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BACKGROUND AND PURPOSE: The aim of our study was to assess the accuracy of multidetector row
CT angiography (MDCTA) in the detection of the underlying vascular abnormalities causing spontane-
ous lobar intracerebral hemorrhage (ICH) compared with conventional digital subtraction angiography
(DSA).

MATERIALS AND METHODS: Seventy-eight patients who underwent MDCTA with use of a 16-detector
row scanner and DSA were prospectively included in this study. Each study was assessed by 2
independent blinded neuroradiologists; decisions were made in consensus. Findings on CT angio-
grams, including the original axial data, multiplanar reformations, and volume-rendered images with
and without automated bone segmentation, were used to identify the underlying causes of ICH.

RESULTS: Twenty-two of the 78 patients (28.2%) exhibited angiographic abnormalities, including
aneurysms of the proximal arteries (n � 9), arteriovenous malformations (n � 7), Moyamoya disease
(n � 4), and aneurysms of the distal arteries (n � 2). MDCTA detected the underlying vascular
abnormalities in 21 patients except 1 case of small arteriovenous malformation. Overall sensitivity,
specificity, positive predictive value, negative predictive value, and accuracy of MDCTA for detection
of underlying vascular abnormalities were 95.5%, 100%, 100%, 98.2%, and 98.7%, respectively.

CONCLUSIONS: MDCTA is a highly accurate imaging technique in the diagnosis of underlying vascular
abnormalities in patients with spontaneous lobar ICH.

Lobar intracerebral hemorrhage (ICH) is defined as supra-
tentorial hemispheric parenchymal bleeding located out-

side the deep nuclear structures and accounts for 20%– 44% of
all cases of ICH.1,2 Hypertension is the most common cause of
spontaneous ICH in the deep regions such as the basal ganglia,
thalamus, pons, and cerebellum. However, lobar ICH is a sep-
arate group of supratentorial hemorrhage and the result of
heterogeneous etiologies, including aneurysms, arteriovenous
malformations (AVMs), amyloid angiopathy, cavernous angi-
omas, vasculitis, primary or metastatic tumors, Moyamoya
diseases, cerebral venous thromboses, systemic hypertension,
bleeding diatheses, and sympathomimetic drugs.1 In patients
with lobar ICH, therefore, a prompt diagnosis of underlying
structural vascular abnormalities, such as aneurysms and
AVMs, is critical for determining the appropriate treatment.3

Digital subtraction angiography (DSA) has been the gold
standard diagnostic test in this setting. However, this proce-
dure is invasive and not always available in critically ill pa-
tients. Furthermore, DSA reportedly has a 1% risk of a dis-
abling neurologic deficit and a 0.1% risk of mortality.4 When
compared with DSA, CT angiography (CTA) is a noninvasive
imaging technique, which has proved valuable for identifying
cerebrovascular lesions. It can be easily performed immedi-
ately after the initial nonenhanced CT with a single bolus of
intravenous contrast medium, thereby allowing rapid diagno-

sis and treatment planning in emergency conditions. The in-
troduction of multidetector row CT (MDCT) has promoted
the use of CTA for assessing the cerebrovascular system, offer-
ing a shorter acquisition time, increased volume coverage, and
improved spatial resolution.5,6

To our knowledge, no study has examined the diagnosis of
underlying causes of lobar ICH by using MDCT angiography
(MDCTA). The purpose of our study was to compare prospec-
tively the effectiveness of 16-channel MDCTA with that of
conventional DSA in the detection of the underlying vascular
abnormalities causing spontaneous lobar ICH.

Materials and Methods

Patient Population and Study Design
Between September 2004 and February 2008, 105 consecutive pa-

tients with spontaneous lobar ICH were referred to our institution.

The patients were scheduled to undergo conventional DSA and were

prospectively enrolled to undergo comparative MDCTA. Of them, 10

patients who did not undergo DSA due to rapid clinical deterioration

were excluded from the study. Another 17 patients were also excluded

from our study for the following reasons: 1) subarachnoid hemor-

rhage (SAH)-predominant cases (n � 8), 2) known pre-existing ce-

rebral vascular abnormalities (n � 6), or 3) hemorrhage into a tumor

diagnosed by CT or MR imaging (n � 3). The final study group,

therefore, consisted of 78 patients; this group included 44 men and 34

women (mean age, 48.4 � 13.7 years; range, 21– 86 years).

Unenhanced CT revealed 23 frontal, 22 temporal, 16 parietal, 9

occipital, and 8 multiple lobar ICHs. Forty-four patients had pure

lobar ICHs, 18 had coexistent SAH, 8 had associated intraventricular

hemorrhage (IVH), 6 had both IVH and SAH, and 2 had subdural

hemorrhage accompanying their lobar ICHs.
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The study protocol was approved by the institutional review

board, and informed consent was obtained from all patients or their

legal representatives.

MDCTA and DSA
All MDCTA scans were obtained by using a 16-detector row CT scan-

ner (MX8000 Infinite Detector Technology; Philips, Haifa, Israel)

with the following parameters: 1-mm section thickness; 0.5-second

gantry rotation time; pitch of 0.35; 512 � 512 matrix; 20- to 22-cm

FOV; 120 kV; and 200 –280 mA. The scanning range was planned in a

caudocranial direction from the level of the foramen magnum

through the level of the top of skull, including the whole intracerebral

vasculature (range, 120 –140 mm). For optimal intraluminal contrast

enhancement, the delay time between the start of contrast material

administration and the start of scanning was determined for each

patient individually by using a bolus-tracking technique, as described

in detail elsewhere.5,6 A total of 100 –120 mL of iohexol (Omnipaque

300; GE Healthcare, Princeton, NJ), a low-osmolar iodinated contrast

material, was administered intravenously via an 18- or 20-gauge cath-

eter positioned in an antecubital vein.

The volumetric data so obtained were transferred to a workstation

with commercially available software (Rapidia 3D; Infinitt, Seoul, Ko-

rea) for further processing. Transverse sections were reconstructed

with a section width of 0.5 mm. MDCTA images were processed from

the obtained source images by using 3 different methods: 1) sagittal

and coronal multiplanar reformations (MPRs), 2) volume-rendered

Table 1: Diagnostic performance of MDCTA for the detection of underlying vascular abnormalities causing spontaneous lobar intracerebral
hemorrhage in 78 patients

TP
Cases

TN
Cases

FP
Cases

FN
Cases

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Accuracy
(%)

21 56 0 1 95.5 100 100 98.2 98.7

Note:—TP indicates true-positive; TN, true-negative; FP, false-positive; FN, false-negative; PPV, positive predictive value; NPV, negative predictive value; MDCTA, multidetector row CT
angiography.

Table 2: Characteristics of patients and aneurysms

Patient
No.

Age (yr)/
Sex Location

N/D Ratio Orientation Lobularity
Branches from

Aneurysm Severe Vasospasm*

DSA MDCTA DSA MDCTA MDCTA DSA DSA MDCTA DSA MDCTA
1 48/F AcomA �1/3 Same Anterior Same Multi- Same (–) Same Bilateral A1, A2;

left M2
Same

2 40/F MCAB �1/3 1/3–2/3 Superior Same Single- Same (–) Same (–) Same
3 56/M MCAB 1/3–2/3 Same Superior Same Multi- Same Neck Same (–) Same
4 33/F AcomA �2/3 Same Inferior Same Multi- Same (–) Same (–) Same
5 39/F AcomA �1/3 Same Superior Same Single- Same (–) Same (–) Same
6 54/M MCAB �1/3 Same Inferior Same Single- Same Neck Same (–) Same
7 40/M Distal ICA �2/3 Same Superior Same Multi- Same (–) Same (–) Same
8 51/M MCAB 1/3–2/3 Same Lateral Same Single- Same Dome Same Right M2 Same
9 42/F MCAB �2/3 Same Lateral Same Multi- Same Neck Same (–) Same
10 46/M Distal MCA 1/3–2/3 Same Superior Same Single- Same (–) Same (–) Same
11 44/M Distal ACA 1/3–2/3 Same Anterior Same Single- Same (–) Same (–) Same

Note:—AcomA indicates anterior communicating artery; MCAB, MCA bifurcation; A1, first segment of the ACA; A2, second segment of the ACA; M2, second segment of the MCA; DSA,
digital subtraction angiography; ICA, internal carotid artery; MCA, middle cerebral artery; ACA, anterior cerebral artery.
* Arterial spasm was categorized as severe when the vessel diameters were reduced by �50%.

Table 3: Characteristics of patients and AVMs

Patient
No.

Age (yr)/
Sex Location

Feeding Arteries Nidus Draining Veins

DSA MDCTA DSA MDCTA DSA MDCTA
1 29/M Frontal lobe ACA Same Visible Same Cortical veins, SSS Same
2 25/F Frontal lobe ACA Not visible Visible Not visible Deep veins, ICV Same
3 44/F Frontal lobe MCA, ACA Not visible Visible Same Cortical veins, SSS Same
4 30/F Temporal lobe MCA Same Visible Same Cortical veins, SSS Same
5 35/F Frontal lobe ACA Same Visible Same Cortical veins, SSS Same
6 31/M Occipital lobe PCA Same Visible Same Cortical veins, SS Same
7 55/M Parietal lobe MCA Not visible Visible Not visible Cortical veins, SSS Not visible

Note:—SSS indicates superior sagittal sinus; ICV, internal cerebral vein; SS, sigmoid sinus; AVM, arteriovenous malformation; PCA, posterior cerebral artery.

Table 4: Characteristics of patients and Moyamoya disease

Patient
No.

Age (yr)/
Sex

Site of Occlusion Collateral Vessels

DSA MDCTA DSA MDCTA
1 28/F Bilateral M1 Same Basal Not visible
2 31/F Bilateral ICA Same Basal, leptomeningeal Not visible
3 47/F Bilateral ICA Same Basal, leptomeningeal, transdural Not visible
4 38/F Unilateral ICA Same Basal, leptomeningeal Not visible

Note:—M1 indicates the first segment of the MCA.
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technique (VRT) algorithm, and 3) VRT after automatic segmenta-

tion of a precontrast scan dataset (ie, overlapping bony structures).

All standardized reconstructions were completed by experienced

technicians; image-processing time did not exceed 15 minutes.

Intra-arterial DSA was performed with femoral catheterization by

the Seldinger technique with a DSA unit (Integris Allura; Philips

Medical Systems, Best, the Netherlands) with an image-intensifier

matrix of 1024 � 1024 pixels. DSA was performed with bilateral se-

lective internal carotid artery (ICA) injections and either unilateral or

bilateral vertebral artery injections, as necessary. Anteroposterior, lat-

eral, oblique, and, if necessary, additional views of each vessel were

obtained by the injection of 6 –9 mL of iodixanol (Visipaque 320, GE

Healthcare) at a rate of 4 – 6 mL/s.

All patients in the series underwent MDCTA before DSA, with the

longest interval between the 2 examinations being 36 hours (mean

interval between examinations, 16.1 � 9.0 hours). Mean time from

symptom onset to MDCTA was 9.8 hours (range, 6 –28 hours).

Interpretation and Analysis
All MDCTA and DSA images were independently evaluated by 2 neu-

roradiologists, who had 12 (D.Y.Y.) and 5 (S.K.C.) years of experience

in CT vascular imaging and angiography. Interpretation disagree-

ments were resolved by means of consensus review. The MDCTA and

DSA images were presented in an anonymous random fashion. Both

readers were blinded to the assessments of the other technique or of

the other investigator. The MDCTA and DSA images were reviewed

separately: DSA images were given in random order to the readers, 8

weeks after each reader completed the analysis of MDCTA images.

The standardized MPR and VRT images (as created by techni-

cians) and axial CT images (source data) from MDCTA studies were

available for both readers on the workstation. Both readers had the

ability of rotating the standardized VRT images to obtain additional

projections for better demonstration of the vascular lesion. The read-

ers then could perform postprocessing reconstructions of the source

image data again by using the various algorithms available at the

workstation, if necessary.

Readers had to identify the underlying vascular abnormalities ac-

counting for the hemorrhage on the images presented. The readers

also had to describe morphologic features of the underlying vascular

abnormalities (ie, lobularity; orientation of the dome; ratio of the

neck to the dome [N/D ratio: �1/3, 1/3–2/3, and �2/3]; relationship

to adjacent vessels; and presence of severe spasm [� 50% luminal

narrowing] for aneurysms; size and shape of the nidus, feeding arter-

ies, and draining veins for AVMs; and arterial occlusion and collateral

vessels for Moyamoya disease). Moreover, the presence of coexisting

vascular abnormalities, especially unruptured cerebral aneurysms,

was also recorded.

The sensitivity, specificity, positive and negative predictive values,

and accuracy of MDCTA for detection of underlying vascular lesions

were calculated by using DSA as the standard of reference.

Results
At DSA, a total of 22 patients (28.2%) had vascular abnormal-
ities accounting for the hemorrhage: 9 had aneurysms of the
proximal arteries, 7 had AVMs, 4 had Moyamoya disease, and
2 had aneurysms of the distal arteries. No secondary cause of
ICH was identified by using DSA in the remaining 56 patients.
In the non-angiographic-positive group, hypertension (n �
29), coagulopathy (n � 11), and amyloid angiopathy (n � 4)

were found as underlying causes of ICH; 14 patients had no
clear cause of ICH.

Of the 11 ruptured aneurysms, 5 were located at the middle
cerebral artery (MCA) bifurcation; 3 at the anterior commu-
nicating artery; 1, at the ICA bifurcation; 1, at the distal seg-
ment of the anterior cerebral artery (ACA); and 1, at the distal
segment of the MCA. MDCTA correctly depicted all the 9
proximal and 2 distal aneurysms. According to MDCTA mea-
surements (2 independent measurements were averaged for
each aneurysm), the mean size of 11 aneurysms was 4.9 � 2.2
mm, and the smallest aneurysm was a 2.0-mm aneurysm in
the distal MCA (Fig 1).

On DSA images, the N/D ratios were �1/3 in 4, 1/3–2/3 in
4, and �2/3 in 3 aneurysms. In all but 1 aneurysm, the N/D
ratio as assessed by MDCTA correlated well with the results of
DSA; in 1 aneurysm, the N/D ratio was overestimated at
MDCTA by 1 grade. MDCTA was also accurate in aneurysm
characterization; orientation of the dome, lobularity, and re-
lationship to adjacent vessels demonstrated by MDCTA cor-
responded well with the images obtained with DSA. In addi-
tion, MDCTA revealed severe vasospasm in 2 patients, which
was confirmed by DSA.

Of the 7 AVMs, 3 were in the ACA territory, 3 were in the
MCA territory, and 1 was in the posterior cerebral artery
(PCA) territory. The mean diameter of AVMs was 11.8 � 5.0
mm, and the smallest AVM was 4.0 mm in diameter. Only a
4.0-mm AVM without enlarged feeding or draining vessels
could not be visualized by MDCTA. Except this case, all the
AVMs detected by DSA were detected at the same locations by
MDCTA (Fig 2). In all 6 patients with AVMs detected by
MDCTA, MDCTA demonstrated the dilated draining veins
leaving a nidus. In 1 patient with a 6-mm AVM, however,
nidus and feeders were not demonstrated on MDCTA. In an-
other patient who had a 10-mm AVM, MDCTA did not dem-
onstrate feeders entering a nidus.

Of 4 patients with Moyamoya disease, DSA demonstrated
bilateral occlusion of the ICA (n � 2), unilateral occlusion of
the ICA (n � 1), and bilateral occlusion of the proximal MCA
(n � 1) (Fig 3). Identical MDCTA findings were present in all
patients. In 2 patients, however, MDCTA failed to depict fine
collateral vessels in the basal brain.

In summary, MDCTA detected the underlying vascular ab-
normalities in 21 cases except 1 case of a small AVM. There
were no MDCTA false-positive results. Compared with DSA,
the overall sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of MDCTA for detec-
tion of underlying vascular abnormalities were 95.5%, 100%,
100%, 98.2%, and 98.7%, respectively.

There were 2 patients with incidentally found vascular ab-
normalities: Each had an incidental noncausative aneurysm,
which was apparent on both MDCTA and DSA. These aneu-
rysms were located at the MCA bifurcation and the distal ICA,
contralateral to the site of ICH, respectively.

Discussion
It is often difficult to determine the underlying causes of ICH
because vascular abnormalities such as AVM or aneurysm are
not necessarily visualized in cross-sectional imaging studies.
The site of hemorrhage, age of the patient, pre-existing hyper-
tension, and hematoma extension to the ventricles or sub-
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arachnoid space are important factors in determining the pos-
sibility of finding a vascular abnormality by DSA.2,7,8

However, indications that DSA can find underlying poten-
tially treatable vascular abnormalities still remain controver-
sial.9,10 The guidelines of the American Heart Association11

recommend diagnostic DSA for all patients with no clear cause
of hemorrhage who are candidates for surgery, particularly

young patients without hypertension whose condition is clin-
ically stable.

CTA has been used to diagnose intracranial vascular dis-
eases such as aneurysm,5 arteriovenous malformation,12

steno-occlusive disease,13 and vasospasm.6 The advantages of
CTA over DSA are that it is less invasive, is much quicker to
perform, does not require sedation in most patients, and is

Fig 1. A 46-year-old man with an aneurysm of the distal MCA. A, Unenhanced CT scan demonstrates hemorrhage (arrow) in the right parietal lobe with mild surrounding edema. B and
C, Left anterior oblique projection of the volume-rendered image (B ) and the coronal multiplanar reformatted image (C ) from MDCTA demonstrates a 2.5-mm saccular aneurysm (arrow)
at the distal branch of the right MCA with an upward orientation of the sac. Note the relationship of the hematoma (arrowheads) to the aneurysm. D, DSA image of the right ICA,
anteroposterior projection, shows the same aneurysm (arrow), which was confirmed at surgical exploration.

Fig 2. A 29-year-old man with an arteriovenous malformation. A, Unenhanced CT scan demonstrates hemorrhage (arrow) in the right frontal lobe. B, Volume-rendered MDCTA image, lateral
projection, clearly demonstrates the abnormal collections of vessels in the right frontal lobe (arrowhead) and the enlarged draining cortical veins (arrows). C, Corresponding DSA image
of the right ICA confirms these findings, demonstrating the nidus (arrowhead) and the early draining veins (arrows).
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suitable for emergency examinations of critically ill or unsta-
ble patients. CTA may, therefore, be useful in guiding the
management of patients with acute spontaneous ICH, regard-
ing the decision of whether to perform a further diagnostic
study (DSA) versus surgery or follow-up.

With the introduction of MDCT scanners, there has been
increased demand and use with regard to vascular applica-
tions.14 Fundamental theoretic advantages of MDCT include
substantially faster scanning speed, greater volumetric cover-
age, higher longitudinal spatial resolution, and more isotropic
voxels than was possible with single-detector-row spiral CT
scanners.15 The major advantage of MDCTA is the ability to
scan the whole brain within 1 acquisition, combined with a
high spatial resolution, thus enabling the identification of vas-
cular lesions not only of major cerebral arteries but also of
distal intracerebral vessels. In this study, the scanning range

was planned to encompass the whole intracerebral vasculature
from the level of the foramen magnum to the vertex, irrespec-
tive of the location of the ICH. The lack of comparable data in
the literature is directly linked to the previous technologic lim-
itations of CTA, which was based on single-detector-row spi-
ral CT examinations of a limited region of interest.16 MR an-
giography (MRA) is another noninvasive imaging method
that can be used to identify underlying causes of ICH. MRA
has the advantages of lack of exposure to ionizing radiation, no
requirement for intravenous contrast medium, large volume
coverage, and reasonably fast postprocessing. In addition, MR
imaging can reveal amyloid angiopathy, cavernous angioma,
and venous sinus thrombosis, which are less likely to be de-
tected by using CT/CTA. MR/MRA, however, is not suitable in
this patient group because of the relatively long examination
time, difficulty in demonstrating vessels with low-flow condi-

Fig 3. A 28-year-old woman with Moyamoya disease. A, Unenhanced CT scan demonstrates pericallosal hematoma (arrow) with extension of hemorrhage into the lateral ventricle. B,
Volume-rendered MDCTA image with bone subtraction, anteroposterior projection, demonstrates symmetric occlusion of the bilateral proximal MCAs (arrows). MDCTA image fails to show
collateral vessels. C and D, Corresponding DSA images of the right (C ) and left (D ) carotid arteries, anteroposterior projection, confirm occlusion of the bilateral proximal MCAs (arrows).
In addition, reconstitution of the distal MCAs via fine collateral vessels is also noted.
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tions (eg, the distal intracranial vessels), and limited access to
the critically ill patients. To our knowledge, there are no data
regarding the use of MRA in the detection of underlying vas-
cular abnormalities in patients with spontaneous ICH.

To date, little has been reported on the role of CTA in
spontaneous ICH. We found in the literature only 1 article16

comparing DSA and CTA in the identification of causes of
hemorrhage in patients with hyperacute ICH; however, the
authors focused on contrast extravasation on CTA as a predic-
tor of hematoma expansion. They analyzed 31 cases of pri-
mary ICH (they did not comment on the location of hemor-
rhage); angiography or surgery revealed vascular lesions in 7
(22.6%). In their study, by using a relatively small scanning
range (from the skull base to the superior margin of the hema-
toma), single-detector-row CTA depicted the underlying vas-
cular abnormality in all 7 patients.

To our knowledge, ours is the first study to examine the
role of MDCTA in spontaneous lobar ICH. The results of our
study showed that MDCTA had a diagnostic accuracy, which
appeared equivalent to that of conventional DSA in the detec-
tion of underlying vascular abnormalities. The only false-neg-
ative case on MDCTA, a 4-mm AVM, was missed by both
readers due to its small size, its linear configuration instead of
a round shape, and its nonenlarged feeding and draining ves-
sels. This AVM could not be clearly identified even on retro-
spective review of VRT and MPR images and the raw source
images. However, MDCTA was inferior to DSA for the depic-
tion of detailed morphologic characteristics of vascular le-
sions, such as N/D ratio of aneurysms, feeding arteries of
AVMs, and fine collateral vessels in Moyamoya disease, which
are important for planning treatment.

A limitation of this study relates to the small prevalence of
underlying vascular abnormalities in our study group
(28.2%), which is lower than that in previously published data,
which ranged from 33.3% to 57.3%.2,8,9,17 This relatively low
prevalence may limit the calculated descriptive statistics for
MDCTA versus conventional DSA. Another limitation of this
study is that we did not address cost issues of MDCTA or DSA.
Further investigations are warranted to compare MDCTA and
DSA for evaluation of patients with spontaneous lobar ICH in
terms of cost-effectiveness, because this analysis may also
guide referring physicians to select MDCTA or DSA. Finally,
we did not include patients with ICH in the deep regions such
as the putamen, thalamus, cerebellum, and pons. In this
group, only patients in whom MDCTA demonstrated vascular
lesions underwent DSA at our institution.

In conclusion, MDCTA is a promising noninvasive
method for the evaluation of underlying vascular abnormali-
ties in patients with spontaneous lobar ICH. MDCTA is cur-
rently not sensitive enough to replace DSA; however, we be-
lieve that MDCTA may eliminate the need for conventional
DSA angiography in selected cases.
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