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Abstract: Calcification of the middle cerebral artery (MCA) is

uncommon in the healthy elderly. Whether calcification of the MCA

is associated with cerebral ischemic stroke remains undetermined. We

intended to investigate the association using Agatston calcium scoring

of the MCA. This study retrospectively included 354 subjects with

ischemic stroke in the MCA territory and 1518 control subjects who

underwent computed tomography (CT) of the brain. We recorded major

known risk factors for ischemic stroke, including age, gender, hyper-

tension, diabetes mellitus, smoking, hyperlipidemia, and obesity, along

with the MCA calcium burden, measured with the Agatston calcium

scoring method. Univariate and modified logistic regression analyses

were performed to examine the association between the MCA calcifica-

tion and ischemic stroke.

The univariate analyses showed significant associations of ischemic

stroke with age, hypertension, diabetes mellitus, smoking, total MCA

Agatston score, and the presence of calcification on both or either side of

the MCA. Subjects with the presence of MCA calcification on both or

either side of the MCA were 8.46 times (95% confidence interval, 4.93–

14.53; P< 0.001) more likely to have a cerebral infarct than subjects

without MCA calcification after adjustment for the major known risk

factors, including age, hypertension, diabetes mellitus, and smoking.

However, a higher degree of MCA calcification reflected by the

Agatston score was not associated with higher risk of MCA ischemic
g-Chung Chou, Ph Peng, MD,
, MD, and Cheng-Yu Chen, MD

prospective studies are required to verify the clinical implications of

the MCA calcification.

(Medicine 94(50):e2311)

Abbreviations: CT = computed tomography, MCA = middle

cerebral artery, ROI = region of interest.

INTRODUCTION

A therosclerosis, a systemic disease characterized by depo-
sition of fatty materials, inflammatory cells, and scar tissue

within the arterial walls, is the major cause of cardiovascular and
cerebrovascular events.1,2 In developed countries, atherosclero-
sis-related cardiovascular and cerebrovascular events are esti-
mated to be the cause of death in �50% of cases.3 Although the
cerebral and carotid atherosclerosis develops later than coronary
atherosclerosis,4,5 stroke and myocardial infarction share com-
mon cardiovascular risk factors, such as hypertension, diabetes
mellitus, smoking, and hyperlipidemia, and generally begin to
occur at similar age with similar age-specific event rates.6,7

Intracranial atherosclerosis occurs in >80% of older white
persons with significant associations with conventional cardi-
ovascular risks factors.8 As coronary artery calcification is
highly correlated with the atherosclerotic burden and risk for
future cardiovascular events,9,10 intracranial artery calcification
is reasonably considered a potential risk factor for cerebral
ischemic stroke. A number of studies utilizing different methods
to measure the calcium burden of the carotid arteries have
shown discordant results.11–14 Some authors believed that
calcifications stabilize plaques whereas others stated an
increased risk of thromboembolic disease associated with the
calcifications.15,16 In a recent large population-based cohort
study using noncontrast computed tomography (CT) of the
calcified plaques, Bos et al established intracranial carotid
artery calcification as an independent risk factor for stroke.17

Although the middle cerebral artery (MCA) usually shows
less calcium burden on CT than the intracranial carotid artery
does,18 calcification of the MCA may play a crucial role due to its
proximity to the ischemic event. Previous studies used a binary or
a morphology-based qualitative grading method to measure
intracranial calcifications.11,18–20 In coronary artery studies, a
more sophisticated and quantitative measure of calcification
using the Agatston score has been employed by computing the
products of CT-density-based weighted scores and areas of
calcified lesions.21 This scoring method can be easily applied
semiautomatically to MCA calcifications whereas it is difficult to
be applied to the intracranial internal carotid artery due to its
proximity to the bony structures of the skull base.
hypothesized that subjects with a higher
ification are more likely to have an
ose with lower or no burden. Therefore,

www.md-journal.com | 1

mailto:cohimeow@gmail.com
mailto:cohimeow@gmail.com
http://dx.doi.org/10.1097/MD.0000000000002311


the purpose of our study was to quantitatively investigate
whether the MCA calcification is associated with ischemic
cerebral stroke in the corresponding territory using the Agatston
calcium scoring method.

METHODS

Subjects
This study was approved by the Institutional Review Board

of Tri-Service General Hospital, National Defense Medical
Center, Taipei, Taiwan, and the requirement for written
informed consent from the subjects (or from the next of kin/
caregiver) for use of the clinical records of the subjects was
waived. All subject records/information was anonymized and
deidentified before analysis. Our data are available upon request
because of an ethical restriction of the institutional review
board. Readers may contact the board (þ886-2-87923311
ext. 10552) or the authors to request the data.

Between 2006 and 2008, a total of 2260 consecutive subjects
underwent noncontrast brain studies in our 64-slice multidetec-
tor-row CT examination suite (Brilliance 64, Philips Medical
Systems, Best, the Netherlands) for a variety of clinical indica-
tions, which were mainly head trauma (562 subjects, 24.9%),
stroke (485, 21.5%), headaches (462, 20.4%), dementia (388,
17.2%), brain tumors (87, 3.8%), and seizures (36, 1.6%). We
excluded a total of 388 subjects (17.2%) mainly due to age <40
years old (314, 80.9%), followed by clinical history or imaging
findings of intracranial hemorrhage (75, 19.3%), brain tumors
(19, 4.9%), and brain infections (3, 0.8%). A total of 1872 subjects
(865 women and 1007 men; mean age, 66 years; range, 41–99)
were eligible for analysis. Subjects having matched clinical and
imaging findings of cerebral infarct in the MCA territory were
assigned to the MCA stroke group whereas the rest were assigned
to the control group. Magnetic resonance (MR) imaging diag-
nosis of acute cerebral infarction was made by visualization of
high signal intensities on diffusion-weighted images and corre-
sponding low signal intensities on apparent diffusion coefficient
maps. Two board-certificated neuroradiologists (HWK and CYC
with 25 and 10 years of clinical experience in neuroimaging
interpretation respectively), blinded to the clinical information of
the subjects, reviewed all the CTand MR images from our picture
archiving and communication system to record imaging evi-
dences of cerebral infarct.

Major known risk factors of ischemic stroke were docu-
mented from medical record review and analysis of electronic
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health records in our hospital information system. Subjects were
diagnosed as hypertensive if they presented systolic blood
pressure >140 mm Hg or diastolic blood pressure >90 mm

FIGURE 1. Agatston calcium scoring for a 70-year-old woman. (A
calcifications (RCA 1 and 2; Agatston score, 52.3) with density>130 H
pink color by the workstation. The RCA, an acronym of the right corona
tomography, MCA¼middle cerebral artery.
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Hg or if they were on any antihypertensive medication. Diabetes
mellitus was diagnosed if the fasting serum glucose level was
>7.8 mmol/L or if the subject was taking any antidiabetic
medication. Subjects were marked smokers if smoking
>1 cigarette/day over the preceding year before the ischemic
stroke. The hyperlipidemia was defined based on the history of
lipid-lowering therapy or serum total cholesterol level of
>200 mg/dL. Obesity was recorded when the body mass index
was 30 or greater.

CT Imaging and Agatston Calcium Scoring of the
MCA

All CT examinations were performed with a standardized
noncontrast protocol (120 kVp; 280 mA; collimation,
40� 0.625 mm; table feed, 14.4 mm/rotation; pitch, 0.58). Image
reconstructions were made with a field of view of 100 mm; matrix
size, 512� 512; slice thickness, 3.0 mm; increment, 0.5 mm.

For quantification of the MCA calcium burden, all recon-
structions were transferred to an independent PC-based work-
station (Syngo CaScoring Wizard, Siemens Medical Solutions,
Erlangen, Germany). According to the Agatston method, CT
density � 130 Hounsfield units in � 2 continuous pixels were
automatically marked in color by the workstation. The 2 neuror-
adiologists defined the regions of interests (ROIs) by scrutinizing
the bilateral MCAs on both axial and reconstructed coronal CT
images (Figure 1). The Agatston score of each ROI in the bilateral
MCAs was generated by the workstation and the scores from each
MCA were summed. The bilateral MCA Agatston scores were
then added up to a total MCA Agatston score. For subjects with
multiple brain CT examinations, only the most recent ones were
analyzed for the MCA calcium scoring.

Statistical Analysis
The hemisphere of cerebral infarct was attributed to the

left, right, or both MCA territories. The between-group differ-
ences in risk factors for ischemic stroke were evaluated for
statistical significance with the Mann–Whitney U test for
continuous variables and with the Fisher exact test for categ-
orical variables because the data were not normally distributed.
Significant risk factors in the univariate tests were included as
predictors in modified logistic regression models, which had
more accurate regression parameter estimates by reference to
valid information identities.22 In these models, ischemic strokes
on both or either side of the MCA territories were considered the
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response variable and odds ratios and 95% confidence intervals
(CI) of the risk factors were estimated. The adjusted effect of the
individual MCA calcification on ipsilateral cerebral infarct was

) Axial and (B) coronal noncontrast CT images demonstrate 2
ounsfield units in 2 continuous pixels, automatically highlighted in
ry artery, is referred to the right MCA in this study. CT¼computed
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TABLE 1. Characteristics of the Subjects in the Study

MCA Stroke Group Control Group
Characteristic (n¼ 354) (n¼ 1518) P Value

Age, years 72.2 (12.7) 64.2 (15.2) <0.001
Gender, male (%) 206 (58.2) 801 (52.8) 0.07
Hypertension (%) 266 (75.1) 690 (45.5) <0.001
Diabetes mellitus (%) 130 (36.7) 359 (23.6) <0.001
Smoking (%) 104 (29.4) 309 (20.4) <0.001
Hyperlipidemia (%) 82 (23.2) 285 (18.8) 0.06
Obesity (%) 8 (2.3) 54 (3.6) 0.25
Total MCA Agatston score 3.1 (25.1) 0.1 (1.3) <0.001
MCA calcification (%) 52 (14.7) 21 (1.4) <0.001
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evaluated in the modified logistic regression models. The
intraclass correlation coefficient was used to evaluate inter-rater
agreement of the selected ROIs. The statistical significance was
evaluated using the 2-tailed test in the univariate analyses and
Type-III likelihood ratio statistic for each predictor in the model
along with the Wald CI for the parameter estimates in the
modified logistic regression model, both with the nominal Type-

Data are mean (SD) or number (%).
MCA¼middle cerebral artery.
I error at the 5% level. All the statistical analyses were per-

formed with an IBM SPSS Statistics for Mac (version 20; IBM
Corp., Armonk, NY).

RESULTS
The baseline characteristics of the study group are shown

in Table 1. Of the 1872 subjects in our study, the most prevalent
major known risk factor in our subjects was hypertension
(51.1%), followed by diabetes mellitus (26.1%), smoking
(22.1%), hyperlipidemia (19.6%), and obesity (3.3%). A total
of 354 (18.9%) subjects (mean age, 72 years; range, 41–99
years) were in the MCA stroke group and 1518 (81.1%) subjects
(mean age, 64 years, range 41–99 years) were in the control
group. In the MCA stroke group, 237 (66.9%) subjects under-
went MR imaging for confirmation of the cerebral infarct within
a median of 1 day (interquartile range, 0–3) after the brain CT

study. Among those, 157 (66.2%) subjects showed acute
cerebral infarcts in the MCA territory whereas 80 (33.8%)
showed old infarcts in the territory matching clinical histories

TABLE 2. Associations of MCA Calcification and Risk Factors for

Subjects With MCA Calcification
Risk Factors (n¼ 73)

Age, years 78.4 (9.9)
Gender, male (%) 34 (46.6)
Hypertension (%) 59 (80.8)
Diabetes mellitus (%) 21 (28.8)
Smoking (%) 17 (23.3)
Hyperlipidemia (%) 8 (11.0)
Obesity (%) 5 (6.8)

Data are mean (SD) or number (%).
MCA¼middle cerebral artery.
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and symptoms. A total of 73 out of 1872 (3.9%) subjects had
calcifications on both or either side of the MCA in a wide range
of total MCA Agatston scores (median, 3.8; range, 0.1–436.1).
The inter-rater reliability index of the total MCA Agatston
scores was high (intraclass correlation coefficient¼ 0.998).
The univariate analyses showed significant associations of
ischemic stroke with age, hypertension, diabetes mellitus,
smoking, total MCA Agatston score, and presence of calcifica-
tion on both or either side of the MCA, disregarding laterality of
the MCA calcification and hemispheric infarct. Among the
documented risk factors for ischemic stroke, MCA calcifica-
tions were significantly associated with age and hypertension
and marginally associated with hyperlipidemia and obesity
(Table 2).

The modified logistic regression models showed signifi-
cant associations between ischemic stroke and the significant
risk factors identified in the univariate analyses. Considering
interactions between the confounders in logistic regression
models, we found no interaction between the age and the gender
(P¼ 0.53) whereas hypertension, diabetes mellitus, and smok-
ing significantly attenuated the association between age and
ischemic infarct (odds ratios, 1.06 vs 1.04, P¼ 0.02; 1.06 vs
1.02, P< 0.001; 1.06 vs 1.03, P¼ 0.02 respectively). After
adjustment for age, hypertension, diabetes mellitus, and smok-

ing, subjects with the presence of MCA calcification on both or
either side of the MCA were 8.46 times (95% CI, 4.93–14.53;
P< 0.001) more likely to have a cerebral infarct than subjects

Ischemic Stroke

Subjects Without MCA Calcification
(n¼ 1799) P Value

65.2 (15.0) <0.001
973 (54.1) 0.23
897 (49.9) <0.001
468 (26.0) 0.59
396 (22.0) 0.77
359 (20.0) 0.07
57 (3.2) 0.09
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TABLE 3. MCA Calcification and Risk Factors for Ischemic
Stroke in Modified Logistic Regression Analyses by Subject

�

Risk Factors Odds Ratio (95% CI) P Value

Model 1
Age 1.02 (1.01, 1.03) < 0.001
Hypertension 2.44 (1.83, 3.26) < 0.001
Diabetes mellitus 1.46 (1.12, 1.91) 0.01
Smoking 1.68 (1.27, 2.23) < 0.001
MCA calcification 8.46 (4.93, 14.53) < 0.001

Model 2
Age 1.02 (1.01, 1.03) < 0.001
Hypertension 2.45 (1.84, 3.26) < 0.001
Diabetes mellitus 1.46 (1.12, 1.91) 0.01
Smoking 1.70 (1.28, 2.24) < 0.001
MCA calcification 6.66 (3.50, 12.70) < 0.001
Total MCA Agatston

score
1.02 (0.98, 1.07) 0.29

CI¼ confidence interval, MCA¼middle cerebral artery.�

Kao et al
without MCA calcification (Table 3, Model 1). A higher degree
of MCA calcification reflected by the Agatston score was not
significantly associated with higher risk of MCA ischemic
stroke after adjustment for the confounding factors and the
presence of MCA calcification (95% CI, 0.98–1.07; P¼ 0.29;
Table 3, Model 2).

Among the 73 subjects with MCA calcifications, 52
(71.2%) showed calcifications on the right side, 37 (50.7%)
on the left side, and 16 (21.9%) on both sides. The adjusted odds
ratios for the cerebral infarct on the ipsilateral side of the MCA
calcification were 8.67 (95% CI, 4.75–15.82; P< 0.001) on the

Two modified logistic regression models were calculated with the
ischemic stroke on both or either side of the MCA territories as the
response variable.
right and 10.50 (95% CI, 5.14–21.42; P< 0.001) on the left,
even after controlling for the familywise Type-I error rate at
0.05 via Bonferroni correction (Table 4).

TABLE 4. MCA Calcification and Risk Factors for Ischemic
Stroke in Modified Logistic Regression Analysis by Vessel

�

Risk Factors Odds Ratio (95% CI) P Value

Right MCA
Age 1.03 (1.02, 1.04) <0.001
Hypertension 2.25 (1.60, 3.16) <0.001
Diabetes mellitus 1.49 (1.09, 2.02) 0.01
Smoking 1.85 (1.35, 2.54) <0.001
MCA calcification 8.67 (4.75, 15.82) <0.001

Left MCA
Age 1.02 (1.01, 1.03) 0.01
Hypertension 2.59 (1.83, 3.67) <0.001
Diabetes mellitus 1.09 (0.79, 1.50) 0.60
Smoking 1.68 (1.22, 2.32) 0.01
MCA calcification 10.50 (5.14, 21.42) <0.001

CI¼ confidence interval, MCA¼middle cerebral artery.�
Two modified logistic regression models were calculated with the

ischemic stroke on the ipsilateral side of the MCA calcification as the
response variable.
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DISCUSSION
Our results provide 2 important clinical implications. First,

the MCA calcification was significantly associated with
cerebral infarct in the corresponding territories after adjustment
for the major known risk factors, including age, hypertension,
diabetes mellitus, and smoking. Second, a higher degree of
MCA calcification reflected by the Agatston score was not
significantly associated with higher risk of MCA ischemic
stroke after adjustment for the confounding factors and the
presence of MCA calcification.

Atherosclerosis is a systemic disease, commonly present in
the aorta, coronary artery, and carotid arteries. Many risk factors
have been shown to correlate with coronary artery calcification,
including old age, elevated serum cholesterol, elevated trigly-
cerides, diminished high-density lipoprotein cholesterol, hyper-
tension, diabetes mellitus, smoking, and obesity.23–25 In line
with the findings in the literature, our results showed significant
correlations between MCA calcification and the risk factors for
ischemic stroke, including old age and hypertension. The pre-
dictive value of arterial calcification for stroke has been estab-
lished in studies focusing on the coronary arteries, aortic arch,
and extracranial and intracranial carotid arteries.17,26,27 Our
results further extend these evidence to the MCA and support
a systemic effect of cardiovascular risk factors, by which
calcified plaques, advanced stages of atherosclerosis, play a
significant role in stroke events.

This study, to the best of our knowledge, is the first to
apply the quantitative Agatston score to investigate the corre-
lation between the MCA calcification and the corresponding
ischemic stroke. The scoring method is advantageous in reflect-
ing the calcium burden on the artery of interest as a whole rather
than a focal morphological abnormality. In the study of Nan-
dalur et al, the degree of calcification in the extracranial carotid
artery is significantly associated with luminal stenosis and
ischemic symptoms.28 Large randomized trials have also shown
the association of carotid stenosis and stroke as well as the
benefit of carotid endarterectomy.29–31 In contrast to the effect
of arterial calcifications in the coronary and carotid arteries, the
implication of atherosclerosis of the MCA is less investigated.
This issue is particularly important in populations of Chinese
and African ancestries in whom stenosis of the large intracranial
artery is a common cause of ischemic stroke.32–34 In a study of
intracranial arterial calcifications, Kassab et al found that the
presence of calcification on head CT appears to correlate with
the presence of intracranial stenosis on catheter angiography.35

Accordingly, the MCA calcification is a reasonable risk factor
of ischemic stroke in the corresponding cerebral territories, a
hypothesis supported by the results of our study. Among the
documented risk factors in our study, the presence of MCA
calcification was a less common but strong risk factor associ-
ated with ischemic stroke. The findings may imply a contri-
bution to ischemic stroke from a calcification-related stenosis of
the MCA, which may lead to regional hemodynamic disturb-
ance.36 However, the degree of MCA calcification reflected by
the calcium scores represented only 1 important characteristic
of the atherosclerotic plaque. Therefore, in patients with the
strong risk factor, MCA calcification, increased MCA calcium
burden might not necessarily parallel increased degree of
arterial stenosis or the risk of ischemic stroke. In the study
of Kassab et al, the calcium grade of the intracranial artery,

Medicine � Volume 94, Number 50, December 2015
semi-quantified with a 5-point system, is not unexceptionally
consistent with the dichotomous degree of stenosis.35 In clinical
practice, we do not suggest performing calcium quantification

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



because the significant high risk of ischemic infarct could
have already been implied by the presence of MCA
calcification itself.

The strength of our study was the application of the
accurate and objective Agatston scoring method to measure
the MCA calcium burden. Furthermore, we assessed clinical
and brain CT findings to categorize subjects, a method to
unravel a direct causal relationship between MCA calcification
and ischemic stroke in the corresponding territories. However,
the number of subjects with MCA calcification was relatively
small because of its low prevalence rate. The limitations of our
study were basically due to the retrospective design and the fact
that the included subjects were from only 1 local medical center.
Although all subjects with indications for brain CT were
included in our study, there remained a probability of selection
bias. In addition, some significant but less common risk factors
for ischemic stroke, such as mitral stenosis, sickle cell disease,
and hyperhomocysteinemia, were not evaluated in our study.
The Agatston calcium scoring method used in our study was
semiautomatic and required manual selection of the MCA
calcification. However, the neuroradiologists generally had
no difficulty in selecting ROIs for the segmentation of the
calcification on CT images. Another potential limitation was the
fact that the cerebral embolic infarct may mimic thrombotic
infarct and confound the analysis. Furthermore, an evaluation of
the noncalcified plaque and the correlation between MCA
calcium burden and luminal stenosis requires administration
of contrast material, not included in our routine stroke workup,
was not available in our study.

CONCLUSIONS
In conclusion, our study shows that MCA calcification is

associated with ischemic stroke after adjustment for age, hy-
pertension, diabetes mellitus, and smoking. Further prospective
studies are required to verify the clinical implications of the
MCA calcification.
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