
of August 8, 2025.
This information is current as

Dynamic 3D-CT Angiography

and F. Shishido
Suzuki, T. Sasaki, K. Murakami, Ke. Suzuki, T. Katakura 
M. Matsumoto, N. Kodama, Y. Endo, J. Sakuma, Ky.

http://www.ajnr.org/content/28/2/299
2007, 28 (2) 299-304AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
http://www.ajnr.org/content/28/2/299


ORIGINAL
RESEARCH Dynamic 3D-CT Angiography

M. Matsumoto
N. Kodama

Y. Endo
J. Sakuma
Ky. Suzuki

T. Sasaki
K. Murakami

Ke. Suzuki
T. Katakura
F. Shishido

BACKGROUND AND PURPOSE: 3D-CT angiography (3D-CTA), a vessel-cast technique, is useful in the
diagnosis of patients with brain lesions and cerebrovascular disease. However, it provides no infor-
mation on blood-flow dynamics. Therefore, we developed a new technique, dynamic 3D-CTA (d3D-
CTA), that yields 3D images of the vasculature and allows assessment of the hemodynamics and of
the cerebral perfusion.

METHODS: We subjected 12 patients to d3D-CTA; 7 had brain tumors, 4 had arteriovenous malfor-
mations (AVMs), and 1 presented with cervical internal carotid artery occlusion. d3D-CTA was per-
formed with a multidetector-row CT scanner with 64 detectors; the parameters were 0.5-mm section
thickness, 0.5 seconds per rotation, 135 kV, and 150 mA. Contrast medium (total volume, 30–35 mL)
was injected at 6–7 mL/s; scanning was started after a 5-second delay. Scans were generated with
volume-rendering reconstruction and displayed in cine mode.

RESULTS: We succeeded in obtaining d3D-CTA scans in all cases. The scans yielded 3D information
on the vascular structures and hemodynamics and on the status of the cerebral perfusion.

CONCLUSION: d3D-CTA facilitates the acquisition of information on the vascular and cerebral dynamic
blood flow on 3D-CTA images. Despite the relatively high radiation exposure and contrast injection
speed and its limited scan range, this technique is useful for the diagnosis of patients with brain tumors
or cerebrovascular disease and for treatment planning.

3D-CT angiography (3D-CTA) is useful for the evaluation
of intracranial lesions such as cerebral aneurysms, vascular

malformations, occlusive disease, and brain tumors.1-11 Al-
though it provides 3D anatomic information on vascular
structures that is useful for diagnosis and surgical strategy
planning, it does not allow visualization of the hemodynamic
status of intracranial vessels.

Because conventional catheter angiography (CCA) is the
only technique currently available for assessing their hemody-
namic status, patients with intracranial lesions routinely un-
dergo CCA assessment. However, CCA is invasive and associ-
ated with morbidity and mortality. Silent embolisms occurred
in approximately 30% of patients undergoing diagnostic cere-
bral angiography,12,13 and there is a 0.7% risk of stroke14 in
patients subjected to these procedures.

Dynamic MR digital subtraction angiography (MR-DSA)
is a new diagnostic tool to assess the hemodynamics in patients
with arteriovenous malformations (AVMs).15-18 However, its
limitations are inadequate spatial resolution, narrow section
thickness, and poor temporal resolution. Furthermore, be-
cause MR-DSA does not yield 3D images, it is not appropriate
for surgical planning.

The development of multidetector row CT (MDCT) scan-
ners allows the acquisition of dynamic scans with a wider scan
range and faster acquisition time.19-22 Using these features, we
developed a novel technique, dynamic 3D-CT angiography
(d3D-CTA), to demonstrate intracranial hemodynamics.

Materials and Methods
We subjected 12 patients to d3D-CTA. They were 9 women and 3 men

ranging in age from 17 to 75 years (mean, 52.8 years); 7 had brain

tumors, 4 had AVMs, and 1 patient presented with cervical internal

carotid artery (ICA) occlusion (Table 1). Prior informed consent was

obtained from all patients; the local medical ethics committee ap-

proved the study protocol.

A MDCT scanner with 64 detectors (Aquilion; Toshiba Medical

Systems, Tokyo, Japan) and a tiltable gantry were used. After obtain-

ing a scout view to determine the d3D-CTA scan range, an 18-gauge

plastic intravenous catheter was placed in the antecubital vein; the line

was connected to a dual-head power injector (Nemoto Kyorindo,

Tokyo, Japan) via a catheter (MEDITOP, Tokyo, Japan). Dynamic

scanning was started 5 seconds after the injection of nonionic contrast

material (Iopamiron 370; Schering, Osaka, Japan). In 11 patients, the

contrast medium (total volume, 30 mL) was injected over the course

of 5 seconds at a rate of 6 mL/s; this was followed by a chaser bolus of

18 mL saline (6 mL/s). The other patient (case 5), whose body weight

exceeded 75 kg, was contrast-injected at 7 mL/s (total volume, 35 mL)

over the course of 5 seconds, and this was followed by a chaser bolus

of 21 mL saline (7 mL/s). To prevent catheter rupture, we used a

pressure monitor on the dual-head power injector; the upper limit for

the injection pressure was set at 10 kg/cm2. The scan parameters were

135 kV/150 mA, 0.5 seconds per rotation for 40 rotations, 512 � 512

matrix, 64 sections of 0.5-mm section thickness, and scan range of 32

mm.

Because the original images acquired by dynamic CT scanning

were arranged sequentially at each detector, they were rearranged at

each time phase. The acquired data were reconstructed at 0.3-mm

intervals and transferred to a workstation networked to the MDCT

scanner. We generated 3D-CTA using 2500 –3000 original images ob-

tained at 0.5-second intervals. 3D-CTA scans were generated by a

volume-rendering method, and the serial images were displayed in

cine mode.

For reconstruction in some cases, we used a subtraction method to

remove bone images without deleting vascular structures. First, pri-

mary 3D-CTA images consisting of all pixels between �500 and 4000

Hounsfield units (HU) were created. Then, the threshold for second-

ary bone images was carefully chosen on the primary 3D-CTA images

by a neurosurgeon who confirmed that the new bone images did not
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include any vascular structures. The threshold for the secondary bone

images was 267– 423 HU. The thickness of the bone images was then

increased by 8 pixel layers using the “dilate” function on the worksta-

tion. The “dilate” function adds a specified number of pixel layers

from the original data to the image. The dilated bone image (mask)

was then subtracted from the original 3D-CTA scan.

In case 12, we generated cerebral perfusion maps. Using 8 original

0.5-mm thick sections, we produced 4-mm thick axial images. From

these data, we reconstructed a series of images with a time interval of

0.5 seconds; 40 images were obtained. To acquire cerebral perfusion

data, we used Perfusion CT Software (ZIO software, Tokyo, Japan); it

facilitates calculation of the cerebral blood flow (CBF), cerebral blood

volume (CBV), and mean transit time (MTT) maps.

Results
In all 12 cases, we succeeded in obtaining d3D-CTA scans.
There were no adverse events; although the patients reported
experiencing a warming sensation throughout the body. All
d3D-CTA scans could be displayed on cine movies.

The dynamic blood flow to all 7 tumors and the surround-
ing normal vessels was demonstrated by d3D-CTA. In the 4
patients with AVMs, we were able to obtain serial images that
demonstrated passage of the contrast material through the
AVM and the surrounding normal vessels. Feeders, nidi, and
drainers within the scanned range were identified separately,
and early venous filling in the arterial phase could be observed.
In case 12, we generated perfusion maps; approximately 10
minutes were required for the development of d3D-CTA scans
and perfusion maps.

Representative cases are illustrated in Figs 1–3.

Case Illustration
Case 3. Fig 1 shows a 52-year-old woman with sphenoid

meningioma who suffered a partial complex seizure. Because
d3D-CTA demonstrated that the tumor supply derived from
the sphenoid ridge, we first devascularized the tumor at its site
of attachment. This facilitated its removal without bleeding.
Intraoperative findings confirmed that the tumor attachment
we devascularized was that portion of the tumor image in
which staining was first seen on the d3D-CTA scan.

Case 8. Fig 2 shows a 61-year-old woman with a frontal
AVM who suffered a generalized tonic seizure. d3D-CTA
demonstrated the hemodynamics of the AVM (eg, early filling

of the nidus and drainer) and the angioarchitecture of the
AVM.

Case 12. Fig 3 shows a 75-year-old woman with cervical
ICA occlusion who was admitted with vertigo. d3D-CTA re-
vealed a 0.5- and 1.0-second filling delay in the right middle
cerebral artery (MCA) whose caliber was smaller than that of
the left MCA. Functional maps of CBF, CBV, and MTT
showed no difference between the right and left cerebral
hemispheres.

Discussion
Because of their high speed and isotropic resolution of thin
sections, MDCT scanners offer unique advantages over single-
detector-row CT instruments.19-22 Moreover, MDCT scan-
ners permit the acquisition of thin sections with isotropic
voxel sizes. Whereas 3D-CTA using MDCT scanners provides
excellent 3D images of vascular structures, it is essentially a
vessel-cast technique that yields no significant hemodynamic
information. We demonstrated previously our arterial- and
venous-phase 3D-CTA technique that employs a MDCT in-
strument23; however, it remained difficult to evaluate the dy-
namic blood flow. Our new method makes it possible to visu-
alize the dynamic CBF on 3D-CTA and allows the use of 4- to
16-detector row instruments to produce d3D-CTA images,
though because of their small scan range, the images are not
assessable. Use of a 64-detector row MDCT facilitates the de-
velopment of d3D-CTA images with a relatively wide scan
range.

In patients with intracranial tumors, CCA is used to gain
insights into the dynamic blood flow in the tumor mass and
the anatomic vascular structures of tissues surrounding the
tumor. Precise information regarding the anatomic relation-
ship between the tumor and surrounding normal vessels is
extremely important for surgical planning. Although 3D-CTA
is informative with respect to tumor location, shape, and vas-
cularity, it yields no insights into the hemodynamics within
the tumor. In our case 12, d3D-CTA demonstrated that por-
tion of the tumor attachment where it was necessary to inter-
rupt the blood supply in the initial stage of the operation; this
rendered the operation safer and the operation time shorter.
The dynamic pattern of the tumor stain revealed by d3D-CTA
may also contribute to a differential diagnosis and d3D-CTA

Table 1: Clinical information on 12 patients with brain lesions

Case No. Age/Sex Diagnosis
Contrast Medium Injection Speed (mL/s)/

Total Volume (mL) Pulse Rate/Min Arrival Time (s)
1 70/F Tentorial meningioma 6/30 77 12.0
2 69/F Falx meningioma 6/30 82 11.5
3 52/F Sphenoid ridge meningioma 6/30 64 13.0
4 50/F Convexity meningioma 6/30 77 13.0
5 57/M Trigeminal schwannoma 7/35 62 14.0
6 54/M Trigeminal schwannoma 6/30 57 15.5
7 70/M Metastatic brain tumor 6/30 66 13.5
8 61/F Frontal AVM 6/30 90 10.5
9 54/F Occipital AVM 6/30 65 14.0
10 49/F Temporal AVM 6/30 73 12.0
11 17/F Parietal AVM 6/30 78 12.5
12 75/F Cervical carotid artery occlusion 6/30 67 12.5

Note:—AVM indicates arteriovenous malformation; pulse rate, pulse rate just before scanning; arrival time, arrival of injected contrast medium within the scan range.

300 Matsumoto � AJNR 28 � Feb 2007 � www.ajnr.org



may demonstrate arteriovenous shunts that are usually a char-
acteristic of malignant tumors.

CCA has been an essential diagnostic tool in patients with
AVM. d3D-CTA demonstrates the characteristic hemody-
namics of the AVM; as feeding arteries, nidi, and drainers are
visualized in the arterial phase, it allows their individual iden-
tification. Although the hemodynamic information depicted
on d3D-CTA scans is similar to that provided by CCA, d3D-
CTA scans can be viewed from different angles and simulate
surgical views. This enhances the preoperative assessment of
the anatomic relationships of the AVM. For detailed evalua-
tion, any phase in d3D-CTA can be selected separately. The

images of maximum intensity projection (MIP) or multipla-
nar reconstruction (MPR) variable-thickness sections are use-
ful for detailed analysis. Because d3D-CTA can also be used for
follow-up assessment to confirm the complete obliteration of
AVMs after radiation therapy, its use decreases the number of
necessary follow-up CCA studies.

In patients with cervical ICA occlusion, d3D-CTA demon-
strates the direction of the flow from the anterior communi-
cating artery to the MCA. In our patient (case 12), it showed a
0.5- and 1.0-second filling delay in the right MCA compared
with the left MCA, respectively, indicating a circulation delay
on the right side. However, the MTT map did not depict any
significant difference between the cerebral hemispheres, pos-
sibly because there was sufficient collateral blood flow to the
right hemisphere. Functional maps may fail to demonstrate
very small delays.

Dynamic MR-DSA and CCA can be used for the dynamic
assessment of the intracranial circulation. However, MR-DSA
has some limitations; inadequate spatial and temporal resolu-
tion and the section thickness of 10 –20 mm hamper the visu-
alization of lesions with complicated vascular structures such
as AVMs with overlapping vessels. In addition, more than 20
minutes are required to generate a single series of MR-DSA
images. Furthermore, because MR-DSA is not available on a
24-hour basis at most institutions, it cannot be performed in
some emergencies (eg, patients with acute stroke who are ad-
mitted outside the hours of MR-DSA availability). Although
CCA remains the diagnostic “gold standard,” it is an invasive,
time-consuming procedure. Moreover, it can be difficult to
acquire repeat CCA scans, especially in critically ill patients
and those on ventilators, and it does not provide information
on the cerebral hemodynamics.

d3D-CTA, on the other hand, provides information re-
garding the 3D vascular structure, the dynamic blood flow,
and cerebral perfusion. Because CT scanners are available
around the clock at most institutions, d3D-CTA scans can be
acquired in emergent patients, especially those admitted out-
side the regular hours with ischemic stroke. Although we have
not examined patients with acute ischemic stroke by d3D-
CTA, in such patients, it could detect the site of occlusion of
intracranial vessels, the degree of arterial stenosis or occlusion,
and the presence of impaired cerebral perfusion, thereby al-
lowing the appropriate and immediate management of these
patients. At present, our technique is preliminary and cannot
cover large lesions because the scan range is limited to 32 mm.
However, a MDCT with 256 detectors would allow scanning
of the entire head from the skull base to the vertex. d3D-CTA
can also be used to investigate the steal phenomenon in pa-
tients with subclavian steal syndrome, to assess circulatory
changes after bypass surgery, and to perform follow-up exam-
inations after endovascular treatment or radiation therapy.
Because d3D-CTA is minimally invasive, patients can be mon-
itored on an outpatient basis, rendering this method cost-ef-
fective. Finally, the cost of d3D-CTA is half that of conven-
tional angiography.

However, the limitations and disadvantages of d3D-CTA
must not be overlooked. Compared with CCA, its spatial res-
olution is inferior. Although we perform conventional CTA
with a tube voltage/current of 135 kV/260 mA and an injection
speed of 3 mL/s, at d3D-CTA, we decreased the tube current to

Fig 1. A 52-year-old woman with a sphenoid ridge meningioma (case 3). A, Plain CT shows
a mass with calcification in the left frontotemporal region.

B, Coronal contrast-enhanced T1-weighted image reveals a homogenous enhanced mass in
the left middle fossa.

C and D, A left external carotid artery angiogram, lateral views of the early (C) and late (D)
phase, reveals a tumor stain fed by the middle meningeal artery.

E, d3D-CTA (superior view). d3D-CT angiographs obtained at 10, 13, 15, 16, 18, and 20
seconds after contrast injection are shown. The tumor stain is first demonstrated in the
arterial phase (at 15 seconds). d3D-CTA indicates that the blood supply to the tumor is from
the sphenoid ridge. Calcifications within the tumor are shown at 10 seconds. ICA, left
internal carotid artery; BA, basilar artery; SPV, sphenoparietal vein.
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150 mA to reduce the radiation dose; at scanning parameters
of 135 kV/260 mA for 20 seconds, the estimated radiation dose
exceeds 700 mGy. However, at 150 mA, the spatial resolution
of 3D-CTA is poor. Therefore, to improve its spatial resolu-
tion, at d3D-CTA, we usually deliver a bolus contrast injection
at a rate of 6 mL/s (total volume 30 mL), twice that used in
conventional 3D-CTA.

Although others24,25 have reported contrast infusion at 7– 8
mL/s, they did not discuss possible complications attributable
to the high speed of injection. In their perfusion CT study,
Koenig et al26 injected 50 mL of contrast medium at a flow rate
of 20 mL/s. They reported no complications in patients with-
out severe cardiac insufficiency and only a warm sensation

throughout the body. Although none of their patients experi-
enced extravasation of the contrast medium or other serious
complications, special care must be taken when d3D-CTA is
performed on patients with cardiac disease or in elderly
persons.

In all 12 of our patients, the contrast medium arrived at the
scan range within 20 seconds. Because the pulse rate is signif-
icantly correlated with the arrival of the injected contrast me-
dium at the intracranial circulation,27 in patients with brady-
cardia, the scan delay time should be adjusted to yield the
appropriate scan timing. In patients with severe heart disease,
the injection speed and total volume of the contrast medium
must be decreased.

Fig 2. A 61-year-old woman with an arteriovenous malformation (AVM) in the left
frontal lobe (case 8). A and B, Left internal carotid artery angiogram, lateral views
of the arterial (A) and venous (B) phase, reveals an AVM fed by branches of the
anterior and middle cerebral arteries; drainage is into the frontal ascending vein.

C, d3D-CTA (inferior view) obtained at 0.5-second intervals after contrast injection.
The anterior cerebral artery (feeder, arrow) is demonstrated at 10 seconds; the
frontal ascending vein (drainer, arrowhead) is shown in the early arterial phase (at
13 and 13.5 seconds). The d3D-CTA scans demonstrate the hemodynamics of the
AVM.

D, d3D-CTA (superior view) obtained at 13.5, 15, 16, and 20 seconds after contrast
injection. The feeding arteries, nidus, and drainer are visualized in the arterial phase (at 13.5 and 15 seconds). MCA, branch of the middle cerebral artery; ACA, branches
of the anterior cerebral artery; �, varices.

E, d3D-CTA (left lateral view) obtained at 13.5, 15, 16, and 20 seconds after contrast injection. In the early arterial phase (at 13.5 seconds) the feeder, a branch of the anterior cerebral
artery (arrow), and the nidus are demonstrated. The arterial phase (at 16 seconds) revealed a drainer (arrowheads), indicating that there is an arteriovenous shunt. d3D-CTA provided
information on the hemodynamics and the 3D vascular structures of the AVM.
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Because the high injection speed may lead to catheter rup-
ture, we use a pressure monitor at the injector. The catheters
we use can sustain a pressure of up to 15 kg/cm2; at 6 mL/s, the
measured pressure was approximately 6 kg/cm2.

At a section thickness of 0.5 mm, the craniocaudal coverage
was only 32 mm and insufficient to cover relatively large le-
sions. Coverage of the whole brain requires a 256-detector row
MDCT; this would allow scanning at a section thickness of 0.5
mm over a 128-mm range and the production of functional
maps of the entire brain.

In our series, approximately 10 minutes elapsed from the
start of scanning to the generation of d3D-CTA images and
functional maps. The development of advanced postprocess-

ing software for d3D-CTA will shorten this time. Our tech-
nique exposes patients to a relatively high radiation dose (ap-
proximately 500 mGy), 5-fold that of conventional 3D-CTA
(100 mGy). The exact radiation dose at CCA cannot be mea-
sured because it depends on the duration of radiation expo-
sure. Because the radiation dose at CCA for 4 vessels, the
bilateral carotid and vertebral arteries, is approximately 300 –
400 mGy, we estimate that the radiation dose with fluoroscopy
is somewhat greater than that.

The radiation dose at perfusion CT is reportedly 700 –1400
mGy.28 Imanishi et al29 encountered 3 patients with transient
bandage-shaped hair loss after perfusion CT combined with
CCA or interventional procedures. Because all 3 of their pa-

Fig 3. A 75-year-old woman with occlusion of the right cervical internal carotid artery (case 12). A, Cervical 3D-CTA showing occlusion of the right internal carotid artery (arrow). Right
lateral (left) and left lateral (right) views of the right cervical vessels are shown. CCA, common carotid artery.

B, d3D-CTA (anterosuperior view). 3D-CTA scans were obtained at 12, 12.5, 13, 13.5, 14, and 14.5 seconds after contrast injection. The right middle cerebral artery (MCA, arrowheads)
is visualized later (at 13 or 13.5 seconds) than the left MCA (arrows), which appeared at 12.5 seconds. d3D-CTA demonstrates the right MCA with a 0.5- and 1-second filling delay compared
with the left MCA. The smaller caliber of the right compared with the left MCA indicates that the blood flow volume in the right MCA is smaller than in the left MCA. Cal, calcification.

C, Functional maps of cerebral blood flow (CBF), cerebral blood volume (CBV), and mean transit time (MTT) produced from d3D-CTA data. The maps showed no significant difference between
the 2 hemispheres.
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tients underwent 2 angiography studies of the head and more
than 2 perfusion CT studies within 15 days, they estimated that
they received a radiation dose of more than 3–5 Gy to the skin.
The danger of excessive radiation exposure must be consid-
ered when patients are subjected to repeated d3D-CTA
studies.

The radiation dose in d3D-CTA is comparable with CCA
and lower than in perfusion CT studies. Although there are
currently no guidelines on what represents a reasonable radi-
ation dose for CT studies, efforts must be made to keep the
dose as low as possible. We are in the process of developing
technologies that yield improved image quality at reduced ra-
diation doses and lower contrast injection speeds.

Conclusion
d3D-CTA is a promising new technique that can demonstrate
3D hemodynamics. Our technique yields information on the
3D structure of vessels, and serial 3D images of the dynamic
blood flow and cerebral perfusion in a single scanning. Al-
though our technique is in the preliminary stage, it is fast and
minimally invasive and may represent an advanced neuroim-
aging technique. We postulate that d3D-CTA can replace CCA
in the diagnosis for almost all patients with central nervous
system disorders except for the cases that require the interven-
tional procedure.

References
1. Anderson GB, Findlay JM, Steinke D, et al. Experience with computed tomo-

graphic angiography for the detection of intracranial aneurysms in the setting
of acute subarachnoid hemorrhage. Neurosurgery 1997;41:522–28

2. Aoki S, Sasaki Y, Machida T, et al. 3D-CT angiography of cerebral arterio-
venous malformations. Radiat Med 1998;16:263–71

3. Villablanca JP, Martin N, Jahan R, et al. Volume-rendering helical computed
tomography angiography in the detection and characterization of intracra-
nial aneurysms. J Neurosurg 2000;93:254 – 64

4. Matsumoto M, Sato M, Nakano M, et al. Three-dimensional computerized
tomography angiography-guided surgery of acutely ruptured cerebral aneu-
rysms. J Neurosurg 2001;94:718 –27

5. Villablanca JP, Hooshi P, Martin N, et al. Three-dimensional helical comput-
erized tomography angiography in the diagnosis, characterization, and man-
agement of middle cerebral artery aneurysms: comparison with conventional
angiography and intraoperative findings. J Neurosurg 2002;97:1322–32

6. Wintermark M, Uske A, Chalaron M, et al. Multislice computerized tomogra-
phy in the evaluation of intracranial aneurysms: a comparison with intraar-
terial digital subtraction angiography. J Neurosurg 2003;98:828 –36

7. Sanelli PC, Mifsud MJ, Stieg PE. Role of CT angiography in guiding manage-
ment decisions of newly diagnosed and residual arteriovenous malforma-
tions. AJR Am J Roentgenol 2004;183:1123–26

8. Randoux B, Marro B, Koskas F, et al. Carotid artery stenosis: Prospective com-

parison of CT, three-dimensional gadolinium-enhanced MR, and conven-
tional angiography. Radiology 2001;220:179 – 85

9. Anderson GB, Ashforth R, Steinke DE, et al. CT angiography for the detection
and characterization of carotid artery bifurcation disease. Stroke 2000;
31:2168 –74

10. Brandt T, Knauth M, Wildermuth S, et al. CT angiography and Doppler sonog-
raphy for emergency assessment in acute basilar artery ischemia. Stroke
1999;30:606 –12

11. Tsuchiya K, Hachiya J, Mizutani Y, et al. Three-dimensional helical CT angiog-
raphy of skull base meningioma. AJNR Am J Neuroradiol 1996;17:933–36

12. Bendszus M, Koltzenburg M, Burger R, et al. Silent embolism in diagnostic
cerebral angiography and neurointerventional procedures. A prospective
study. Lancet 1999;354:1594 –97

13. Manaka H, Sakai H, Nagata I, et al. Microembolism after cerebral angiography.
CI Kenkyu 2000;22:217–22

14. Cloft HJ, Joseph GJ, Dion JE. Risk of cerebral angiography in patients with
subarachnoid hemorrhage, cerebral aneurysms, and arteriovenous malfor-
mation. Stroke 1999;30:317–20

15. Tsuchiya K, Katase S, Yoshino A, et al. MR digital subtraction angiography of
cerebral arteriovenous malformations. AJNR Am J Neuroradiol 2000;21:
707–11

16. Griffiths PD, Hoggard N, Warren DJ, et al. Brain arteriovenous
malformations: assessment with dynamic MR digital subtraction angiogra-
phy. AJNR Am J Neuroradiol 2000;21:1892–99

17. Ziych S, Strecker R, Berlis A, et al. Dynamic 3D MR angiography of intra- and
extracranial vascular malformations at 3T: a technical note. AJNR Am J Neu-
roradiol 2005;26:630 –34

18. Gauvrit JY, Leclerc X, Oppenheim C, et al. Three-dimensional dynamic MR
digital subtraction angiography using sensitivity endcoding for the evalua-
tion of intracranial arteriovenous malformations: a preliminary study. AJNR
Am J Neuroradiol 2005;26:1525–31

19. Hu H. Multislice helical CT scan and reconstruction. Med Phys 1999;26:5–18
20. Hu H, He HD, Foley WD, et al. Four multidetector-row helical CT: image

quality and volume coverage speed. Radiology 2000;215:55– 62
21. Klingenbeck-Regn K, Schaller S, Flohr T, et al. Subsecond multi-detector row

computed tomography: basics and applications. Eur J Radiol 1999;31:110 –24
22. Chawla S. Advances in multidetector computed tomography. Application in

neuroradiology. J Comput Assist Tomogr 2004;28:1216
23. Matsumoto M, Kodama N, Sakuma J, et al. 3D-CT arteriography and 3D-CT

venography: the separate demonstration of arterial-phase and venous-phase
on 3D-CT angiography in a single procedure. AJNR Am J Neuroradiol
2005;26:635– 41

24. Schaefer PW, Roccatagagliata L, Ledezma C, et al. First-pass quantitative CT
perfusion identifies thresholds for salvageable penumbra in acute stroke pa-
tients treated with intra-arterial therapy. AJNR Am J Neuroradiol
2006;27:20 –25

25. Furukawa M, Kashiwagi S, Matsunaga N, et al. Evaluation of cerebral perfusion
parameters measured by perfusion CT in chronic cerebral ischemia: compar-
ison with Xenon CT. J Comput Assist Tomogr 2002;26:272–78

26. Koenig M, Klotz E, Luka B, et al. Perfusion CT of the brain: diagnostic ap-
proach for early detection of ischemic stroke. Radiology 1998;209:85–93

27. Nakano M, Endo Y, Kobayashi T, et al. The study on the appropriate scan delay
time on helical CT scan [abstract]. CI Kenkyu 1997;20:173

28. Hirata M, Sugawara Y, Fukutomi Y, et al. Measurement of radiation dose in
cerebral CT perfusion study. Radiat Med 2005;23:97–103

29. Imanishi Y, Fukui A, Niimi H, et al. Radiation-induced temporary hair loss as
a radiation damage only occurring in patients who had the combination of
MDCT and DSA. Eur Radiol 2005;15:41– 46

304 Matsumoto � AJNR 28 � Feb 2007 � www.ajnr.org


