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Distribution of vascular lesions in ischaemic stroke:
A magnetic resonance angiographic study

M. V. PADMA, S. GAIKWAD, S. JAIN, M. C. MAHESHWARI, N. K. MISRA

ABSTRACT
Background. Carotid endarterectomy is now an accepted

modality for reducing the threat of recurrence of ischaemic
strokes in patients with severe carotid artery stenosis. How-
ever, the incidence of carotid artery stenosis, and hence the
applicability of carotid endarterectomy in the Indian population
is not known. We conducted a prospective study to detect and
quantify extracranial and intracranial arterial lesions using
magnetic resonance angiography in consecutive patients with
ischaemic strokes.

Methods. All patients with recent onset of ischaemic stroke
«4 months) had a magnetic resonance angiography done to
evaluate the neck vessels as well as the circle of Willis and its
branches. The degree of stenosis of the intemal carotid or
common carotid artery was measured according to the criteria
described by the North American Symptomatic Carotid End-
arterectomy Trial (NASCET) collaborators. The site and extent
of the extracranial and intracranial arterial lesions were corre-
lated with the clinical features and the pattem of infarcts on
magnetic resonance imaging or computerized tomographic
scan of the brain.

Results. The magnetic resonance angiography was abnor-
mal in 56 out of 100 patients included in the study. Severe
stenosis (>70%) of the extracranial carotid arteries was seen
in 26 patients. Lesions suitable for carotid endarterectomy
were present in only 11 patients (42.3% of those with severe
stenosis).

Conclusion. Our results are in contrast to those reported
from westem countries where the likelihood of a surgically
correctable lesion being present is 60,,/.,..70%. We found
operable lesions in only 11%. Intracranial atherosclerotic
disease causing strokes is probably more common in India.
Therefore, although carotid endarterectomy is the only ac-
cepted surgical procedure for secondary prophylaxis of stroke,
there is a need to find an altemative surgical intervention for the
predominantly intracranial pathology found in the Indian popu-
lation.
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INTRODUCTION
Treatment of a patient with cerebral ischaemia is based upon the
nature, location and severity of the occlusive disease within the
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extracranial and intracranial vessels. To plan the management of
the patient, the clinician must be familiar with the relative prob-
ability of finding occlusive lesions at various sites within the
vascular tree. as individual imaging modalities have different
capabilities at different locations. Available data suggest that
there are important differences in Blacks, Whites and Orientals. In
general, White patients have more symptomatic and high-grade
lesions along the extracranial internal carotid artery (ICA).'-'J
while Blacks have a predominance of intracranial vascular
lesions.":" Japanese, like Blacks. also have a predilection for
occlusive lesions of the middle cerebral artery (MCA) and a low
prevalence of occlusive extracranial ICA disease.":" The preva-
lence of occlusive vascular lesions and extracranial ICA lesions
in the Indian population is not known. We. therefore. undertook
a prospective study to detect and quantify extracranial and intra-
cranial arterial lesions in consecutive patients with ischaemic
strokes. Magnetic resonance angiography (MRA) and Doppler
examination have been described as comparable screening proce-
dures for detecting atherosclerotic stenosis at the carotid bifurca-
tion." The advantages of an MRA are that it is less operator-
dependent. has a high interobserver agreement. can visualize
vessels from the aortic arch to the intracranial arteries. and has a
high sensitivity to trickle flow. These possibly outweigh its higher
cost. Therefore, we used MRA for the non-invasive evaluation of
cerebral vessels. We also attempted to correlate the site and extent
of extracranial and intracranial arterial lesions with the pattern of
infarcts on magnetic resonance imaging (MRD or computed
tomography (CT) as well as with the clinical features.

PATIENTS AND MEfHODS
Patients were included in the study if they had focal hemispheric
cerebral vascular symptoms or signs of recent onset «4 months).
These included disabling/non-disabling ischaemic strokes and

. transient ischaemic attacks. MRA was done for the evaluation of
the neck vessels as well as the circle of Willis and its branches.
Conventional MRI of the brain was performed at the same time as
MRA in patients in whom a CT scan of the brain had not been done
previously.

All patients underwent MRA on a 1.5T Magnetom SP system
(Siemens. Germany) using circularly polarized head and Helmholtz
coils. Using the neck coil. sagittal and axial scout images were
obtained to locate the bifurcations. A three-dimensional time-of-
flight MRA (3-D TOF) acquisition with 64 axial partitions was
then performed at the level of the carotid bifurcations and circle
of Willis and its branches. Two slabs were obtained if the carotid
bifurcations were at different levels and three slabs for intra-
cranial vessels. A repetition time of 30 minutes. echo time of 7
minutes. flip angle of 20 degrees. a 200 mm field of view (FOV).
160x256 matrix. 1 acquisition and upper saturation band were
used. The effective slice thickness was 0.812-1 mm.
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Postprocessing subvolumes were generated to create maxi-
mum-intensity projection (MIP) images of both the axial and
double-slab sagittal acquisitions, creating 18 images at 20 degree
increments of both carotid arteries. Representative images of each
bifurcation. usually in two planes, were recorded on film.

Intra-arterial digital subtraction angiography (DSA) was per-
formed in 10patients using angiografin 65% (Diatrizoate megglu-
mine U.S.P., Schering AG, Germany) on a Polytron plus system
(Siemens, Germany). Both common carotids, intemal carotids,
external carotids and unilateral or bilateral vertebral arteries were
selectively catheterized and the aortic arch was also studied. Both
carotid bifurcations were studied in a minimum of two projec-
tions, and in most cases three projections were used. The images
of each injection were displayed and processed on a monitor with
a 5 12x512 matrix, and representative images were recorded on
film using a laser printer.

The degree of stenosis of the internal carotid or common
carotid was measured according to the critieria described by the
NASCET collaborators.v " In the MRA studies, for assessment
of carotid artery stenosis, reconstructed and original source im-
ages of all sequences were used. TIle view showing the greatest
degree of narrowing was used. If the MIP image showed no flow
at the level of the stenosis, the degree of stenosis was arbitrarily
recorded in the middle of the severely stenosed category as 85%.
Stenoses were classified as normal or mildly stenosed (30%),
moderate (30%-69%), severe (70%-99%) and occluded.

The site and extent of the extracranial and intracranial arterial
lesions were correlated with the pattern of infarcts on MRI or CT
scan of the brain and with the clinical features.

RESULTS
A total of 100 patients were included in the study. The mean age
of the patients was 48.7 years (6-82 years). There were 8\ males
and \9 females (M:F 4.3: l ). Forty-two patients were classified as
stroke in young «45 years). Stroke in children «12 years)
accounted for 3% of all strokes and 7.1% of strokes in young.

Non-disabling strokes (ambulatory without support and able
to carry out activities of daily living with minimal or no assis-
tance) were seen in 42 patients. Anterior circulation (carotid)
strokes were seen in 77 patients, of which right-sided events were
seen in 42 (54.6%); left-sided in 28 (36.4%) and bilateral in 7

FIG l. MR projection angiogram showing a normal carotid
bifurcation. Both the internal carotid arteries do not show any
focal stenosis (straight arrow). The vertebral artery also has a
normal appearance (curved arrow).
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(9%). Posterior circulation (vertebro-basi lar) strokes were seen in
23 patients. Transient ischaemic attacks (TIAs) were noted in 17
patients. Some patients gave a history of TIAs and developed a
stroke subsequently. A transient decrease in vision unilaterally in
either eye suggestive of ischaemia of the ophthalmic artery was
complained of by 10 patients and carotid bruits were heard in II
patients.

All the patients had CT and/or MRI done. The clinical symp-
toms and deficits corresponded with the site of infarcts in 71
patients. Silent infarcts in the opposite carotid circulation or in the
posterior circulation were seen in 23 patients. CT/MRI was
normal in 6 patients; all of them complained of only TIAs and had
no neurological deficit on examination.

The MRA was abnormal in 56 patients and normal in 44 (Fig.
I). Severe stenosis of the extracranial carotid arteries (>70%) was
seen in 26 patients (Fig. 2). This accounted for 46.4% of the
abnormal MRAs, Of which left carotid stenosis was seen in 20 and
right carotid stenosis in 6 (including 4 bilateral stenoses). Com-
plete stenosis on MRA (Fig. 3) was seen in 15 patients and
accounted for 57.7% of the cases with severe stenosis. Of these,
lesions suitable for carotid endarterectomy (CE) were found in
only II patients (42.3% of severe stenosis).

External carotid artery stenosis was visible in 2 patients.
Moderate stenosis (30%-69%) of the carotid arteries was seen in
5 patients (7.1% of all abnormal MRAs). Mi Id stenosis «30%) of
the right internal carotid artery was seen in only I patient.

Vertebro-basilar artery abnormalities were seen in 14% of all
MRAs and 25% of abnormal MRAs. These included ectatic
vessels, atretic basi lar artery and stenosis of the V3- V 4 segment
of the vertebral artery. Nine patients had normal variations of the
vertebro-basilar artery which included 8 unilateral dominant ver-
tebral arteries and I fenestrated basilar artery.

Middle cerebral artery stenosis or obstruction was seen in IS
patients (26.8% of abnormal MRAs). Diffuse atherosclerotic
changes of the cerebral vessels were seen in 13% of all MRAs and
23.2% of abnormal MRAs.

DISCUSSION
The need to treat is a major factor in determining how physicians
react to a disease in general. This is especially true for cerebrovas-
cular diseases. The location and severity of the occlusive vascular

FIG 2. MIP image of a 3-D TOF MR angiogram showing an
estimated 85% stenosis of the right common carotid artery
(straight arrow). Moderate stenosis of the left common carotid
and internal carotid artery origin (curved arrow) are also seen.
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FIG 3. MIP image of 3-~ TOF MR angiogram showing complete occlusion of the left internal carotid artery at its origin (arrow).
A: MIP image of intracranial and extracranial vessels. B: MIP image of carotid bifurcation. C: Intra-arterial OSA showing
complete occlusion of the left internal carotid (arrow). The external carotid and its branches are seen clearly.

disease within the extracranial and intracranial vessels determines
the treatment modality in a given patient. Earlier, cerebral TIAs
were identified as a significant risk factor for both stroke and
myocardial infarction, but the management of patients with TIAs
was dominated for 20 years by empirical and unproven modali-
ties." Clinical investigators insisted on the scientific method of
prospective controlled randomized trials as a means of identifying
the value or lack of presumed therapeutic agents, whether they
were aspirin, CE or extracranialJintracranial anastomoses. It is not
enough to recommend CE based on the degree of stenosis alone.
Along with the degree of stenosis, the age of the patient, presence
of symptomatic coronary artery disease, bilateral carotid artery
disease and presence of intracranial arterial disease must also be
taken into account while making a decision.

There is increasing evidence available that the pattern of
cerebral occlusi ve pathology is different in different racial groups.
Early pathological studies in predominantly White populations
have shown that the ICA was more commonly occluded and the
commonest sites of occlusive cerebrovascular lesions were at the
origin of the ICA followed by the sigmoid portion of the intra-
cranial ICA.'-3 Angiographic studies corroborated the distribu-
tion of atherosclerotic lesions found at autopsy. Callow et al.
analysed the findings of 4-vessel angiography in 100 White
patients" and found 341 stenotic lesions. The proximal ICAs (38%
of lesions) and proximal vertebral arteries (22%) most often
harboured atheromatous lesions while intracranial sites favoured
the basilar artery and ICA siphon. Extracranial ICA origin lesions
were very common in the Joint Study of Extracranial Arterial
Occlusion>" Toole et al. also found a high incidence of athero-
sclerotic lesions of the extracranial ICA among 160 patients with
TIAs studied angiographically." The Framingham Study":" and
Harvard Stroke Registry" added epidemiological and clinical
data in large groups of almost exclusively White patients.

Patients with severe ICA origin stenosis or occlusions had a
high incidence of accompanying coronary and peripheral vascu-
lar disease, hypercholesterolaemia and TIAs.1l Other studies also

documented the high frequency of co-existent coronary and
extracranial ICA disease in patients. Clinical and angiographic
features of 26 White and 45 Black patients with symptomatic
anterior circulation occlusive disease were studied." White pa-
tients had more TIAs, more carotid bruits, more ICA origin
lesions, greater mean high-grade ICA origin lesions, greater mean
degree of stenosis of the ICA origin and more symptomatic
lesions at the ICA origin. Black patients had more angiographic
lesions of the supraclinoid ICA and MCA stem, a higher degree
of mean stenosis of the supraclinoid ICA and MCA stem and more
symptomatic lesions of the main stem. Race was the only signifi-
cant factor that predicted the location of vascular lesions. In
general, White patients had more lesions, more symptomatic
lesions and more high-grade lesions along the extracranial ICA,
while Blacks had a predominance of intracranial vascular lesions.
Results from the Pilot Stroke Data Bank (PSDB)'5 and the Stroke
Data Bank (SDB)'6 also corroborated racial and gender differ-
ences among patients with angiographically documented occlu-
sive vascular lesions. Autopsy studies of mixed racial populations
have also shown differences between Blacks and Whites. The
International Atherosclerosis Project data'":" has shown that
Blacks had significantly more intracranial atherosclerosis. In the
65-to 69-year age group, 43% of Blacks had raised atherosclerotic
intracranial lesions compared to only 8.5% of Whites." These
angiographic and autopsy studies confirm that Blacks were more
prone to develop intracranial atherosclerosis while Whites had
more extracranial disease.

Japanese, like Blacks, also have a predilection for occlusive
lesions of the MCA and a low prevalence of occlusive extracranial
leA disease.2(l-26 Data from the International Study of Extracra-
nial to Intracranial Bypass also corroborated that, in Japan, MCA
occlusive disease was a more common indication for superficial
temporal artery-MCA bypass than in predominantly White North
American patients." When atherosclerosis of the circle of Willis
was compared in patients from Japan and Minnesota, occlusive
lesions were usually found in the large calibre vessels of the
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Minnesota population, while small calibre vessels were more
often involved in the Japanese.1I Neurologists in China believe
that angiography of patients with ischaemic stroke frequently
reveals MCA occlusive disease and ICA disease is unusual.

We found severe stenosis of the extracranial carotid arteries in
26 of our patients. Of these, only 11 patients had lesions suitable
for CEoThe rest could not be considered for surgery on account
of complete stenosis. Overall, only 32 of our patients had extra-
cranial carotid artery lesions. The rest (24) had intracranial carotid
territory lesions (middle cerebral artery, other tandem lesions).
Forty-four per cent of our cases had a normal MRA study.

Therefore, the difference in extracranial carotid artery disease
causing strokes in these different racial groups is striking. We
probably have more intracranial atherosclerotic disease causing
strokes. This is, in fact, similar to the prevalence of intracranial
occlusive disease in Japan and China.

Stroke is one of the important causes of high morbidity and
mortality in many parts of the world. It poses a major socio-
economic challenge in rehabilitation programmes for survivors."
Considering that all populations of the world are ageing, particu-
larly in developing countries, it is to be expected that the absolute
frequency of stroke will increase if the incidence rates remain
unchanged. This impact will be felt in developing countries in
Asia in the next few decades, particularly when preventi vemeasures
for known risk factors have not been or have inadequately been
implemented.

Carotid endarterectomy is now an accepted modality to reduce
the threat of recurrence of ischaemic stroke in patients with severe
carotid artery stenosis. In a population where there is a high
prevalence of diseased extracranial carotid arteries, this proce-
dure assumes immense importance. But if the majority of athero-
sclerotic thrombotic strokes occur due to an intracranial pathol-
ogy, as in India, there is a need to find an alternative surgical
therapeutic intervention.
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Erratum

In Volume) 0, Number 4, July-August l 997 of the journal, in the
original article titled 'Blood utilization in elective surgery-
Requirements, ordering and transfusion practices' on page 168,
Reference 33 should read:

Klovekom WP, Richter J, Sebering F. Hemodilution in coronary
bypass operations. Bibliotheca Hematologica 1981;47:297-302.


