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Abstract: This study presents some strengths. First, consecutive patients are studied on a prospective registry. Second, we use 

quantitative methods to evaluate arterial calcification, which contain both calcium volume and density information, and reflect the 

severity of intracranial arterial calcification most objectively and authentically. Third, we evaluate intracranial arterial 

calcification on unenhanced head CT, which is noninvasive and easily available in general hospitals. Finally, this is a very long-

term study and the majority of patients are successfully followed up. On the other hand, one limitation in this study is the small 

sample size among different stroke subtypes. However, as a preliminary study it can provide considerable value for reference in 

future clinical research. 
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1.1 BACKGROUND 

Stroke is one of the leading causes of death globally18. 

Ischemic stroke is also a significant cause of disability in 

adults and has substantial economic consequences19. As is 

well documented, atherosclerosis is the major cause of 

ischemic stroke in industrialized countries10. In Asian, 

ICAS accounts for about 33–50% of stroke10,11. Strong 

evidence has been provided by clinical trials that effective 

prevention significantly reduces the rates of stroke 

recurrence and mortality12. Therefore, to establish an 

effective screen tool to find patients with high risk will be 

of great help for effective secondary prevention. 

Unenhanced brain CT is a routine imaging investigation for 

every suspicious stroke patients, mainly to distinguish 

ischemic and hemorrhagic stroke. In recent years, 

increasing interest is directed towards intracranial arterial 

calcification and cerebrovascular diseases. intracranial 

arterial calcification has been noted closely associated with 

cerebral artery stenosis and intracranial micro-

embolism12,11,. Recently a long-term population-based 

study in White individuals showed that IICA calcification 

volume is an independent risk factor for ischemic stroke14. 

It is noteworthy that intracranial arterial calcification was 

more frequent in stroke patients and found in more than 

80% patients15. However, the association between 

intracranial arterial calcification and risk of stroke 

recurrence has received little attention, and the prognostic 

values of intracranial arterial calcification on different 

specific stroke subtypes are yet to be elusive. Based on a 

prospective study on the stroke registry, we aim to explore 

the effect of intracranial arterial calcification on the long-

term stroke recurrence, to establish an effective screen tool 

for stratifying high risk patients and facilitate effective 

secondary prevention. 

1.2 METHODS 

1.2.1 STUDYPOPULATION 

This research study forms part of a prospective 

study on the stroke registry between 1 December 2014 and 

31 March 2015. Patients admitted to the acute stroke unit 
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were followed up using CMS, a territory-wide and 

networked clinical records system. 

Clinical data of demographic characteristics, stroke 

risk factors, and stroke etiology of the patients were 

retrieved from the data-collection sheets of stroke registry 

collected on entry and obtained by record linkage to the 

CMS. Demographic characteristics included age and sex. 

Stroke risk factors for each patient were documented 

regarding the following: hypertension, diabetes mellitus, 

hyperlipidemia, atrial fibrillation, ischemic heart disease, 

ischemic stroke history and smoking history. The stroke 

etiology (TOAST)13might be classified as large-artery 

atherosclerosis, small-vessel occlusion, cardioembolism, 

other determined etiology, undetermined etiology, and two 

or more causes identified. All patients received cranialCT. 

We excluded patients whose incident stroke was 

due to venous infarcts, intracranial hemorrhage, subdural 

hematoma or subarachnoid hemorrhage. Patients with other 

potential causes of intracranial arterial calcification, such as 

hyperparathyroidism or end-stage renal failure were 

excluded. Thirty patients were excluded due to obvious 

artifacts in the CT images that were not measurable for v. 

Four patients were excluded due to emigration outside the 

geographical area and could not be reached. 

1.2.2 STATISTICALANALYSIS 

Intracranial arterial calcification volume and intracranial 

arterial calcification Agatston score were natural logarithm 

(Ln) transformed to reduce skewness and 1.0 mm
3 

or 1 score 

was added to the nontransformed values to deal with zero 

calcium [Ln (IAC + 1.0)]. Univariate Cox proportional 

hazards regression models were used to determine whether 

presence of IAC, IAC volume and IAC Agatston score 

predicted stroke recurrence and mortality. MultivariableCox 

proportional hazards regression models were used for 

multivariate analysis ofstrokerisk factors (IAC scores, age, 

sex, hypertension, diabetes mellitus, atrial fibrillation, 

hyperlipidaemia, IHD, ischemic stroke history and smoking 

history) pertaining to the stroke outcomes. Cox proportional 

hazards model was also performed to test whether IAC 

Agatston score predicted recurrent stroke among patient 

subgroups with index TIA or different major stroke subtypes 

(large-artery atherosclerosis, small-vessel occlusion, 

cardioembolism). We used Kaplan-Meier curves and log-rank 

tests for estimation of stroke recurrence and mortality for 

patient groups with higher (>median score) or lower (<median 

score) IAC Agatston scores.  

1.3 RESULTS 

Demographics and stroke mechanism 

The characteristics and prognosis of stroke or TIA was 

evaluated in 694 patients, with a mean age of 72 years (28–

101 years) and female ratio of 49.7%. The median follow-up 

period was 8.83 years (IQR 3.17-11.08 years). Baseline 

characteristics of patients are given in table 1. According to 

the TOAST criteria, large-artery atherosclerosis was the most 

important underlying etiology (40.0%, 233/582). Small-vessel 

occlusion was found in 167 patients (28.7%), cardioembolic 

stroke in124 patients (21.3%), other determined etiology in 10 

patients (1.7%), and cryptogenic causes in 5 patients (0.9%). 

Two or more causes were identified in 43 patients (7.4%). For 

IAC characteristics, presence of IAC was found in 643 

patients (92.7%). Median IAC volume was 169.3 mm
3

, and 

median total IAC Agatston score was 64.8. Calcification in 

anterior circulation account for majority of that in whole 

cerebral vasculature, with median calcium volume 161.9 

mm
3

, and median Agatston score 49.9. In posterior 

circulation, median calcium volume and median Agatston 

score were both 0. IAC was mainly observed in large arteries 

such as IICA (92.4%), VA (39.2%), MCA (3.6%), and BA 

(2.9%) (table 2). 

COX REGRESSION MODEL OF STROKE RECURRENCE AND 

STROKE DEATH 

 We evaluated 694 patients prospectively for 11 years 

starting in December 2004, and 156 patients with recurrent 

ischemic stroke were identified. The incidence of recurrent 

ischaemic stroke was 22.5%. Table 3 reports the associations 

between intracranial arterial calcification characteristics and 

risks of stroke recurrence. Univariate analysis showed that 

higher IAC Agatston score was associated with a higher risk 

of stroke recurrence (HR per 1-SD increment, 1.397; 95% 
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CI,1.171-1.665, p<0.001). This result was similar for IAC 

volume. After adjustments for established stroke risk factors, 

multivariate Cox proportional hazard model showed IAC 

Agatston score (HR per 1-SD increment, 1.301; 95% 

CI,1.084-1.561, p=0.005) and IAC volume (HR per 1-SD 

increment, 1.265; 95% CI,1.051-1.521, p=0.013) both 

remained independently predictive for recurrent 

stroke,respectively. 

During the long-term follow-up period, 84 patients 

(12.1%) died of stroke cause. Univariate analysis showed that 

higher IAC Agatston score was predictive of higher risk of 

stroke death, which were similar to presence of IAC and IAC 

volume. After adjustments for a total of 9 variables (age, sex, 

hypertension, diabetes mellitus, atrial fibrillation, 

hyperlipidaemia, ischemic heart diseases, ischemic stroke 

history, and smoking history) in a multivariate Cox 

proportional hazard model, IAC Agatston score (HR per 1-SD 

increment, 1.441; 95% CI, 1.061-1.956) and IAC volume (HR 

per 1-SD increment, 1.705; 95% CI, 1.271-2.286) remained 

significantly predictive for stroke death. 

 

 

 

 

 

Figure 1. Kaplan-Meier survival plots of stroke 

recurrence and stroke death. Patients with higher IAC 

Agatston score had significantly poorer outcomes (recurrent 
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stroke or stroke death) than those with lower score. A. 

Kaplan-Meier survival plot for patients free of recurrent 

stroke. B. Kaplan-Meier survival plot for stroke survival 

 

 

SUBGROUP ANALYSIS: CALCIFICATION IN DIFFERENT 

CIRCULATIONS AND ASSOCIATION WITH CLINICAL 

OUTCOME 

Among different cerebral circulations, multivariance 

Cox proportional model showed that calcification Agatston 

score in both anterior (HR per 1-SD increment, 1.289; 95% 

CI, 1.075-1.545, p=0.006) and posterior (HR per 1-SD 

increment, 1.231; 95% CI, 1.053-1.439, p=0.009) circulations 

are individually predictive for recurrent stroke (table 3). 

SUBGROUP ANALYSIS: PATIENTS WITH DIFFERENT STROKE 

ETIOLOGICAL SUBTYPES OR TIA 

A subgroup analysis of the prognosis of 

patients with ischemic stroke (n=582) or TIA (n=112) 

showed that another ischemic stroke was documented in 

22.9% patients with ischemic stroke, and 20.5% patients 

with TIA (table 4). Among different stroke mechanisms, 54 

stroke recurrence cases were found in patient with index 

large-artery atherosclerotic stroke (23.2%), 34 in index 

small-vessel occlusive stroke (20.4%), and 27 in index 

cardioembolic stroke (21.8%). Univariate Cox proportional 

model showed that among different mechanisms, IAC 

Agatston score was only significantly predictive for stroke 

recurrence in patients with index small-vessel occlusive 

stroke (HR per 1-SD increment, 1.484; 95% CI, 1.018-

2.162, p=0.040). However, there were also statistical trends 

that IAC Agatston score predict stroke recurrence in patients 

with index large-artery atherosclerotic stroke (HR per 1-SD 

increment, 1.298; p=0.108) or index cardioembolic stroke 

(HR per 1-SD increment, 1.574; p=0.099). After adjustment 

for age and hypertension, multivariate analysis showed IAC 

Agatston score was independent risk factor of stroke 

recurrence for index small-vessel occlusive stroke patients 

(HR per 1-SD increment, 1.674; 95% CI, 1.061-2.639, 

p=0.027). 

THE KAPLAN–MEIER RISK OF STROKE 

RECURRENCE AND STROKE DEATH 

The Kaplan-Meier curves and log-rank 

tests showed significantly higher rates of stroke recurrence 

(P=0.001) and lower rates of stroke survival (P<0.001) in 

patients with higher IAC Agatston score (figure 1). For 

patient group with lower IAC Agatston score, the risk of 

developing recurrent stroke was 6.9% at 1 year, 13.5% at 5 

years, and 18.7% at 10 years. While for patients with higher 

IAC Agatston score, the risk was much higher, with 9.2% at 

1 year, 21.0% at 5 years, and 25.6% at 10 years. The 

mortality rate following stroke for patients with lower IAC 

Agatston score was 4.3% at 1 year, 4.9% at 5 years, and 

7.5% at 10 years. Interestingly, the risk of stroke death did 

not increase substantially after first years from the index 

stroke or TIA in both groups. In patient group with higher 

IAC Agatston score, the risk was 11.5% at 1 year, 15.3% at 

5 years, and 16.4% at 10years. 

1.4 DISCUSSION 

 

Quantitative-evaluated IICA calcification 

volume has been identified as an independent risk factor for 

all stroke and ischemic stroke in community population  in 

recent literatures. With a IAC score that reflected both 

volume and density information, our study prospectively 

followed up a group of stroke or TIA patient for more than 

10 years, and recognized that IAC is also independently 

predictive for recurrent stroke, especially in patients with 

index etiological subtype of small-vessel occlusion. In 

addition, IAC is also an independent predictor for death due 

tostroke. 

In the term of IAC impact on recurrent 

stroke, Mak et al. 2009 in a prospective study involving 60 

stroke patients failed to verify the association between IAC 
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and stroke recurrence, though partly due to the small sample 

size of the study (only 60 patients recruited)
15

. Our results 

are in agreement with the two Western studies as we also 

show the prognostic value of IAC on ischemic events. What 

is more is that we also demonstrated precise predictive 

values of IAC score on recurrent stroke alone, as well as 

related death alone, respectively, which may help secondary 

stroke prevention by stratifying high risk patients in stroke 

units. 

A cross-sectional subgroup analysis based 

on the Rotterdam Study showed that compared to lacunar 

ischemic strokes (small vessel disease), nonlacunar strokes 

is associated with a larger aortic arch calcification 

volume
15

, whichimplicated that the roles of arterial 

calcification might differ on different causes of stroke. Our 

study found that among different stroke etiological subtypes, 

IAC was independently predictive for stroke recurrence in 

patients with index small-vessel occlusive stroke.  

Altogether, our data demonstrates that 

IAC is frequently identified in acute ischemic stroke patients 

and that quantitative-evaluated IAC scores can predict both 

long-term stroke recurrence and stroke death in this 

prospective analysis. In addition, among different stroke 

etiological subtypes, IAC Agatston score is independent risk 

factor for stroke recurrence in index small-vessel occlusive 

stroke patients 
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