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Abstract
Background Intracranial stenoses can cause TIA/ischaemic stroke. The purpose of this study was to assess vascular risk fac-
tors, clinical and imaging findings and outcome in Caucasians with intracranial stenosis under best prevention management.
Methods In this prospective observational study (from 05/2012, to last follow-up 06/2017) we compared vascular risk factors, 
imaging findings and long-term outcome in Swiss patients with symptomatic versus asymptomatic intracranial atherosclerotic 
stenoses on best prevention management.
Results 62 patients were included [35.5% women, median age 68.3 years], 33 (53.2%) with symptomatic intracranial stenoses. 
Vascular risk factors (p = 0.635) and frequency of anterior circulation stenoses (66.7% vs. 55.2%; p = 0.354) did not differ 
between symptomatic and asymptomatic patients, but CT/MR-perfusion deficits in the territory of the stenosis (81.8% vs. 
51.7%; p = 0.011) were more common in symptomatic patients. Outcome in symptomatic and asymptomatic patients at last 
follow-up was similar (mRS 0–1:66.7% vs. 75%;adjp = 0.937, mRS adjp-shift = 0.354, survival:100% vs. 96.4%;adjp = 0.979). 
However, during 59,417 patient follow-up days, symptomatic patients experienced more cerebrovascular events (ischae-
mic stroke or TIA) [37.5% vs. 7.1%;adjHR 7.58;adjp = 0.012], mainly in the territory of the stenosis [31.3% vs. 3.6%;adjHR 
12.69;adjp = 0.019], more vascular events (i.e. ischaemic stroke/TIA/TNA and acute coronary/peripheral vascular events) 
[62.5% vs. 14.3%;adjHR 6.37;adjp = 0.001]) and more multiple vascular events (p-trend = 0.006; ≥ 2:37.5% vs. 10.7%;adj OR 
5.37;adjp = 0.022) than asymptomatic patients.
Conclusions Despite best prevention management, one in three patients with a symptomatic intracranial stenosis suffered 
a cerebrovascular event, three in five a vascular event and two in five ≥ 2 vascular events. There is an unmet need for more 
rigorous and effective preventive strategies in patients with symptomatic intracranial stenoses.
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Introduction

Intracranial atherosclerotic stenoses frequently cause  
cerebrovascular events (CVE), most common among Asians 
(up to 50%), less among Hispanics and Blacks, least among 
Caucasians (around 10%) [1]. The difference between eth-
nic groups has various causes. Genetic factors, but also 

differences in lifestyle and vascular risk factors (VRF) play 
a role. Globally, intracranial stenoses might be one of the 
most common aetiologies of CVE [2]. Moreover, intrac-
ranial stenoses are becoming more frequent, as often their 
cause is atherosclerosis. Atherosclerosis is driving mortality/
morbidity worldwide and is age-related. People are getting 
increasingly older [3].

Rarer causes of intracranial stenoses are a partially occlu-
sive thrombus, vasospasm, vasculitis, arterial dissection, 
moyamoya disease, radiation-induced arteriopathy, etc. [4]. 
Antiplatelets, antihypertensives and statins are effective in 
reducing vascular events (VE) in atherosclerosis [5–8].

In this prospective observational study we assessed VRF, 
imaging findings and 3 years outcome in a Swiss cohort with 
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intracranial atherosclerotic stenosis under best prevention 
management and compared symptomatic and asymptomatic 
patients.

Methods

From 05/2012 to 06/2014 we prospectively included 62 
patients with symptomatic (SISP) and asymptomatic intrac-
ranial atherosclerotic stenosis (AISP) in this observational 
study. Patients were randomly selected in case of intracranial 
atherosclerotic stenosis whilst on clinically indicated visits 
(online resource material Methods. S1) in our neurovas-
cular sonography laboratory at the Bernese Stroke Centre 
(reference centre for cerebrovascular disease) by transcra-
nial colour-coded duplex (TCCD) sonography performed 
by neurologists certified for cerebrovascular disease and 
sonography.

Number of included patients (in average 2.5 patients per 
month) was determined by logistics such as availability of 
CT- and/or MR-angiography for research purposes and by 
availability of time-slots for study visits.

Screened patients were not included in this study in case 
of the following predefined conditions: CT- and/or MR-
angiographically not confirmed intracranial stenosis at 
baseline or at 3 months follow-up (two patients), intracra-
nial stenosis of other than atherosclerotic aetiology (eleven 
patients), pregnancy (none), severe systemic disease with 
life expectancy < 1 year (e.g. cancer, severe heart failure) 
(one patient), severe renal insufficiency (four patients) and 
in case of patients’ rejection to participate (seven patients).

Intracranial stenoses in the middle cerebral (MCA), ante-
rior cerebral (ACA), posterior cerebral (PCA), basilar (BA) 
and vertebral artery (VA) were graded in < 50%/ ≥ 50% using 
previously reported criteria [9]. Intracranial stenoses in the 
internal carotid artery (ICA) were graded in < 50% if flow 
velocity was locally increased and in ≥ 50% if pre-/poststen-
otic flow changes were present. Patients were assigned to 
the symptomatic group in case of transient ischaemic attack 
(TIA) and/or ischaemic stroke in the territory of the involved 
stenotic artery at baseline (within 30 days; time-frame cho-
sen in order to be easier comparable with the previous stud-
ies SAMMPRIS and VISSIT and to account for relatively 
early recurrent CVE). TIA and stroke were defined accord-
ing to the tissue-based definition (AHA/ASA guidelines) 
[10].

All neuroradiological images were reviewed by two neu-
roradiologists blinded to TCCD sonography and clinical 
data. Diagnosis of intracranial stenosis was confirmed by 
CT- and/or MR-angiography and if clinically indicated, by 
digital subtraction angiography and if a visually focal nar-
rowing of the artery identified angiographically correlated 
with the precise location of the increased flow-velocity in 

neurosonography. CT/MR-perfusion deficits were defined 
as visually confirmed reduced perfusion. In case of multi-
ple intracranial stenoses per patient, the main stenosis was 
selected as follows: First, a symptomatic stenosis was cho-
sen over an asymptomatic one. Second, a ≥ 50% stenosis 
was chosen over a < 50% one; third, a single stenosis over a 
tandem one and fourth, a stenosis easily measureable with 
neurovascular sonography over one which was not. Severity 
of atherosclerosis at the carotid bifurcation was classified by 
neurovascular sonography in the presence and absence of 
plaques and stenosis of < 50%/ ≥ 50%.

Atherosclerotic aetiology of stenosis was identified by 
the combination of VRF, extracranial atherosclerosis in neu-
rovascular sonography, appropriate findings in vessel wall 
high-resolution MRA and CTA and no other evident cause 
of intracranial stenosis (i.e. vasculitis, arterial dissection, 
etc.).

Atherosclerotic plaques were graded according to their 
size and degree of stenosis according to NASCET criteria 
[11]. Extracranial stenoses at vertebral artery origins were 
divided into stenoses of < 50%/ ≥ 50% according to the 
neurovascular sonography criteria defined by Hua and co-
workers [12].

Baseline characteristics, demographic data and VRF were 
recorded. Clinical evaluation was performed by a certified 
stroke neurologist using the 15-item version of the NIHSS 
score [13]. Patients’ involvement in the study did not influ-
ence any decision made by the treating physicians. In all 
patients, best prevention management was continued or 
started on day 1. It consisted of antiplatelets (dual for 90 days 
if symptomatic), antihypertensive drugs (target blood pres-
sure < 140/90  mmHg; in diabetics < 130/80  mmHg; in 
severe CT/MR-perfusion deficits in the stenosis territory 
140/90 mmHg), high-intensity statin therapy (target LDL 
values < 1.8 mmol/L) and recommendations for lifestyle 
modification (including smoking cessation, regular physi-
cal activity, achieving normal body weight and healthy 
diet). The exact long-term drug regime was managed by the 
patient’s primary care physician, who is primarily respon-
sible for long-term care of patients in the Swiss healthcare 
system. Rescue endovascular therapy (EVT) was performed 
if deemed necessary by the treating physicians. Reasons for 
rescue EVT were early recurrent ischaemic strokes, multiple 
recurrent ischaemic strokes despite best prevention manage-
ment or patients with acute vessel occlusion.

A stroke study nurse followed up patients via telephone 
at 1 month. At 3 months, at 1, 2 and at 3 years, a clini-
cal follow-up was done face-to-face by a stroke neurolo-
gist and a stroke study nurse (including monitoring of best 
prevention management and of neurovascular sonography). 
At 3 months, at 1 and at 2 years, also CT- and/or MR-
imaging including CT-/MR-angiography was performed. 
VE were defined as new ischaemic strokes, TIA, transient 
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neurological attack (TNA; in this study, defined as any of the 
following transient nonfocal symptoms: disturbed conscious-
ness, confusion, amnesia, unsteadiness, nonrotatory dizzi-
ness, positive visual phenomena, paraesthesias, cardiac or 
vegetative signs, bilateral weakness or unwell feeling [14]) 
or acute coronary/peripheral VE; CVE were defined as new 
ischaemic strokes or TIA. New events were identified by 
patient history, checking patient records, clinical and imag-
ing findings. Clinical outcome was measured with the modi-
fied Rankin scale (mRS), National Institutes of Health Scale 
(NIHSS) score and with an additional measure of health, the 
standardized descriptive EQ-5D-3L [13, 15, 16].

Statistical analysis

Predefined analyses were used to compare SISP and AISP. 
Baseline characteristics, demographic data, VRF and imag-
ing findings were analysed using χ2 test for categorical vari-
ables and Fisher exact test if appropriate and Mann–Whit-
ney-U-test for continuous and ordinal variables. We used 
Kaplan–Meier survival analysis to calculate the 3-year risks 
of events during follow-up. We studied the following out-
comes using Cox regression analysis adjusted for age and 
sex: death, clinical outcome [according to modified Rankin 
scale (mRS)], quality of life (measured with the standardized 
descriptive EQ-5D-3L), CVE overall and attributable to the 
territory of the intracranial stenosis, silent ischaemic stroke 
during follow-up, TNA, VE, acute coronary/peripheral VE, 
symptomatic intracerebral haemorrhage (sICH: PROACT II 
criteria) [17], progression of intracranial stenosis (according 
to bimodal follow-up imaging) and rescue EVT. For mRS, 
adjusted shift analysis was performed additionally with ordi-
nal regression analysis.

For the Kaplan–Meier survival and Cox regression analy-
ses, data for patients who did not reach the end-point were 
censored at the end of the 3-year follow-up period or at the 
last known follow-up, whichever was earlier. We calculated 
the variance of frequency of events in both groups and the 
odds ratio in binary logistic regression of SISP over AISP 
for frequency (≥ 1/ ≥ 2/ ≥ 3/ ≥ 4) of CVE and VE. For analy-
sis SPSS version 25 was applied.

Results

Among 62 patients [35.5% women, median age 68.3 (range 
41.7–83.9) years] 33 (53.2%) were SISP. Their CVE at base-
line were vastly mild. SISP had a higher degree of stenoses 
and of CT/MR-perfusion deficits in the territory of the ste-
nosis than AISP (Table 1). Furthermore, number of VRF 
did not differ between both groups (p-trend = 0.635) (online 
resource material Fig. S1). Overall, 69.4% of patients had arte-
rial hypertension and 79% hypercholesterolaemia. Baseline 

median LDL value was 3.69 (1.18–5.60) mmol/L in SISP and 
2.80 (1.10–5.61) mmol/L in AISP, despite 46.9% and 79.3% 
(p = 0.009), respectively, being on statins. The rates of ath-
erosclerosis of the extracranial vessels leading to the brain, 
a history of symptomatic coronary heart/peripheral vascular 
disease and/or of CVE in the territory of the stenosis are pre-
sented in Table 1. AISP were more likely to be on (primary 
or secondary) preventive medication for vascular disease such 
as antiplatelets, statins and antihypertensives (trend) prior to 
baseline (Table 1). The proportion of patients on preventive 
medication increased until last follow-up and reached simi-
lar proportions in both groups. At last follow-up, 28 (93.3%) 
of SISP were on antiplatelets, two (6.7%) on anticoagulants, 
22 (73.3%) on antihypertensives and 29 (96.7%) on statins 
(Table 2). SISP were more frequently on high-intensity statins 
with atorvastatin or rosuvastatin at last follow-up (62.5% vs. 
20.7%; p = 0.001) than AISP.

During 59,417 patient-days of follow-up, there were 
one non-vascular death, 14 CVE overall, eleven CVE in 
the territory of the stenosis, 15 TNA, 24 VE, three acute 
coronary or peripheral VE, but no intracranial haemor-
rhage (Table 3). 85.7% of CVE occurred in patients with 
a stenosis of ≥ 50%, two of which occurred within the first 
3  months after baseline. More events were observed in 
patients with multiple intracranial stenoses (64.3%) and 
within the territory of the stenosis (85.7%). Only two CVE 
occurred outside the territory of the stenosis in SISP and 
one in AISP (Table 3). SISP had more CVE overall [37.5% 
vs. 7.1%;adjHR 7.58;adjp = 0.012], in the territory of the ste-
nosis [31.3% vs. 3.6%;adjHR 12.69;adjp = 0.019] and more 
VE overall [62.5% vs.14.3%;adjHR 6.37;adjp = 0.001]. SISP 
had higher overall risk of CVE (log-rank-p = 0.010), in the 
territory of the stenosis (log-rank-p = 0.008), of VE overall 
(log-rank-p < 0.0001) and of TNA (log-rank-p = 0.005) than 
AISP (Fig. 1 and online resource material Fig. S2). Number 
of CVE (p-trend = 0.012) and VE (p-trend = 0.005) were sig-
nificantly higher in SISP (Fig. 2). Neither more progressive 
intracranial stenoses (15.6% vs. 16%;adjp = 0.800) nor more 
rescue EVT (6.3% vs. 0%;adjp = 0.980) happened in SISP 
(details are presented in Table 4). Clinical outcome of SISP 
vs. AISP measured with the mRS at last follow-up did not dif-
fer: mRS 0:30% vs. 39.3%;adjp = 0.146, mRS 0–1:66.7% vs. 
75%;adjp = 0.937, mRS shift analysis:adjp-shift = 0.354, mortal-
ity:0% vs. 3.6%;adjp = 0.979. Problems of health measured with 
the standardized descriptive EQ-5D-3L did not differ between 
the two groups and there was no difference in median NIHSS 
score at last follow-up which was low [0 (0–3) in both groups; 
p = 0.986] (Table 3).
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Table 1  Baseline characteristics, demographic data, vascular risk factors and imaging findings

Symptomatic patients 
(n = 33)

Asymptomatic patients 
(n = 29)

p-value

Age (median, range) 68 (44.4–83.9) 68.5 (41.7–78) 0.703
Sex (female) 9 (27.3%) 13 (44.8%) 0.149
Event at baseline NA NA
 TIA 13 (39.4%)
 Minor ischaemic stroke (NIHSS < 5) 17 (51.5%)
 Stroke with NIHSS 5–9 2 (6.1%)
 Stroke with NIHSS ≥ 10 1 (3%)

Intracranial stenosis anterior circulation location 22 (66.7%) 16 (55.2%) 0.354
Intracranial stenosis location 0.656
 MCA:M1 segment 14 (42.4%) 10 (34.5%)
 MCA:M2 segment 2 (6.1%) 3 (10.3%)
 ICA 6 (18.2%) 3 (10.3%)
 PCA 2 (6.1%) 4 (13.8%)
 BA 4 (12.1%) 2 (6.9%)
 VA 5 (15.2%) 7 (24.1%)

≥ 50% degree of intracranial stenosis 30 (90.9%) 20 (69%) 0.029
CT/MR-perfusion deficits in the stenosis territory at baseline 27 (81.8%) 15 (51.7%) 0.011
Multiple intracranial stenoses 12 (36.4%) 16 (55.2%) 0.138
Vascular imaging at baseline
 CT angiography extra-/intracranial 4 (12.1%) 3 (10.3%) 1.000
 MR angiography extra-/intracranial 31 (93.9%) 27 (93.1%) 0.894
 Digital substraction angiography 5 (15.2%) 3 (10.3%) 0.713

Vascular risk factors
 Arterial hypertension 22 (66.7%) 21 (72.4%) 0.624
 Diabetes mellitus 10 (30.3%) 2 (6.9%) 0.020
 Hypercholesterolaemia 27 (81.8%) 22 (75.9%) 0.569
 Atrial fibrillation 1 (3%) 1 (3.4%) 1.000
 Current smoking 11 (33.3%) 8 (27.6%) 0.624
 Current and/or previous smoking 15 (53.6%) 13 (59.1%) 0.696
 Coronary heart disease 3 (9.1%) 5 (17.2%) 0.456
 Peripheral vascular disease 3 (9.1%) 3 (10.3%) 1.000
 Family history of stroke 11 (36.7%) 5 (20%) 0.237
 Sleep apnea syndrome 6 (18.2%) 5 (17.2%) 1.000
 Previous cerebrovascular event in stenosis territory 0 8 (27.6%) 0.001

Premorbid use of preventive agents
 On anticoagulants 2 (6.3%) 2 (6.9%) 1.000
 On one antiplatelet 9 (28.1%) 26 (89.7%) 0.000
 On dual antiplatelets 4 (12.5%) 1 (3.4%) 0.357
 On antihypertensives 14 (43.8%) 19 (67.9%) 0.061
 On statins 15 (46.9%) 23 (79.3%) 0.009

Extracranial stenosis at vertebral origin (right side) 0.492
 < 50% stenosis 5 (15.2%) 3 (10.3%)
 ≥ 50% stenosis 0 1 (3.4%)

Extracranial stenosis at vertebral origin (left side) 0.553
 < 50% stenosis 2 (6.1%) 2 (6.9%)
 ≥ 50% stenosis 0 1 (3.4%)

Severity of atherosclerosis at the asymptomatic carotid bifurcation (right side) 0.396
 None 7 (21.2%) 6 (20.7%)
 Small plaque 13 (39.4%) 8 (27.6%)
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Discussion

In this prospective single-centre 3-years’ follow-up study, 
we report on first and multiple recurrent VE and CVE, on 
TNA, on AISP besides SISP and on rescue EVT. Despite 
best medical treatment, recommendations for lifestyle 
modification and additional rescue EVT, one in three SISP 
versus one in 28 AISP suffered a CVE in the territory of 
the stenosis during 3-year follow-up. VE occurred in three 
of five SISP and in every seventh AISP. This despite rec-
ommendations having stressed the importance of best pre-
vention management in SISP since SAMMPRIS (Stenting 
and Aggressive Medical Management for the Prevention 
of stroke in Intracranial Stenosis) and VISSIT (Vitesse 
Intracranial Stent Study for Ischemic Therapy) [18, 19].

Recurrence rates of CVE in the territory of the stenosis 
in patients treated with best preventive management have 
been reported previously: In WASID (Warfarin Aspirin 
Symptomatic Intracranial Disease), 13.5% ischaemic strokes 
occurred during a mean 1.8-year follow-up; in GESICA 
(Groupe d’Etude des Sténoses Intra-Crâniennes Athéro-
mateuses symptomatiques) 13.7% ischaemic strokes and 
24.5% TIA within 2 years, in SAMMPRIS 10.1% ischaemic 
strokes within a mean 12-month follow-up and in VISSIT 
9.4% ischaemic strokes and 5.7% TIA by 1 year [18–21]. 
Of note, only SISP have been included in these studies. 
Despite higher degrees (≥ 70%) of stenoses in SAMMPRIS 
and VISSIT (vs. ≥ 50% in WASID and GESICA) and more 
recent symptoms (in SAMMPRIS and VISSIT < 30 days vs. 
in WASID < 90 days and in GESICA < 6 months prior to 

Numbers are presented as number (%) unless otherwise specified. % is presented according to available data

Table 1  (continued)

Symptomatic patients 
(n = 33)

Asymptomatic patients 
(n = 29)

p-value

 Middle sized plaque 10 (30.3%) 6 (20.7%)
 Big plaque 1 (3%) 4 (13.8%)
 < 50% stenosis 1 (3%) 2 (6.9%)
 ≥ 50% stenosis 0 0
 Previous CEA or stenting 1 (3%) 3 (10.3%)

Severity of atherosclerosis at the asymptomatic carotid bifurcation (left side) 0.271
 None 6 (18.2%) 4 (13.8%)
 Small plaque 12 (36.4%) 8 (27.6%)
 Middle sized plaque 11 (33.3%) 9 (31%)
 Big plaque 4 (12.1%) 4 (13.8%)
 < 50% stenosis 0 0
 ≥ 50% stenosis 0 0
 Previous CEA or stenting 0 4 (13.8%)

Table 2  Proportion of patients 
on secondary prevention, 
current smoking and blood 
pressure at last follow-up

Numbers are presented as number (%) unless otherwise specified. % is presented according to available 
data. This particular data of two symptomatic patients is missing, even though they have been followed-up

At last follow-up Symptomatic patients 
(n = 30)

Asymptomatic patients 
(n = 28)

p-value

Use of preventive drugs
 On anticoagulants 2 (6.7%) 1 (3.6%) 1.000
 On one antiplatelet 22 (73.3%) 26 (92.9%) 0.081
 On two antiplatelets 6 (20%) 1 (3.6%) 0.104
 On antihypertensives 22 (73.3%) 22 (78.6%) 0.641
 On statins 29 (96.7%) 24 (85.7%) 0.187

Current smoking 8 (26.7%) 6 (21.4%) 0.641
Blood pressure (median, range) 140 (120–207) 145 (112–175) 0.231

82 (70–91) 80 (62–100) 0.800
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inclusion), recurrence rates were lower in SAMMPRIS and 
VISSIT than in WASID and GESICA. This has mainly been 
explained by a stricter control of VRF including antihyper-
tensives, statins and lifestyle modification recommendations 
and dual antiplatelets for 3 months followed by long-term 
antiplatelets [18–23].

Compared to the just mentioned previous studies, the rate 
of recurrent CVE in our cohort was lower [18–21]. This 
may partly be explained by the inclusion of patients with a 
lower degree of stenosis (< 50%). Furthermore, we aimed 
for a timely [usually initiated on day 1 in SISP in clinical 

routine at our Bernese Stroke Centre, latest at study baseline 
(latter showing a median of 6 days after event in this study)] 
strict management of VRF in our cohort, which might also 
have contributed to the lower event rate than previously 
reported, especially in the early post-event time period. 
However, optimal control of VRF and healthy lifestyle 
was not fully achieved (only partly optimal patient adher-
ence, smoking cessation and target blood pressure levels 
reached) during follow-up. At last follow-up one in four 
patients was still smoking and median blood pressure value 
was 142/81 mmHg. Rates of recurrent CVE in our cohort 

Table 3  3-year cumulative risk of adverse outcome and vascular events stratified as a-/symptomatic disease at baseline

Data are presented as number of events (cumulative risk). PTA percutaneous transluminal angioplasty. % is presented according to available data
a Adjusted for age and sex
b According to bimodal follow-up imaging
c Ischaemic stroke and TIA
d Ischaemic stroke, TIA, TNA and acute coronary and peripheral vascular events

At last follow-up Symptomatic 
disease [n (risk 
%)]

Asymptomatic 
disease [n (risk 
%)]

Hazard ratio (95%CI) p-value Adjusteda hazard ratio (95%CI) p-value

Mortality 0 1 (3.6%) 0.01 (0–135 K) 0.599 0 (0–NA) 0.979
mRS 0 9 (30%) 11 (39.3%) 0.57 (0.24–1.39) 0.218 0.50 (0.19–1.28) 0.146
mRS 0–1 20 (66.7%) 21 (75%) 0.91 (0.34–2.38) 0.839 1.05 (0.35–3.11) 0.937
NIHSS (median, range) 0 (0–3) 0 (0–3) 0.986
EQ-5D-3L:problems:mobility 2 (6.9%) 2 (7.4%) 0.70 (0.10–5.04) 0.727 0.65 (0.09–4.83) 0.669
EQ-5D-3L:problems:self-care 0 1 (3.7%) 0.01 (0.00–135 K) 0.598 0 (0–NA) 0.978
EQ-5D-3L:problems:usual 

activities
2 (6.9%) 2 (7.4%) 0.73 (0.10–5.21) 0.751 0.35 (0.04–2.97) 0.338

EQ-5D-3L:problems:pain/
discomfort

5 (17.2%) 4 (14.8%) 0.84 (0.23–3.15) 0.797 0.83 (0.20–3.44) 0.797

EQ-5D-3L:problems:anxiety/
depression

5 (17.2%) 3 (11.1%) 1.03 (0.25–4.34) 0.964 1.13 (0.23–5.46) 0.878

Cerebrovascular event (CVE)c 12 (37.5%) 2 (7.1%) 5.73 (1.28–25.60) 0.022 7.58 (1.56–36.73) 0.012
 MCA stenosis 6 (18.8%) 1 (3.6%)
 Anterior circulation stenosis 8 (25%) 1 (3.6%)
 BA stenosis 3 (9.4%) 0
 Posterior circulation stenosis 4 (12.5%) 1 (3.6%)

Cerebrovascular event in the 
stenosis  territoryc

10 (31.3%) 1 (3.6%) 9.55 (1.22–74.59) 0.031 12.69 (1.51–106.52) 0.019

 MCA stenosis 5 (15.6%) 1 (3.6%)
 Anterior circulation stenosis 6 (18.8%) 1 (3.6%)
 BA stenosis 3 (9.4%) 0
 Posterior circulation stenosis 4 (12.5%) 0

Silent ischaemic stroke 2 (6.3%) 2 (7.1%) 0.68 (0.09–4.97) 0.705 0.81 (0.10–6.36) 0.842
TNA 13 (40.6%) 2 (7.1%) 6.45 (1.45–28.60) 0.014 6.52 (1.44–29.46) 0.015
Vascular  eventd 20 (62.5%) 4 (14.3%) 5.95 (2.03–17.47) 0.001 6.37 (2.10–19.31) 0.001
Acute coronary/peripheral 

vascular event
2 (6.3%) 1 (3.6%) 1.72 (0.16–18.92) 0.660 1.46 (0.13–16.18) 0.757

Intracranial stenosis 
 progressionb

5 (15.6%) 4 (16%) 0.73(0.20–2.75) 0.645 1.21 (0.27–5.45) 0.800

Endovascular rescue 
therapy:PTA and/or stenting

2 (6.3%) 0 46.57 (0.00–5724 K) 0.521 228 K (0.00–NA) 0.980
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Fig. 1  3-year risks of recurrent 
cerebrovascular and vascular 
events in patients with sympto-
matic and asymptomatic disease 
at baseline
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probably would have been lower with even better best pre-
vention management. Also, PCSK-9 inhibitors, which have 
been shown to further reduce recurrent VE rates in recent 

RCTs in patients with vascular disease, were not yet avail-
able for our patients. Especially in high-risk patients, these 
drugs might be of future additional benefit [24–26].

Number of events 
per patient 

Symptomatic 
disease 

Asymptomatic 
disease 

adjOR (95%CI), adjp-value 

0 20 (62.5%) 26 (92.9%)  
≥1 12 (37.5%) 2 (7.1%) 8.96 (1.69-47.41), p=0.010 
≥2 5 (15.6%) 2 (7.1%) 2.34 (0.39-14.01), p=0.353 
≥3 0 0  

Number of events 
per patient 

Symptomatic 
disease 

Asymptomatic 
disease 

adjOR (95%CI), adjp-value 

0 12 (37.5%) 24 (85.7%)  
≥1 20 (62.5%) 4 (14.3%) 10.23 (2.77-37.86), p<0.0001 
≥2 12 (37.5%) 3 (10.7%) 5.37 (1.27-22.71), p=0.022 
≥3 5 (15.6%) 1 (3.6%) 4.56 (0.47-44.63), p=0.192 
≥4 1 (3.1%) 0  

a

b

Fig. 2  Number of cerebrovascular and vascular events in patients with symptomatic and asymptomatic disease at baseline
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In our study, CVE at baseline were vastly mild (39.4% 
TIA, 51.5% minor strokes) and similar as in previous pro-
spective studies (TIA rates of 33–48.5%). Also, the major-
ity of recurrent CVE during follow-up were not disabling 
and overall clinical outcome was favourable (last follow-
up: median NIHSS score 0, excellent outcome in the major-
ity of patients, one non-vascular death). In SAMMPRIS, 
rates of fatal or disabling ischaemic strokes in the territory 
of the stenosis during a mean follow-up of 12 months was 
3.1%, whereas in VISSIT no patient died due to a recurrent 
ischaemic stroke in the stenosis territory; disabling strokes 
occurred in 7.1% of patients and median 12-month NIHSS 
score was 0 [18–21]. Ischaemic strokes due to intracranial 
stenoses are typically non-lacunar, can be disabling in some 
patients and should be prevented [27]. However, comparison 
with previous studies is undermined by different inclusion/
exclusion criteria.

Additionally, we also assessed CVE rates in AISP. The 
CVE rates in the stenosis territory of AISP turned out to be 
ten times lower than in SISP, possibly considerably influ-
enced by their asymptomatic status, selection in routine 
clinical practice, milder degree of stenosis and more inten-
sive pre-existing intake of (primary or secondary) preven-
tive drugs and trend towards lower LDL values at baseline. 
Our findings are in line with the recent population-based 
Barcelona-AsIA (Asymptomatic Intracranial Atherosclero-
sis) study [28]. However, this study also demonstrated that 
AISP were having increased CVE risk compared to patients 
without intracranial stenoses.

Several studies have failed to show a benefit of EVT over 
intensive VRF management in patients with intracranial 
stenoses [18, 19, 29, 30]. In SAMMPRIS, the recurrence 

rate of ischaemic strokes in the stenosis territory was 16.1% 
in the endovascular (vs. 10.1% in the medical) group within 
a mean 12-month follow-up. Moreover, ten symptomatic 
intracranial haemorrhages occurred, whereas only one 
sICH occurred in the medical group. Overall, outcomes 
were largely driven by haemorrhages at 30 days, showing 
no long-term benefit from EVT [18]. In VISSIT, 1-year rates 
of CVE in the territory of the stenosis and 30 days’ primary 
safety outcome (composite of any stroke, death or sICH) 
was 36% and 24.1%, respectively, in the endovascular (vs. 
15.1% and 9.4% in the medical) group [19]. However, CVE 
in intracranial stenoses occur due to different mechanisms 
[31]. Subgroups might benefit from EVT or maybe also from 
surgical therapy. For example, haemodynamic impairment 
might not respond to antithrombotics and statins, and anti-
hypertensives are potentially harmful. Also, patients with 
unstable plaques might not sufficiently benefit from non-
interventional management. Finally, EVT might be per-
formed in case of acute large vessel occlusion [32]. In our 
cohort, two patients received rescue EVT during follow-up 
(Table 4).

In our study, three CVE occurred in a non-stenosis ter-
ritory and three acute coronary/peripheral VE. In WASID, 
5.1% recurrent ischaemic strokes happened in non-stenosis 
territory and 3.3% myocardial infarctions, in GESICA (in the 
medical group), two CVE in a non-stenosis territory, 13.7% 
acute coronary and 4.9% peripheral VE and in SAMMPRIS 
(in the medical group), during a mean 12-month follow-
up, 2.2% ischaemic strokes in a non-stenosis territory and 
3.1% myocardial infarctions. In AsIA, within 7.17 years of 
follow-up, part of the recurrent CVE occurred outside the 
stenosis-territory and 18.8% coronary VE. Our findings of 

Table 4  Patients treated with endovascular interventions during follow-up

Intracranial 
stenosis

Recurrent TNA Recurrent TIA Outcome at last 
follow-up

Recurrent ischae-
mic stroke in the 
stenosis territory

Endovascular 
rescue therapy 
(EVT)

Reason for EVT

Patient 1 ≥ 50% atheroscle-
rotic stenosis in 
basilar artery

Day 100 Day 9 mRS 1
NIHSS score 1

Day 6 On day 6 drug-
eluting (Xience) 
stenting

Early recurrent 
ischaemic 
stroke despite 
best prevention 
management

Patient 2 ≥ 50% atheroscle-
rotic stenosis in 
basilar artery

Day 945 Day 82 mRS 0
NIHSS score 0

Day 1090 and 
1094

On day 1090 
mechanical 
thrombectomy

On day 1094 
PTA and 
stenting with 
self-expanding 
(Wingspan) 
stent

Recurrent cer-
ebrovascular 
events despite 
best prevention 
management, 
basilar artery 
occlusion at 
day 1090 and 
quick tendency 
of reocclusion 
after mechani-
cal thrombec-
tomy
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recurrent VE in different arterial beds as well as of VRF 
and concomitant atherosclerosis at baseline are supporting 
the previously shown systemic nature of atherosclerosis and 
increased vascular risk [18–21, 28, 33].

Limitations

Our study has limitations. First, our sample size is limited 
as is the power of some analyses. Our study remains largely 
descriptive. Second, we may have underestimated the burden 
of atherosclerosis, as we did not routinely screen patients for 
asymptomatic coronary/peripheral vascular disease. Third, 
best prevention management could have been even better. 
Not all targets were reached and for example, statins varied 
between patients, despite the majority being on statins dur-
ing follow-up. Also, we did not routinely measure lipid or 
blood sugar levels and only partly present lifestyle meas-
ures (smoking status) during follow-up. Fourth, patients 
were recruited randomly. This approach bears the risk of 
selection bias. Fifth, patients defined as asymptomatic, 
selected in routine clinical practice, were likely to have a 
lower CVE and VE risk. Finally, two patients declined to 
be followed-up.

Conclusions

In this prospective study of SISP and AISP, treated with best 
prevention management and rescue EVT in two patients, 
one in three SISP suffered a CVE in the territory of the 
stenosis, three in five a VE and two in five ≥ 2 VE. Despite 
a good clinical outcome in the majority of patients in our 
cohort, there is an unmet need for more effective prevention 
of CVE in patients with intracranial stenoses, especially in 
SISP with ≥ 50% stenosis, who showed highest event rates 
in our study. Patients with intracranial stenoses might benefit 
from more rigorous prevention management and from more 
effective novel therapies. They should be a focus in future 
population-based studies and clinical trials.

Data availabilty Raw data of all patients included in this study can 
be made available upon request to the corresponding author and after 
clearance by the local ethics committee.
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