
Abstract. – OBJECTIVE: The aim of this
study is to investigate the distribution of cere-
bral artery stenosis in patients with the is-
chemic cerebrovascular disease.

PATIENTS AND METHODS: One hundred and
forty-four patients with ischemic cerebrovascu-
lar disease were enrolled and divided into three
age brackets, the youth group (18-44 years old,
12 cases), middle-aged group (45-59 years old,
45 cases), and the old-aged group (≥≥60 years
old, 87 cases). They were then ensued the
analysis of the distribution of characteristics of
cerebral artery stenosis.

RESULTS: A total of 414 pathological vessels
had been detected from the 144 patients with
arteriostenosis or occlusion, amongst which
were 24 single vascular stenosis (16.7%) and
120 multiple stenosis. (83.3%, p < 0.01) The inci-
dence of single arteriostenosis was 16.7%, and
the multiple arteriostenosis 83.3%. The inci-
dence rate of single intracranial artery stenosis
was significantly higher than that of the coexis-
tence of extracranial and intracranial artery
stenosis (60.4% vs. 31.3% vs. 8.3%, p<0.01). The
respective parts that were subject to intracra-
nial and extracranial artery lesions were: a mid-
dle cerebral artery and extracranial vertebral
artery. The incidence of pure anterior circula-
tion stenosis and anterior and posterior circula-
tion stenosis was significantly higher than that
of pure posterior circulation stenosis (83.3% vs
41.7% vs. 22.9%, p<0.05, p<0.01). The pure in-
tracranial artery stenosis of young and middle-
aged group was significantly higher than that
of extracranial artery stenosis of the old-aged
group (83.8% vs. 75.6% vs. 49.4%, p<0.05). The
incidence of pure intracranial artery stenosis of
the old-aged group was significantly higher
than that of the middle-aged group (12.6% vs.
2.2%, p<0.05).

CONCLUSIONS: Cerebral artery stenosis in
patients with the ischemic cerebrovascular dis-
ease was dominated by multiple stenosis. The
incidence of intracranial artery stenosis was
significantly higher than that of extracranial
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Introduction

It was reported that intracranial and extracra-
nial arteriostenosis caused by cerebral artery
stenosis was one of the important reasons for
cerebral infarction1,2. Cerebral artery stenosis was
prone to rupture and would lead to local throm-
bosis3-5. Patients with severe cerebral artery
stenosis would run a higher risk of distal em-
bolization, hemodynamic changes, and sudden
vascular occlusion. Therefore, the use of an-
tiplatelet and anticoagulant could not contain the
high risk of cerebral apoplexy. In terms of the
distribution characteristics of cerebral artery
stenosis in patients with intracranial and ex-
tracranial arteriostenosis, the reports vary owing
to different test methods and subjects. We ob-
served and analyzed intracranial and extracranial
arteriostenosis of those patients with the is-
chemic cerebrovascular disease by means of 64
slices CT, the results are as follows.

Patients and Methods
A total of 144 patients, which were hospital-

ized in our hospital because of ischemic cere-
brovascular disease from September 2008 to Jan-
uary 2009 were enrolled in this study. There were
103 male cases, 41 female cases, with an average
age of 60.6±11.9 years old. According to the dif-
ferent ages, they were divided into three groups,
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the youth group (18-44 years old, 12 cases),
middle-aged group (45-59 years old, 45 cases)
and the old group (age: ≥60, 87 cases). Amongst
them were 83 patients with cerebral infarction,
61 with transient ischemic attack, 22 with
combined diabetes, 93 with hypertension, 16
with dyslipidemia, 12 with coronary heart
disease, 28 with a record of cerebral infarction,
71 with a history of smoking and 50 with a
history of drinking. All cases satisfied the diag-
nostic criteria for transient ischemic attack and
cerebral infarction in The Key Points of All
Kinds of Cerebrovascular Disease revised on the
fourth national conference in 1995, and were
confirmed by head CT and MRI.
Inclusion criteria: patients that were diagnosed

as new cerebral infarction or new cerebral infarc-
tion and received treatment within 7d. Exclusion
criteria: age>80, without any symptoms and phys-
ical silent cerebral infarction, large-area of cere-
bral infarction, atrial fibrillation and subacute in-
fective endocarditis, MoyaMoya, and intracranial
artery stenosis caused by aorto-arteritis.

Methods
All patients were given blood routine exami-

nation, coagulation routine examination, a com-
plete set of biochemical examination, neck, and
head CT and (or) MRI, CT angiography. A 64-
slice CT, head and neck CT angiography (superi-
or border of arcus aortae reaching calvarium),
post-processing techniques, including volume
rendering (VR), three-dimensional multiplanar
reconstruction (3D-MPR), curve planar recon-
struction (CPR) and three-dimensional maximum
intensity projection (3D-MIP), combined with
original axial images were employed to observe
the stenosis extent, occlusion and other charac-
teristics of artery lumen, and also make quantita-
tive measurement on luminal stenosis. Carotid
artery CT image and CT angiography image
were measured and evaluated respectively by two
imaging diagnosis experts by means of the bind-
ing method, and imaging results were confirmed
by both doctors.

Image Analysis
Artery under observation included common

carotid artery (CCA), internal carotid artery
(ICA), middle cerebral artery (MCA), anterior
cerebral artery (ACA), posterior cerebral artery
(PCA), basilar artery (BA), vertebral artery (VA),
subclavian artery (SCA). Extracranial arteries in-
cluded CCA, ICA (E-ICA), VA (E-VA) and SCA.

Intracranial arteries included ICA (I-ICA), MCA,
ACA, PCA, VA (I-VA) and BA.
Vascular stenosis diagnostic criteria are based

on the North American Symptomatic Carotid
artery intima test method. Diameterstenosis =
(original lumen diameter – residual lumen diam-
eter stenosis)/ original lumen diameter X 100%.
There are five levels of vascular stenosis: normal;
mild stenosis (≤29%), moderate stenosis (30% to
69%); severe stenosis (70%-99%); obstruction
(100%). If there is a series of diseased arteries,
calculate with a maximum degree of narrow
gauge.
North American Symptomatic carotid en-

domembrane test was implemented to calculate
the rate of arterial stenosis: stenosis = (original
lumen diameter-residual lumen diameter on
stenosis area) / original lumen diameter ×100%4.
The degree of stenosis was divided into five de-
grees: normal; mild (≤29%); moderate (30% -
69%); severe (70%-99%) and occlusion (100%).
If there is a series of diseased arteries, calculate
with the largest degree of stenosis.

Statistical Analysis
The SPSS11.5 statistic software was adopted

(SPSS Inc., Chicago, IL, USA), and X2 test was
used to test enumeration data. p<0.05 was con-
sidered as statistically significant.

Results

Common Conditions of the Degree of 
Intracranial and Extracranial 
Artery Stenosis
Four hundred and fourteen lesion vessels had

been detected from the 144 patients with arte-
riostenosis or occlusion, amongst which were
131 cases of mild stenosis (31.6%), 134 cases of
moderate stenosis (32.4%), 104 cases of severe
stenosis (25.1%), 45 cases of occlusion (10.9%).
The location of the vascular occlusion: 24 in VA
(53.3%), 7 in MCA (15.6%), 6 in ACA (13.3%),
4 in PCA (8.9%), 4 in ICA (8.9%).

Distribution of Intracranial and 
Extracranial Artery Stenosis
Amongst the 144 patients with arteriostenosis

or occlusion, 87 cases had single intracranial ar-
teriostenosis (60.4%), 12 cases had single ex-
tracranial arteriostenosis (8.3%), 45 cases had
coexistence of intracranial and extracranial arte-
riostenosis (31.3%). The incidence of single in-
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tracranial arteriostenosis and the coexistence of
intracranial and extracranial arteriostenosis were
higher than that of the single extracranial arte-
riostenosis. The difference was statistically sig-
nificant (p<0.01).
The frequency of intracranial artery lesions

and predilection site were listed respectively: 90
cases in MCA (21.7%), 71 cases in I-VA
(17.1%), 70 cases in PCA (16.9%), 59 cases in
ACA (14.3%), 14 cases in I-ICA (3.4%), 14 cas-
es in BA(3.4%). The frequency of extracranial
artery lesions and predilection site were listed re-
spectively: 47 cases in E-VA (11.4%), 26 cases in
E-ICA (6.3%), 20 cases of CCA (4.8%), 3 cases
in SCA (0.7%).
There were 24 cases of single vascular steno-

sis (16.7%) and 120 cases of multiple vascular
stenosis (83.3%). The incidence of single vascu-
lar stenosis was significantly lower than that of
the multiple vascular stenosis. The difference
was statistically significant (p<0.01).

Comparison of the Distribution of 
Anterior and Posterior Circulation Artery
There were 51 patients with anterior circula-

tion artery (35.4%), 33 patients with posterior
circulation artery (22.9%), 60 patients with both
(41.7%). The incidence of pure anterior circula-
tion artery and coexistence of the two were sig-
nificantly higher than that of pure posterior circu-
lation artery. The difference was statistically sig-
nificant (p<0.05, p<0.01). Compared with the
pure anterior circulation artery, the patients with
pure posterior circulation artery decreased signif-

icantly, while patients with obstruction increased
significantly. The difference was statistically sig-
nificant (p<0.05, Figure 1).

Age Distribution of Cerebral 
Artery Stenosis
The incidence of pure intracranial artery steno-

sis in the youth group and the middle-aged group
were significantly higher than that in the aged
group (83.3% vs. 75.6% vs. 49.4%, p<0.05). The
incidence of pure extracranial artery stenosis in
the aged group was significantly higher than that
of the middle-aged group (12.6% vs. 2.2%,
p<0.05). The incidence of coexistence of intracra-
nial and extracranial arteriostenosis in the aged
group was much higher (37.9%).

Discussion

Previous research has shown that atherosclero-
sis of the cerebral artery varied with race. The
Caucasians were more vulnerable to extracranial
carotid artery lesions while the Asians were more
vulnerable to intracranial carotid artery lesions6-9.
In recent years, with the technical development
of noninvasive brain artery, and with the increas-
ing studies of cerebrovascular experts, our re-
ports on cerebral arteriosclerosis also have in-
creased annually. Although digital subtraction
angiography is internationally recognized as the
gold standard of vascular examination, clinical
patients still find it quite unacceptable due to its
invasion, high price, and relative risk. According
to relevant researches, both the sensitivity and
specificity of the intracranial vascular occlusion
of multi-slice spiral computed tomography are
100%. The sensitivity of intracranial vascular
stenosis is (≥50%) 97.1%, specificity 99.5%, and
false positive rate 2.4%10. Still other studies also
revealed that when the vascular flow was slow,
the multi-slice spiral computed tomography was
more advantageous than digital subtraction an-
giography in evaluating posterior circulation
artery or occlusion lesions11. Barlett et al12 held
that multi-slice spiral computed tomography
could be a proper alternative to digital subtrac-
tion angiography, and it was comparable to digi-
tal subtraction angiography in measuring severe
stenosis. Therefore, we researched the distribu-
tion character of the intracranial and extracranial
arteriostenosis by 64 slices CT angiography13,14

and made a comparison with other researches
done by different examination methods.

Figure 1. The distribution characteristics of intracranial
and extracranial artery stenosis of each age group. Note:
compared with the old-aged group, a p<0.05



In this study, it was found out that amongst the
144 patients, the incidence of pure intracranial
artery stenosis was significantly higher than that
of pure extracranial artery stenosis, indicating that
artery stenosis of patients with atherosclerosis is-
chemic cerebrovascular disease occurred more in
intracranial artery. If the incidence of coexistence
of intracranial and extracranial arteriostenosis was
combined with the incidence of pure intracranial
artery stenosis and pure extracranial stenosis, our
result was quite close to that of Wang et al15 under
the method of digital subtraction angiography. But
the rate of intracranial artery stenosis was higher
than our domestic counterpart in comparison. Ma
et al5 and his colleagues found that amongst the
180 patients with cranial artery stenosis and occlu-
sion, pure extracranial artery stenosis accounted
for 47.8%, which was significantly higher than
pure intracranial artery stenosis 26.9%. After in-
vestigating the epidemiology of cerebrovascular
stenosis in a certain community, Fan and Huang
found out that the intracranial artery stenosis ac-
counted for 62.7%, and the extracranial artery
stenosis accounted for 25.5% (Fan CF, Huang YN.
Prevalence of cerebral arterial stenosis in 2711
rural community people aged over 40 years in
Beijing. Chinese Journal of Geriatric Heart Brain
and Vessel Diseases 2007-01). Zhang et al16 re-
vealed that vasculopathy distributed in extracranial
arteries accounted for 49.1%. The remaining was
distributed in intracranial arteries. There was no
statistical significance of the different distribu-
tions. Song et al17 found out that the incidence of
extracranial arterial disease (54.7%) was higher
than that of intracranial arterial disease 45.3%.
The rate of intracranial and extracranial arterial
disease was different from ours, which might be
related to the discrepancy in the selection of the
observation subjects, the number of samples and
the age of the patients. Other studies18-20 held that
the different distribution of intracranial and ex-
tracranial arterial disease was related to age. As
age increases, the proportion of extracranial artery
stenosis would increase accordingly. Moreover, it
might also be distinct from other studies concern-
ing the condition of patients. In our research, an
effort was predominantly made on patients with
mild, moderate and severe ischemic cerebrovascu-
lar disease. Most of the studies have neglected the
evaluation of the patients’ condition, so it shall be
given more attention in future work.
Our research revealed that the incidence of

pure anterior circulation stenosis was significant-
ly higher than that of pure posterior circulation

stenosis. The incidence of coexistence of anterior
and posterior circulation stenosis reached 41.7%.
This result was consistent with that of Song et al,
indicating that the cerebral artery atherosclerosis
in patients with the cerebrovascular disease was
widespread. During the comparison of anterior
and posterior artery stenosis, only the difference
of proportion between mild and occlusion had
statistical significance.
Our study further analyzed the distribution

characteristics of extracranial and intracranial
artery stenosis in the different age groups and its
trend with age. Results showed that the incidence
of pure intracranial artery stenosis in the youth
group and the middle-aged group were higher
than that in the aged group. The incidence of pure
extracranial artery stenosis in the aged group was
higher than that in the middle-aged group, and
that the incidence of the coexistence of extracra-
nial and intracranial artery stenosis would in-
crease with age. But the difference had no statisti-
cal significance. It might be related to the unbal-
anced number of subjects in the different age
groups (sample of the youth group was small). In
spite of this, these findings still could be useful,
they indicated that the incidence of intracranial
artery stenosis would recuse as people grew old,
the incidence of pure extracranial artery stenosis
and the coexistence of extracranial and intracra-
nial artery stenosis was directly related with age,
which means that atherosclerosis of cerebral
artery would become more widespread with age.
As our country is stepping into the phase of aging
of the population, and the proportion of old-aged
people is increasing apparently, it is quite possible
that the incidence of extracranial artery stenosis
will become higher. Age has an influence on ex-
tracranial artery stenosis in patients with ischemic
cerebrovascular disease, we must pay attention to
this fact so that we could detect the asymptomatic
carotid artery lesions earlier and take precautions
(ICA stent or carotid endarterectomy) to reduce
the incidence of secondary ischemic cerebrovas-
cular disease21-22. In our research, the incidence of
extracranial and intracranial artery stenosis has
reached 31.3%, higher than that of our domestic
counterpart. Shi et al23 reported that the incidence
of intracranial artery stenosis was 17.1%. We also
noticed that the incidence of extracranial and in-
tracranial artery stenosis would increase with age,
which would arouse another problem worthy of
clinical attention, of intracranial combined ex-
tracranial artery lesions and particularly of the di-
agnosis and treatment of stroke in patients with
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carotid artery stenosis caused by series of in-
tracranial artery lesions. The existence of series of
intracranial artery lesions makes it harder to tell
whether the stroke was caused by carotid artery
stenosis or intracranial artery stenosis. Some re-
searchers thought that even patients with the co-
existence of intracranial and extracranial artery
stenosis overcame carotid artery stenosis by ICA
stent or carotid endarterectomy, the risk of stroke
was still high24. Since Chinese are vulnerable to
incidence of coexistence of intracranial and ex-
tracranial arteriostenosis, it is quite necessary for
us to make a comprehensive evaluation of coexis-
tence of intracranial and extracranial arteriosteno-
sis to ensure that carotid artery stenting could suc-
cessfully reduce the incidence of stroke. There-
fore, patients with the ischemic cerebrovascular
disease are always required to accept a clinical
cerebrovascular inspection25,26.

Conclusions

To sum up, a 64 slices CT could accurately re-
flect the distribution character of the intracranial
and extracranial arteriostenosis so that it is more
favorable for clinical application. Cerebral artery
stenosis in patients with the ischemic cere-
brovascular disease is dominated by multiple
stenosis. The incidence of pure intracranial
artery stenosis is significantly higher than that of
pure extracranial artery stenosis. The incidence
of pure intracranial artery stenosis would in-
crease with age while the incidence of coexis-
tence of intracranial and extracranial arte-
riostenosis is in direct relationship with age. Our
study still has a few criticism, such as the thin-
ness of the sample and the lack of randomness
of the subjects, which may have an influence on
our judgment of the relationship between cere-
bral artery stenosis and the distribution character
of age. They are subject to the confirmation of
large samples and random contrast that may pro-
vide a more comprehensive, accurate and repre-
sentative information for clinicians.
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