clinic of the neurology service in cur hospital between
January 1994 and June 200I. All the patients without
any history of stroke or TIA episode who requested
medical evaluation for possible cerebrovascular diseases
because of reasons including a simple fear of stroke,
positive family history of stroke, vascular risk factors,
and non-specific subjective symptoms such as headache
or dizziness, and without a contraindication for mag-
netic resonance imaging (MRI) were invited to the
study. Informed consent for the study was obtained
from all the patients. Patients were carefully checked for
their medical history and given a complete neurological
examination, and cranial MRIs were employed. Patients
whose examination was indicative of stroke or those
whose scans revealed incidental significant lesions (ex-
cept for asymptomatic lacunar infarcts in white matter,
basal ganglia, or thalamus) were excluded (nine pa-
tients). Patients with migraine (four patients) and those
with vertigo possibly caused by brainstem or cercbellar
dysfunction (five patients) were not included in this
study. Finally, the subjects of this study were 425 pa-
tients, including 245 men and 180 women ranging in age
from 33 to 89 years (mean £ SD =64.0 £ 10.0 years).
One hundred and fifty-six of these subjects also partici-
pated in the previous study (Uchara et al., 1998).

Magnetic resonance anglography examinatlons

All MRA examinations were performed with a 1.0 tesla
MR system (Magnetom Impact; Siemens, Erlangen,
Germany). Image acquisition and reconstruction are
described elsewhere (Uechara et al,, 1994, 1995). The
extracranial portion of the [CA was evaluated based on
the carotid MRA. The intracranial portion of the [CA,
the horizontal portion of the MCA, the intracranial
portion of the VA, and the BA were evaluated based on
the intracranial MRA. Two investigators (T.U. and
M.T.), who were blinded to all clinical information,
independently reviewed the MRAs and rated occlusive
lesions for each arterial portion into five grades
depending on the narrowness of the arteries (Uehara
et al., 1994, 1995). <25% reduction of an arterial
diameter was graded as normal, 25-49% reduction was
graded as mild stenosis, 50-74% reduction was graded
as moderate stenosis, 75-99% reduction was graded as
severe stenosis, and no opening was graded as occlu-
sion. When the judgment of the two readers was in-
consistent, a decision was entrusted to a third
investigator (E.M). To measure the percent stenosis of
the extracranial portion of the ICA, we compared the
diameter of maximal stenosis with that of the normal-
appearing proximal ICA beyond the carotid bulb
[North American Symptomatic Carotid Endarterecto-
my Trial (NASCET) Steering Committee, 1991]. Apl-
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asia or hypoplasia of the VA is not uncommon, in
which MRA assessmeni of stenosis is impractical. We
regarded as VA aplasia/hypoplasia when fulfiled the
followings: (i) the diameter of the VA in the dominant
side being not smaller than the diameter of the BA, (i) a
smooth transition from the dominant VA to the BA,
and (iii} the VA of the non-dominant side being not
visible, constantly narrow through the whole length or
terminated into the posterior inferior cerebellar artery.

The accuracy of MRA in detecting occlusive disease of
extra- and intra-cranial ICA system was previously
shown to be high (Uehara er al., 1994, 1995). An addi-
tional validation study was carried out to evaluate the
accuracy of MRA for the vertebrobasilar artery system,
comparing MRA with conventional angiography. Sub-
jects of this validation study consisted of 58 patients (44
men and 14 women, mean £ SD =60.7 £+ 11.3 years
old} selected from those who were admitted to our hos-
pital for suspected ischemic cerebrovascular diseases (45
patients with ischemic stroke, 10 patients with TIA, two
patients with cervical bruit, and one patient with tran-
sient global amnesia) between April 1992 and December
1993 and were given both MRA and conventional angi-
ography studies within | month of each other. Seven
vessels of the VA, which showed hypoplasia on both
MRA and conventional angiography, were excluded
because they were unable to estimate the degree of ste-
nosis. The Spearman rank correlation coeflicients be-
tween the conventional angiography rating and the
MRA rating were 0.86 for the VA, 0.89 for the BA, and
0.80 for the posterior cerebral artery (PCA). When con-
sidering the normal-abnormal dichotomy, the sensitivity
was 100% for the VA, 100% for the BA, and 83.3% for
the PCA., The specificity was 93.9% for the VA, 96.0%
for the BA, and 83.7% for the PCA. Because PCA lesions
were uncommon, this portion was not considered in this
study. Moreover, the proxymal portion of the VA was
not also taken into consideration in this study, as the
origin of the VA, a common site of occlusive lesions, was
unable to evaluate on the cervical MRA.

Risk factors

Hypertenston, diabetes mellitus, hyperlipidemia, smo-
king habit, and ischemic heart discase (IHD) were
evaluated as risk factors. Hypertension was judged as
present when either a systolic pressure of > 140 mmHg
or a diastolic pressure of >90 mmHg was demonstra-
ted on repeated examinations or when a history of
treatment for hypertension was present. Diagnosis of
diabetes mellitus was made when the fasting blood
glucose level was > 126 mg/dl or when a history of
treatment for diabetes mellitus was present. Hyper-
lipidemia was judged as present when laboratory



examination of the serum at presentation showed a high
total cholesterol level of >220 mg/dl, a high triglycer-
ide level of > 150 mg/dl, a low high-density-lipoprotein
cholesterol level of <40 mg/dl, or when a history of
treatment was present. Smoking habit included pre-
vious history of smoking. IHD was defined as a known
history of myocardial infarction or angina pectoris.

Statistical analyses

Multiple logistic regression analyses were used to esti-
mate independent effects of the predictive variables on
the cerebral arterial occlusive lesions, The contrast was
between those with and without lesion in each site, All
statistical analyses were carried out with StatView
software (SAS Institute Inc., Cary,: NC, USA). The
level of significance was set at P < 0.05 for all statis-
tical analyses.

Results

Two hundred five subjects (48.2%) were hypertensive,
91 subjects (21.4%) were diabetic, and 113 subjects
(26.6%) were hyperlipidemic. One hundred thirty-nine
subjects (32.7%) had a smoking habit. IHD was pos-
itive in 109 subjects (25.6%).
The results of MRA findings are summarized in
Table 1. For estimation of MRA findings, the rate of
“agreement between two readers (T.U. and M.T.) was
94.6% (kappa = 0.92). Four vessels of the intracranial
ICA and five vessels of the MCA were not assessable
because of occlusion in their proximal portion. For the
VA, 48 vessels were not assessable because of hypopl-
asia. Bilateral lesions were found in the extracranial
ICA in 11 subjects, in the intracranial ICA in three
subjects, in the MCA in two subjects, in the intracranial
VA in two subjects. Fifteen subjects had both extra-
cranial and intracranial lesions.

Table 1 Magnetic resonance angiography findings

Extracranial  Intracranial
Stenosis rating® ICA ICA MCA VA BA
Norrnal 384 398 398 409 416
Mild stenosis 26 16 21 9 6
Moderate stenosis 7 7 0 3 1
Severe stenosis 4 3 5 3 2
Occlusion 4 1 1 1 0
Abnormal (%)° 9.6 6.4 6.4 18 2.1

*Based on the rating of more affected side in case of bilateral vessel
lesions.

bStenoses of more than 25%.

ICA, internal carotid artery; MCA, middle cerebral artery; VA,
vertebral artery; BA, basilar artery.
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Multiple logistic regression analyses showed that
significant and independent predictors for lesions were
age, hyperlipidemia, and IHD for the extracranial ICA,
age, hypertension, diabetes mellitus, and IHD for the
intracranial ICA, age and hypertension for the MCA,
hyperlipidemia and IHD for the intracranial VA, and
hypertension and diabetes mellitus for the BA
(Table 2).

Discussion

Multiple logistic regression analyses showed that sig-
nificant and independent predictors of the extracranial
ICA lesions were age, hyperlipidemia and IHD, and

Table 2 Predictors for stencses

Odds 95% confidence

Variable ratio interval P-value
Extracranial ICA
Age (> 65 years) 2.67 1.30-5.48 0.0074
Male sex 1.38 0.93-3.79 0.0782
Hypertension 1.62 0.84-3.11 0.1492
Diabetes mellitus 1.37 0.66-2.86 0.3982
Hyperlipidemia 2.38 1.23-4.60 0.0099
Smoking habit 1.70 0.89-3.27 0.1110
Ischemic heart disease 3.95 2.05-7.64 < 0.0001
Intracranial ICA
Age (> 65 years) 5.36 1.82-15.85 0.0024
Male sex 2.08 0.85-5.06 0.1069
Hypertension 5.01 1.85-13.55 0.0015
Diabetes mellitus 4,05 1.81-9.08 0.0007
Hyperlipidemia 2.14 0.95-4.80 0.0664
Smoking habit 1.55 0.69-3.48 0.2847
Ischemic heart discase 2.25 1.00-5.07 0.0496
MCA
Age (> 65 years) 3.3 1.33-8.51 0.0105
Male sex 0.91 0.42-2.00 0.8203
Hyperlension 696  2.37-20.51 0.0004
Diabeies mellitus 1.90 0.82-4.38 0.1331
Hyperlipidemia 1.69 0,75-3.80 0.2084
Smoking habit 1.23 0.55-2.75 0.6206
Ischemic heart disease 1.78 0.79-4.01 0.1662
Intracranial VA
Age (> 63 years) 2.02 0.69-5.93 0.1984
Male sex 1.3t 0.93-11.78 0.0651
Hypertension 249 0.85-7.29 0.0967
Diabetes mellitus 2.25 0.80-6.37 0.1255
Hyperlipidemia 13.39 3.74-47.95 <0.0001
Smoking habit 212 0.78-5.78 0.1410
Ischemic heart disease 6.98 2.37-20.59 0.0004
BA
Age (> 65 years) 741 0.92-59.77 0.0601
Male sex .48 0.37-6.00 0.5822
Hypertension 9.07 1.12-73.15 0.0385
Diabetes mellitus 7.67 1.88-31.32 0.0045
Hyperlipidemia 2.25 0.59-8.55 0.2322,
Smoking habit 1.03 0.254.18 0.9677
Ischemic heart disease 1.46 0.36-5.95 0.5956




that those of the MCA lesions were age and hyperten-
sion. These findings were well consistent with the find-
ings of previous studies (Heyden et al., 1970; Crouse
et al., 1986, 1987; Salonen et al., 1988; Craven et al.,
1990; Handa et al., 1990; Howard et al., 1990; Tanaka
et al.,, 1993; Yasaka et al., 1993; Fabris ef al., 1994;
Fine-Edelstein et al., 1994; Uehara et al., 1998). Hey-
den et al. (1970), who analyzed a group of patients with
angiographically documented non-embolic cerebral ar-
tery occlusion, noted that patients with extracranial
carotid lesions had a high frequency of associated IHD
and hypercholesterolemia. Several ultrasonography
studies have shown that extracranial carotid lesion is
related to hyperlipidemia (Crouse et al., 1987; Salonen
et al., 1988; Handa et al., 1990; Fabris et al., 1994,
Fine-Edelstein et al., 1994) and IHD (Crouse et al.,
1986, 1987; Craven ef al.,, 1990; Howard et al., 1990;
Tanaka ef al., 1993).

Although there have been fewer studies of MCA
lesions than of extracranial [CA lesions, the results of
the present study were consistent with those in the
previous studies (Heyden et al., 1970; Yasaka ef al,
1993; Uchara et al., 1998, Takahashi eral, 1999).
Caplan et al. (1986) suggested that very common
hypertension and relatively uncommon hypercholeste-
rolemia could explain a predilection for occlusive lesions
of the MCA and a low prevalence of occlusive extra-
cranial ICA disease and coronary artery disease in
Japanesc. Yasaka et al. (1993) concluded that advanced
hypertension was related to MCA trunk atherosclerosis.
Takahashi er al. (1999) reported that hypertension and
high serum levels of glycosylated hemoglobin Alc were
significant and independent predictors of atherosclerotic
lesions of the MCA detected by MRA in Japanese.

Like the MCA Iesions, the intracranial ICA lesions
had age, hypertension, and diabetes mellitus as signifi-
cant and independent predictors. In addition, we found
a weak but significant correlation between intracranial
ICA lesions and IHD. Ingall et al. (1591) demonstrated
that significant and independent predictors of intra-
cranial ICA atherosclerosis found by conventional
angiography were duration of cigarette smoking, age,
hypertension, and diabetes mellitus. Marzewski et al.
(1982), who followed up > 66 patients with more than
50% stenosis of the intracranial ICA for an average of
3.9 years, concluded that intracranial ICA stenosis was
a marker of extensive cerebrovascular and systemic
atherosclerotic disease, especially coronary artery dis-
ease. Little is known about the risk factors for intra-
cranial ICA occlusive lesions.

In the present study, atherosclerosis of the intracra-
nial VA was related to hyperlipidemia and IHD as was
the case for the extracranial carotid artery, whilst
atherosclerosis of BA was associated with hypertension

and diabetes mellitus. Qur results clearly suggested that
intracranial VA lesions belong to the same class as
extracranial ICA lesions, which are closely related to
hyperlipidemia and IHD. Although no studies com-
parable to the present study have examined the risk
factors for intracranial VA occlusive lesions, the New
England Medical Center Posterior Circulation Registry
{(Muller-Kuppers et af., 1997; Shin et al., 1999) reported
that the prevalences of hypertension, hyperlipidemia,
diabetes mellitus, smoking, and IHD were high in
patients with symptomatic intracranial VA occlusive
lesions. In addition, the prevalence of coronary artery
disease in patients with symptomatic intracranial VA
occlusive disease was reportedly quite high, ranging
from 20 to 36% (Bogousslavsky et ai., 1986; Moufarrij
et al., 1936; Muller-Kuppers et al., 1997; Shin et al,,
1999), which supports our findings. However, “our
results failed to verify the previous view. Caplan et al.
(1986), in a review of occlusive cerebrovascular disease,
found that atherosclerosis of the large arteries including
extracranial ICA and BA, was closely related to
hyperlipidemia and coronary artery disease. Yasaka
et al. (1993) demonstrated that atherosclerosis of
extracranial ICA and BA was strongly associated with
high serum lipid levels, coronary heart disease, and
diabetes mellitus in patients with ischemic stroke. This
discrepancy may be attributable to the different char-
acteristics of the cohorts, a difference between patients
with ischemic stroke and stroke-free subjects, or to the
small number of subjects with BA stenosis. In the pre-
sent study, the proxymal segment of the VA was not
studied, as it was not accessible on the cervical MRA we
used. As the origin of the VA is a critical site, risks for
the proxyma! VA lesions should be elucidated in future.

Finally, limitations of the present study have to be
mentioned. The subjects of this study were patients
without a history of stroke or TIA and without any
abnormality on a neurological examination who visited
a neurology service requesting medical evaluation for
possible cerebrovascular diseases, To minimize the
selection bias as far as possible, subjects of this study
were prospectively recruited from consecutive outpa-
tients. The cohort in the present study is a part of
stroke-free general population. However, this kind of
study is prone to referral or selection bias. The pre-
valence derived from such a hospital-based study
should be carefully interpreted and applied to general
population. Nevertheless, at least the association be-
tween risk factors and vascular lesions demonstrated
could be generalizable, as the association would be
universal. Another weakness is that the individual le-
sion numbers were all low, which may introduce type II
errors. The ideal study method is to conduct a popu-
lation-based study rather than a hospital-based study,
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and larger population-based studies are evidently nee-
ded to confirm our findings. Low prevalence also affects
the creditability of the MRA rating results. False pos-
itives, which may unaveidably occur in MRA, are of
concern especially in a low-risk population. The most
vulnerable site for MRA is the intracranial ICA, where
the false positive rate is considerably high. Signal dis-
continuity caused by tortuosity of the vessel in this
region would be often judged as ‘severe’ stenosis
(Uchara er al., 1994). However, in the present study, as
the occasion of ‘severe’ rating was very few, most of the
stenotic ratings should be true. :

In conclusion, the present study suggested that
atherosclerosis of the intracranial VA was related to
hyperlipidemia and THD as was the case for the extra-
cranial carotid artery, whilst atherosclerosis of other
sites of major intracranial arteries was mainly associ-
ated with hypertension and diabetes mellitus in stroke-
free Japanese. Our results might shed light into the
important question why there were ethnic differences in
the distribution of atherosclerotic lesion. In the future,
a study investigating the correlation between the
scverity of the occlusive lesions and risk factors is
needed to determine the predictors of the development
of atherosclerosis.
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diffusion
abnormality

diffusion-perfusion
mismatch

Fig. 2. Is the diffusion-perfusion mismatchis a
diagnostic measure independent of the area
with diffusion abnormality?

The diffusion-perfusion mismatch is defined as
a discrepancy between the diffusion and perfu-
sion abnormalities. The area of perfusion ab-
normality, prolonged mean transit time or time
to peak, is usually large in symptomatic acute
stroke patients with focal signs. The large
“mismatch” (A) and small “mismatch” (B)
seem to be almost identical to the small and
large area showing diffusion abnormality,
respectively. Shaded area : perfusion abnormal-
ity ; black area : diffusion abnormality.
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Clinical MR Imaging for Acute Ischemic Stroke : Current Concepts

Makoto SAsAKI

Department of Radiology, Iwate Medical University
19-1 Uchimaru, Morioka, Twate 020-8505

The introduction of magnetic resonance imaging (MRI}, including diffusion-weighted and per-
fusion-weighted imaging, has dramatically improved lesion detection capability in patients with acute
ischemic stroke. However, the role of MRI as a diagnostic gauge for guiding thrombolytic therapies
has not been fully determined. According to clinical guidelines, non-enhanced CT is the standard
imaging tool used to determine the indication for thrombolysis. When compared to CT, it is still un-
clear if diffusion-perfusion mismatch and diffusion abnormalities can predict major complications and
improve patient outcome. Standardization through guideline development as well as evidence
produced by well-designed clinical trials are necessary to establish the clinical significance of MRI in
improving patient outcome by thrombolytic intervention in acute stroke.
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