intra-arterial Chemotherapy for Head and Neck

ORIGINAL
RESEARCH | Tumors
S. Kakeda BACKGROUND AND PURPOSE: The development of flat panel detectors (FPDs) has made cone-beam
Y. Korogi CT feasible for practical use in a clinical setting. Our purpose was to assess the usefulness of
. . cone-beam CT using the FPD in conjunction with conventional digital subtraction angiography (DSA) for
Y. Miyaguni . o .
K performing superselective intra-arterial chemotherapy for head and neck tumors.
J. Moriya
N. Ohnari MATERIALS AND METHODS: Twenty-three consecutive patients (43 feeding arteries) were prospec-
’ tively examined. All of the patients underwent intra-arterial rotational angiography using an FPD
N. Oda system, and the cone-beam CT was reconstructed from the volume dataset. Two radiologists evalu-
K. Nishino ated the quality of the cone-beam CT and then evaluated whether the additional information provided
W. Miyamoto by the cone-beam CT was useful for the interventional procedures.

RESULTS: In 41 (95%) of 43 arteries, the extent of contrast material perfusion was sufficiently
visualized on cone-beam CT. In 20 (47 %) of 43 arteries, the DSA plus cone-beam CT was superior to
the DSA alone regarding the precise understanding of vascular territory of each artery. This information
was helpful for predicting the drug delivery for superselective intra-arterial chemotherapy, especially in
deeply invasive tumors with multiple feeding arteries.

CONCLUSION: In superselective intra-arterial chemotherapy for head and neck tumors, cone-beam CT
with FPD provides useful additional information, which allows interventional radiologists to determine
the feeders, as well as the dose of antitumor agent for each feeder.

For advanced head and neck tumors, intra-arterial infusion
chemotherapy has the advantage of delivering a high con-
centration of chemotherapeutic agents into the tumor bed
with fewer systemic toxic effects than normally seen with sys-
temic chemotherapy. Recent advances in the therapeutic tech-
niques of interventional radiology, including the development
of some types of microcatheters, now enable us to perform
superselective arterial infusion to head and neck structures.'™
Because conventional digital subtraction angiography (DSA)
provides only 2D projections of the vascular anatomy, how-
ever, the identification of the tumor feeding artery is occasion-
ally difficult due to the presence of a complex anatomy or
multiple feeding arteries. In addition, staining of head and
neck tumors is not always observed on DSA.

During rotational angiography, the necessary data for re-
construction of multiplanar cross-sections can be collected by
volume scanning with a cone-beam x-ray. This method, which
basically uses the same imaging technique as that of 3D rota-
tional angiography, is so-called cone-beam volume CT (cone-
beam CT). For superselective intra-arterial chemotherapy of
head and neck tumors, the acquisition with intra-arterial
cone-beam CT may provide a precise understanding of the
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vascular territory of the tumor-feeding artery. Although the
recent development of flat panel detectors (FPDs) has made
cone-beam CT feasible for practical use in a clinical setting,
preliminary studies reported the limited usefulness of cone-
beam CT; it was useful only for evaluations of high-contrast
structures, such as high-contrast agents and bony anatomy.”>®

The purpose of our study was to assess prospectively the
usefulness of our cone-beam CT system, in conjunction with
DSA, for both the diagnosis and the performance of superse-
lective intra-arterial chemotherapy in patients with head and
neck tumors.

Materials and Methods

Case Selection and Classification

Between April 2005 and January 2006, 29 consecutive patients, who
underwent the superselective intra-arterial chemotherapy for his-
topathologically confirmed head and neck tumors, were prospec-
tively included in this study. Because in 6 patients with carcinomas of
the mouth the arterial infusion of indigocarmine dye provided the
exact identification of tumor feeding arteries, the interventional radi-
ologists decided that the intra-arterial cone-beam CT was unneces-
sary for these patients. Thus, the study population consisted of 23
patients (18 men and 5 women; age range, 45—85 years; mean age,
66.9 years). Before DSA, enhanced MR imaging and/or CT was per-
formed in all 23 of the patients.

Imaging System

All of the angiography examinations (DSA and cone-beam CT) were
performed by using an angiography system with an FPD of direct
conversion type on a motorized C-arm (Safire; Shimadzu, Kyoto,
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Japan). This detector has a pixel pitch of 150 wm and an array format
of 1472 X 1472 pixels, covering a detector size of 22 X 22 cm? An
amorphous selenium film, approximately 1000-um thick, is used as
an x-ray converter. The cone-beam CT acquisition consists of syn-
chronized x-ray exposure and a panel readout under the continuous
rotation of the C-arm. The 3D datasets were obtained from single
rotation with a FOV of 23 X 23 cm using the floor-mounted C-arm.
This series covers a total angular range of 195° around patients, with
the rotation of 20° per second during the administration of contrast
material. A total of 280 projections with x-ray parameters of 65 kV
and 695 mA were acquired at 30 frames per second with 1024 X 1024
matrices. The distance between the focal spot and the detector was
approximately 115 cm and that between the focal spot and isocenter
was approximately 73 cm.

The image datasets were immediately transferred to a workstation
(DAR-5000, 3D-ANGIO option V3.0; Shimadzu), where a volume
dataset was reconstructed in a CT-type dataset consisting of many
sections with the thickness of voxel size and visualized with volume-
rendering technique as 3D and multiplanar reconstruction images.
With isotropic voxels, the length of the volume of interest in the
patient’s longitudinal axis (z axis) is 512 times the voxel side length (a
voxel side length of 0.254 mm and the 512 X 512 matrix; the column
has a dimension of 13 cm X alength of 13 cm). Volume images were
available approximately 5 minutes after volume data were transferred
to a workstation. Images were displayed on the host personal com-
puter (immediately outside the operating room) and on an in-room
display, and radiologists could independently examine the desired
cross-section images on the workstation from axial or coronal view
when they required further information to evaluate the tumors.

Angiography Protocol

All of the procedures were performed by 1 of 2 experienced interven-
tional radiologists (S.K., N. Ohnari, with 11 and 20 years of experience
in interventional radiology, respectively) at our institution after writ-
ten informed consent was obtained from each patient. The study was
approved by our institutional review board.

Using the Seldinger technique, the tip of a 5F catheter was guided
from the femoral artery to the descending aorta. For DSA, all of the
patients underwent cerebral angiography that included the unilateral
or bilateral common carotid angiography to evaluate the vascularity
of the head and neck tumors and the vascular anatomy. Then, the
interventional radiologists underwent the selective catheterization
distal to the external carotid artery by use of a 2.3F microcatheter, and
the DSA was performed. For all of the DSAs, the contrast material
(Iopamilon 300; Schering, Berlin, Germany) was manually adminis-
tered using a syringe. If the tumor was present in either the tongue or
oral cavity (buccal, gingival, and palatal surfaces), the feeding vessels
were identified by staining the tumor after slow arterial infusion of 1.5
mL of indigocarmine dye. During the injection of indigocarmine dye,
we observed whether the tumor was stained, and, if so, which part was
stained.! Then, the cone-beam CT was performed in the same tip of
the catheter as the DSA, when the interventional radiologists required
the further information according to a tumor in performing a super-
selective intra-arterial chemotherapy. The start of contrast material
injection, the volume, and the injection rate of contrast material were
determined based on work performed previously in the DSA so that
the contrast material filled the artery and demonstrated tumor stain-
ing throughout the rotational angiography. For rotational angiogra-
phy, a total of 5.5-1.1 mL of the contrast material containing 100
mg/mL of iodine, which was diluted by the saline, was automatically
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administered with a scanning delay of 1 second at a rate of 0.5-1.0
mL/s using a power injector (Autoinjector 120S; Nemoto Kyorindo,
Tokyo, Japan) during the entire acquisition.

Except for the treatment in cervical lymph node metastasis, the
intra-arterial chemotherapy consisted of cisplatin and carboplatin ad-
ministered at doses of 100 and 450 mg/m? for patients under 65 years
of age, respectively. The dose of antitumor agent was reduced for
patients older than 65 years or patients with adverse factors (renal
dysfunction, liver dysfunction, leukopenia, thrombocytopenia, etc).
Therefore, regimens of the intra-arterial chemotherapy varied, and
the total doses administered in the treatment had a range for super-
selective cisplatin-carboplatin (290-540 mg) and for superselective
cisplatin (30—-100 mg). When multiple feeders existed, the dose of
antitumor agent for each feeder was determined by the percentage of
tumor stained with DSA and cone-beam CT on each vascular injec-
tion. When no spread of the contrast material throughout the entire
tumor was confirmed on cone-beam CT, the superselective intra-
arterial chemotherapy was not performed. As a result, the final plan
for superselective intra-arterial chemotherapy was formulated based
on the findings of DSA and cone-beam CT by interventional
radiologists.

Image Analysis

We assessed the usefulness of cone-beam CT in conjunction with the
DSA. Two radiologists (N. Ohnari and J.M.), who did not take part in
image manipulation, independently reviewed the DSA and cone-
beam CT. These radiologists were only informed of the final diag-
noses of the lesions but were blinded to the angiography findings
(injecting indigocarmine testing), physical examination results, and
laryngoscopy reports. The radiologists first assigned scores to the DSA
on hard-copy films alone and then immediately assigned scores to the
cone-beam CT obtained in the same patient. The DSA and cone-
beam CT were always evaluated in conjunction with the preinterven-
tional CT and/or MR imaging studies. After independent interpreta-
tions were performed, the differences in assessing both radiologists
were resolved by consensus. The cone-beam CT was displayed on a
diagnostic monitor (Flexscan L365; EIZO NANAO, Ishikawa, Japan),
and these radiologists could examine the desired cross-section images
on the workstation from the axial or coronal view, when they required
further information to evaluate the tumor.

For both the DSA and cone-beam CT, the following score was
used to evaluate the diagnostic value regarding the tumor feeding
arteries: score 1, excellent; score 2, adequate; score 3, less than ade-
quate for diagnosis; and score 4, not diagnostic. In an attempt to
predict the extent to which neighboring normal tissue had been ex-
posed by the intra-arterially administered antitumor agent, these ra-
diologists also evaluated the cone-beam CT for the extent of contrast
material perfusion as follows: 1, excellent (the extent of contrast ma-
terial perfusion was clearly visualized and perfusion contrast appears
high); 2, good (satisfactory visualization but perfusion contrast some-
what reduced); 3, adequate (visualization of the extent of contrast
material perfusion still sufficient); 4, insufficient visualization; and 5,
not visible. To evaluate the level of interobserver agreement of scores
of image quality, a Kendall W test was performed. The Kendall W
coefficients between 0.5 and 0.8 were considered to indicate good
agreement, and the coefficients higher than 0.8 were considered to
indicate excellent agreement.

For 23 patients with head and neck tumor, one experienced inter-
ventional radiologist (either S.K. or N. Ohnari) and one radiologist
(either Y.M. or J.M.), who assisted in the interventional procedure,



Table 1: Tumor characteristics, cone-heam CT angiography techniques, and intra-arterial chemotherapy protocol

Cone-Beam CT Protocols

Intra-arterial Chemotherapy Protocol

Age,
Patient Year/ Location of Tip of  Scanning Injection Flow Volume, Chemotherapy
No. Sex Tumor Type Catheter Delay, s Rate, mL/s mL Agent Dose to Sites of Infusion
1 64/M  Oral floor carcinoma It. occipital artery 1 05 55 CBDCA 150 mg to It. occipital artery
It. facial artery 1 1 " 50 mg to It. facial artery
It. lingual artery 1 1 I 230 mg to It. lingual artery
2 73/M Upper gingival [t. maxillary artery 1 1 " CBDCA 460 mg to It. maxillary artery
cancer
3 85/F  Upper gingival It. facial artery 1 1 I CBDCA 250 mg to It. facial artery
cancer It. buccal artery 1 05 55 50 mg to It. buccal artery
4 62/M  Parotid carcinoma It. facial artery 1 1 " CDDP 35 mg to It. facial artery
It. occipital artery 1 05 5.5 50 mg to It. occipital artery
It. buccal artery 1 05 55 15 mg to It. buccal artery
5 55/M  Lower gingival It. buccal artery 1 1 " CBDCA 540 mg to It. buccal artery
cancer
6 67/M  Maxillary cancer [t. maxillary artery 1 1 1 CDDP 15 mg to It. maxillary artery
It. facial artery 1 1 " 20 mg to It. facial artery
It. ascending 1 05 5.5 15 mg to It. ascending pharyngeal
pharyngeal
7 45/M  Tongue cancer rt. ascending 1 05 55 CDDP 15 mg to rt. ascending pharyngeal
pharyngeal
rt. lingual artery 1 1 1 50 mg to rt. lingual artery
8 65/M  Oral floor carcinoma rt. lingual artery 1 1 " CBDCA 450 mg to rt. lingual artery
9 65/M  Cervical lymph node It. posterior auricular 1 1 " CBDCA 80 mg to It. posterior auricular artery
metastasis artery
10 73/F  Maxillary cancer It. maxillary artery 1 1 " CDDP 100 mg to It. maxillary artery
1 57/F  Lower gingival rt. facial artery 1 1 " CBDCA 250 mg to rt. facial artery
cancer
12 64/M  Maxillary cancer rt. maxillary artery 1 1 " CDDP 10 mg to rt. maxillary artery
rt. facial artery 1 1 i 20 mg to rt. facial artery
13 64/M  Lower gingival rt. lingual artery 1 1 1 CBDCA 200 mg to rt. lingual artery
cancer rt. facial artery 1 1 " 200 mg to rt. facial artery
14 79/F  Buccal cancer rt. maxillary artery 1 1 " CBDCA 150 mg to rt. maxillary artery
rt. facial artery 1 1 1 150 mg to rt. facial artery
15 78/F  Buccal cancer rt. facial artery 1 1 " CBDCA 175 mg to rt. facial artery
16 65/M  Buccal cancer rt. maxillary artery 1 1 " CBDCA 460 mg to rt. maxillary artery
internal maxillary 1 1 1
artery”®
rt. facial artery* 1 1 i
17 71/M Carcinoma of the t. occipital artery 1 05 55 CDDP 15 mg to It. occipital artery
middle ear It. superficial temporal 1 1 " 50 mg to superficial temporal artery
artery
It. posterior auricular 1 1 1 20 mg to posterior auricular artery
artery
It. middle meningeal 1 1 i 10 mg to middle meningeal artery
artery
18 72/M  Lower gingival rt. facial artery 1 1 " CBDCA 200 mg to rt. facial artery
cancer rt. inferior alveolar 1 1 " 100 mg to rt. inferior alveolar artery
artery
rt. masseteric artery 1 0.5 5.5 200 mg to rt. masseteric artery
19 67/F  Maxillary cancer rt. lingual artery 1 1 " CBDCA 150 mg to rt. lingual artery
rt. facial artery 1 1 1 150 mg to rt. facial artery
20 85/M  Tongue cancer rt. lingual artery 1 1 11 CBDCA 200 mg to rt. lingual artery
21 57/M  Cervical lymph node It. occipital artery 1 1 i CBDCA 500 mg to It. occipital artery
metastasis
22 67/M  Cervical lymph node It. occipital artery 1 1 " CBDCA 500 mg to It. occipital artery
metastasis
23 51/M  Lower gingival rt. facial artery 1 1 1 CBDCA 100 mg to rt. facial artery
cancer rt. maxillary artery 1 1 " 300 mg to rt. maxillary artery

Note:—F indicates female; M, male; rt., right; It., left; CDDP, cisplatin; CBDCA, carboplatin.
* Superselective intra-arterial chemotherapy was not performed.

evaluated the relative diagnostic image quality of cone-beam CT rel-
ative to that of the DSA by consensus and scored as follows: grade 1,
cone-beam CT was better and changed the diagnosis with respect to
tumor feeding arteries or treatment plan for superselective intra-ar-

terial chemotherapy; grade 2, cone-beam CT was better and improved
confidence in the diagnosis of tumor feeding arteries or therapeutic
effect for superselective intra-arterial chemotherapy; grade 3, cone-
beam CT was better but had no effect on the diagnosis or the treat-
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Table 2: The diagnostic quality of tumor feeding arteries with and without cone-beam CT

Conventional DSA Alone

Excellent Adequate Less Than Adequate Not Diagnostic
Conventional DSA with Cone-Beam CT (n=2) (n=17) (n=17) (n=1)
Excellent (n = 12) 2 9 1% -
Adequate (n = 27) - 8 15* 4*
Less than adequate (n = 4) - - 1 3

Not diagnostic (n = 0) -

Note:—DSA indicates digital subtraction angiography. Data are the number of tumor feeding arteries for diagnostic quality evaluated using a 4-point scale (excellent, adequate, less than

adequate for diagnosis, and not diagnostic).

*When the cone-beam CT was available, the diagnostic quality of tumor feeding arteries was improved compared with the conventional DSA alone.

ment plan; grade 4, cone-beam CT was equivalent to the DSA; and
grade 5, cone-beam CT was worse than the DSA. When the answers of
the radiologists were scored as grade 1, they indicated how the addi-
tional information was provided by cone-beam CT. When directly
testing the significance of differences between datasets consisting of
ordinal evaluation scores, we used the Wilcoxon signed rank test.’

Results

Tumor characteristics, cone-beam CT techniques (catheter
location, volume and injection flow rate of contrast material,
and timing of acquisition and scanning delay), and superse-
lective intra-arterial chemotherapy protocol are summarized
in Table 1. The DSA and rotational angiography were success-
fully performed in all 23 of the patients (a total of 43 arteries: 4
arteries in 1 patient, 3 arteries in 5 patients, 2 arteries in 7
patients, and 1 artery in 10 patients) without any complica-
tions, and a diagnostic image was obtained in all of the pa-
tients. The superselective intra-arterial chemotherapy was
performed in a total of 49 arteries (4 arteries in 2 patients, 3
arteries in 6 patients, 2 arteries in 8 patients, and 1 artery in 7
patients). The cone-beam CT was not performed in 8 of these
49 arteries, because the interventional radiologists did not re-
quire any further information than the conventional DSA. In 2
of 43 arteries in which cone-beam CT were performed, the
superselective intra-arterial chemotherapy was not per-
formed, because no spread of the contrast material through-
out the entire tumor was confirmed on cone-beam CT.

In an artery-by-artery analysis, the diagnostic quality with
respect to tumor feeding arteries with and without cone-beam
CT is shown in Table 2. Regarding the diagnostic value of the
tumor feeding arteries, the interpretation of cone-beam CT in
conjunction with the DSA was scored to be excellent or ade-
quate in 39 (90%) of all 43 arteries. Twenty four (56%) of 43
arteries were difficult to diagnose with confidence based on
the DSA findings alone. In 20 (83%) of these 24 arteries, the
diagnostic quality was scored as excellent or adequate when
the cone-beam CT was available.

Regarding the visualization of the extent of contrast mate-
rial perfusion, the image quality with cone-beam CT was
scored to be excellent in 18 (41.9%) of all 43 arteries, good in
19 (44.2%), adequate in 4 (9.3%), insufficient in 2 (4.7%), and
not visible in 0 (0%). Two cone-beam CTs classified as insuf-
ficient visualization were degraded by a dental artifact.

In a lesion-by-lesion analysis, the diagnostic value of cone-
beam CT with respect to the treatment with superselective
intra-arterial chemotherapy was significantly better than that
of the DSA (Wilcoxon signed rank test, P < .01). The cone-
beam CT changed the diagnosis of tumor feeding arteries or
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treatment plan for superselective intra-arterial chemotherapy
(grade 1) in 9 (39.1%) of 23 patients, improved confidence in
the diagnosis of tumor feeding arteries or therapeutic effect
(grade 2) in 10 (43.5%), had no effect on the diagnosis or the
treatment plan (grade 3) in 3 (13%), and was equivalent to the
DSA (grade 4) in 1 (4%). There was no case scored as grade 5.
All 9 of the patients scored as grade 1 had a deeply invasive
head and neck tumor with multiple feeding arteries. The rea-
sons for grade 1 were as follows: 1) cone-beam CT allowed
identification of a tumor feeding artery that could not be di-
agnosed by DSA (n = 4); 2) because the tumor was not en-
hanced after the contrast material injection on cone-beam CT,
the superselective intra-arterial chemotherapy was not per-
formed through this artery (n = 1); and 3) in the head and
neck tumor with multiple feeding arteries, the amount of an-
titumor agent through tumor feeding artery was changed, be-
cause cone-beam CT provided the useful information for the
prediction of the drug delivery (n = 4; Fig 1).

Interobserver Agreement

For rating of the diagnostic value with respect to tumor feed-
ing arteries, the interobserver agreement between the 2 radi-
ologists in rating the image quality parameter was excellent for
both the DSA images alone and the conventional DSA with
cone-beam CT, respectively, with Kendall W values (7) of 0.83
and 0.91. For rating of the visualization of the extent of con-
trast material perfusion with cone-beam CT, the interobserver
agreement between the 2 radiologists in rating the image qual-
ity parameter was good with Kendall W values (1) of 0.75.

Discussion

Compared with the image intensifier television system, major
advantages of the FPD include no geometric distortion, true
isotropic spatial resolution, and better signal intensity-to-
noise ratio. The high spatial resolution obtained with the FPD
system may contribute to the quality of cone-beam CT images.
The most important limitation of cone-beam CT is its poor
resolution for the low contrast.>” The visualization of the soft
tissues without contrast materials on cone-beam CT still re-
mains insufficient. The lower sampling rate and gray-scale lev-
els compared with the conventional spiral CT scan seem
mainly related to the poorer low-contrast resolution with
cone-beam CT; projection data include a total of 280 projec-
tions and 14-bit gray-scale levels for our cone-beam CT versus
approximately 1160 projections and 16-bit gray-scale levels
for conventional spiral CT scan (Somatom Plus 4 CT scanner;
Siemens, Malvern, Pa) according to the manufacturers’ spec-
ifications. In this study, however, the distribution of the con-



Fig 1. Images in a 72-year-old man with a lower gingival cancer with multiple tumor feeding arteries. A, DSA and (B) intra-arterial cone-beam CT obtained in the selective facial artery.
C, Preinterventional enhanced CT image at the same level. D, DSA and (£) intra-arterial cone-beam CT obtained in the selective masseteric artery. £, Preinterventional enhanced CT image
at the same level. G, DSA and (H) intra-arterial cone-beam CT obtained in the selective inferior alveolar artery. /, Preinterventional enhanced MR image at the same level. Preinterventional
enhanced CT and MR imaging studies (C, F, and /) show a deeply invasive tumor with destructive lesion of jawbone. DSAs (A, D, and G) obtained from the multiple tumor feeders show
only faint stains, and, therefore, it was difficult to understand the vascular territory of each artery. The cone-beam CT (B, £, and H) allowed the interventional radiologists to identity the
tumor stains (arrows) by a combined inspection with preinterventional CT or MR imaging studies and to determine the amount of antitumor agent for each feeding artery with confidence.

trast material infused was sufficiently visualized in most cases
with the cone-beam CT. Our results coincide with a previous
study reporting that cone-beam CT is equivalent to single-
detector row spiral CT for the high-contrast resolution.”

By providing more anatomic detail by continuous cross-
sectional imaging, the cone-beam CT can show several poten-
tial advantages for superselective intra-arterial chemotherapy
over DSA alone. The main purpose of our study was to assess
the value of cone-beam CT for interventional procedures for

head and neck tumors. The arterial infusion of indigocarmine
dye is often helpful for identification of the tumor-feeding
arteries, when the tumors can be directly seen.' For the deeply
seated tumors with multiple feeding arteries, however, the in-
fusion of indigocarmine dye is not useful; in such cases, the
cone-beam CT allows interventional radiologists to determine
the feeders, as well as the dose of antitumor agent for each
feeder. Previous reports have described the complications as-
sociated with intra-arterial chemotherapy for cancers of the
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head and neck.>* The local toxicity of the chemotherapy agent
includes mucositis, dermatitis, skin necrosis, and peripheral
and cranial nerve palsies. When the tumor was not enhanced
on cone-beam CT, which occurred in 2 of 43 arteries, our
interventional radiologists did not perform the superselective
intra-arterial chemotherapy. Therefore, use of cone-beam CT
might be helpful for preventing these complications by avoid-
ing unnecessary infusions of antitumor agent. When it is dif-
ficult to diagnose the tumor-feeding arteries with DSA, the
multiple DSA acquisitions at various angles and catheter loca-
tion may be necessary, which results in an increased dose of
radiation and contrast material. We suppose that the use of
cone-beam CT could reduce the multiple exposures of x-ray
that are usually needed with the DSA.

Intra-arterial CT angiography can provide information in
addition to that provided by DSA when evaluating vascular
supply to the tumor.'®'" Recently, unified CT and angiogra-
phy systems have been developed.'>'* In this system, the pa-
tient stays in the same position, and the scanner gantry moves
in over the patient on the same table in the same room. This
allows us to avoid both the time-consuming patient move-
ment and the catheter tip retract or movement during transfer
to the CT scanner or the return to the angiography suite. Our
cone-beam CT does not necessitate moving the patient be-
tween the CT and angiography units, and, moreover, it does
not require the higher investment cost and the spacious room
for equipment installation in comparison with unified CT and
angiography systems. In addition, the decision of the isocenter
for the rotational field would be easier in our system, because
this procedure can be performed under fluoroscopic guidance
by the interventional radiologist. In conclusion, the cone-
beam CT with our FPD system can provide clinically accept-
able image quality as a method to monitor the perfusion of
antitumor agents for the superselective intra-arterial chemo-
therapy in patients with head and neck tumors. This informa-
tion allowed an interventional radiologist to decide the
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amount of antitumor agent infused in the tumor feeding ar-
teries, especially for the deeply invasive tumors with the mul-
tiple feeding arteries.
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