
Carotid Artery Calcification on CT May Independently Predict
Stroke Risk

Kiran R. Nandalur1, Erol Baskurt1, Klaus D. Hagspiel1, Michael Finch1, C. Douglas
Phillips1, Sirisha R. Bollampally2, and Christopher M. Kramer1
1Department of Radiology, University of Virginia, PO Box 800170, Charlottesville, VA 22908.
2Department of Radiation Oncology, William Beaumont Hospital, Royal Oak, MI.

Abstract
OBJECTIVE—The purpose of our study was to quantitatively evaluate calcified atherosclerotic
burden in the cervical carotid arteries using MDCT to determine the relationship of scores with
luminal stenosis and symptomatology.

MATERIALS AND METHODS—Calcium plaque volume was measured in 106 cervical carotid
arteries (53 patients) using MDCT angiography. The study group included 32 asymptomatic patients
(mean age, 70.2 ± 8.7 [SD] years; 15 women, 17 men) and 21 patients with ischemic neurologic
symptoms (69.6 ± 12.9 years; eight women, 13 men). By vessel, there were 43 high-grade stenotic
(≥ 60% by North American Symptomatic Carotid Endarterectomy Trial [NASCET] criteria), 15
moderate-grade stenotic (30–59%), and 44 mild-grade stenotic or normal (0–29%) vessels, with four
excluded for prior carotid endarterectomy. Volume scores were calculated by summing the area of
calcium in the common and extracranial internal carotid arteries on axial slices and multiplying by
the slice increment.

RESULTS—Controlling for cardiovascular risk factors and luminal stenosis, we found that scores
were significantly related to the occurrence of symptoms (p = 0.003). Even with patient age as a
covariant, patients with high-grade stenosis had significantly higher scores than those without high-
grade disease (p = 0.004). Moreover, quantitative burden was associated with luminal stenosis on
adjusted multivariate analysis (p = 0.034). The specificity and positive predictive value for high-
grade luminal narrowing were notably lower on individual vessel analysis than on total score analysis,
likely secondary to variability in vascular remodeling.

CONCLUSION—Calcium scores in the cervical carotid arteries may represent an independent
marker for luminal stenosis and ischemic symptoms. A prospective longitudinal study examining
calcium levels and morbidity may be warranted to examine whether burden has a role in risk
stratification.
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Vascular calcium deposits have recently become a major research and public interest secondary
to increasing evidence of the relationship of calcium scores with atherosclerotic burden and
clinical outcome. The prevailing example involves coronary calcium scores measured on CT,
which have been associated with luminal stenosis [1], overall coronary atherosclerotic load
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[2], and increased morbidity and mortality [3,4]. Furthermore, abdominal aortic calcium
deposits on lateral lumbar radiographs carry an increased risk of coronary heart disease and
cardiovascular disease and mortality [5], and aortic arch calcifications on chest radiographs
have been related to coronary heart disease and ischemic stroke [6]. Given the systemic nature
of atherosclerosis, cervical carotid artery calcium burden may have similar importance in terms
of luminal stenosis and ischemic symptoms.

However, limited studies [7] have been performed to examine the importance of carotid artery
calcium scores. This may partly be because of the predominant use of sonography and MR
angiography in imaging studies involving the neck vasculature, but these techniques are
significantly limited in the evaluation of calcium. MDCT angiography is a robust technique
for assessing calcification and can potentially depict and allow quantification of load in the
carotid arteries in a manner similar to coronary artery scoring, while being highly accurate for
measuring luminal stenosis [8–13].

The purpose of our study was to quantitatively evaluate calcified atherosclerotic burden in the
common and extracranial internal carotid arteries using MDCT to determine the relationship
of scores with luminal stenosis and ischemic symptoms.

Materials and Methods
Patient Population

After the protocol was approved by the local institutional review board, we retrospectively
identified all patients 45 years and older who underwent MDCT angiography of the carotid
arteries between September 2001 and February 2004. Medical notes, laboratory data, images
and imaging reports, and discharge summaries were reviewed for relevant clinical history in
94 consecutive patients. Exclusion criteria, which led to the elimination of 41 patients, were
patients with concomitant conflicting causes of neurologic symptoms, such as cardiac
thrombus, intracranial masses, or intracranial small vessel disease (as evidenced by lacunar
infarction, defined as a lesion < 1.5 cm in diameter in the subcortical or brainstem area in the
territory of a small penetrating artery on CT or MRI of the brain); bilateral events; posterior
circulation symptoms; and stenosis from nonatherosclerotic causes, such as fibromuscular
dysplasia or radiation. Of the 53 patients examined, there were 16 asymptomatic patients with
high-grade stenosis (≥ 60%), two asymptomatic patients with moderate-grade stenosis (30–
59%), 14 asymptomatic patients with mild-grade stenosis or no significant stenosis (0–29%),
19 symptomatic patients with high-grade stenosis, and two symptomatic patients with
moderate-grade stenosis.

All 21 patients with symptomatic disease had retinal or hemispheric neurologic events: 12 with
transient ischemic attacks (TIA) and nine with stroke, which was relevant to the carotid disease
within 2 weeks of undergoing CT angiographic imaging. TIA and stroke were defined
according to previously published criteria [14]. Patients classified as asymptomatic had no
history of symptoms neither remote nor at the time of examination. Information for the
asymptomatic group (mean age ± SD, 70.2 ± 8.7 years) and symptomatic group (69.6 ± 12.9
years)—including the presence of coronary artery disease (CAD: angina, myocardial
infarction, or coronary revascularization), diabetes mellitus, hypertension, remote or present
history of smoking, elevated cholesterol, aspirin use, and statin use—is summarized in Table
1. Referral for MDCT angiography was for confirmation of stenosis after sonography as an
alternative to digital subtraction angiography in 33 patients and nondiagnostic sonography or
MRI in eight patients and after trauma in 12 patients. None of the patients referred for MDCT
for trauma had neurologic ischemic events (confirmed with CT or MRI and clinically); they
were predominantly evaluated for possible involvement of vessels after osseous or soft-tissue
injury to the neck.
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The degree of luminal stenosis was measured by an experienced neuroradiologist on the basis
of axial slices, multiplanar reconstructions, maximum intensity projections, and 3D volume-
rendering reconstructions for optimal assessment [15] using North American Symptomatic
Carotid Endarterectomy Trial (NASCET) criteria [16]. Significant carotid artery disease was
defined as equal to or greater than 60% stenosis given the controversy regarding therapy for
asymptomatic patients with stenosis above this value. Among the 106 cervical carotid arteries
of 53 patients, there were 43 high-grade stenotic, 15 moderate-grade stenotic, and 44 mild-
grade or normal vessels. Four vessels were excluded secondary to prior carotid endarterectomy.

Scan Parameters
MDCT was performed on either an 8-MDCT scanner (LightSpeed Ultra, GE Healthcare) or
16-MDCT scanner (LightSpeed 16, GE Healthcare) in all patients. After a delay determined
by an automated bolus-timing program for the injection of 120 mL of nonionic contrast medium
at a rate of 4 mL/sec, helical acquisition was performed from the aortic arch to the
supraventricular white matter. Scan parameters were identical for both scanners and were as
follows: 1.25-mm slice thickness, increment of 0.625 or 1.25 mm, table speed of 6.25 mm per
rotation, and 0.8 sec gantry rotation period. The imaging data were transferred to a computer
workstation (Leonardo workstation, Siemens Medical Solutions) for postprocessing.

Carotid Calcium Score Determination
To determine the presence and quantity of carotid calcium, an observer blinded to the clinical
history evaluated the axial images of the MDCT data sets. All images of the common and
extracranial internal carotid artery were visually examined for the presence of calcium. Calcium
was defined as structures with a density greater than 130 H within the vessel wall that were
hyperdense to the contrast-enhanced lumen and surrounding parenchyma (Fig. 1), similar to
methods reliably used in the coronary circulation [17]. Wide window settings were used for
most analyses, but several cases required individual changes to the window level for optimal
visualization (range of window width settings, 600–1,000 H; range of window level settings,
150–400 H). Calcium scores were assigned for all the vessels from the origin of the common
carotid artery to the internal carotid artery at the base of the skull. The intracranial internal
carotid artery (e.g., cavernous), external carotid artery, and aortic arch calcifications were not
included.

Calcium on axial slices was manually traced for area measurements. The sum of the areas of
calcium for the common and relevant internal carotid arteries was tallied and multiplied by the
slice increment to determine volume in cubic millimeters. The total score for each patient was
the sum of the bilateral cervical carotid arteries. Vessel scores were defined as burden in the
unilateral cervical carotid artery (common plus extracranial internal carotid arteries).
Reproducibility was assessed by an independent blinded observer who measured total scores
for 30 random patients.

Statistical Analysis
Continuous data are described as the mean value ± SD. For comparing variances, we performed
the square root transformation on the total scores and vessel scores to normalize the positive
skew. Luminal stenosis was classified into one of two groups for total scores (1, high-grade;
2, moderate-grade, mild-grade, or normal) and into one of three categories for vessel scores
(1, high-grade; 2, moderate-grade; 3, mild-grade or normal). Patient age was classified into
one of three groups (1, < 65 years; 2, 65–74 years; or 3, ≥ 75 years). Two-way analysis of
variance was performed for comparing subgroups of total scores and of vessel scores. For
vessel analysis, each artery was treated as an independent experimental unit.
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The associative value of cardiovascular risk factors, numeric age, and raw total carotid scores
for both high-grade stenosis and symptomatology was examined using unadjusted simple and
multiple logistic regression. Pearson’s correlation coefficient was calculated to evaluate the
relationship between left and right carotid artery scores and age and total scores. Interobserver
agreement was evaluated with Bland-Altman analysis [18]. Statistical significance was
assumed at a p value of less than 0.05. All analyses were performed using SigmaStat 2.03
software (Access Softek).

Results
Total Patient Scores

Of the 49 patients (four excluded from totals secondary to unilateral carotid endarterectomy),
43 (87.8%) had calcium present. Two patients with high-grade stenosis and four without
significant stenosis had scores of 0. There was a modest but significant correlation between
age and scores (r = 0.56, p < 0.001). With age as a cofactor, patients with high-grade stenosis
had significantly higher scores than those with less than 60% luminal narrowing (p = 0.004).
Symptomatic patients had significantly higher scores than asymptomatic patients (p < 0.001)
without stenosis taken into account. No interaction with patient age was present.

Table 2 shows the relationship of carotid calcium scores to high-grade luminal stenosis and
symptoms with patient age and traditional cardiovascular risk factors taken into account. The
multifactorial column indicates the odds ratio by patient characteristic for the two outcomes,
stenosis in the top half and symptoms in the bottom half, after adjustment for the odds ratio
conferred by each of the other variables—that is, the odds ratio independent of the other
independent variables. The multifactorial odds ratio greater than 1.0, without the inclusion of
1.0 on the 95% confidence intervals (CIs), for raw calcium scores indicates their positive
association with luminal stenosis and symptoms independent of patient age, blood pressure,
diabetes status, and so on. There was a significant association between raw scores and luminal
stenosis on multifactorial (p = 0.034) and also on unifactorial (p = 0.009) analyses. In addition,
similar examination for scores relative to symptoms, with luminal stenosis also taken into
consideration, found a significant association on unifactorial (p = 0.004) and multifactorial
(p = 0.003) analyses. The only other factor significantly positive for symptoms on both analyses
was high-grade luminal stenosis (unifactorial, p = 0.004; multifactorial, p = 0.0.047). This
relationship has been firmly established by trials such as NASCET [16].

Figure 2, based on data from adjusted analysis, shows the drastic increase in the odds ratio for
the occurrence of TIA or stroke as calcium scores increase. Calcium burden had a strong
independent relationship with symptoms, especially at higher levels. For example, a patient
with a calcium score of 300 mm3 was approximately 10 times more likely to be symptomatic,
similar to the odds for symptoms conferred by high-grade luminal stenosis.

Among the 30 scores measured by both observers (observer 1, 308.6 ± 297.5; observer 2, 315.4
± 307.2), the coefficient of repeatability of 37.34 and limits of agreement (−44.37, 30.31) were
acceptably small indicating good interobserver agreement (raw score intraclass correlation
coefficient, 0.98; 95% CI, 0.97–0.99).

Individual Vessel Scores
After transformation, the mean score for all vessels was 9.7 ± 6.8. Vessel scores grouped by
degree of stenosis are summarized in Figure 3. Comparing the three categories showed a
significant difference among the groups (p < 0.001), with pairwise comparison indicating high-
grade (p < 0.001) and moderate-grade (p = 0.002) stenotic vessels have significantly higher
scores than mild-grade stenotic or normal vessels without interaction with patient age. No

Nandalur et al. Page 4

AJR Am J Roentgenol. Author manuscript; available in PMC 2010 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



significant difference was found between high-grade and moderate-grade stenotic vessels (p
= 0.82).

There was a strong and significant relationship between a patient’s right and left carotid artery
scores (r = 0.79, p < 0.001). Moreover, an individual raw vessel score of 125 mm3 (half of the
cutoff score used for a high specificity of 94.4% (17/18) and positive predictive value (PPV)
of 95.0% (19/20) with total scores for high-grade stenosis) had a sensitivity of 55.8% (24/43),
specificity of 78.0% (46/59), PPV of 64.9% (24/37), and negative predictive value (NPV) of
70.8% (46/65) for significant luminal narrowing. The PPV and specificity are notably lower
than the values for similar comparison with total scores.

Discussion
The significance of carotid calcium scores has been incompletely studied, especially their
relationship to symptoms. Culebras et al. [7] measured calcium deposits in the cervical carotid
arteries of 40 symptomatic patients using conventional CT and found a correlation between
patient age and calcium scores. They also concluded that because there was no significant
difference in scores between the symptomatic and asymptomatic sides, calcium has no
appreciable association with symptomatology. This study was limited by the semiquantitative
measurement methods; use of conventional CT with thick sections; and, most notably, by the
lack of inclusion of asymptomatic patients. We found that overall cervical calcium load may
have value regarding the occurrence of symptoms. To our knowledge, this study is the first to
show carotid calcium scores as a potential risk marker for TIA and stroke. In addition, our
results show a relationship between calcium burden and stenosis.

The value of calcium scores as a marker for symptoms is controversial. Our cross-sectional
study found that carotid artery calcium scores have a significant and independent relationship
with symptoms, even with stenosis and other cardiovascular risk factors taken into account.
Although differing in hemodynamics and caliber from the carotid arteries, the coronary arteries
have been examined on follow-up of CT scoring, and researchers of several studies with a large
number of patients found that calcium burden may provide incremental prognostic information
over patient age and other risk factors [3,4]. Furthermore, using electron beam CT, researchers
found a higher temporal progression of calcium volume to be associated with increased risk
of myocardial infarction [19], and lipid-lowering therapy has been shown to slow the
progression of coronary calcium [20,21]. CT may be a useful tool to monitor the effectiveness
of drug therapy and for risk stratification. Given our promising initial results and the emerging
evidence in other vascular beds, larger prospective series may be warranted to examine the
relative risk conferred by elevated carotid calcium burden.

Although calcium scores may represent a marker for symptoms, the mechanism responsible
for this association has yet to be established. The relationship may be connected to
atherosclerotic burden and activity and is unlikely due to calcification conferring instability of
particular plaques causing stenosis. Calcified “culprit” plaques are likely more
biomechanically stable and less prone to disruption [22,23]. Retrospective in vitro and in vivo
studies of human carotid artery obstructive plaques have found that calcified plaques are less
often associated with ischemic symptoms [24,25]. Further studies are necessary to elucidate
the complex association between calcium burden and symptoms.

Arterial intimal calcifications are almost invariably an indicator of atherosclerotic disease [1],
and a linear relationship exists between calcium area and total plaque area [26,27]. With
increasing burden, compensatory remodeling with arterial enlargement can occur, which
prevents luminal stenosis [28]. However, if this mechanism is overwhelmed, atherosclerotic
disease can progressively become obstructive and lead to ischemic symptoms through
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hypoperfusion, thrombosis, or emboli. Our study found that even with patient age as a cofactor,
total calcium scores are significantly higher in patients with high-grade stenosis than in those
without significant disease. In addition, scores have a significant associative value for luminal
stenosis on adjusted analysis. These findings suggest that burden is a marker of luminal
narrowing. However, as evidenced by the symmetric nature of scores and decreased predictive
values with individual vessel analysis, calcified atherosclerotic load is not necessarily specific
for the anatomic location of stenosis. Moreover, given the similar scores in high-grade and
moderate-grade stenotic vessels and high scores in several patients without stenosis, the
relationship between scores and luminal narrowing is also not completely linear. Similar to the
coronary circulation, calcium burden in the carotid arteries likely reflects overall
atherosclerotic burden and secondarily luminal stenosis, depending on individual variability
in vascular remodeling.

Clinically, given the relative cost, lack of radiation, and high diagnostic accuracy of B-mode
sonography, carotid calcium measurement by MDCT is not recommended as a routine method
for the evaluation of carotid artery stenosis. However, in patients who incidentally have a large
burden of cervical carotid artery calcium on unenhanced neck CT performed for other reasons
such as cervical spine evaluation or airway assessment, the use of contrast material or
sonography may be justified to examine for the presence of carotid stenosis.

If confirmed longitudinally, there are significant potential clinical benefits for calcium scores
as a risk factor for ischemic neurologic symptoms.The ideal management for asymptomatic
carotid artery stenosis of greater than 60% is still under debate. Thus, our finding that the odds
for the occurrence of symptoms increases with increasing calcium burden, even after
multivariate adjustment for factors such as stenosis, suggests that scores are an independent
marker for ischemic events and could be used to stratify patients on the basis of risk and allow
the most appropriate treatment—less aggressive medical treatment versus more invasive
therapy such as stent placement or endarterectomy— to be selected.

MDCT angiography may have an expanding role in the diagnostic algorithm for carotid artery
disease: it could help not only to confirm results after sonography, as is often requested by
clinicians, but also to quantify calcium levels to further classify asymptomatic patients as being
at low or high risk for developing symptoms. This capability would confer a distinct advantage
for MDCT angiography over MRI, which is less robust in the evaluation of calcium. Moreover,
the effects of drug therapy, specifically statins, could possibly be monitored by serially
evaluating carotid calcium levels instead of or in addition to coronary calcium scores. Coronary
artery calcium scores are hampered by poor interexamination reproducibility secondary to
coronary arterial motion artifacts and cardiac position changes [29]. Carotid burden is less
prone to motion artifacts and consequently may be more reproducible from examination to
examination.

The study has several limitations including examining only patients with symptoms likely due
to complications from extracranial carotid artery atherosclerotic disease and not assessing the
odds for neurologic symptoms conferred by calcifications due to other potential causes of
ischemia. However, carotid artery disease accounts for approximately one half of ischemic
strokes [30]. In addition, the exclusion of patients with symptoms from other causes allowed
a more direct examination of the relationship between vascular and cerebral territory and thus
presumably scores with symptoms. Several of the CIs for the risk factors were relatively wide,
likely because of the limited number of patients in our study. Consequently, larger studies
would help to validate our results.

The use of MDCT angiography as the gold standard for luminal stenosis in our study could
also have led to potential error. CT has been found in multiple trials to be accurate in the
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diagnosis of carotid artery stenosis but can lead to miscategorization of the degree of stenosis,
especially if not performed and evaluated properly or if the plaques causing stenosis are heavily
calcified [8–13]. However, our groups for classification of the percentage luminal stenosis for
total vessel and individual vessel scores were relatively broad, making error in categorization
less likely. We also used MDCT, rather than single-detector CT for which most data are
currently published, which likely resulted in improved accuracy from better resolution.

Another potential limitation is the possibility of contrast material obscuring small amounts of
calcium, but Achenbach et al. [17] found that MDCT angiography had a sensitivity of 94%
and specificity of 94% for calcified plaque despite the presence of contrast material. Moreover,
Hong et al. [31] found a very high correlation between coronary calcium scores based on 1.25-
mm-section-width CT angiography and traditional 3-mm-section-width unenhanced CT.
Finally, we did not examine the contribution of intracranial carotid artery calcifications as seen
on routine head CT in addition to or in comparison with extracranial carotid calcium burden
for the development of symptoms; future studies looking at this relationship would be of
interest.

In conclusion, cervical calcium burden can be reliably quantified by MDCT angiography and
likely represents a marker for luminal stenosis. More important, calcium scores are a potential
independent risk marker for TIA and stroke that could be used to stratify patients on the basis
of risk and to monitor the effects of therapy.
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Fig. 1.
Contrast-enhanced MDCT images of heavily calcified cervical carotid arteries in 67-year-old
woman.
A, Axial view shows right internal carotid artery just superior to bifurcation.
B, Coronal reconstruction.
C, Axial view shows left internal carotid artery just superior to bifurcation.
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Fig. 2.
Scatterplot with data points connected by line shows odds ratio for symptoms plotted against
calcium scores based on exponential of B coefficient from adjusted multiple logistic regression
(0.0079) multiplied by raw calcium score in cubic millimeters. There was considerable increase
in odds for occurrence of symptoms with increasing calcium scores.
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Fig. 3.
Bar graph with SD error bars shows mean vessel scores by degree of stenosis: mild-grade
stenosis or normal (0–29%), n = 44; moderate-grade stenosis (30–59%), n = 15; and high-grade
stenosis (60%), n = 43. Vessels with high- and moderate-grade stenosis had significantly higher
scores than those with mild-grade stenosis or normal vessels (p < 0.005). There was no
significant difference between scores of high- and moderate-grade stenotic vessels (p = 0.82).
Asterisks indicate p < 0.05.
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TABLE 1

Clinical Characteristics of Study Population

Characteristic

No. (%) of Patients

Asymptomatic (n = 32) Symptomatic (n = 21)

Female 15 (47) 8 (38)

High-grade stenosis 16 (50) 19 (90)

Hypertension 21 (66) 15 (71)

Diabetes 9 (28) 5 (24)

Smoking 11 (34) 13 (62)

Hypercholesterolemia 19 (59) 13 (62)

Coronary artery disease 15 (47) 10 (48)

Aspirin use 19 (59) 14 (67)

Statin use 13 (41) 12 (57)
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TABLE 2

Multifactorial Association Between Cardiovascular Risk Factors and Calcium Scores for High-Grade Luminal
Stenosis and Symptoms

Characteristic

Multifactorial

Odds Ratio 95% CI

High-grade stenosis

  Calcium scores (raw numeric) 1.005a 1.001–1.010

  Age (numeric) 1.03 0.93–1.15

  High cholesterol (yes/no) 0.18 0.03–1.24

  Hypertension (yes/no) 0.41 0.06–2.95

  Diabetes (yes/no) 4.67 0.63–34.8

  Smoking (yes/no) 0.18 0.03–1.24

Symptoms

  Calcium scores (raw numeric) 1.008a 1.003–1.013

  Age (numeric) 0.84a 0.74–0.96

  High-grade stenosis (yes/no) 9.29a 1.03–84.0

  High cholesterol (yes/no) 4.02 0.40–40.8

  Hypertension (yes/no) 0.43 0.04–4.57

  Diabetes (yes/no) 2.28 0.36–14.3

  Smoking (yes/no) 0.94 0.16–5.56

Note—The multivariable regression model simultaneously included all variables listed. CI = confidence interval.

a
p < 0.05.
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