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ABSTRACT
Objectives: We investigated the prevalence and long-
term risk associated with intracranial atherosclerosis
identified during routine evaluation.
Design: This study presents data from a prospective
cohort of patients admitted to our stroke unit for
thrombolysis evaluation.
Setting and participants: We included 652 with a
final diagnosis of ischaemic stroke or transient
ischaemic attack (TIA) from April 2009 to December
2011. All patients were acutely evaluated with cerebral
CT and CT angiography (CTA). Acute radiological
examinations were screened for intracranial arterial
stenosis (IAS) or intracranial arterial calcifications
(IAC). Intracranial stenosis was grouped into 30–50%,
50–70% and >70% lumen reduction. The extent of IAC
was graded as number of vessels affected.
Primary and secondary outcome measure:
Patients were followed until July 2013. Recurrence of
an ischaemic event (stroke, ischaemic heart disease
(IHD) and TIA) was documented through the national
chart system. Poor outcome was defined as death or
recurrence of ischaemic event.
Results: 101 (15.5%) patients showed IAS (70:
30–50%, 29: 50–70% and 16: >70%). Two-hundred
and fifteen (33%) patients had no IAC, 339 (52%) in
1–2 vessels and 102 (16%) in >2 vessels. During
follow-up, 53 strokes, 20 TIA and 14 IHD occurred,
and 95 patients died. The risk of poor outcome was
significantly different among different extents of IAS as
well as IAC (log-rank test p<0.01 for both). In
unadjusted analysis IAS and IAC predicted poor
outcome and recurrent ischaemic event. When
adjusted, IAS and IAC independently increased the risk
of a recurrent ischaemic event (IAS: HR 1.67; CI 1.04
to 2.64 and IAC: HR 1.22; CI 1.02 to 1.47).
Conclusions: Intracranial atherosclerosis detected
during acute evaluation predicts an increased risk of
recurrent stroke.

INTRODUCTION
Ischaemic stroke remains a leading cause of
disability and death worldwide, and one of

six persons suffers a stroke during their life-
time. Intracranial atherosclerosis represents a
risk factor of stroke, however, varying inci-
dence and significance worldwide have been
reported.1–6 Even though intracranial arterial
atherosclerosis is traditionally assumed most
prevalent in patients of Asian descent,
limited evidence is available as to the preva-
lence and prognostic significance of intracra-
nial atherosclerosis in a European stroke
population.
Overall, two markers of intracranial athero-

sclerotic changes are recognised on CT-based
imaging of patients with stroke: intracranial
arterial stenosis (IAS) and diffused intracra-
nial arterial calcifications (IAC).
IAS has in recent years received much

attention in relation to possible treatment
interventions, especially with regard to endo-
vascular procedures7 and pharmacological
treatment.8 Though most attention has been
focused on stenosis with severe lumen reduc-
tion, postmortem studies have shown that
even lumen reductions of 30% can poten-
tially give rise to embolism or thrombus.9

This finding indicates that patients with 30%
stenosis could potentially be at increased risk
of recurrent stroke.
IAC is assumed to reflect the atheroscler-

otic burden and can be assessed by means of

ARTICLE SUMMARY

Strengths and limitations of this study
▪ The high degree of generalisability due to the

unselected patient population.
▪ The consistent use of CT-angiography (CTA).
▪ The acute CTA performance that might lead to an

underestimation of the true prevalence of intra-
cranial arterial stenosis due to thrombus
formation.
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simple non-contrast CT.10 11 Even though these lesions
do not necessarily cause lumen reduction and may rep-
resent a more diffused atherosclerotic process—limited
evidence suggests their link to recurrent ischaemic
events in patients with stroke.12

Because intracranial atherosclerosis may represent an
important and potentially modifiable risk factor for
recurrent ischaemic events in an European stroke popu-
lation, we aimed at (1) establishing the incidence of IAS
and calcifications in an acute northern European
thrombolysis population identified during acute radio-
logical examination; (2) identifying potential modifiable
risk-factors; and (3) assessing whether intracranial ath-
erosclerosis identified during acute stroke evaluation
predicts poor long-term outcome.

METHODS
This study is based on a prospective cohort of stroke or
patients with transient ischaemic attack (TIA) admitted
to Copenhagen University Hospital—Bispebjerg with
symptoms of acute stroke within 4.5 h and worked up
for recanalisation therapy. The hospital has a catchment
area for acute stroke of 1.7 million inhabitants on even
dates, sharing the function with another hospital.
Patients admitted from April 2009 to December 2011

with a CT angiography (CTA) of diagnostic quality on
admission and a discharge diagnosis of stroke or TIA
were prospectively included in the cohort.
On arrival, all patients underwent physical and neuro-

logical examination, and the National Institute of
Health Stroke Scale (NIHSS) score was obtained along
with standard biochemistry, ECG and vital values. All
patients underwent non-contrast CT—and in patients
without contra indications, CTA was performed.
Intravenous thrombolysis was administered according to
general guidelines. In all non-thrombolysed patients
with stroke or TIA, 300 mg of aspirin was administered.

Radiological imaging
Acute CT scans were performed using 64-section MDCT
(Philips Brilliance 64 TM; Philips Medical Systems, Best,
the Netherlands) with non-contrast CT cerebrum
(120 kVp, 500 mAs; 5 mm slice thickness reconstruc-
tion). CTA was performed from aortic arch to vertex
(120 kVp, 295 mAs; collimation 64×0.625 mm (isotropic
voxel resolution)) with contrast injection, Omnipaque
350 mg/mL, 5 mL/s, monitored by bolus tracking in the
descending aorta and scanned with fixed 3 s post-
tracking delay (0.9 mm slice reconstruction).
All images during the study period were reviewed by a

consultant neuroradiologist (AFC) blinded to all clinical
data using a standardised method. Thoracocervicale and
intracranial arteries from the aortic arch and cranially
were evaluated. An extracranial carotid artery stenosis
was considered significant, if a lumen reduction >70%
was demonstrated.

All major intracranial vessels, (internal carotid artery,
anterior cerebral artery, middle cerebral artery (MCA),
posterior cerebral artery, basilar artery (B) and vertebral
artery (V)) were screened for stenosis stratified into
three categories of lumen reduction (30–50%, 50–70%
and >70%) in accordance with standard WASID criteria
for grading of IAS.13 We defined percentage of stenosis
of an intracranial artery as follows Percentage of

stenosis ¼ ½ð1� ðD(stenosis)=D(normal)ÞÞ� � 100
where D (stenosis) is the diameter of the artery at the
site of the most severe stenosis and D (normal) is the
diameter of the proximal normal artery.13 If the prox-
imal segment was diseased, contingency sites were
chosen to measure D (normal): distal artery (second
choice) or feeding artery (third choice). IAS was graded
as symptomatic, if supplying a vascular area with radio-
logical signs of acute ischaemia and no other obvious
cause (eg, acute occlusion) was present.
We employed a semiquantitative score for the number

of vessels calcified according to a presence or absence of
calcified foci.12

Data extraction and definitions
Data were prospectively collected from all patients on a
daily basis from charts and by direct interview. All previ-
ous concurrent medical conditions (stroke/TIA, ischae-
mic heart disease (IHD), congestive heart failure and
periphery artery disease) were confirmed by registrations
in previous medical charts.
Hypertension was defined as either use of antihyper-

tensive medication or at least three blood pressure mea-
surements above 140/90 mm Hg taken at least 1 h apart
and at least 24 h after stroke onset—or a diagnosis of
hypertension in the outpatient clinic. Diabetes was
defined as use of antidiabetic medication, or a fasting
glucose >9 mmol/L—or glycosylated haemoglobin
>6.5%. Hypercholesterolaemia was defined as use of
lipid-lowering medication—or plasma cholesterol >
5 mmol/L. IHD was defined as prior myocardial infarc-
tion or prior coronary by-pass surgery—or prior percu-
taneous coronary intervention. Atrial fibrillation was
defined as a history of atrial fibrillation or at least 30 s of
atrial fibrillation documented by telemetry or ECG in 12
leads. A history of smoking was defined as present use of
tobacco in any form or a smoking history of at least 3
pack-years. Excessive use of alcohol was defined as con-
sumption of more than 250 g alcohol/week for men and
170 g for women. Glomerular filtration rate was esti-
mated on the basis of the creatine-level14

Estimated glomerular filtrationrate ðmL=min=1:73m2Þ
¼ 175� ðcreatine level=88:4Þ�1:154

� age�0:203 � (0:742 for women)
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Follow-up
Prior to discharge, all patients with ischaemic stroke or
TIA were prescribed an antiplatelet treatment regimen
(clopidogrel—or aspirin and dipyridamole in combin-
ation). Patients with diagnosed atrial fibrillation were
prescribed oral anticoagulation treatment, mainly war-
farin, but dabigatran was used in some cases. All patients
with thrombotic stroke were prescribed a statin and anti-
hypertensives aiming at a maximum systolic value of
130 mm Hg.
All patients were followed up after discharge through

the national online chart system until 1 July 2013.
Recurrent event was defined as ischaemic stroke, TIA or
IHD as documented by discharge cards. Recurrent
stroke or TIA were considered present, if diagnosed by
radiographic imaging studies, or if a consultant neurolo-
gist in the patient’s discharge card confirmed the diag-
nosis. Recurrent IHD was defined as either ST-segment
elevation myocardial infarction (STEMI) or non-STEMI
(NSTEMI) diagnosed by ECG change or enzyme level
increase, unstable angina pectoris, coronary by-pass
surgery or percutaneous coronary intervention. Poor
outcome was defined as either recurrent event or death
within the follow-up period.

Statistics
No formal sample size calculations were performed. The
patient flow in the study period determined the sample
size.
Categorical data were compared among groups using

χ2 test. Ordinal or discrete risk factors were represented
using median values and compared using Mann-Whitney
U test. If variables were normally distributed, they were
compared using Student’s’ t test, otherwise a non-
parametric alternative (Mann-Whitney U test) was used.
Missing values were excluded from the calculations.
To assess the association between risk factors and the

presence of intracranial atherosclerosis, a multinomial
logistic regression model was used. All risk factors from
table 2 that proved a group difference of p<0.1 were
entered in a backward stepwise multinomial logistic
regression.
Survival was assessed using Kaplan-Meyer curves. In

order to ensure sufficient group size in the Kaplan-Meier
curves, we grouped 50–70% and >70% stenosis as >50%.
Calcifications were grouped into three groups: one
without and two groups with calcifications divided by the
total median number of calcified arteries in the cohort.
We conducted univariate Cox proportional hazard model
analysis of characteristics in table 2 (not including
medical history—stroke, TIA or myocardial infarction—
due to potential interaction with other characteristics).
We transferred characteristics that in the univariate
model proved p<0.1 to the multivariate model. Patients
lost to follow-up were censured the day they were lost. A
general significance level of p<0.05 was employed.
Statistical analysis was performed using SPSS V.20 statis-
tical software (IBM Corp, Armonk, New York, USA).

RESULTS
Study population
During the study period, 924 patients were admitted
with acute stroke symptoms. The final population thus
comprised 652 patients with ischaemic stroke or TIA
(figure 1). Only 34 patients (5.2%) had other ethnicity
than Scandinavian, of whom 3 (0.5%) were of Asian
descent.

Prevalence of intracranial atherosclerosis
A total of 115 IAS were observed in 101 (15.5%) patients
(table 1). Of these 45 (39%) had a severe lumen reduc-
tion of >50%. Only one patient underwent endovascular
procedures with stenting of a >70% basilar artery sten-
osis. This patient remained in the cohort due to failure
of revascularisation. Three patients had a symptomatic
stenosis (all above 50% lumen reduction and all in the
MCA). IAC in one or more vessels was observed in 441
(68%: figure 2), and median number of vessels involved
was two. This number was used to group patients with
moderate calcifications (1–2 vessels calcified) from
patients with extensive lesions (>2 vessels calcified).

Risk factors
Based on the baseline characteristics (table 2), a multi-
nomial logistical regression was performed to determine
the risk factor profile of IAC and IAS (table 3). Age was
an independent predictor of IAC as well as IAS. In add-
ition, atherosclerotic lesions in the aorta and former
IHD were independent predictors in IAC as well as IAS.
Hypertension, former stroke, hypercholesterolaemia and
extracranial carotid stenosis were independent predic-
tors of IAS (table 3).

Outcome after stroke
Of the 652 patients included in this analysis, 13 were lost
to follow-up after hospital discharge—all foreign citizens,
who had a stroke while visiting Copenhagen. The median
(IQR) follow-up time was 815.5 days (607–1124 days).
During the follow-up time, 87 ischaemic events were
registered (53 strokes, 20 TIA and 14 IHD), and 95

Figure 1 Patient flow.
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patients died. Kaplan-Meier curves for poor outcome
(death or ischaemic events) are presented in figure 3A,B.
A significant difference in risk of poor outcome was
present when stratified for the extent of both IAS as well
as IAC (log-rank test p<0.01 in figure 3A and B). The
probability of poor outcome past the first year after index
event for patients with no IAS (0.16 CI 0.10 to 0.22) and
no IAC (0.10 CI 0.03 to 0.22) was substantially lower than
in patients with >50% IAS (0.27 CI 0.09 to 0.49) and >2
vessels IAC (0.30 CI 0.18 to 0.43). In crude estimates,
both the burden of IAC (per vessels increase) and lumen
reduction of any significant degree (IAS>30%) were asso-
ciated with recurrent ischaemic events and poor outcome
(table 4). When adjusted for other risk factors, the
burden of IAC emerged as an independent predictor for
recurrent event or death (HR 1.18; CI 1.03 to 1.36/vessel
increase). If only recurrent ischaemic events (stroke, TIA
and MI) were considered, both IAC and IAS emerged as
independent risk factors for recurrent event (HR 1.67; CI
1.04 to 2.64 and HR 1.22; CI 1.02 to 1.47, respectively).

DISCUSSION
In this study, intracranial atherosclerosis was not an
unusual finding in North European patients with ischae-
mic stroke and TIA. The process of developing athero-
sclerotic lesions seemed to be part of a global and
time-dependent process of atherosclerotic development
in the body, marked by progressing age along with

accompanying lesions in the aortic arch and former
myocardial infarction. In addition, more severe athero-
sclerotic lesions (lesions with lumen reduction—IAS)
were linked to a more severe risk profile accompanied
by extracranial carotid stenosis as well as traditional
stroke risk factors as hypertension and hypercholesterol-
aemia. We furthermore observed that the risk of a poor
outcome increased with the burden of intracranial ath-
erosclerotic disease being highest in patients with >50%
IAS and >2 vessels IAC. Both IAS (>30%) and IAC
burden were independently associated with risk of recur-
rent ischaemic event.
The primary strength of this study is the high degree

of generalisability due to the unselected patient popula-
tion. This cohort of unselected patients further allows us
to compare consecutive patients with stroke or TIA with
intracranial atherosclerosis against a control group com-
prised of similar patients with stroke or TIA without
intracranial atherosclerosis. Further, our national online
chart system made sure that all patients with permanent
stay in Denmark could be followed up, and recurrent
events could be assessed from discharge cards. Only
patients not seeking medical help for recurrent events
have been missed. Another important strength of this
study is the consistent use of CTA in the population and
the blinded standardised imaging evaluation.
The primary limitations of this study are that the true

prevalence of IAS probably is underestimated due to the
acute setting, in which the CTA was performed. IAS may
have been mistaken as acute vascular occlusions due to
superimposed thrombus. However, in the present study,
the aim is to assess the impact of stenosis identified
during acute evaluation and their implication and signal
value on the prognosis of the patients.
CTA has been shown to process a sensitivity and speci-

ficity of 97– 99.5%, respectively in detecting IAS>50%
compared to DSA and to be superior to MR angiog-
raphy.15 16 A number of studies have used transcranial
Doppler to detect stenosis. Although, transcranial
doppler (TCD) is non-invasive and performs well in the
middle-cerebral artery, it is highly observer dependent
and has poor sensitivity and specificity in the posterior
vasculature.17

Table 1 Prevalence of intracranial arterial stenosis

Vascular segments
Degree of stenosis

Total30–50% 50–70% >70%

ICA 18 (16%) 6 (5%) 2 (2%) 26 (23%)

MCA 17 (15%) 17 (15%) 8 (7%) 42 (37%)

ACA 3 (3%) 0 (0%) 0 (0%) 3 (3%)

PCA 21 (18%) 5 (5%) 3 (3%) 29 (25%)

Basilar 2 (2%) 1 (1%) 2 (2%) 5 (4%)

Vertebral 9 (8%) 0 (0%) 1 (1%) 10 (9%)

Total 70 (61%) 29 (25%) 16 (14%) 115 (100%)

ACA, anterior cerebral artery; IAS: intracranial arterial stenosis ICA, internal carotid artery—in this context the intracranial segment; MCA,
middle cerebral artery; PCA, posterior cerebral artery.

Figure 2 Prevalence of intracranial arterial calcifications

graded by the number of calcified vessels.
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It is known that the prevalence of intracranial athero-
sclerosis varies with ethnicity. In direct comparison
between ethnic groups in the population of Manhattan,
persons with Caucasian ancestry have a lower burden of
large vessel disease compared to people of Hispanic and
African-American descent.4 18 This is supported by
studies reporting the prevalence of IAS to be as high as

30–50% in Asian stroke populations1 3 5 6 and 7–12% in
asymptomatic populations.19 20 The incidence of docu-
mented symptomatic intracranial stenosis in populations
of Europe is reported to be 2.2–6.5%.21–23 This number
may represent the tip of the iceberg. A newer cross-
sectional CTA-based study elaborated by Homburg et al2

revealed a prevalence of stenotic lesions of 23% (30–

Table 3 Multinomial logistic regression

No lesions IAS (≥30%) IAC (≥1 vessels)
OR OR 95% CI OR 95% CI

Age (per 10 years) 1 2.08 1.54 to 2.82 1.56 1.56 to 2.38

Hypercholesterolaemia 1 2.62 1.36 to 5.05 1.49 0.95 to 2.34

Ischaemic heart disease 1 3.50 1.14 to 10.7 2.83 1.01 to 7.91

Former stroke 1 2.53 1.18 to 5.43 1.80 0.95 to 3.40

Hypertension 1 3.29 1.61 to 6.71 1.44 0.91 to 2.26

Atherosclerotic aorta lesions 1 4.88 2.45 to 9.75 3.86 2.28 to 6.54

Extracranial carotid stenosis 1 2.91 1.03 to 8.26 1.75 0.68 to 4.51

Atherosclerotic carotid lesions, eGFR and congestive heart failure were entered in the model.
Nagelkerke R2=0.40.
IAC, intracranial arterial calcifications; IAS, intracranial arterial stenosis; eGFR, estimated glomerular filtration rate.

Table 2 Baseline characteristics between groups

IAS No IAS p Value IAC No IAC p Value

Age, years 72.6 (11.9) 66.0 (14.3) <0.0001 71.7 (11.2) 57.7 (14.9) <0.0001

Male 65 (62%) 303 (55%) 0.200 252 (57%) 116 (54%) 0.452

Index stroke

Ischaemic 82 (78%) 409 (74%) 0.462 340 (77%) 151 (70%) 0.068

TIA 23 (22%) 142 (26%) 101 (23%) 64 (30%)

NIHSS, units 5 (2–11) 4 (2–9) 0.141 4 (2–9) 3 (1–8) 0.013

Onset until CTA, minutes 155.4 (120.6) 148.5 (118.0) 0.655 148.7 (100.9) 151.4 (148.3) 0.115

Medical history

Stroke 27 (26%) 91 (17%) 0.026 95 (22%) 23 (11%) 0.001

TIA 12 (12%) 39 (7.1%) 0.159 39 (8.9%) 12 (5.6%) 0.163

Ischaemic heart disease 22 (21%) 56 (10%) 0.003 69 (16%) 9 (4.2%) <0.0001

Congestive heart failure 9 (8.7%) 23 (4.2%) 0.076 29 (6.6%) 3 (1.4%) 0.003

Stroke risk factors

Hypertension 85 (81%) 312 (57%) <0.0001 308 (70%) 89 (42%) <0.0001

Diabetes 11 (11%) 46 (8.3%) 0.453 47 (11%) 10 (4.7%) 0.011

Hypercholesterolaemia 79 (78%) 333 (64%) 0.008 294 (71%) 118 (57%) 0.001

Atrial fibrillation 20 (19%) 136 (25%) 0.260 118 (27%) 38 (18%) 0.011

Smoking history 52 (53%) 263 (51%) 0.743 222 (54%) 93 (48%) 0.033

Alcohol misuse 16 (17%) 60 (12%) 0.176 63 (15%) 13 (6.4%) 0.002

Laboratory values

Cholesterol, mmol/L* 5.2 (1.1) 5.3 (1.1) 0.364 5.31 (1.1) 5.32 (1.1) 0.901

LDL, mmol/L* 3.2 (1.0) 3.3 (1.0) 0.224 3.3 (1.0) 3.3 (0.9) 0.737

HDL, mmol/L* 1.3 (0.3) 1.4 (0.5) 0.812 1.4 (0.4) 1.4 (0.5) 0.787

Triglycerides, mmol/L* 1.5 (0.9) 1.4 (0.8) 0.838 1.4 (0.9) 1.3 (0.7) 0.516

Glucose, mmol/L 6.5 (1.8) 6.4 (2.0) 0.116 6.5 (1.9) 6.2 (2.1) 0.001

eGFR, ml/min/1.73 m2 70.4 (20.4) 77.8 (21.1) 0.001 74.4 (21.6) 81.2 (19.7) <0.0001

Radiological observations

Extracranial carotid stenosis 20 (19%) 48 (8.7%) 0.003 60 (14%) 8 (3.7%) <0.0001

Atherosclerotic carotid lesions 80 (76%) 251 (46%) <0.0001 288 (65%) 43 (20%) <0.0001

Atherosclerotic aorta lesions 75 (71%) 237 (43%) <0.0001 275 (48%) 37 (17%) <0.0001

*Only patients not on prestroke statin treatment.
IAC, intracranial arterial calcifications; IAS, intracranial arterial stenosis; CTA, CT angiography; eGFR, estimated glomerular filtration rate;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; NIHSS; National Institute of Health Stroke Scale.
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99% stenosis). Our finding of a prevalence of 15.5% is
in accordance with Homburg et al revealing that intra-
cranial atherosclerotic disease is a relevant and prevalent
problem in European stroke population. The reason for
this ethnic difference in prevalence is likely due to
genetic and lifestyle differences between ethnic groups.
The direct comparison of the prevalence of IAC

among studies is hampered by differences in the
methods of quantifying its extent.11 24–26 However, IAC is
likely to reflect atherosclerotic burden.10 11

Our finding that age is a risk factor for atherosclerotic
disease is in accordance with almost all previous
studies.2 11 19 24 26 27 It is likely that the process of ath-
erosclerosis in the intracranial vasculatures is of a pro-
gressive nature and linked to ongoing atherosclerotic
processes in other body parts.24 28 29 In this study, we
identified hypertension and hypercholesterolaemia as
risk factors for only IAS, and not IAC. This finding is not
in accordance with other studies identifying especially
hypertension as an important risk factor for IAC.26

However, we believe that the pooling of patients with
various degrees of IAC—from patients with one vessel
calcified and thus a weak risk-factor profile together

with patients with more extensive IAC burden and thus
a heavier risk factor profile—may have led to this
conclusion.
In the present study, we were not able to identify dia-

betes as a risk factor for intracranial atherosclerosis.
Diabetes is in general believed to be a risk factor for IAC
and IAS.2 9 20 26 27 This finding may be due to ethnic
differences in the incidence of diabetes.30

Prognostic studies of patients with IAS have predomin-
antly been focusing on symptomatic lesions22 31 and
thus contain an ill-fitting prognostic value on the
general population with stroke with varying degrees of
intracranial atherosclerosis and with a low prevalence of
symptomatic stenosis. Studies on prognosis in more
general populations with stroke have been performed in
Asian patients with stroke with a much higher rate of
IAS32 showing a clear link to recurrent ischaemic events.
In order to prevent further ischaemic events in

patients with IAS, efforts as balloon angioplasty and
stenting have been attempted. The recent SAMMPRIS
trial found no benefit of stenting the intracranial sten-
otic lesions compared to aggressive medical therapy,
especially due to an unacceptable rate of periprocedural

Figure 3 Kaplan-Meier curves

showing the proportion of patients

alive and free of recurrent event.

p Value indicates log-rank.

Table 4 Multivariate Cox proportional hazard model for the predictive value of stenosis and calcifications

IAS (≥30%) IAC (per vessels)
HR 95% CI HR 95% CI

Poor outcome (ischaemic event or death)

Crude estimate 1.73 1.21 to 2.48 1.41 1.26 to 1.58

Adjusted estimate* 1.25 0.86 to 1.81 1.18 1.03 to 1.36

Ischaemic event alone:

Crude estimate 2.13 1.34 to 3.38 1.39 1.19 to 1.61

Adjusted estimate† 1.67 1.04 to 2.64 1.22 1.02 to 1.47

*Adjusted for age, NIHSS, mRS before stroke, hypertension, atrial fibrillation, extracranial carotid stenosis and atherosclerotic aorta lesions.
†Adjusted for age, hypertension, extracranial carotid stenosis and atherosclerotic aorta lesions.
IAC, intracranial arterial calcifications; IAS, intracranial arterial stenosis; mRS, modified Rankin Scale; NIHSS, National Institute of Health
Stroke Scale.
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complications.7 This finding is further supported by
results from the WASID trial proposing that the recur-
rence rate in patients with symptomatic artery stenosis
can be reduced by strict risk-factor modification.33 This
suggests a possible beneficial effect of stricter risk factor
control and aggressive medical prophylaxis in patients
with lumen-reducing lesions IAS.
The prognostic value of IAC has only been investi-

gated in a smaller single-centre study elaborated by
Bugnicourt et al.12 This study found that IAC provided
an independent risk factor for recurrent vascular event
and death. This finding is supported by our data and
indicates that the burden of IAC should be assessed as a
factor in poststroke risk assessment similar to artery sten-
osis and atrial fibrillation.
To our knowledge, this is the first study to investigate

the impact of radiological findings of intracranial athero-
sclerosis (IAS and IAC) detected during acute evaluation
on recurrent vascular events and death in a large well-
defined cohort of patients admitted within 4.5 h of
stroke onset. With the results of the present study in
hand, it seems that the problem of preventing recurrent
ischaemia in patients with intracranial atherosclerosis is
still very much alive.
In summary, this study shows that radiological markers

of intracranial atherosclerosis are prevalent in North
European patients with symptoms of acute stroke and
appear linked to a global process of atherosclerotic
disease. Our results suggest that intracranial atheroscler-
osis in consecutive patients with stroke or TIA entail a
dramatic increase in risk of poor outcome compared to
patients with stroke or TIA without intracranial athero-
sclerosis. Furthermore, IAS or IAC independently
increases the risk of recurrent ischaemic events. So far,
risk-factor modification and aggressive medical therapy
remain first line treatments in this patient group.
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