
CT Angiography in the Assessment of Intracranial Vessels 55

5 CT Angiography in the Assessment of 
 Intracranial Vessels

 Toshinori Hirai, Yukunori Korogi, Mutsumasa Takahashi, and Yasuyuki Yamashita

T. Hirai, MD; Y. Korogi, MD; Y. Yamashita, MD
Department of Radiology, Kumamoto University School of 
Medicine, 1-1-1 Honjo, Kumamoto 860-8556, Japan
M. Takahashi, MD
Kumamoto University School of Medicine, International 
Imaging Center, 1-2-23 Kuhonji, Kumamoto 862-0976, Japan

5.1 
Introduction

Computed tomographic angiography (CTA), a rap-
idly evolving fi eld in CT imaging, is a noninvasive 
tool for visualizing blood vessels. The acquisition of 
thin-slice continuous images of the blood vessels, in 
which contrast material is used, is necessary to create 
three-dimensional (3D) reformations of the intracra-
nial vessels. This technique offers a greater capability 
for identifi cation and characterization of intracranial 
vascular diseases. While magnetic resonance angiog-
raphy (MRA) also allows accurate depiction of intra-

cranial vascular diseases and may be used as a screen-
ing method, CTA may be used as a further defi nitive 
evaluation or preoperative evaluation. Compared 
with single-detector helical CT, multidetector-row 
CT improves temporal and spatial resolutions, allow-
ing nearly isotropic images with large volumes such 
as the entire bed of intracranial vascular structures. 
Since CTA has some limitations such as inferior spa-
tial and temporal resolutions to digital subtraction 
angiography (DSA), this technique may not be able 
to replace DSA in general.

This article aims to illustrate the state-of-the-art 
techniques of CTA and three-dimensional recon-
struction, as well as their application in the evalua-
tion of intracranial lesions.

5.2 
Data Acquisition Techniques

3D CTA of the intracranial vessels can be performed 
with conventional single-detector helical CT or mul-
tidetector-row CT scanners. Multidetector-row CT 
scanners have several advantages over single-detec-
tor helical CT in general. These include improved 
temporal resolution, improved spatial resolution in 
the z-axis, decreased image noise, and longer ana-
tomical coverage [1]. Multidetector-row CT scan-
ners acquire data more quickly, allowing isotropic 
or nearly isotropic images with large volumes such as 
the entire vascular structures of the head. When the 
vascular diseases are in a limited region such as the 
circle of Willis, the advantages of multidetector-row 
CT may be small because the image quality of the 
vessels in a limited area is usually suffi cient even by 
single-detector helical CT.

According to the location of the vascular lesions 
or suspected vascular lesions on CT, MRI, or MRA, 
the scanning volume of CTA is usually determined 
in each case. When the location of lesions is at the 
circle of Willis or supratentorial region, the volume 
scanning usually begins at the level of the sellar floor 
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Table 5.2 Intravenous contrast-agent administration for intracranial CTA

Techniques of contrast-agent 
administration

Volume of contrast 
agent (ml)

Monitoring arterial 
enhancement

Placement of region 
of interest

Reliability

Fixed scan delay 100–200 No No Relatively low

Test bolus injection 100–150 Yes No High

Automated bolus tracking 100 Yes Yes High

and is continued cranially. When the lesions are mul-
tiple or unknown, the volume scanning may begin at 
the level of the foramen magnum and be continued 
cranially. Multidetector-row CT scanners are prefer-
able for wider anatomical coverage such as the entire 
vascular structures from the aortic arch to the intra-
cranial vessels.

In four-detector-row multisection helical CT for 
the head region, volume data may be acquired in 
10–20 s using a slice thickness of 1.0–1.25 mm and a 
table speed of 3.0–3.75 mm/s (200 mAs; 120 kV); the 
scanning volume may be 30–60 mm with a 512×512 
matrix (Table 5.1). The actual acquired voxel size was 
0.47×0.47×0.5 mm. With 16-detector-row multisection 
helical CT, the scanning speed is 4 times faster than 
that of four-detector-row multisection helical CT.

5.3 
Methods of Contrast-Agent Administration

In order to obtain high-quality CTA images, high 
concentration of contrast material in the vessels is 
necessary. Technique-related factors such as contrast 
material volume and concentration, rate of injection, 
and type of injection and patient-related factors such 
as body weight may affect CT contrast enhancement 
[2, 3]. When the attenuation of the intracranial ves-
sels is usually more than or nearly 300 HU, the image 
quality of 3D or multiplanar reformations (MPR) are 
usually satisfactory. Intravenous contrast-agent ad-
ministration is generally performed in conventional 
intravenous CTA, while contrast agent is intraarteri-
ally administrated in intraarterial CTA

In intravenous contrast-agent administration, 
there are three methods available: a fixed scan de-
lay technique, a test bolus injection technique, and 
an automated bolus-tracking technique (Table 5.2). 
A total of 100–150 ml of nonionic contrast material 
(300 mg I/ml) is usually injected into the antecubital 
vein with a flow rate of 2.0–4.0 ml/s by using a power 
injector.

A fixed scan delay (15–45 s) after the initiation of 
intravenous contrast injection has been used com-
monly to obtain the intracranial arterial phase, with-
out taking into account differences in transit time of 
contrast material [4–7]. This technique has a poten-
tial of missing the optimal timing of intracranial ar-
terial phase. To avoid the situation, a larger volume of 
contrast material may be needed.

A test bolus injection technique is a method to 
measure the time between the initiation of intrave-
nous contrast injection and the arrival of contrast 
material in the vessels interested [8, 9]. This technique 
requires additional volume of contrast material and 
monitoring the arterial enhancement by periodical 
CT scanning. Based on this result, a scan delay is de-
termined.

An automated bolus-tracking technique is another 
method to obtain the optimal arterial phase [10, 11]. 
Placement of region of interest (ROI) and choice of 
a threshold of arterial enhancement are needed for 
radiologists or technologists. The ROI may be placed 
in the carotid artery near the skull base. Then this 
technique consists of automated ROI measurement 
in the selected artery during low-dose scans obtained 
every few seconds after contrast medium injection. 
When arterial enhancement reaches the threshold, 
the spiral scan is initiated.

Table 5.1 Acquisition parameters for intracranial CTA

Detectors of CT Collimation 
(mm)

Table speed 
(mm/s) 

Slice thickness/
reconstruction interval 
(mm)

Scanning time 
(s)

Single detector 1 1–1.5 1/0.5–1 30–40

Four-detector 1–1.25×4 3–3.75 1–1.25/0.5–0.8 10–20
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The technique of contrast-agent administration 
may be determined by the capability of CT unit and ra-
diologist’s preference. Unlike intravenous contrast-ma-
terial injection in conventional CTA, intraarterial CTA 
is a relatively invasive examination and is performed 
with a combined angiography and CT unit [12]. This 
method has theoretical advantages compared with 
intravenous contrast-agent administration, because 
a higher concentration of contrast material can be 
obtained in the intracranial artery without consider-
ing the appropriate timing of injection, and a smaller 
amount of contrast material can be used. When evalu-
ating intracranial aneurysms, a total of 16–24 ml of di-
luted contrast agent, 4–6 ml of nonionic contrast mate-
rial (300 mg I/ml) diluted with triple volume of saline 
(12–18 ml), is injected into the carotid artery at a flow 
rate of 0.6–0.8 ml/s by using a power injector [12].

5.4 
Postprocessing and Display Techniques

There are various display techniques in CTA. They in-
clude axial, MPR, maximum-intensity projection (MIP), 
surface rendering, volume rendering, and virtual en-
doscopy methods. Although all these techniques are 
valuable in displaying CTA data, it has not been estab-
lished which technique or which combination of the 
techniques is the best or better method for identifi cation 
and characterization of intracranial vascular diseases.

Axial and MPR images have basic information 
from the volume data for the intracranial vessels. 
They enable the evaluation of relationship between 
calcification or bony structure and intracranial ves-
sel lumens. The assessment of the intracranial vessels 
is not able to perform with 3D reformatted images 
alone [11]. In the evaluation of the vessels in the skull 
base, axial and MPR images are essential (Fig. 5.1). 
The curved MPR method may be useful for the as-
sessment of the tortuous vessels and the vessels sur-
rounded by bony structures [13].

MIP is a widely used method for CTA and MRA 
(Fig. 5.2b). The single layer of the brightest voxels 
is displayed without use of attenuation threshold. 
When arterial luminal attenuation is smaller than 
calcification, calcification can often be differentiated 
from arterial lumens. Although the attenuation infor-
mation is maintained, the depth information is lost. 
Therefore, intracranial vessel structures are superim-
posed as two-dimensional projection angiograms.

The surface rendering method shows the first 
layer of voxels within defined thresholds, that is, the 

visualization of the surface of all structures. The cali-
ber of the intracranial artery varies depending on the 
thresholds selected. This may lead to a slight overesti-
mation of the vessel structures. Unlike MIP, the atten-
uation information is lost but the depth information 
is preserved. Calcification cannot be separated from 
arterial lumens but the spatial relationship between 
the vessels is understood.

3D images with volume rendering have a number of 
theoretical advantages over MIP and surface render-
ing [14, 15] (Figs. 5.1, 5.2, 5.3). Groups of voxels within 
defined attenuation thresholds are chosen and relative 

a

b

Fig. 5.1a,b A 60-year-old woman with an unruptured giant 
aneurysm of the left internal carotid–ophthalmic artery. a 
Volume-rendered computed tomography angiogram (CTA) 
from behind and above demonstrates a giant aneurysm extend-
ing to the anterior communicating artery. b Multiplanar recon-
struction image of CTA shows the relationship between the gi-
ant aneurysm and the left internal carotid artery (arrows).
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a b

Fig. 5.3a,b A 67-year-old woman with an unruptured giant aneurysm of the left vertebral artery. a Volume-rendered CTA from be-
hind and above shows a giant aneurysm of the left vertebral artery. Thrombus in the aneurysm is not depicted. b Axial source image 
of CTA shows partial thrombus (arrowheads) within the aneurysm. The lumen of the aneurysm is located anteriorly (arrow).

c

a
b

Fig. 5.2a-c A 61-year-old man with an unruptured aneurysm of 
the anterior communicating artery. a Volume-rendered CTA from 
above shows an aneurysm at the anterior communicating artery 
(arrow). b Maximum-intensity projection image of CTA from 
above depicts an aneurysm at the anterior communicating ar-
tery, but the relationship between the aneurysm (arrow) and the 
adjacent arteries is not clearly understood. c Virtual endoscopy 
from the left A1 segment shows thrombus (star) within the an-
eurysm (AN) and the adjacent arteries. Rt A1, right A1 segment; 
Rt A2 right A2 segment; Lt A2, left A2 segment

Fig. 5.4a–d A 76-year-old man with severe stenoses of the left vertebral artery. a Anteroposterior digital subtraction angiogram 
of the left vertebral artery shows severe stenoses and segmental dilatation in the intracranial segment of the left vertebral artery 
(arrows). b MRA image also depicts severe stenoses and dilatation in the left vertebral artery (arrows). c Volume-rendered CTA 
image from behind shows aneurysm-like dilatation of both vertebral arteries (arrows), which correspond to the calcification of 
the vessel wall. d Axial source image of CTA demonstrates no apparent lumen in the stenotic artery because of circumferential 
calcification. (Adapted from [11])
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voxel attenuation is conveyed by means of a gray scale, 
which yields images that are more accurate than those 
with surface rendering [15]. The volume-rendered 
images maintain the original anatomical spatial rela-
tionships of the 3D angiography data set and have a 
3D appearance, facilitating interpretation of vascular 
interrelationships, which is limited with MIP images 
[15]. The quality of volume-rendered 3D angiography 
is essential in the imaging of the intracranial vascu-
lature, especially vascular lesions such as aneurysms. 
Although the volume-rendering technique has much 
larger data volume than MIP and surface-rendering 
techniques, new computer processing and display sys-
tems do not limit its practical and versatile use.

Virtual endoscopic images can be obtained by 
a perspective volume-rendering method [16, 17] 
(Fig. 5.2c). With this method, the volume data are 

rendered from a point source at finite distance to ap-
proximate the human visual system.

5.5 
How to Analyze Images

The axial or MPR images are always analyzed in con-
junction with the corresponding 3D images because 
of the potential for misinterpretation inherent in the 
evaluation of 3D images alone.

Calcifications in the arterial wall are the limiting 
factor of 3D images owing to the inability to separate 
mural calcification and intramural contrast material 
(Fig. 5.4). MIP may allow the visualization of both cal-
cification and arterial lumen. To minimize this limi-

a

b

c

d
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tation, analysis in conjunction with the axial source 
or MPR images is necessary. Dense circumferential 
calcification of the arterial wall may cause artifacts 
that interfere with the evaluation of the arterial lu-
men on axial or MPR images of CTA [11].

In the skull base region, CTA often fails to identify 
the lumen of the internal carotid artery within the 
cavernous sinus, because the cavernous sinus is en-
hanced [11]. When the density of the arterial segment 
is greater than that of the cavernous sinuses, the MPR 
or curved MPR images can usually assess the lumen 
of the arterial segment. However, when the cavernous 
sinuses are equally enhanced relative to the carotid 
artery, this arterial segment cannot be differentiated 
from the venous structure.

Careful evaluation for the superimposition of 
the bone and venous structures is needed when the 
intracranial arteries are assessed. The basal vein of 
Rosenthal may overlap with the middle and poste-
rior cerebral arteries. The skull base structures such 
as the anterior and posterior clinoid processes con-
tact with the internal carotid artery. This overlapping 
of the structure is usually resolved by careful evalua-
tion of continuity of the vessels using MPR and axial 
source images.

To eliminate the skull base bone, subtraction meth-
ods have been developed [18–20] (Fig. 5.5). Although 

the techniques allow the visualization of the internal 
carotid artery without bony structures, this issue has 
not been completely resolved.

5.6 
Comparison with Other Modalities

MRA is another noninvasive imaging modality. This 
technique includes time-of-fl ight (TOF) and phase-
contrast methods. In the evaluation of intracranial 
vessels, TOF MRA is widely used because of its bet-
ter spatial resolution and shorter examination time. 
On TOF MRA, 3D images are preferable for intra-
cranial arteries and 2D images are often used for 
intracranial venous structures. In the assessment of 
the cervical carotid arteries, contrast-enhanced MRA 
has become a more accurate diagnostic method than 
conventional MRA [21].

With regard to depiction of the intracranial ves-
sels, CTA has several advantages compared with TOF 
MRA. Acquisition time for CTA is faster than for TOF 
MRA. Since patients may have claustrophobia and 
need patience for longer examination time for MRI, 
the patient acceptance of the examination is much 
higher for CTA. CTA provides the information about 

Fig. 5.5 An 81-year-old woman with dural arteriovenous fistula at the left cavernous sinus. Selective maximum-intensity projec-
tion image of CTA with bone subtraction shows the left cavernous sinus (arrow) and the dilatation of the left superior orbital 
vein (arrowheads). Bony structures are partially visualized because of incompleteness of subtraction.
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the relationship between the vessels and the bony 
structure, while TOF MRA does not.

TOF MRA has several limitations in identifying 
and grading stenoses. First, the vessels that lie near 
the sphenoid sinus are subject to artifactual narrow-
ing or nonvisualization owing to the large suscep-
tibility gradient present in this area [22], although 
this issue is not so problematic with recent MRI 
units, resulting in a superiority of MRA over CTA 
in this region [11]. The artifacts may be minimized 
with the development of MRA sequences. Second, 
acceleration of flow in the carotid siphon and loss 
of laminar flow and resultant intravoxel dephasing 
can also contribute to artifactual signal loss in the C2 
and C3 portions of the internal carotid artery, mak-
ing it difficult to evaluate narrowing of this segment 
of the vessel [22] (Fig. 5.6). Third, MR angiograms of 
severely stenotic vessels often show an apparent dis-
continuity in a vessel. The flow void results from in-
travoxel spin dephasing and the acceleration of spins 
through the area of stenosis [23]. These artifacts may 
result in overestimation of stenosis on MRA alone. 
These disadvantages are not seen on CTA, because 
CTA shows the vessel lumen filled with contrast ma-
terial such as DSA.

Disadvantages of CTA include the need for ex-
posure to ionizing radiation, injection of iodinated 
contrast material, optimization of imaging delay 
time, and careful evaluation for superimposition of 

the bone and venous structures. Since CTA has infe-
rior spatial resolution to DSA and does not provide 
information about intracranial hemodynamics, CTA 
cannot replace DSA in general. The amount of radia-
tion exposure during CTA is without doubt greater 
than that during conventional CT but is significantly 
less than that during DSA [7]. The amount of ioniz-
ing radiation may not be an important concern in the 
predominantly older patient population. Iodinated 
contrast agents must be used with caution in patients 
with serious risk factors, such as renal insufficiency, 
congestive heart failure, or hypersensitivity to con-
trast material.

5.7 
Clinical Application

The most useful application of CTA among intracra-
nial diseases is diagnosis of aneurysms. CTA for in-
tracranial aneurysms is widely used and established. 
CTA for steno-occlusive diseases is also useful, but it 
has some limitations. In other vascular diseases such 
as arteriovenous malformations, dural arteriovenous 
fi stulas, and brain tumors, CTA may be applied as 
an alternative to MRI/MRA or limited purposes. 
According to each vascular disease, advantages and 
limitations of CTA need to be understood.

Fig. 5.6 A 48-year-old man with psychiatric problems. Maximum-intensity projection image of MRA from the front shows a 
stenosis-like area (arrow) in the left carotid siphon. The stenosis-like area is caused by artifactual signal loss due to turbulent 
flow in the carotid siphon.
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5.8 
Intracranial Aneurysms

5.8.1 
Diagnosis and Preoperative Evaluation

Conventional angiography has been considered to 
be the gold standard for diagnosis and preoperative 
evaluation of intracranial aneurysms. However, there 
are several limitations to obtain suffi cient informa-
tion prior to treatment. Superimposition of vessel 
loops, tortuosity of vessels, small aneurysm size, or 
complicated aneurysm shape may cause an errone-
ous detection of an aneurysm or insuffi cient delinea-
tion of the aneurysm and adjacent vessels. To avoid 
these situations on conventional angiography, differ-
ent projections, stereoviews, increased magnifi cation, 
and high frame-rate acquisition may be needed [24]. 
Also, the limitation of conventional angiography for 
diagnosis and preoperative study of intracranial an-
eurysms has been recognized by studies with CTA [4, 
5, 25–30] and 3D angiography [31, 32].

The usefulness of CTA for the diagnosis and pre-
operative evaluation of intracranial aneurysms has 
been advocated [4, 5, 25–30]. Diagnostic accuracy 
of CTA is greater for detection of aneurysms larger 
than 3 mm than for detection of aneurysms 3 mm or 
smaller [28, 29]. According to previous studies with 
single-detector helical CT [4, 5, 25–29], the sensitiv-
ity and specificity of CTA for intracranial aneurysms 
larger than 3 mm are 83–100% and 79–100%, and 
those for intracranial aneurysms 3 mm or less are 
51–98% and 79–100%, respectively.

Some authors have suggested that CTA may re-
place the use of conventional angiography in assess-
ment of acute subarachnoid hemorrhage [25, 26, 30]. 
In the future, surgery would be performed on the 
basis of CTA findings alone; however, some limita-
tions in current CTA are considered as follows [27, 
28]. First, it requires relatively large amounts of con-
trast materials and proper timing of the scanning. 
Second, patient movement due to poor patient con-
dition causes unsatisfactory CT angiographic quality. 
Third, CTA cannot always be repeated because of risk 
factors such as renal insufficiency or heart failure. 
Intravenous injection site and heart function may af-
fect CT angiographic results.

Aneurysms adjacent to the skull base may not al-
ways be depicted on CTA. Several authors have de-
scribed that aneurysms at the skull base that arise 
from the intracavernous or paraclinoid carotid ar-
tery may be obscured by the bone, calcium, or venous 
blood in CTA studies [25, 26, 28]. The axial source and 

MPR images of CTA may play an important role in as-
sessing the aneurysms at the intracavernous or para-
clinoid carotid artery (Fig. 5.1).

CTA is especially useful for the following condi-
tions: complex-shaped aneurysms, aneurysms with 
large diameter, thrombosed aneurysms, and com-
plex-overlapping vessels such as the anterior commu-
nicating artery aneurysm. Even if carotid angiograms 
with manual compression of the carotid artery during 
arteriography are used, DSA does not always clearly 
depict its presence and the relationship to the anterior 
communicating artery and bilateral A1 and A2 seg-
ments of the anterior cerebral artery in the anterior 
communicating aneurysm. In thrombosed aneurysm, 
axial source and MPR images of CTA are useful for 
assessing the relationship between aneurysm lumen 
and thrombus within the aneurysm [25] (Fig. 5.3).

Although intraarterial CTA using a combined CT 
and angiographic unit is a limited method to use, it 
may be useful for preoperative evaluation of intra-
cranial aneurysms as a supplement to DSA [12]. The 
additional findings of intraarterial CTA to DSA may 
affect the following treatment.

5.8.2 
Postoperative Follow-up Study

After surgical treatment of an intracranial aneurysm, 
posttreatment evaluation may be necessary for as-
sessing clipping status. Potential problems include 
partial clipping of the neck, inadvertent occlusion of 
vessels after improper clip placement, and migration 
of the clip. The dome and the neck of the aneurysm 
after clipping can be evaluated with CTA [33, 34]. CTA 
is not severely degraded by the presence of nearby 
aneurysm clips (Fig. 5.7). The very thin collimation 
of 1 mm or less reduces the severe beam-hardening 
artifacts seen on routine head studies [33]. CT arti-
facts may depend on material of the clip [34]. The 
artifacts caused by the titanium clips are relatively 
small compared with artifacts from other clips [34].

In the posttreatment evaluation of aneurysm em-
bolization using Guglielmi detachable coils, MRA is a 
noninvasive useful tool [35–37]. Several reports have 
described that 3D TOF MRA had high sensitivity 
with few coil-induced artifacts in detecting residual 
necks of aneurysms treated with Guglielmi detach-
able coils. Embolic materials made of platinum seem 
to have few coil-induced artifacts. Since the platinum 
coils cause remarkable artifacts on CT, MR studies 
are more preferable for patients treated with plati-
num coils than CT studies.
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5.9 
Steno-occlusive Diseases

5.9.1 
Atherosclerotic Narrowing

Atherosclerotic narrowing of the major intracra-
nial arteries is associated with the risk of stroke 
[38]. A warfarin–aspirin symptomatic intracranial 
disease study showed that symptomatic patients 
with 50–99% stenosis of an intracranial artery ben-
efi ted from anticoagulation therapy [39]. Although 
conventional angiography is a gold standard for 
evaluating intracranial steno-occlusive diseases, 
cerebral angiographic complications still remain. 
Among noninvasive imaging modalities, MRA al-
lows accurate discovery of intracranial steno-oc-
clusive diseases and is widely used as a screening 
method [40–42]. However, MRA has a potential for 
consistent overestimation of stenosis. The clinical 
effi cacy of CTA in the evaluation of narrowing of the 
lumen of the intracranial artery has already been 
shown to be sensitive and specifi c [6, 7, 43]. Skutta 
et al. [44] retrospectively studied the usefulness of 
CTA for evaluating the intracranial steno-occlu-
sive diseases in 112 patients. They concluded that 
CTA was a reliable method for grading intracranial 
steno-occlusive lesions, with the exception of the 
petrous segment of the carotid artery. Hirai et al. 
[11] prospectively studied intracranial steno-occlu-
sive diseases with MRA, CTA, and DSA. MRA had 
a sensitivity of 92%, a specifi city of 91%, and an 
accuracy of 91% for the identifi cation of stenosis of 
50% or greater, while additional use of CTA yielded 
a sensitivity of 100%, a specifi city of 99%, and an 
accuracy of 99% [11]. The combined MRA and CTA 
provided signifi cantly higher diagnostic accuracy 
than did MRA alone. The combined evaluation re-

duced the tendency to overestimate stenosis seen 
with MRA and improved the specifi city for detect-
ing stenosis of 50% or greater. The combined MRA 
and CTA could achieve equal accuracy to DSA in 
measuring stenosis and detecting occlusion of the 
major intracranial arteries in most patients with 
suspected steno-occlusive diseases [11]. However, 
CTA may not always correctly delineate the lumen 
of the artery with circumferential calcifi cation and 
the cavernous portion of the internal carotid artery 
[11] (Fig. 5.4).

5.9.2 
Acute Embolic Stroke

In patients with large-vessel embolic stroke, intraar-
terial thrombolytic treatment performed within 6 h 
of stroke onset can reduce the incidence of disability 
[45, 46]. Large-vessel stroke may be diffi cult to dis-
tinguish from transient ischemic attacks, lacunar in-
farctions, postseizure states, peripheral neuropathies, 
complex migraine, and toxic metabolic encephalopa-
thies [47]. In order to perform effective treatment, it 
is important to accurately and rapidly detect intra-
cranial steno-occlusive diseases. Knauth et al. [11] 
prospectively evaluated the usefulness of CTA of the 
intracranial vessels compared with conventional an-
giography in 21 patients with acute ischemic stroke. 
In this study, CTA correctly demonstrated all trunk 
occlusions of the basilar artery, the internal carotid 
artery, and the middle cerebral artery. Lev et al. [48] 
studied 44 consecutive intraarterial candidates who 
were examined with CTA. Sensitivity and specifi city 
for the detection of large-vessel occlusion were 98.4% 
and 98.1%, respectively. They concluded that CTA is 
highly accurate for the detection and exclusion of 
large-vessel intracranial occlusion and may be valu-

Fig. 5.7 A 52-year-old man with post-
surgical clipping of ruptured anterior 
communicating aneurysm. Volume-
rendered CTA image reveals the clip 
and the adjacent arterial structures. 
Residual lumen of the aneurysm is not 
depicted. Contrast angiography also 
shows no residual lumen of the aneu-
rysm.
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able in the triage of hyperacute stroke patients to 
intraarterial thrombolytic treatment.

5.9.3 
Moyamoya Disease

Moyamoya disease is a rare cerebrovascular occlu-
sive disease of unknown cause that occurs predomi-
nantly in the Japanese, although cases in other ethnic 
groups have also been described [49, 50]. The angio-
graphic features of this disease include (a) bilateral 
stenosis or occlusion of the supraclinoid portion 

of the internal carotid artery (ICA) that extends to 
the proximal portions of the anterior cerebral artery 
and the middle cerebral artery, and (b) the presence 
of parenchymal, leptomeningeal, or transdural col-
lateral vessels that supply the ischemic brain [51, 
52]. Although conventional angiography remains 
the principal imaging technique for demonstrating 
anatomical changes in detail, less invasive CTA pro-
vides an accurate means of diagnosing moyamoya 
disease when it is suspected on CT, MRI, or clinical 
grounds [53].

5.9.4 
Arterial Dissection

Dissections of the intracranial artery are relatively 
uncommon vascular diseases that usually affect the 
supraclinoid carotid, middle cerebral, or vertebrobas-
ilar arteries [54–57]. These lesions have been recog-
nized as a cause of stroke in young and middle-aged 
adults [54–57].

The accurate diagnosis of intracranial dissec-
tions is important for appropriate management of 
patients. Although conventional angiography is the 
classic gold standard for the diagnosis of intracranial 
artery dissection, it rarely demonstrates specific an-
giographic signs such as a double lumen or intimal 
flap. Noninvasive imaging techniques including MRI, 
MRA, and CTA have been reported to be valuable 
methods for establishing the initial diagnosis and for 
follow-up studies [58–61].

5.10 
Extracranial–Intracranial Bypass

In patients with ischemic cerebrovascular disease, ex-
tracranial–intracranial (EC-IC) bypass can be used to 

improve cerebral blood fl ow and halt the extension 
of affected areas or reduce the risk of future strokes, 
although the effectiveness of this technique remains 
controversial [62]. The superfi cial temporal artery–
middle cerebral artery anastomosis is frequently per-
formed for the treatment of supratentorial ischemia. 
In patients with moyamoya disease, encephaloduro-
arteriosynangiosis and modifi ed encephaloduroar-
teriosynangiosis procedures have been performed. 
To examine the patency of EC-IC anastomosis after 
surgery, conventional cerebral angiography has been 
the most reliable imaging method among several mo-
dalities [63].

CTA using a multidetector CT unit is useful for as-
sessing EC-IC bypass routes [64]. The wide scanning 
range is valuable for demonstrating the donor and 
recipient arteries on a single image.

5.11 
Arteriovenous Malformation

Intracranial arteriovenous malformations (AVMs) 
are a complex network of abnormal vascular chan-
nels that consists of arterial feeders, the AVM nidus, 
and venous drainage channels. Cerebral angiography 
is a gold standard of this disease and can provide 
the hemodynamic information and the angioarchi-
tecture.

Three-dimensional reconstruction of CTA is very 
helpful in demonstrating the nidi, drainers, and 3D 
structure of AVMs [65] (Fig. 5.8). Demonstrations of 
feeders are not remarkable. CTA of cerebral AVMs 
could be performed routinely, and 3D imaging is 
helpful in demonstrating the complex anatomy of ce-
rebral AVMs. This technique may be helpful in plan-
ning gamma-knife radiosurgery.

5.12 
Carotid-Cavernous Sinus Fistulas

Carotid-cavernous sinus fi stulas (CCFs) are classifi ed 
into dural and direct types. CCFs usually appear as 
neuro-ophthalmologic symptoms that include pro-
ptosis, chemosis, cranial nerve palsies, and dilated 
episcleral veins.

Although DSA is currently the standard of ref-
erence for the diagnosis of dural and direct CCFs, 
CTA can provide noninvasive diagnosis of these 
diseases [66]. CTA depicts an enlarged enhancing 
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cavernous sinus and venous drainage channels 
such as the superior ophthalmic vein, petrosal si-
nus, sphenoparietal sinus, and intercavernous si-
nus [66] (Fig. 5.5).

5.13 
Brain Tumors

CTA is an alternative method to evaluate extra-axial 
brain tumors. However, it is not usually applied to 
intra-axial brain tumors. In large skull base tumors 
such as meningiomas and pituitary adenomas, CTA 
may be useful for preoperative evaluation.

5.13.1 
Meningiomas

Skull-base meningiomas often involve intracranial ves-
sels. Preoperative evaluation of the tumor is essential 
for successful surgical removal. Although DSA clearly 
demonstrates the vascular structure of meningiomas, 
it does not show the relationship between tumors and 
bony structures and has a risk of neurological compli-
cation. MRA is a noninvasive method that is widely 
used in the evaluation of patients with meningiomas.

CTA depicts the relationship between skull-base 
meningiomas and neighboring bony and vascular 
structures clearly, with minimal risk to the patients 
[67] (Fig. 5.9).

Fig. 5.9a,b A 67-year-old man with left sphenoid ridge meningioma. a Volume-rendered CTA image from the above shows left 
sphenoid ridge mass (arrows) and wall irregularity of the left anterior cerebral artery (arrowheads) suggesting tumor encase-
ment. b Multiplanar reconstruction image of CTA shows the encasement of the left carotid fork (arrow) in the tumor.

Fig. 5.8a,b A 32-year-old man with left parietooccipital arteriovenous malformation. a Contrast-enhanced axial CT image shows 
abnormal enlarged vessels (arrow) in the parietooccipital region, which suggest cerebral arteriovenous malformation. b Volume-
rendered CTA image from the front and above shows feeding arteries (arrows) from the middle and posterior cerebral arteries 
and draining veins (arrowheads).

a b

a b
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