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The Usefulness of 3D-CT Angiography as a
Screening Tool for Vascular Abnormalities
in Spontaneous ICH Patients
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Objective : We investigated the incidence of the vascular abnormalities associated with spontaneous intracerebral hemorrhage
[ICH) using three-dimensional computed tomographic angiography (3D-CTAJ.

Methods : We prospectively assessed consecutive 76 patients with spontaneous intracerebral hemorrhage (ICH) who
underwent 3D-CTA between June 2003 and May 2005. The patients with a recent history of trauma or mainty subarachnoid
hemorrhage were excluded. We investigated relationship between vascular abnormality and ICH location. The findings
of 3D-CTA were classified as one of three patterns with ICH; type A [without evidence of vascular abnormality), type B
[with no vascular abnormality as the source of hemorrhage, but with incidental vascular abnormality), and type C {presence
of a vascular abnormality as the source of hemorrhage).

Results : Sites of ICH were tobar 26, basal ganglia 23, thalamus 17, posterior fossa 6 and dominant intraventricular hemorrhage
{IVH] 4. Among 76 patients, sixteen (21.1%) vascular abnormalities were noted excluding 13 cases of stenoocclusive disease.
Sixteen cases included 6 cases of cerebral aneurysms {7.9%), 5 moyamoya diseases (6.6%), 4 arteriovenous malformations
(5.3%) and 1 dural sinus thrombosis (1.3%). Lobar ICH {30.8%]) had a higher vascular abnormalities than other types, and
younger age [ <40) group had a higher incidence of vascular abnormalities than old age group. The patterns of 3D-CTA
inctude sixty cases (79.0%] of type A, 6 cases (7.8%)] of type B and 10 cases (13.2%) of type C. The vascular abnormalities
were found in 8 (13.5%) of 59 hypertensive patients and 8 {47.0%) of 17 non-hypertensive patients [p=0.006).

Conclusion : 3D-CT angiography is considered a useful screening tool for ICH patients with suspected cerebrovascular
abnormalities and should be considered in such clinical settings, especially in lobar type and in non-hypertensive younger
patients.

KEY WORDS : Computed tomographic angiography - Intracerebral hemorrhage - Vascular abnormality -
Screening.

Introduction

he term spontaneous intracerebral hemorrhage (ICH)

refers to all varieties of bleeding into the cerebral
parenchyma in which ‘trauma or other exogenous’ factors
do not play an essential part™. It constitutes a major neuro-
surgical problem. Its incidence varies from 10 to 32% of all
cerebrovascular strokes in USA', and from 27.3% to 47.6%
in Korea''®,
Spontaneous ICH is caused more often by hypertension

per se than by vascular abnormality secondarily*”. Clinically,

therefore, through investigations to detect any possible
associated vascular abnormalities have not been routinely
performed on the past. Conventional angiography remains
the golden standard for diagnosis of vascular abnormality. But
it is invasive, difficult in acutely ill patients, and carries definite
risks”. Recently three-dimensional computerized tomographic
angiography (3D-CTA) has shown to be promise as a highly
sensitive and less invasive modality for determining the source
of hemorthage®?*”). In this study, we have tired to screen any

associated vascular abnormalities in spontaneous ICH using
3D-CTA.
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Materials and Methods

his study is based on 90 cases of spontaneous ICH patients

who visited our hospital during the period from June
2003 to May 2005. We prospectively assessed 90 consecutive
patients in whom ICH had been diagnosed and who met
the following inclusion criteria™; 1) presence of ICH, 2)
3D-CTA performed after CT scanning, 3) spontaneous ICH
without trauma history, 4) cerebral angjography or magnetic
resonance angiography (MRA) performed during the chronic
stage. We excluded ICH patients with dominant subarachnoid
hemorrhage, hemorrhagic disorders and those who have been
taking anticoagulant medications. A total of 76 patients
were finally included in this study. In cases in which small
parenchymal hematoma ruptured into the ventricle, the
parenchymal hemorrhage was defined as the anatomical site
of hemorrhage. When IVH volume was larger than parenchymal
ICH and the origin of the one was ambiguous, we defined
the case as ‘dominant IVH’.
3D-CTA was performed within 3 days after their visiting,

Fig. 1. Three paitems of intracerebral hemorhage (ICH) according
to the findings of three—dimensional computed tomographic
angiography (3D—-CTA). Type A (A, B) : Brain computed tomography
shows right parietal ICH and 3D—CTA shows no lesion. Type B (C, D) :
Brain computed tomography shows leff basal ganglia ICH and frontal
horn intraventricular hemorthage but 3D-CTA shows contralateral
side unruptured middle cerebral artery aneurysm (arrow). Type C (E, F)
Brain computed tomography shows right parietal ICH and 3D-CTA
shows same side arterio—venous malformation (arrow).
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If emergency operation was needed, we tried to check 3D-CTA
as soon as possible. CT scan slices were planned to cover the
entire field of interest from upper cervical to the vertex. An
intravenous infusion of non-ionic, iodinated contrast solution
Iopromide (ultravist®), was started at a rate of 2.5 ml/sec for
about 30 seconds. After scanning is completed, reconstructions
were performed in three dimensions at the console by using
standard scanner software (GE-AW4.1 program). We petformed
conventional angiography or MRA for all patients who had
screened vascular abnormalities in 3D-CTA.

ICH was classified according to the location of the
hemorrhage into lobar, basal ganglia, thalamus, and posterior
fossa hemorrhage (including cerebellar and brain stem) and
dominant IVH. We assigned 76 ICH patients to either
hypertensive or non-hypertensive groups based on their
blood pressure levels during the chronic phase (systolic blood
pressure greater than 160 mmHg or diastolic blood pressure
greater than 95 mmHg) or a history of antdhypertensive
medication. The findings on 3D-CTA were classified as
exhibiting one of three patterns™: type A (without evidence
of vascular abnormality), type B (with no vascular abnormality
as the source of hemotrhage, but with incidental vascular
abnormality), and type C(presence of a vascular abnormality
as the source of hemorrhage) (Fig. 1). For statistical comparison,
we performed cross tabulation and Fisher’s exact test expressed
by x* and significance was determined at p-value less than 0.05.

Results

he patients ranged in age from 29 1 91 years (mean 57.6)

and included 50 men (64.1%) and 26 women (35.9%).
All were ethnically Koreans. The most prevalent age was from
41 to 60 years (31 cases), and 10 cases {13.2%) were less than
40 years.

The most common site of ICH was the lobar (34.2%),
followed by basal ganglia (30.3%) and thalamus (22.3%). The
paricto-temporal (50%), fronto-temporal (23%) were common
location, in the lobar type. ICH which ruptured into the
ventricle were seen in 21 cases (thalamus 9, basal ganglia 6,
lobar 5, posterior fossa 1) and 3 cases (2 lobar, 1 posterior fossa)
of these were associated with vascular abnormalities. There
was no increase in angiographic yield for ICH ruptured into
the ventricle compared with those without IVH (p=0.084).
Subarachnoid extension was found in 10 cases (lobar 4, basal
ganglia 4, posterior fossa 2) and 3 cases (arteriovenous malfor-
mation 2, moyamoya disease 1) of there were associated
with vascular abnormalities. There was also no increase in
angiographic yield for ICH with subarachnoid extension
(p=0.092).

Eight cases (30.8%) had vascular abnormalities in 26 lobar
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ICH, 2 cases (8.7%) in 21 basal Table 1. Summary of 16 vascular abnormalities screened by 3D-CTA

ganglia ICH, 2 cases (11.8%) in Case Age Sex ICH location HIN  Vascular abnormality Alternative study Type
17 thalamic ICH, 2 cases (33%) 1 76 F Lobar,Lt Yes Rt MCA aneurysm MRA B
in 6 posterior fossa location, and 2 0 M Lobarf Yes ACA Aneurysm MRA B
2 cases (50%) in 4 dominant IVH. 3 91 F Lobar Rt Yes Lt P—comA aneurysm MRA B
Lobar, posterior fossa and dominant 4 51 F Thalamus, Lt Yes Rt MCA aneutysm DSA B
. 5 63 M Thalamus, Lt Yes Rt ICA Bif aneurysm MRA B
IVH .had hlgh er vascular abnor- 6 78 F Basal ganglia,Rt Yes Rt MCA aneurysm DSA B
malities than thalamic and basal 7 a1 M Lobar Lt No AVM DSA c
ganglia, although the difference g 75 ¢ Lobar Rt No Dural AVM MRA c
was not statistically significant ¢ 43 M Lobar,Lt Yes  Dural sinus thrombosis MRA c
(p=0.091) (Table 2). We classified 10 25 M Lobar,Rt No AVM DSA c
lobar, posterior fossa and dominant 11 33 F Lobar,Lt No Moyamovya disease DSA C
IVH cases as one group and 12 23 M Posterior fossa No Moyamoya disease MRA C
thalamic and basal ganglia cases 13 28 F Posterior fossa No AVM DSA C
as other group. The former group 14 46 M Basal gcnglia,Rt Yes Moyamoya diseose DSA C
showed higher possibility of 15 34 M Domfncnf VH Yes Moyamovya deecse DSA C
16 45 M Dominant IVH Yes Moyamoya disease MRA c

vascular abnormalities than latter
group with statistical significance
(p=0.041).

Except atherosclerotic vascular

resonance angiography

Rt right, Lt © left, MCA : middle cerebral artery, ACA : anterior cerebral artery P-—comaA : posterior communicating artery,
AVM : arterio—venous malformation, DSA : digital subtraction arteriography, IVH : intraventricular hemorthage, MRA : magnetic

Table 2. Associated vascular abnormalities according to the location

stenosis, the most common vascular

Vascular abnormality

Total patient's

. H Q, —
abnormality was cerebral aneurysm Aneurysm Moyamoya Tl})\urcxl sinus number % p-value
(6 cases, 7.9%). All of them were : disease rombosis
unruptured aneurysm that were Location 0.091
demonstrated incidentally. There Lobar 3 ] S ] 26 076 -

. Basal ganglia 1 [ 0 0 23 8.69 -

were five cases of moyamoya disease
(6.6%), 4 cases of AVM (5.3%) Thalamus 2 0 0 0 17 11.76 -
'd ’ . ’ 0_’ Posterior fossa 0 1 1 0 6 33.33 -
and 1 case of dural sinus thrombosis Dominant IVH 0 9 0 0 4 5000 -

(1.3%). In overall, we detected
16 cases (21.1%) of vascular

AVM : arterio—venous malformation, IVH : intraventricular hemorthage

Table 3. Associated vascular abnormalities according to the age

abnormalities in 76 ICH patients
with 3D-CT angjographic screening,

Vascular abnormality

Total patient's

- . Moyamoya Dural sinus % p~vaiue
In patients with the younge':r age Aneurysm disease thrombosis number
group (<40), moyamoya disease a0 0.007
(3 cases) and AVM (2 cases) were <40 0 3 9 0 10 50.00 _
noted. In older age group (>40), >40 6 ) 2 1 66 16.66 -

aneurysm (5 cases), moyamoya
disease (2 cases), AVM (2 cases)
and dural sinus thrombosis (1 case) were observed. The
vascular abnormalities were significantly more frequent in
the younger age group (<<40) (50.0% [5/10] versus 16.6%
[11/66]) (p=0.007) (Table 3).

The mean age was 41.7 years (range 23 to 75) for the
non-hypertensive group, and 63.0 years (range 29 to 91) for
the hypertensive group. If we excluded atherosclerotic vascular
stenosis, the vascular abnormality were found in 8 patients
(13.5%) of hypertensive patients and 8 patients (47.0%) of
non-hypertensive patients (p <0.0001). In 59 hypertensive
group, 11 patients (18.6%) had arterial stenosis, 6 patients
(10.1%) had aneurysm, and 2 patients (3.3%) had moyamoya

AVM : arterio—venous malformation
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disease. In 17 non-hypertensive patients group, 2 patients
(11.7%) had arterial stenosis, 4 patients (23.5%) had AVM,
3 patients (17.6%) had moyamoya disease and 1 patient (5.8%)
dural sinus thrombosis. Younger age (<{40) and non-hypertension
were shown to be significant independent factors associated
with vascular abnormality.

The time required for CT scan data acquisition averaged
10 minutes per patients, and the three-dimensional images
were generated in less than 20 minutes. There were no
complications related to contrast material problem with
3D-CTA evaluation. The conventional angiography or MRA
were performed to confirm the accuracy of 3D-CTA findings.



The 3D-CTA findings were compatible with the conventional
angiography and MRA in all 16 patients with vascular
abnormalities.

3D-CTA findings of 76 patients were classified as : type
A (without evidence of vascular abnormality) in 60 cases
(78.0%), type B (with no vascular abnormality as the source
of hemorrhage, but with incidental vascular abnormality) in
6 cases (7.9%), and type C (presence of a vascular abnormality
as the source of hemorrhage) in 10 cases (13.2%). The lobar,
basal ganglia, thalamus were the main locations of ICH in
type A patients. The basal ganglia, lobar, thalamus were the
main location of ICH in type B patients. But lobar, posterior
fossa and dominant IVH were main locations of ICH in type
C patients. The vascular abnormality seen in type B patients
was cerebral aneurysm (6 cases) and  the ones in type C patients
were moyamoya disease (5 cases), AVM (4 cases) and dural
sinus thrombosis (1 case). The mean age of the 76 patients
was 57.6, but 69.8 in type B and 39.3 in type C. In type B
patients, all were diagnosed as hypertensive. In type C patients,
only 4 patients were diagnosed as hypertensive (Table 1).

Discussion

S pontaneous ICH originates from the spontaneous rupture
of small vessels damaged by chronic hypertension®”
accounting for 78 to 89 percent of such cases. Secondary
intracerebral hemorrhage occurs in a minority of patients in
association with vascular abnormalities such as AVM,
aneurysm.

McCormick et al."” showed that, in his necropsy review of
144 patients who died from massive brain hemorrhage, 36%
of patients with hypertension had another cause of hemorrhage.
Griffiths et al.” reported that 25% of hypertensive patients
had vascular abnormalities. Other investigators have reported
the vascular abnormality ranged from 20% to 49% in non-
traumatic ICH patents'”. Griffiths et al. (49%)” emphasized
that ‘because of the referral patterns to our neuroscience
centre, this result can not be considered typical for the whole
population’. All of these may mean that there would be more
vascular abnormalities in ICH patients than expected.

We found 16 cases (21.1%) of vascular abnormality in 76
patients. Of these, 10 cases (13.2%) were presented as the
source of hemorrhage and 6 cases (7.9%) were found
incidentally. This result may not represent the real incidence
of vascular abnormality in ICH patients because of a small
cohort study. However, author’s believe that our results may
represent somewhat objective data because our medical center
doesn’t have the referral systems. Bug, further study with more
population will be required before it can be sufficiently.

Our result showed the similar pattern of high incidence of
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vascular abnormalities with younger, lobar and non-hypertensive
ICH patients like other considered as objective abd meaningful
68112 Mean age of type C (vascular abnormaliey
associated with ICH) patients was 39.3 years. Six (60%) patients
were diagnosed as normotensive. The lobar (50%) location
was predominantly associated with vascular abnormalities.
Eight patients (47.0%) had vascular abnormalities in non-
hypertensive patients, and 8 (13.5%) patients in hypertensive
patients. Gilbert et al.¥ reported that cerebral angiography
was positive in 6 (12.8%) hypertensive patients, and in 22
(44%) non-hypertensive patients.
Regarding to ICH location, several studies

reports

1229 have shown

that spontaneous ICHs wete located most commonly in basal
ganglia, thalamus, lobar, and posterior fossa. Others**” have
reported that lobar was the main location of ICH. Common
locations of ICH in our study were lobar, basal ganglia,
thalamus, posterior fossa in descending order and showed
high incidence of vascular abnormalities in lobar and posterior
fossa ICH (p=0.091). There is no clear explanation especially
there was a small patient population in this study.

Ryo et al.” reported that subarachnoid extension was
expected to have more vascular abnormalities, but we didn't
find any corresponding increment in vascular abnormalities.
There are no ICH from aneurysm rupture in our study as
opposed to other studies'**”. We assumed that there was no
cases of ICH due to aneurysm, because those patients whose
CT scans predominantly showed subarachnoid hemorrhages
were excluded.

In this study, 3D-CTA studies were added by other alternative
studies such as conventional angiography or MRA to increase
the accuracy of its findings. We confirmed 16 patients of
vascular abnormalities with additional studies and the findings
were compatible. Therefore, 3D-CTA manifested as a highly
sensitive modality in our study as reported elsewhere*®*.

In this regard, 3D-CTA may be useful in planning operation
and other medical treatments. Type B patients (incidental
aneurysm) were treated with no difference with type A patients
according to ICH amount, location, and patient’s clinical
status. It is recommended in these patients, to take cautious
steps to prevent unexpected aneurysmal rupture and cerebral
infarction by careful blood pressure and intake/output control.
Particularly, in type C patients, even more careful decisions
were mode for proper management. If patient’s clinical’ status
was stable, we didn’t plan a urgent operation (craniectomy
or craniotomy) without confirmatory study. Instead of urgent
major operation, we evacuated hemorrhage carefully with
stereotactic method ot controlled increased intracranial pressure
with extraventricular drainage, followed by planning of the
proper operation for vascular abnormality.

Severe idiosyncratic reactions to iodinated contrast agents
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have been reported'?, but this was not witnessed in our study.
Rather, several advantages of 3D-CTA were noted in our study
such as detecting early hemorrhagic change in acute stage of
spontaneuous ICH. One case showed contrast extravasation
during 3D-CTA which helped us to find the hematoma
enlargement. Also, it provided us a clue to decide the proper
operation time. Owing to the tremendous cut-down in
examination time, it is even possible in critically ill or
uncooperative patients without sedation or intubation.

Conclusion

D -CTA is considered a useful screening method in
3 ICH patients as a non-invasive alternative study
for vascular abnormality assessment. Our data suggest that
it is more valuable in non-hypertensive, lobar location and
in the younger patients with spontaneous ICH.

References

1. David AK, Michael PM : Circle of willis-evaluation with spiral CT
angiography, MR-~angiography, and conventional angiography. Radiology
195 : 445-449, 1995

2. Douglas MA, Haerer AF : Long term prognosis of hypertensive
intracerebral hemorrhage. Stroke 13 : 488-491, 1982

3. Eshwar CN, Khandelwal N, Bapura JR : Spontaneous intracranial
hematomas-role of dynamic CT and angiography. Acta Neurol Scand
98 :176-181, 1998

4. Foulkes MA, Wolf PA, Price TR, Mohr JP, Hier DB : The stroke
data bank : design, methods, and baseline characterristics. Stroke 19 :
547-541, 1988

5. Furlan AJ, Whisnant JP, Elveback LR : The decreasing incidence of
primary intracerebral hemorrhage. Ann Neurol 5 : 367-373, 1979

6. Gilbert ], Jose B : The predicted value of arteriography in nontraumatic
intracerebral hemorrhage. Stroke 17 : 881-883, 1986

7. Griffiths PD, Beveridge CJ : Angiography in non-traumatic brain
hematoma. Acta Radiologica 38 : 797-802, 1997

8. Halpin SFS, Britron JA, Byrne JA, Clifton A, Hart G, Moore A :

Prospective evaluation of cercbral angjography and computed tomography
in cerebral haematoma. J Neurol Neurosurg Psychiatry 57 : 1180-
1186, 1994

. Harbaugh RE, Schlusselberg DS, Jerrery R, Hayden S, Cromwell LD,

Pluta D : Three-dimensional computerized tomography angiography
in the diagnosis of cerebrovascular disease. ] Neurosurg 76 : 408-414,
1992
10. Hayward RD, O'Reilly GV : Intracerebral hemorrhage : Accuracy of
computed transverse axial scanning in predicting the underlying etiology.
Lancet 1 : 120-126, 1976
11. Hung T : Hypertensive intracerebral hemorrhage in Taiwan : update
on management. New York NY : Raven Press, Publisher, 1982,
ppl15-122
12. Kang S, Jeong J : Current epidemiological status of cerebrovascular
disease. ] Korean Neurosurg Soc 28 : 509-513, 1999

13. Katayama H, Uamaguchi K, Kozuka T : Adverse reactions to ionic
and nonionic contrast media. A report from the Japanese committee
on the safety of contrast media. Radiology 175 : 621-628, 1990

14. Laissy JP, Normand G, Monroc M, Duchateau C, Alibert F, Thiebot
J : Spontaneous intracerebral hematomas from vascular causes-predictive
value of CT compared with angiography. Neuroradiology 33 : 291-
295, 1991

15. Loes D], Smoker WRK, Biller ], Cornell SH : Nontraumatic lobar
intracerebral hemorrhage. CT/angiographic correlation. AJNR 8 :
1027, 1987

\O

234

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Mani RL, Eisenberg RL : Complications of catheter cerebral arteriography
analysis of 5,000 procedures. III. Assessment of arteries injected, contrast
medium used, duration of procedure, and age of patient. AJR 131 :
871-874, 1978

McCormick WF, Rosenfield DB : Massive brain hemorrhage a review
of 144 cases and an examination of their causes. Stroke 4 : 946-954, 1973
Myong H, Lee S : Current status of cerebrovascular disease in Korea.
J Korean Neurol Assoc 7 : 179-187, 1989

Ojemann RG, Heros RC : Spontaneous brain hemorthage Stroke 14 :
468-475, 1983

Ola GN, Aren L, Lennart B : Prediction of death in patients with primary
intracerebral hemorrhage : a prospective study of a defined population
J Neurosurg 97 : 531-536, 2002

Papo I, Janny P, Caruselli G, Colnet G, Luongo A : Intracranial time
pressure course in primary intracerebral hemorrhgae. Neurosurgery 4 :
504-511, 1979

Randolf K, Markus B : Multi-slice angiography in the evaluation of
patients with acute cerebrovascular disease- a promising new diagnostic
tool. ] Neurol 249 : 43-49, 2002

Robert EH, Daniel SS : Three-dimensional computerized tomography
angiography in the diagnosis of cerebrovascular disease. | Neurosurg
76 :408-414, 1992

Russel DS : The pathology of spontaneous intracerebral hemorrhage.
ProcR Soc Med 47 : 689-704, 1954

Ryo O, Seiji K : Clinical and radiographic features of lobar cerebral
hemorrhage- hypertensive vs non-hypertensive cases. Internal Medicine
42 : 576-580, 2003

Tetsuji | : Primary intracerebral and ancurysmal subarachnoid hemorrhage
in Tzumo city, Japan. Part 2 : management and sutgical outcome. J
Neurosutg 93 : 967-975, 2000

Toffol GJ, Biller J, Adams HP, Smoker WRK : The predicted value
of arteriography in nontraumatic intracerebral hemorrhage. Stroke 17 :
881-883, 1986

Waga S : Hypertensive putaminal hemorrhage : Analysis of 182 parients
in Schmidek HH, Sweet WH : Operative neurosurgical techniques.
Indications, Methods and Results, ed 3. Philadelphia : WB Saunders
Co, 1995, Vol 1, pp929-930

Yasuo M, Ryo T : Three-dimensional computerized tomographic
angiography in patients with hyperacute intracerebral hemorrhage J
Neurosurg 91 : 424-431, 1999

Zhu XL, Chan MSY, Poon WS : Spontaneous intracranial hemorrhage :
which patients need diagnostic cerebral angiography? Stroke 28 : 1406-
1409, 1997

Commentary

’_

he usefulness of CT angiography (CTA) is increasing

4

Its

L rapidly with improved performance of the CT machine.
non-invasiveness, short scanning time and wider availability

have made this imaging technique to replace conventional

angiography for many purposes, including pre-operative study
for cerebral aneurysm surgery. In relatively low performance
CT machine, however, the low resolution and coexistence of
arterial and venous structures limited its extent of applicability,
but the recent CT machines, especially that with 256 detectors,
are expected to provide an image comparable to that of the

conventional digital angiography.

In such context, this paper is appropriate in timing, showing
the usefulness of CTA as the first choice screening or diagnostic
procedure for cerebrovascular disease. This paper is well
documenting the usefulness of routine screening with CTA,



especially in patients with lobar and posterior fossa hemorthage,
and non-hypertensive young patients.

The total number of patients analyzed in this study, however,
is somewhat small, and the proportion of hemorrhage in lobar
area is larger than that of the usual cases. Further study with
more number of cases seems to be necessary to define further
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refined sensitivity and specificity of CTA for screening vascular
abnormalities.

Chang Wan Oh, M.D.
Department of Neurosurgery, Seoul National University



