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Intracranial carotid artery calci�cation patterns and
ischemic stroke: a novel marker for stroke etiology?
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Abstract
Intracranial carotid artery calci�cations (ICAC) are a common �nding on non-contrast computed
tomography (NCCT) and have been associated with an increased risk of ischemic stroke. Intimal, medial,
and mixed subtypes of ICAC have been recognized, but no data are available about the association
between ICAC patterns and stroke etiology. The aim of our study was to investigate the association
between ICAC patterns and etiological subtypes of ischemic stroke.

We retrospectively analyzed a single center cohort of patients admitted for ischemic stroke with known
etiology. Patients with a �rst ischemic stroke with lacunar, cardioembolic or atherothrombotic large artery
disease etiology were included. Each carotid artery was evaluated separately on NCCT scans to de�ne the
ICAC pattern. The association of ICAC patterns and stroke etiology was investigated using two logistic
regression models adjusting for confounders.

A total of 300 patients were included in the analysis, mean age 78 years (+-10), 158 (53%) female,
median NIHSS 6 (IQR 9). Prevalence of medial, intimal, and mixed calci�cation was: 73%, 17% and 11% in
cardioembolic stroke, 66%, 25% and 9% in large artery atherosclerosis stroke and 37%, 44% and 19% in
lacunar stroke (p < 0.001). After adjustment for confounders, intimal pattern (OR = 2.14; 95%CI = 1.07–
4.30), and medial pattern (OR = 0.33; 95CI%=0.16–0.67) remained independently associated with lacunar
stroke etiology. In conclusion, our study suggests that intimal ICAC pattern is associated with lacunar
stroke, and, if validated in further studies, it may serve as a marker for lacunar stroke etiology.

Background
Intracranial carotid artery calci�cations (ICAC) are a common �nding on non-contrast head CT (NCCT)
scans, with prevalence increasing with age.[1, 2] ICAC have been associated with an increased risk of
developing ischemic stroke in stroke-free patients and with higher risk of stroke recurrence.[3, 4] Two
distinct subtypes of ICAC have been recognized, involving respectively the intimal and medial layers of
the arterial wall, with different underlying mechanism and risk factors.[5] Intimal calci�cations are linked
to atherosclerotic disease whereas medial calci�cations are thought to originate from an atherosclerosis-
independent process.[6, 7] Recently, a CT-based score has been validated to distinguish ICAC subtype in
vivo, allowing to investigate their clinical signi�cance [8] that is still unclear [9].

We hypothesized that ICAC patterns may be associated with different etiological subtypes of ischemic
stroke.

Material And Methods

Patient selection
We retrospectively analyzed a prospective cohort of consecutive patients admitted for ischemic stroke at
the Stroke Unit of the IRCCS Mondino Foundation (Pavia, Italy), from 1st June 2017 to 30th June 2019.
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Stroke diagnosis was formulated in patients with sudden onset of clinical symptoms and signs and a
consistent acute ischemic lesion con�rmed by neuroimaging (CT or MRI).

Patients with a �rst ischemic stroke and de�ned lacunar, cardioembolic or large artery atherosclerosis
(LAA) etiology according to TOAST classi�cation were included in the study.[10] Patients with absent
ICAC or an indistinguishable ICAC pattern were excluded as well as patients with unknown and
indetermined etiology. The study protocol was approved by the local ethical committee and all patients
signed informed consent.

Clinical Data
Demographical and clinical data were collected. To de�ne the stroke etiology, epiaortic and intracranial
vessel stenosis were investigated in all patients with MR or CT angiography, presence of cardioembolic
sources were investigated with echocardiography and Holter electrocardiogram. Large artery
atherosclerosis stroke was de�ned when diagnosed if ipsilateral symptomatic internal carotid or
intracranial artery stenosis ( > = 50% luminal stenosis) or complicated aortic arch atherosclerosis ( > = 4
mm thick or ulcerated plaques) were present. Lacunar stroke was de�ned as a subcortical infarct
(hypodense with CT or hypointense with MR with T1 sequences, hyperintense or cerebrospinal �uid-like
signal with T2 sequences) within the white matter or in deep basal ganglia measuring less than 20 mm in
diameter, with a round or ovoidal shape. Other de�ned stroke causes (e.g. dissection, coagulopathy) were
recorded according to local protocols. In case of multiple possible causes of stroke, etiology was de�ned
as the most probable after considering clinical and radiological data.

Image analysis
Admission NCCT scans were evaluated to de�ne the predominant calci�cation pattern according to
Kockelkoren et al. NCCT slices had 0.5 mm thickness and were evaluated using bone window. Each
carotid artery was evaluated separately, and points were assigned for circularity (increasing circular
involvement leading to higher score), thickness (more points were assigned to thin calci�cations), and
pattern (more points assigned to continuous vs irregular pattern) to identify patients with a mixed pattern.
A cutoff of > 6 points was used to identify arteries with medial calci�cation predominance (Online
Resource 1, Table 1).[8] Examples of intimal and medial ICAC calci�cation are illustrated in Fig. 1.
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Table 1
Clinical characteristics of patients according to stroke etiology. BMI: body mass index; ICAC: intracranial

carotid artery calci�cations; IQR: Interquartile range; NIHSS: National Institutes of Health Stroke Scale SD:
standard deviation. Values are numbers (%) unless otherwise stated.

  All
patients

n = 300

Large artery
atherosclerosis

n = 80

Cardioembolic

n = 161

Lacunar

n = 59

p

Age, mean (SD) 78 (10) 75.7 (10) 81 (9) 74.2
(11)

< 
0.001

Sex, female 158 (53) 31 (39) 103 (64) 24 (41) < 
0.001

Hypertension 228 (76) 60 (75) 124 (77) 44 (75) 0.904

Dyslipidemia 89 (30) 30 (38) 39 (24) 20 (34) 0.076

Diabetes 85 (28) 24 (30) 44 (27) 17 (29) 0.907

BMI > 30 30 (10) 8 (10) 15 (9) 7 (12) 0.856

Smoke exposure 35 (12) 16 (20) 10 (6) 9 (15) 0.005

Ischemic
cardiopathy

84 (28) 21 (26) 54 (34) 9 (15) 0.026

Peripheral
arteriopathy

16 (5) 6 (8) 9 (6) 1 (2) 0.270

Chronic renal
disease

40 (13) 9 (11) 27 (17) 4 (7) 0.126

NIHSS, median (IQR) 6 (9) 6 (10) 7 (13) 4 (3) < 
0.001

Severe calci�cations 66 (22) 22 (28) 38 (24) 6 (10) 0.040

ICAC pattern          

Intimal

Mixed

Medial

73 (24)

35 (12)

192 (64)

20 (25)

7 (9)

53 (63)

27 (17)

17 (11)

117 (73)

26 (44)

11 (19)

22 (37)

< 
0.001

Raters were blinded to stroke etiology. Interobserver agreement evaluated on 60 arterial segments was
substantial (absolute agreement 87%, Cohen’s k = 0.78 [CI 95% 0.63–0.92], p < 0.001).

Calci�cation severity was also evaluated qualitatively using a semiquantitative scale, as proposed by
Woodcock et al., and scored as absent, mild (thin and discontinuous calci�cations), moderate (thin and
continuous or thick discontinuous calci�cations), or severe (thick continuous calci�cations).[11]

Statistical analysis
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Categorical variables were expressed as count (percentage) and compared with χ2 test. Continuous
variables were summarized as mean (standard deviation, SD) or median (interquartile range, IQR) and
compared with t-test/ANOVA and Kruskal–Wallis test in case of normal and non-normal distribution
respectively. To investigate the association among ICAC patterns and stroke subtype we run univariate
and multivariate logistic regression models with ICAC pattern as explanatory variable and stroke subtype
as dependent variable. In this exploratory analysis, we run three different analyses for each stroke
subtype (cardioembolic, large vessel atherosclerosis, lacunar). We created two models adjusting for
calci�cation pattern, age, sex, NIHSS, smoke, hypertension, and diabetes (Model 1); and for calci�cation
pattern, age, sex, ischemic cardiopathy, admission NIHSS, calci�cation severity, active smoke and
dyslipidemia, including all variables with p < 0.1 in univariate analysis (Model 2). All analyses were
performed with the statistical package R version 4.1.3 (www.R-project.org)10, p values < 0.05 were
considered statistically signi�cant.

Results
We screened 790 patients, 305 (39%) were excluded (301 for undetermined etiology or other causes
according to TOAST classi�cation, and 4 (0.5%) for low quality CT images); further 129 (16%) patients
had a previous ischemic stroke. A total of 56 (7%) had absent ICAC or indistinguishable ICAC pattern
(25% lacunar, 55% cardioembolic, 20% LAA, stroke etiology did not differ from patients with
distinguishable calci�cations, p = 0.45) and were therefore excluded. This left 300 patients for the �nal
analysis.

Mean (+-SD) age of the study population was 78 (+- 10) years, 158 (53%) patients were female, baseline
National Institutes of Health Stroke Scale (NIHSS) (IQR) was 6 (9). Stroke etiology was as follows: large
artery atherosclerosis in 80 (26%), cardioembolic in 161 (54%) and lacunar in 59 (20%) patients. ICAC
pattern was medial in 192 (64%), intimal in 73 (24%) and mixed in 35 (12%) patients. Clinical
characteristics of the study population are summarized in Table 1.

Intimal calci�cation pattern was more frequent in lacunar (N = 29, 44%) compared with cardioembolic (N 
= 27, 17%) and LAA (N = 20, 25%) (p < 0.001) stroke etiology, whereas medial calci�cation pattern was
higher in cardioembolic stroke (N = 117, 73%) compared with LAA (N = 53, 66%) and lacunar (N = 22, 37%)
(p < 0.001) stroke (Online Resource 1, Fig. 1).

After adjustment for confounders, intimal ICAC pattern was associated with increased probability of
lacunar stroke in both models (Model 1: OR = 2.39; 95%CI = 1.07–4.30; Model 2: OR = 2.14; 95%CI = 1.07–
4.30). Medial ICAC pattern was associated with reduced probability of lacunar stroke (Model 1: OR = 0.33;
95%CI = 0.17–0.65; Model 2: OR = 0.33; 95%CI = 0.16–0.67) (Online Resource 1, Table 2).

Discussion

http://www.r-project.org/
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We found that frequency of ICAC predominant pattern differed across stroke etiologic subtype in patients
with �rst ischemic stroke. Particularly, we observed that intimal pattern was associated with lacunar
stroke, whereas medial pattern was inversely associated with lacunar stroke. We did not �nd associations
between ICAC patterns and cardioembolic or atherothrombotic etiology.

The higher prevalence of intimal ICAC subtype in lacunar patients could be partly attributed to the higher
burden of vascular risk factors[12], which may lead to endothelial dysfunction, as previously
demonstrated by the higher levels of speci�c biomarkers of this pathological process found in lacunar
stroke compared to cortical stroke.[13–15] Endothelial dysfunction may eventually result in intimal
lesions, such as calci�cations, that could represent an epiphenomenon of the high burden of vascular risk
factors, rather than culprit lesions.[16] Again, intimal calci�cations in proximal vessels may be a marker
of more distal atherosclerotic lesions such as those seen in branch atheromatous disease, where
atherosclerotic plaques of the parent artery involving the ostium of the perforating branches are thought
to be the culprit lesion of the lacunar stroke.[17] However, our study, being limited to the use of CT
imaging, did not allow to verify this hypothesis. Although we were not able to further investigate the
causal relation between intimal calci�cation and lacunar stroke, our results suggest that intimal ICAC
may serve as a marker of lacunar stroke, especially in cases were adjudication of the etiology of the
stroke is challenging due to location, size of the lesion, and coexistence of two or more known causes
between cardioembolic and large vessel atherosclerosis. Etiological classi�cation of stroke remains
unclear up to 30–40% of ischemic strokes[18] and an effort to reach an etiologic diagnosis is mandatory,
as remarked by the higher recurrent rate in cryptogenic stroke patients.[19] In this context, a novel and
simple radiological marker to address etiology may help clinicians in the de�nition of the underlying
etiology of the index stroke. However, our results should be considered as hypothesis generating, since
replication in larger samples is needed, particularly in patients with cryptogenic and undetermined cause.

Our study has limitations. First, the classi�cation of ICAC pattern revealed only the predominant pattern,
and in cases where both subtypes of calci�cations coexist there may be imprecision in ICAC
classi�cation. Second, the exclusion of patients with cryptogenic stroke reduced the generalizability of
our results, which could be expanded in external cohorts including also cryptogenic and undetermined
stroke. Finally, the small sample size did not allow to separately investigate patients with
atherothrombotic stroke caused by intracranial and extracranial atherosclerosis. Such analysis would
inform whether patients with a concurrent intracranial ICA stenosis may reveal a speci�c calci�cation
pattern. The strengths of our study include the blinded assessment of ICAC pattern with a substantial
interrater agreement, the applicability of the methodology for ICAC pattern assessment, and the real-world
setting from clinical cohorts.

Conclusions
ICAC pattern differed in patients with �rst ischemic stroke according to etiology, as intimal calci�cations
were associated with lacunar stroke. Further studies are needed to con�rm our �ndings and whether
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intimal ICAC, as a marker of lacunar stroke, may be included in etiological algorithms and eventually help
attribution of stroke etiology.
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  All
patients

n= 300

Large artery
atherosclerosis

n= 80

Cardioembolic

n=161

Lacunar

n= 59

p 

Age, mean (SD) 78 (10) 75.7 (10) 81 (9) 74.2
(11)

<0.001

Sex, female 158 (53) 31 (39) 103 (64) 24 (41) <
0.001

Hypertension 228 (76) 60 (75) 124 (77) 44 (75) 0.904

Dyslipidemia 89 (30) 30 (38) 39 (24) 20 (34) 0.076

Diabetes 85 (28) 24 (30) 44 (27) 17 (29) 0.907

BMI > 30 30 (10) 8 (10) 15 (9) 7 (12) 0.856

Smoke exposure 35 (12) 16 (20) 10 (6) 9 (15) 0.005

Ischemic
cardiopathy

84 (28) 21 (26) 54 (34) 9 (15) 0.026

Peripheral
arteriopathy

16 (5) 6 (8) 9 (6) 1 (2) 0.270

Chronic renal
disease

40 (13) 9 (11) 27 (17) 4 (7) 0.126

NIHSS, median
(IQR)

6 (9) 6 (10) 7 (13) 4 (3) <
0.001

Severe
calci�cations

66 (22) 22 (28) 38 (24) 6 (10) 0.040

ICAC pattern          

Intimal

Mixed

Medial

73 (24)

35 (12)

192 (64)

20 (25)

7 (9)

53 (63)

27 (17)

17 (11)

117 (73)

26 (44)

11 (19)

22 (37)

<0.001

Figures
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Figure 1

Examples of different NCCT pattern of ICAC. Thick, irregular, discontinuous intimal calci�cations (panels
A-C, circles). Thin, continuous medial calci�cations (Panels D-F, arrows).
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