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ABSTRACT

BACKGROUND AND PURPOSE: Middle cerebral artery stenosis is not frequent but a well-established cause of first and recurrent
ischemic stroke. Our aim was to investigate middle cerebral artery stenosis in the biethnic (Jewish and Arab) population of patients with
acute ischemic stroke and transient ischemic attack in northern Israel.

MATERIALS AND METHODS: The study population included 1344 patients from the stroke data registry who had been hospitalized in the
neurologic department because of acute ischemic stroke (1041) or TIA (303) and had undergone transcranial Doppler sonographic exami-
nation during the hospitalization.

RESULTS: Of the 1344 patients, 120 (8.9%) were found to have MCA stenosis. The patients with intracranial stenosis were older and had
more vascular risk factors (hypertension, diabetes, and hyperlipidemia) and vascular diseases (ischemic heart and peripheral vascular
disease) than those without intracranial stenosis. Logistic regression analysis revealed that diabetes (P � .002) and peripheral vascular
disease (P � .01), but not ethnicity, were independent and significant predictors for the presence of MCA stenosis.

CONCLUSIONS: An independent and significant correlation was found between MCA stenosis and vascular risk factors (diabetes mellitus)
and vascular diseases, thus emphasizing the similarity of intracranial MCA stenosis and other vascular diseases originating from athero-
sclerosis. There was no influence of ethnicity on intracranial stenosis in our population.

ABBREVIATION: TCD � transcranial Doppler sonography

Intracranial stenosis is most commonly due to an atherosclerotic

lesion of the intracranial vessels, leading to subsequent narrow-

ing or occlusion of these vessels.1,2 This condition is being in-

creasingly recognized as an important and underestimated etiol-

ogy in acute ischemic stroke.3-5 Differences in the prevalence of

intracranial stenosis in various populations have been reported,

with the most vulnerable patients seeming to be Asians, Hispan-

ics, and African Americans.6-10 Because intracranial stenosis usu-

ally represents an atherosclerotic lesion, it is not surprising that

there is a clear correlation between intracranial stenosis and vas-

cular diseases and vascular risk factors.11-15

The aim of the present study was to search for possible deter-

minants of potentially symptomatic middle cerebral artery steno-

sis in patients with stroke and transient ischemic attack in a bieth-

nic (Jewish and Arab) population of northern Israel.

Many studies in the literature suggest different transcranial

Doppler sonography (TCD) parameters (peak systolic velocity,

mean velocity) and different values as cutoffs for the diagnosis of

intracranial stenosis. There are also many different definitions in

the literature of intracranial stenosis (eg, “mild, moderate, and

severe,” “less and more than 50%,” “50%– 69% and more than

70%,” and so forth). There are still no generally accepted criteria for

moderate intracranial stenosis. In this study, potentially symptom-

atic intracranial stenosis was defined as cases in which TCD exami-

nation showed a peak velocity in the middle cerebral artery, either left

or right, of �140 cm/s. This value was used by some researchers as a

criterion correlating with MCA stenosis of �50%.3,16

MATERIALS AND METHODS
This study was based on the stroke data registry from the vascular

laboratory of the Department of Neurology and the Prometheus

computerized registry system containing all details of patients

hospitalized in the Rambam Health Care Campus, Haifa, Israel,

from the end of 1999 to 2010. The 1344 patients included in the

study were those consecutively referred from the neurologic de-

partment to the vascular laboratory for transcranial Doppler ex-
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amination because of acute ischemic stroke or TIA. TIA was de-

fined clinically as a transient episode of neurologic dysfunction of

ischemic origin lasting �24 hours. Of those patients included in

the study, 1041 had cerebral vascular accident and 303 had TIA.

From those patients with cerebral vascular accident, 117 (11.2%)

instances were attributed to the vertebrobasilar territory. Of

strokes attributed to the carotid territory, 484 (52.4%) were left-

sided. Data for every patient in the study included demographic

variables, risk factors, vascular diseases, and results of the TCD

examination.

A Pioneer TC 8080 TCD machine (Viasys Nicolet, Madison,

Wisconsin), was used. Parameters used for monitoring were the

following: depth of insonation of MCA, 51– 63 mm; sample vol-

ume, 3 mm; power of insonation, 100%; range, 154 cm/s; 256-

point fast Fourier transformation. All examinations were

performed by a highly experienced TCD operator (E.K). Intra-

observer agreement for the TCD examination was estimated by

the comparison of MCA peak systolic velocities at 2 consecutive

examinations and was very good (� � 0.84).

The assignment of ethnicity (Arab or Jewish) was performed

by place of birth and residence in addition to first and family

names. We examined interobserver agreement among 4 observers

for this method of classification of ethnicity in a biethnic northern

Israeli population, and agreement was found to be almost perfect,

� � 0.96, as assessed by the Fleiss � statistic.17

Hypertension was defined by either a systolic blood pressure of

�140 mm Hg or a diastolic blood pressure of �90 mm Hg, by the

use of antihypertensive medication, or by a previously established

diagnosis of hypertension (in most cases). In those cases in which

the hypertension was diagnosed for the first time, the diagnosis

was based on repeat measurements throughout the hospitaliza-

tion. Diabetes mellitus was defined by a recorded random blood

glucose level of �200 mg/dL, by the use of insulin or an oral

hypoglycemic agent, or by a previous diagnosis of diabetes melli-

tus. Hyperlipidemia was defined by the use of lipid-lowering

medications; by a fasting serum total cholesterol concentration

of �200 mg/dL, a low-density lipoprotein cholesterol concentra-

tion of �140 mg/dL, a high-density lipoprotein cholesterol con-

centration of �40 mg/dL, or a triglyceride concentration of �150

mg/dL; or by a previous diagnosis of hy-

perlipidemia. Atrial fibrillation was di-

agnosed by a physician who reviewed

patient electrocardiograms, by follow-

ing the medical records, or by a previous

medical diagnosis. Ischemic heart dis-

ease was defined by a history of myocar-

dial infarction, angina pectoris, signs of

ischemia on the electrocardiogram, or

by the medical records. Peripheral vas-

cular disease was defined by a history of

intermittent claudication, peripheral

vascular surgery or angioplasty, or by a

previous diagnosis. Permission for this

study was obtained from the local ethics

committee.

Statistical Analysis
Basic comparisons between groups of

patients with and without MCA stenosis consisted of t tests for

normally distributed continuous data and �2 tests for categoric

data. In cases in which there were �2 levels in the nonparametric

variables tested, additional �2 tests were conducted to further ex-

amine the distributions. To control for the multiple influences of

risk factors in predicting stenosis, we conducted logistic regres-

sion analyses. JMP (SAS Institute, Cary, North Carolina) was used

for the statistical analyses.

RESULTS
The mean age of the 1344 patients was 64 � 12.9 years (range,

20 –94 years). There were 360 female (26.8%) and 310 Arab

(23.1%) patients. Of the 1344 patients, 1041 (77.5%) had acute

ischemic stroke and 303 had TIA. Table 1 presents the distribu-

tion of vascular diseases and vascular risk factors among the pa-

tients included in the study.

TCD data showed that 120 patients (8.9%) had potentially

symptomatic MCA stenosis. Seventy-seven of these patients had

clinical manifestations related to the side of stenosis, and 34

(28.3%) had bilateral potentially symptomatic intracranial steno-

sis of the MCA. The patients with intracranial stenosis were older

and had more vascular risk factors (hypertension, diabetes, and

hyperlipidemia) and vascular diseases (ischemic heart disease and

peripheral vascular disease) than those without intracranial

stenosis.

Logistic regression analysis revealed that only diabetes melli-

tus (P � .002) and peripheral vascular disease (P � .01) were

independent and significant predictors for the presence of MCA

stenosis (Table 2). No influence of ethnicity on the presence of

significant intracranial stenosis was found, either before or after

the logistic regression analysis.

DISCUSSION
In this study, we explored the possible predictors of potentially

symptomatic MCA stenosis in a large group of patients with

stroke and TIA, representing a biethnic population in northern

Israel that has not been previously studied. TCD is considered a

reliable method for the detection of intracranial stenosis.18 The

prevalence of MCA stenosis in the population of patients with

Table 1: Distribution of demographic and vascular risk factors and vascular diseases in the
whole group of patientsa

Risk Factor
All Patients
(N = 1344)

Patients with
Intracranial Stenosis

Patients without
Intracranial Stenosis P Value

Age 65.67 � 13.2 66.02 � 12.9 63.85 � 12.9 �.04
Sex (male) 983 (73.1%) 81 (67.5%) 902 (67.2%) .14
Ethnicity (Arab) 310 (23.1%) 23 (19.1%) 287 (23.5%) .28
CVA 1041 (77.5%) 107 (89.2%) 934 (76.3%) .0005
TIA 303 (22.5%) 13 (10.8%) 290 (23.8%) .0005
Hypertension 946 (70.4%) 93 (77.5%) 853 (69.8%) .068
Diabetes 470 (35%) 61 (50.8%) 409 (33.5%) .0002
Hyperlipidemia 686 (51%) 72 (60%) 614 (50.25%) .04
Smoking 454 (33.8%) 32 (26.7%) 422 (34.5%) .07
IHD 398 (29.6%) 42 (35%) 356 (29.1%) .18
MI 187 (13.9%) 17 (14.2%) 170 (13.9%) .9
AF 138 (10.3%) 8 (6.7%) 130 (10.6%) .14
PVD 94 (7%) 17 (14.2%) 77 (6.3%) .004

Note:—CVA indicates cerebral vascular accident; IHD, ischemic heart disease; AF, paroxysmal or chronic atrial fibrilla-
tion; PVD, peripheral vascular disease; MI, myocardial infarction.
a �2 analyses and t tests, uncorrected for multiple comparisons, were performed.
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stroke and TIA in northern Israel was found to be similar to that in

other studies examining white patients.19,20 As expected, we

found that patients with potentially symptomatic intracranial ste-

nosis were older and had more vascular risk factors. Logistic re-

gression analysis showed that diabetes mellitus and peripheral

vascular disease were independent and significant predictors of

intracranial stenosis in the studied population. Similar data

pointing to the important influence of diabetes in the appearance

of intracranial stenosis can be found in the literature.21-23

The other significant finding was a high prevalence of periph-

eral vascular disease in patients with potentially symptomatic in-

tracranial stenosis. Such data may indicate vulnerability of the

peripheral arteries of relatively small diameter in a different loca-

tion for the development of atherosclerotic lesions in some pa-

tients. This finding is supported by other studies that found a

correlation between intracranial stenosis and peripheral vascular

disease.24 We did not find any differences in the prevalence of

intracranial stenosis between the Jewish and the Arab patients,

either before or after the logistic regression, contrary to many

other populations studied.

Limitations. The main limitation of this study was that although

all patients included in the study were consecutively examined by

TCD, those patients who were referred for TCD examination

were not consecutive. The main reason for not referring patients

for TCD was the severity of the stroke or comorbidities. Some

other patients were, on the contrary, in good condition and were

discharged from the hospital before TCD. Overall, we were able to

perform TCD in 61% of patients included in our stroke data base.

Because many of those patients had severe stroke due to large-

vessel disease, it seems that some underestimation of the preva-

lence of potentially symptomatic intracranial stenosis may have

occurred in our cohort.

Another limitation of our study was that we were not able to

evaluate internal carotid artery stenosis in our patients simulta-

neously with intracranial stenosis. ICA stenosis in the neck is an

established important cause of TIA and stroke, and it is important

to see MCA stenosis in the perspective of incidence, coexistence,

and so forth with ICA stenosis.

CONCLUSIONS
This study dealt mainly with the predictors of potentially symp-

tomatic intracranial stenosis and showed that diabetes and pe-

ripheral vascular disease, but not ethnicity, were independent and

significant predictors for the presence of MCA stenosis. The

screening of patients with stroke and TIA for the presence of po-

tentially symptomatic intracranial stenosis is important because

evidence exists that patients with MCA stenosis are prone to se-

vere and devastating first and recurrent strokes and these require

more aggressive treatment than any other group of strokes related

to large-vessel disease.25 Finally, data about MCA stenosis are

relatively limited compared with numerous other sites of athero-

sclerosis related to stroke. Further exploration of different aspects

of MCA stenosis, including genetic and population-based screen-

ing studies, is needed for better understanding of stroke mecha-

nisms in this group of patients.
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