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Abstract
Intracranial atherosclerotic disease (ICAD) contributes 
to a significant number of ischemic strokes. There is 
debate in the recent literature concerning the impact of 
the location of stenosis in ICAD on outcome. Some re-
ports have suggested that disease processes and out-
comes vary by vessel location, potentially altering the 
natural history and indications for intervention. Here 
we have performed a comprehensive, critical review 
of the natural history of ICAD by vessel in an attempt 
to assess the differences in disease specific to each 
of the vascular territories. Our assessment concludes 
that only minor differences exist between patients with 
different vessels affected in vessel-specific ICAD. We 
have found that middle cerebral artery disease confers 
a lower mortality than vessel-specific ICAD in other 
intracranial vessels, asymptomatic disease follows a 
more benign course than symptomatic disease, and 

that plaque progression or the detection of microem-
boli on transcranial Doppler may predict poor outcome. 
Given the expanding indications for treatment of ICAD 
and rapidly developing endovascular techniques to 
confront this disease, a thorough understanding of the 
natural history of ICAD aids the interventional neuro-
radiologist in determining when to treat and how to 
predict outcome in this patient population.
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INTRODUCTION
Patients with stroke or transient ischaemic attack (TIA) are 
found to have intracranial atherosclerotic disease (ICAD) 
in at least 9% of  cases[1]. Depending on the populations 
studied, and particularly in Asian populations, ICAD may 
account for up to 29% of  all ischemic events[2-4]. Besides 
race and ethnicity, medical risk factors associated with 
ICAD include insulin-dependent diabetes mellitus, hyper-
cholesterolemia, cigarette smoking and hypertension[1,5,6]. 
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Despite advances in endovascular and pharmaceutical 
technology, the prognosis for patients with ICAD remains 
poor. We have previously characterized the natural history 
of  ICAD on a vessel-by-vessel basis[7] in an effort to iden-
tify the potentially variable risk represented by stenosis 
of  the different intracranial vessels. Care should be taken 
when interpreting the finding of  single stenosed intracra-
nial vessels, since intracranial atherosclerosis is likely to be 
a diffuse process affecting multiple locations[8]. For this 
reason, atherosclerotic stenosis identified in any one ves-
sel also confers an increased risk of  subsequent stroke in 
other vascular distributions. The location of  stenosis has 
no clear effect on stenosis progression and stroke[7].

Though most recent reports on ICAD aggregate ste-
noses at all locations in the intracranial arteries in their 
outcome assessment, some investigators have identified 
pathogenic differences that may contribute to the ob-
served survival discrepancies identified in the literature. 
Bang et al[9], investigated the mechanisms underlying stroke 
in patients with atherosclerotic lesions in the internal ca-
rotid artery and proximal atherosclerotic lesions (MCA), 
finding that biomarkers of  inflammation were more 
elevated in those with carotid stenosis (P < 0.01). These 
authors concluded that atherosclerotic intracranial carotid 
stenosis may be prone to instability with plaque rupture 
and subsequent ischemic stroke while atherosclerotic ste-
nosis of  the MCA appears more stable and less prone to 
plaque rupture.

Because of  apparent differences in morbidity and 
mortality based upon location in the intracranial circula-
tion, we critically review the natural history of  ICAD us-
ing a vessel-by-vessel approach, and discuss the possible 
common features and management.

EPIDEMIOLOGY AND PATHOGENESIS OF 
ICAD
The proportion of  patients with atherosclerotic stenoses 
in the major vessels varies widely in the medical litera-
ture. Mazighi et al[10], reported on a series of  patients 
with stenosis > 30%: the ICA was affected in 16.3%, 
MCA in 18.3%, basilar artery (BA) in 15.9% and ver-
tebral artery (VA) in 7.6%. In a prospective series of  
267 patients with intracranial large vessel occlusion, the 
MCA was affected in 38%, ICA in 6%, ACA in 1.3%, 
and posterior circulation arteries in 7%[11]. However, the 
Groupe d’Etude des Stenoses Inta-Cranieenes Athero-
mateuses symptomatiques (GESICA) was a prospective 
series including 102 patients with symptomatic intracra-
nial stenosis and showed relatively equal distribution of  
disease affecting VA, BA, MCA and ICA[12].

ICAD occurs more commonly in patients of  Asian, 
African or Hispanic origin than in Caucasians. Studies 
in Chinese, Thai, Korean, Japanese and Singaporean 
patients with stroke have demonstrated rates of  ICAD 
between 30%-50%[13]. By contrast, approximately 8 to 9% 
of  strokes are attributable to ICAD in Caucasians, while 
African- and Hispanic-Americans were shown to have a 
relative risk of  5 to 6 for ICAD-related stroke compared 

to Caucasians[14]. The development of  this racial differ-
ence has been hypothesized to be related to the emer-
gence of  a stroke-suppressor genotype among Europeans 
that has primarily affected intracranial arteries[15]. 

The prevalence and true impact of  ICAD is likely un-
derestimated because most patients are evaluated using 
primarily cross-sectional imaging studies such as com-
puted tomography[16] or magnetic resonance imaging[17] 
rather than catheter angiography which can most accu-
rately diagnose and characterized intracranial stenoses. 
In particular, recent studies suggest that even stenoses < 
50% can potentially be associated with ischemic stroke 
and may be significant[10]. Nevertheless, the Warfarin-As-
pirin Symptomatic Intracranial Diseases (WASID) Trial 
showed that intracranial stenosis 70%-99% were associ-
ated with the greatest risk of  stroke[3], and an autopsy 
study of  339 consecutive patients who died of  stroke 
found in intracranial stenoses in 43% of  cases, not all of  
which were symptomatic[10]. 

Controversy remains about the prognostic signifi-
cance of  ICAD, either discovered prior to a stroke or 
secondarily identified post-stroke or TIA. Since the risk 
factors for ICAD are similar to those for arterial disease 
in other parts of  the body (diabetes, hypertension, ciga-
rette smoking, and hypercholesterolemia[1,18,19]), it is not 
surprising that patients with ICAD have increased rates 
of  vascular occlusive disease in other vascular territories.

ICAD is part of  a generalized vasculopathy due to 
genetic and environmental factors that puts these pa-
tients at a significantly higher risk for a range of  vascular 
events. ICAD has been associated with high levels of  
circulating pro-inflammatory cytokines and inhibitors of  
fibrinolysis[20]. In particular, increased levels of  C-reactive 
protein and PAI-1 predicted progression to symptomatic 
ICAD. High levels of  lipoprotein-(a) and diabetes have 
been found to predict higher levels of  ICAD and may 
be useful markers of  risk for this disease[21]. 

INTERNAL CAROTID ARTERY ICAD
A number of  retrospective studies have investigated an-
nual mortality and ipsilateral stroke rates following diag-
nosis of  intracranial ICA atherosclerotic disease in the 
1980s[22-25]. The reported rates of  annual mortality ranged 
from 7.8% to 17.2%, with recurrent ipsilateral stroke 
occurring at a rate of  3.1 to 8.1%. These reports have 
limitations because the patient populations investigated 
were heterogeneous with baseline stenosis ranging from 
20%-70%, longitudinal evaluation varied from 25.5-50 mo, 
and the series were small, with fewer than 100 symptom-
atic and asymptomatic patients. The primary outcomes 
are difficult to compare because there is no common ob-
jective measure of  stroke severity. In aggregate, these case 
series can only be considered Level 2b evidence by the 
Oxford Centre for Evidence Based Medicine scheme[26]. 

A number of  important hypotheses emerged from 
this early work on carotid ICAD. Craig et al[22] found that 
recurrent cerebral ischemic events were more frequent 
in patients with symptomatic rather than asymptomatic 
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ICA stenosis. Wechsler et al[25] showed that impaired flow 
on angiography in symptomatic patients due to hemody-
namically significant carotid siphon stenosis contributed 
to TIA symptomatology, while strokes primarily resulted 
from distal embolization from the stenosis. Even though 
ICAD occurs in the condition of  diffuse vascular disease, 
strokes subsequent to the diagnosis of  ICAD occurred 
primarily in the same vascular territory supplied by the 
area of  lesion identified[23,24]. In a prospective series of  
patients with suspected stroke, multivariate analysis dem-
onstrated that the location of  stenosis is associated with 
clinical outcome: ICAD at the internal carotid terminus 
was significantly associated with poor outcome (modified 
Rankin scale score 3-6) over a 23-mo follow-up[11]. 

MIDDLE CEREBRAL ARTERY ICAD
The early, retrospective cohorts investigating the natural 
history of  MCA ICAD show a 12.5%-24% risk of  recur-
rent stroke during 6.5 years follow-up[27,28]. The annual 
stroke rate ranged from 2.8%-3.7%, and in some cases 
occurred very quickly, prior to initiation of  medical thera-
py[27]. More recently, a number of  prospective series have 
investigated the same population. Sub-group analysis of  
the extracranial-intracranial bypass study population[29] re-
ported an annual stroke rate of  5%, with 25% of  138 pa-
tients experiencing stroke during 55.8 mo follow-up. The 
patients in this group had > 70% stenosis at the beginning 
of  the study, and may represent a higher risk group than 
the earlier cohorts including patients with < 50% steno-
sis. Arenillas et al[20] showed that stenosis progression, as 
measured by transcranial Doppler (TCD), independently 
predicted stroke recurrence in symptomatic patients with 
MCA ICAD. Subsequently, Gao et al[30] showed that the 
presence of  microembolic signals (MES) on TCD ultra-
sonography in symptomatic patients with known MCA 
stenoses predicted recurrent ipsilateral stroke. The annual 
ipsilateral stroke rate was 7.8% and annual mortality was 
7.0%[30]. The results of  these two studies suggest that 
symptomatic MCA ICAD is a condition with significant 
risk of  death or recurrent stroke, which is primarily em-
bolic in origin. Furthermore, regular evaluation using 
TCD, including evaluation of  MES, may be valuable in 
identifying high-risk patients with MCA stenosis.

Stroke prevention in symptomatic ICAD patients 
remains a subject of  discussion and on-going research. 
Generally, systemic anti-coagulation is no longer primary 
therapy based on WASID and Warfarin-Aspirin Rcurrent 
Stroke Study (WARSS)[3,31]. The Aspirin or anticoagulants 
in stenosis of  the middle cerebral artery (MCA) (AVASIS) 
trial, which was intended to clarify the findings of  WA-
SID concerning efficacy of  aspirin vs warfarin was halted 
due to slow enrollment. Neither group reached the pri-
mary endpoint in a final analysis of  the collected data[32]. 
In the United States, an update of  the American Heart 
Association/American Stroke Association summarizes 
existing data on stroke prevention in patients with prior 
stroke or TIA[33].

VERTEBROBASILAR ICAD
The second most common location for ICAD is the 
vertebrobasilar arteries[2]. ICAD at this location confers 
a substantial risk of  subsequent ischemic events. In GE-
SICA, BA atherosclerosis conferred the highest risk for 
recurrent stroke over an average 23-mo follow up[12]. In a 
prospective series of  patients presenting with suspected 
stroke, basilar and internal carotid terminus occlusions 
independently predicted poorer outcome on multivari-
ate analysis (relative risk for a good outcome was 0.4 for 
basilar occlusion and 0.47 for ICA occlusion)[11]. Data 
from the WASID study group demonstrated that BA ste-
nosis conferred a higher risk of  subsequent events than 
VA stenosis[34]. The posterior circulation has also been 
found to have significantly higher rates of  complications 
after angioplasty and stenting than ICAD affecting the 
anterior circulation[35]. 

Most of  the data regarding the natural history of  ver-
tebrobasilar ICAD comes from retrospective cohorts. In 
four retrospective series published over the last 20 years,  
the rates of  annual stroke mortality ranged from 1.1%- 
14.3%[34,36-39]. The annual vertebrobasilar-territory stroke 
rate and overall annual stroke rate ranged from 0%-8.7% 
and 3%-14.3%, respectively. Kaplan-Meier analysis re-
vealed that the majority of  symptomatic patients expe-
rienced a stroke and/or death within 5 years of  initial 
presentation. The best data specifically about posterior 
circulation stroke likely comes from the New England 
Stroke Registry[40]. In this study of  407 registry patients, 
59% had posterior circulation strokes without TIA, 24% 
presented with TIAs then strokes, and only 16% had 
TIAs, 14% of  which were due to intra-arterial lesions[40]. 

Voetsch et al[41] performed a subgroup analysis of  pa-
tients with basilar stenosis artery in the New England 
Stroke Registry. Mortality was lower than expected (2.6%) 
and 62% had minor or no permanent deficits at follow-up 
over an 8 years period. Longer-term follow up from this 
cohort would be welcomed, but has not been reported to 
date. It has been proposed that, as for ICAD in other re-
gions, the risk of  recurrent ischemia is highest in the first 
2 years following a stroke[36]. Indeed, Thijs et al[42] showed 
that the risk of  recurrent stroke and death on treatment 
can be quite high. In a series of  52 patients with TIA or 
stroke due to ICAD, 56% had recurrent events during 
treatment with antithrombotic or anti-platelet medications. 
52% of  these events occurred within 36 d (median) and 
15% were major strokes or death. However, an analysis of  
the WASID cohort failed to reveal any difference in pa-
tients who were on or off  (i.e. had failed) antithrombotic 
therapy at the time of  the initial stroke[43]. 

MEDICAL AND INTERVENTIONAL 
MANAGEMENT OF ICAD
Optimal management of  ICAD continues to evolve but 
currently focuses on the use of  anti-aggregating (anti-
platelet) medications as first line therapy and revascular-

168 May 28, 2010|Volume 2|Issue 5|WJR|www.wjgnet.com

Komotar RJ et al . Update on the Natural History of ICAD



ization procedures (usually endovascular) for refractory 
cases. Recent medical management, which evolved from 
the treatment of  systemic atherosclerosis has included 
combinations of  aspirin, dipyridamole, statins, ticlopi-
dine, clopidogrel, warfarin and angiotensin-converting 
enzyme inhibitors[2,42]. Since the publication of  the WA-
SID and the WARSS trial, the benefit of  warfarin over 
aspirin has been questioned[3,31]. For example, WASID 
was stopped prematurely by its safety monitoring com-
mittee due to a significantly increased risk of  hemor-
rhage in the warfarin group. At a mean follow-up of  1.8 
years, there was no difference in the primary endpoint 
of  ischemic stroke, brain hemorrhage or death from 
other vascular causes, but the rates of  each endpoint 
individually were significantly lower in the aspirin group. 
Although some commentators have voiced concerns 
about the study design and applicability of  outcome and 
complication measures[44], use of  warfarin to treat this 
group of  high-risk patients based on the foregoing data 
requires caution.

For patients who develop recurrent symptoms on an-
tithrombotic therapy, the risk of  recurrent stroke or TIA 
is believed to be extremely high and revascularization is 
often considered (Figure 1). The efficacy of  angioplas-
ty[45] or stent-supported angioplasty (PTAS) for ICAD 
remains controversial. Marks et al[46], reported clinical 
outcomes in their series of  120 patients with 124 symp-
tomatic intracranial stenoses using PTA alone. Includ-
ing periprocedural strokes and deaths, the annual stroke 
rate in the territory of  treatment was 3.2% and 4.4% 
overall[46]. However, PTA alone is not always successful. 
In Marks’ series, 12.9% of  patients required immediate 
stenting when angioplasty failed[46]. 

There are also numerous series reviewing single and 
multi-center experience with intracranial stent angio-
plasty. SSYLVIA (Stenting of  symptomatic atheroscle-
rotic lesions in the vertebral or intracranial arteries) was a 
prospective multi-center non-randomized feasibility trial 
to evaluate the Neurolink® intracranial stent (Guidant, 
Indianapolis, IN). Sixty one patients underwent treatment 
with 95% technical success, 6.6% stroke and 0% mortal-
ity. Unfortunately, the incidence of  stroke increased to 
7.3% between 30 d and 1 year with a 35% rate of  reste-
nosis in the treated arteries[47]. In 2005, Henkes et al[48] 
reported on the use of  a novel self-expanding stent called 
Wingspan® (Boston Scientific, Fremont, CA). Forty five 
patients underwent treatment for ICAD > 50% stenosis 
with 98% technical success, composite 30-d ipsilateral or 
death of  4.5%, and 6-mo all cause stroke rate of  9.5%. 
Based on these data, the FDA granted Boston Scientific 
a humanitarian device exemption to treat symptomatic 
patients with ICAD stenosis > 50% and refractory to 
medical therapy. Fiorella et al[49], reported on 78 patients 
with 82 intracranial stenoses > 50% who were treated 
with Wingspan®. With a technical success rate of  nearly 
99%, there were 6.1% major peri-procedural complica-
tions or deaths with good target artery revascularization 
but a 32% rate of  in-stent restenosis[50]. The SAMMPRIS 
(Stenting vs aggressive medical management for prevent-
ing recurrent stroke in intracranial stenosis) is an National 
Institute of  Health-funded randomized trial comparing 
best medical therapy with stent-angioplasty using the 
Wingspan device plus best medical therapy and is now 
enrolling in the United States[51]. 

Across centers in the Americas and Europe, the results 
of  PTA/PTAS have not been uniform. Recent non-
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Figure 1  Seventy-nine years old man with hypertension 
and hyperlipidemia developed episodic dizziness, 
visual distortion, dysarthria, and somnolence refractory 
to anti-platelet therapy using aspirin and dipyridamole. 
A: Computed tomography of the brain with contrast, 
CTA protocol and coronal reconstructions, shows severe 
focal stenosis of the basilar artery (arrow); B: Catheter 
arteriography of the right vertebral artery during arterial 
phase in frontal projection confirms 80% stenosis the 
proximal basilar artery (arrow); C: Fluororadiography during 
endovascular revascularization using stent angioplasty 
shows placement of a 3.0 mm × 15 mm Wingspan® self-
expanding nitinol stent (arrow) symmetrically across the 
stenosis after angioplasty using a 2.5 mm × 9 mm Gateway®  
angioplasty balloon catheter; D: Catheter arteriography of 
the right vertebral artery during the arterial phase in frontal 
projection at the conclusion of the procedure shows residual 
40% stenosis of the basilar artery after angioplasty and stent 
placement (arrow). Out-patient follow-up with non-invasive 
imaging using transcranial Doppler ultrasonography shows 
stable normal velocities in the treated artery. The patient 
remains stable on aspirin and clopidogrel.
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randomized, retrospective studies have found no signifi-
cant difference in vascular ischemic endpoints between 
patients with ICAD treated with medical therapy or 
PTA/PTAS[52]. In a systematic review of  PTAS for ICAD, 
Gröschel et al[35], concluded that the use of  PTA/PTAS 
outside the context of  randomized, controlled trials cannot 
be recommended due to the widely variable complication 
rates of  PTA/PTAS, the natural history of  the ICAD, and 
lack of  clear effect on patient outcome. A comprehensive 
review of  this area is beyond the scope of  this review, and 
is covered in detail elsewhere[17,53]. 

CONCLUSION
Symptomatic ICAD is associated with a significant risk 
of  stroke despite medical therapy. Vessel-specific patterns 
of  outcome have emerged in the old and recent litera-
ture on ICAD. Studies examining the ICA terminus have 
shown that stenosis in this region predicts poor outcome, 
arguing for intervention in some cases. Stenosis specific 
to the MCA distribution confers a lower rate of  morbid-
ity and mortality than other vessels, suggesting that medi-
cal management may play a larger role in this vessel. The 
presence of  ICAD in the vertebrobasilar system confers 
the highest rate of  stroke, but interventional neuroradi-
ologists also report the highest rate of  complications fol-
lowing angioplasty and stenting in these vessels. Within 
the posterior circulation, the ICAD of  the BA has the 
highest rate of  mortality and morbidity.

Examination of  the natural history of  ICAD evi-
dences the new potential role for endovascular revascu-
larization of  the most severe intracranial stenoses. Per-
cutaneous transluminal angioplasty and stent-supported 
angioplasty are now feasible with modern microcatheter 
technologies. Studies designed to compare complication 
rates of  medical and interventional therapies are now 
underway. Restenosis with stent-supported angioplasty 
may be less frequent than after angioplasty alone at early 
follow-up evaluations. However, the long-term patency 
of  stented cerebral arteries and rates of  recurrent stroke 
remain unclear. For these reasons, a multi-disciplinary 
approach to patients with symptomatic ICAD is impor-
tant to achieve optimal outcomes across the spectrum of  
cerebrovascular occlusive diseases.
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