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Intracranial atherosclerosis (ICAS) is a major cause of stroke worldwide and is more common 
in Asians than Caucasians. The study results from the East and West are generally similar, 
but notable differences exist. For example, studies from the East have reported that ICAS is 
associated with young age, whereas ICAS seems to be associated with old age in the West. 
Studies from the East have strongly suggested that mild ICAS associated with branch occlu-
sion is one of the main causes of single subcortical infarction, whereas this aspect has not 
been considered in stroke classification systems developed in the West. While clopidogrel is 
commonly used in patients with large artery disease in the West, cilostazol has been more 
extensively studied and commonly used in ICAS patients in the East. A randomized controlled 
study from the West reported negative results regarding the efficacy of stenting in ICAS 
patients due largely to a relatively high rate of periprocedural adverse events, whereas re-
search papers from the East have reported a relatively lower rate of complications. Studies 
to narrow these East-West gaps should be performed, including risk factor studies using 
homogenous ethnic populations, studies investigating appropriate classification systems, 
drug trials in different ethnic populations, and rigorous high standard randomized controlled 
studies on the efficacy of stenting in Eastern populations. 
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Introduction 

Intracranial atherosclerosis (ICAS) is a major cause of stroke 
worldwide, and research on ICAS is therefore increasing. Al-
though ICAS is more prevalent in the Eastern hemisphere than 
in the Western hemisphere, the study results from both hemi-
spheres are generally similar. For example, studies from both 
hemispheres have shown that dyslipidemia is less often associ-
ated with ICAS than extracranial atherosclerosis (ECAS); how-
ever, there are some notable differences in results. For example, 
while studies from the East have shown that ICAS is more com-
mon in younger patients, results from the West have shown that 
ICAS is more often seen in elderly patients. There is also a dif-

ference in drug preference for ICAS treatment. In addition, phy-
sicians’ understanding of ICAS in terms of the pathogenesis, 
stroke classification, and stenting efficacy differs between the 
East and West. In this report, the reasons for these differences 
between East and West are discussed. 

Risk factors 

Many studies investigating ICAS risk factors have been con-
ducted. Some studies have attempted to compare risk factors 
between ICAS and ECAS. Studies from both the East1-3 and the 
West (subjects with a mixed population of both Caucasians and 
African Americans)4,5 generally agree that dyslipidemia is more 
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closely related to ECAS than ICAS. However, there are some 
differences in the results between the East and West. 

In terms of demography, studies from the West6-8 have shown 
that ICAS develops later in life than ECAS. It has been suggest-
ed that greater antioxidant enzyme activity in intracranial arter-
ies may contribute to the arteries’ improved resistance to ath-
erogenesis, and that decreasing amounts of antioxidants with 
increasing age may lead to development of ICAS later in life.8 
On the other hand, studies from the East have generally shown 
that ICAS is associated with younger age.2,3,9 Study results regar
ding the relationship between ICAS and sex are also conflicting. 
Large clinical studies from the East have shown that women more 
often develop ICAS than men2,3,9 but one study from China re-
ported that ICAS is more common in men.10 In the West, stud-
ies with mixed ethnicities5 as well as homogeneous Caucasian 
populations11 have reported that women more commonly de-
velop ICAS than men.

Another possible difference between Eastern and Western 
results regarding ICAS is the role of metabolic syndrome (MetS), 
a cluster of atherosclerotic risk factors. In the East, it has been 
shown that MetS is more closely associated with ICAS than with 
ECAS.2,12,13 More recently, MetS has also been found to be asso-
ciated with ICAS in mixed populations14 and Caucasians11 sug-
gesting that MetS may be a factor associated with ICAS both in 
the East and the West. In a study in a multiethnic stroke popula-
tion, however, MetS and its components were closely associated 
with ICAS in nonwhites, but associated with ECAS in Cauca-
sians.15 Overall, these results suggest that the impact of MetS on 
development of ICAS may be stronger in Asians than in Cauca-
sians. 

This difference is difficult to understand, but it should be re-
membered that MetS is not a single risk factor; rather, it is a con-
stellation of metabolic factors. The components and the degree 
of severity of the individual components may differ among eth-
nicities.16 For example, higher rates of obesity and hyperglyce-
mia and lower rates of physical activity are observed in Hispan-
ics than in Caucasians.17 Asians have a higher prevalence of hy-
pertension, smoking16 and visceral obesity, which is associated 
with insulin resistance in apparently lean subjects.18 Body fat 
distribution26 and the secretion pattern of adiponectin, a pro-
tein secreted by adipose tissue, also seem to differ between Cau-
casians and Asians.19,20 These ethnic differences in metabolic 
derangement profiles may influence the timing and location of 
atherosclerosis.21 For example, the protective effect against oxi-
dative vascular stress may weaken earlier in Asians with these 
metabolic characteristics, thereby leading to ICAS earlier in life.

A potentially more important explanation for the association 
of ICAS with young age in the East may be contamination of 

non-atherosclerotic diseases on ICAS. One of the most impor-
tant etiologies of contamination seems to be moyamoya disease 
(MMD). MMD is characterized by bilateral steno-occlusion of 
the distal internal carotid arteries and proximal middle cerebral 
arteries with well-developed basal collateral vessels,22 although 
atypical cases such as those with unilateral steno-occlusive dis-
ease are occasionally encountered.23,24 Moreover, in the early 
stage of the disease, patients may present with focal middle ce-
rebral artery stenosis without sufficient development of basal 
collaterals.25 MMD is more prevalent in Asians than in Cauca-
sians and more prevalent in women than in men.26 We suspect 
that the association between young age and ICAS, shown in 
studies from the East, may be due at least in part to the errone-
ous inclusion of MMD in ICAS groups.

Another potential confounder may be dissection. Although 
extracranial dissections (e.g., occurring in arteries such as the 
internal carotid artery or vertebral artery) are known to be more 
common than intracranial dissections in the West,27 a recent 
study from the East showed that intracranial artery dissection is 
more common in Asians.28 Methods commonly used for the di-
agnosis of intracranial arterial disease include computed tomog-
raphy angiography, magnetic resonance angiography (MRA), 
or conventional transfemoral angiography. Unless typical fea-
tures (e.g., dissection flap for dissection and moyamoya collat-
erals in MMD) are documented, however, it is difficult to cor-
rectly assess the pathologic conditions. These imaging modali-
ties are limited to luminal stenosis examination without vascular 
wall pathology information. 

Currently, high-resolution vessel wall MRI (HR-MRI) en-
ables clinicians to assess vessel wall pathology. Atherosclerotic 
plaque characterization and other pathologies affecting intra-
cranial arteries have been investigated using HR-MRI.29-34 We 
recently studied 95 young patients (≤ 55 years) with unilateral 
middle cerebral artery disease (≥ 50% stenosis or occlusion) 
and who had no or minimal (≤ 1) atherosclerotic risk factors. 
The initial diagnosis based on MRA was “presumed” athero-
sclerosis; however, the diagnosis based on HR-MRI findings, 
were; atherosclerosis in 26, MMD in 29, dissection in 22, and 
vasculitis in 13 patients (authors’ unpublished data). Therefore, 
atherosclerosis seems to be an uncommon etiology in young 
patients with minimal vascular risk factors. These results rein-
force the problem of erroneous inclusion of nonatherosclerotic 
vasculopathy in previous ICAS studies. In patients with intra-
cranial stenosis, HR-MRI is a useful differential diagnostic tool.

To correctly diagnose nonatherosclerotic diseases, gene stud-
ies may also be useful. One of the best-known examples is the 
ring finger 213 (RNF 213) gene variation. Patients with this gene 
variant are highly susceptible to developing MMD; a c.14576G > A 
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polymorphism in RNF213 was identified in 95% of familial 
MMD patients and in 79% of sporadic cases.35 Identifying this 
genetic variant will improve our diagnostic ability accordingly, 
especially when imaging findings are inconclusive for the diag-
nosis of intracranial steno-occlusion. 

The arguments discussed so far, however, should be cautious-
ly interpreted due to differences in study designs between the 
East and West; while ethnicities are generally homogeneous in 
Eastern studies, studies from the West usually include heteroge-
neous ethnicities. Unfortunately, the proportion of different 
ethnicities is often not described,4,5 and risk factor differences 
between ethnicities are not meticulously examined. Additional-
ly, MRA, computed tomography angiography, or angiography 
is used in Eastern studies, whereas Doppler ultrasound is more 
often used in the West, potentially omitting milder ICAS cases. 

Stroke mechanism and classification

Mechanisms leading to stroke or transient ischemic attack in-
clude artery-to-artery embolism, local branch occlusion, in situ 
thrombotic occlusion, and hemodynamic insufficiency. The 
specific mechanism is reliably assessed with imaging techniques 
that show topographic patterns of infarction and vascular status, 
such as diffusion-weighted MRI and MRA.36,37 Recent studies 
on stroke mechanisms in ICAS patients have been performed 
almost exclusively in the East due mainly to the large number of 
ICAS patients, but potentially also due to different government 
reimbursement policies and physician interest.

Although atheromatous branch occlusion was initially ad-
dressed by Western physicians.38-41 Eastern physicians are cur-
rently interested in this issue and have found that a large portion 
of lacune-like single subcortical infarctions is caused by branch 
occlusion associated with parental artery atherosclerotic dis-
ease.42-47 The prevalence of MRA-detected single subcortical in-
farction associated with ICAS ranges from 17% to 35% in the 
East.44, 45 It is also seen that the degree of stenosis causing branch 
occlusion-associated ICAS is generally milder (< 50%) than 
that causing artery-to-artery embolism.37,47,48 In addition, HR-
MRI studies have shown that small atherosclerotic plaque, un-
detectable by conventional MRA, occasionally leads to branch 
occlusion.49 Finally, studies from the East have shown that the 
diameter of subcortical infarctions caused by branch occlusion 
varies, and the size criteria may not differentiate the underlying 
pathogenic mechanism (branch occlusion caused by ICAS ver-
sus lipohyalinotic small perforator disease).46 Therefore, East-
ern physicians tend to believe that ICAS of mild degree should 
be included with “large artery disease,” and that lesion size crite-
ria may not be a reliable method for differentiating large artery 

disease from small artery disease.50 
Stroke classification criteria mostly developed in the West 

have not considered these aspects. The TOAST classification 
system defined large artery atherosclerosis as corresponding ar-
tery stenosis > 50% and small vessel disease as a subcortical le-
sion < 15 mm.51 Therefore, stroke associated with a single sub-
cortical infarction > 15 mm and arterial stenosis < 50% should 
be classified as undetermined etiology. In the modified Stop-
Stroke Study TOAST classification52 the size criteria for small 
vessel disease were increased from < 15 mm to < 20 mm. Addi-
tionally, embolic infarctions with corresponding stenosis < 50% 
accompanied by protruding plaque into the vessel lumen could 
be classified as large artery atherosclerosis if there was no evi-
dence suggesting other categories.52 These criteria and ASCO 
classification53 did not, however, seriously consider single sub-
cortical infarction with mild parental arterial disease.

In response, several Eastern stroke subtyping classifications 
have been suggested. One study from Korea considered mild 
(< 50%) ICAS to be significant arterial disease if the stenosis 
was located at the index stroke site.54 Another Korean study de-
fined atherothrombosis without using criteria limiting the de-
gree of stenosis, but at least one criterion of systemic atheroscle-
rosis was needed to classify the stroke as atherothrombotic. Small 
artery disease was defined as a single ischemic lesion in a perfo-
rating arterial territory, but no strict lesion size criterion was 
given.55 This new classification increased the proportion of large 
artery atherosclerosis and decreased the proportion of small 
vessel occlusion. Another new classification called Chinese isch-
emic stroke subclassification was recently suggested.56 In this 
system, ischemic strokes in the penetrating artery region with 
any degree of parental artery stenosis were classified as large ar-
tery atherosclerosis. The system considered cases with HR-MRI-
demonstrated arterial plaque to be large artery atherosclerosis, 
even absent significant stenosis on MRA. Penetrating artery 
disease was defined as an isolated infarct in the region of one 
penetrating artery, regardless of the infarction size. These classi-
fication systems from the East share similar concerns in defin-
ing ischemic stroke subtypes: 1) lesion size limitation should 
not be strictly applied for small vessel occlusion and 2) the de-
gree of stenosis of atherosclerotic vessels should not be strictly 
applied for determining large artery disease subtypes. In con-
clusion, appropriate stroke classification systems incorporating 
Eastern stroke characteristics should be developed to narrow 
the gap between East and West.

Medical treatment

Aspirin, dipyridamole, and clopidogrel are antiplatelets popu-
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larly used worldwide. Aspirin plus clopidogrel has been the most 
extensively studied combination therapy. Some trials such as 
MATCH,57 CHARISMA,58 and SPS359 have illustrated that 
combination therapy is no more effective than monotherapy 
and is associated with significantly increased bleeding risks, es-
pecially when used for a prolonged period. Therefore, there is 
no indication for long-term use of aspirin plus clopidogrel for 
secondary prevention of stroke. In contrast, other studies from 
both the West (CARESS)60 and the East (CLAIR)61 showed 
that aspirin plus clopidogrel reduced microembolic signals de-
tected by transcranial Doppler to a greater degree than aspirin 
monotherapy in patients with large artery disease. A recent study 
in China randomly assigned 5,170 patients with minor stroke 
or transient ischemic attack to receive either combination or 
monotherapy and showed that combination therapy (aspirin 
plus clopidogrel) was significantly more effective than aspirin 
monotherapy for preventing recurrent strokes when adminis-
tered early (< 24 hours).62 The bleeding risks were not different 
between the two groups. It seems that regardless of ethnicity, 
the combination of these two drugs may be effective at least in 
the early stage of stroke, especially in patients with large artery 
atherosclerosis. 

While clopidogrel has been a popular drug for stroke research 
in the West, Eastern studies have instead focused almost exclu-
sively on cilostazol for the treatment of ischemic stroke. Studies 
from Japan,63,64 Korea,65,66 and China67 have shown that cilosta
zol is tolerable and may be superior to aspirin for the secondary 
prevention of ischemic strokes in Asian patients. There are sev-
eral reasons for antiplatelet preference differences between East-
ern and Western physicians. The first reason can be attributed 
to regional differences. Clopidogrel is produced by a Western 
company, whereas cilostazol was developed by a Japanese com-
pany. Therefore, regional scientists have an interest in each drug 
and have better opportunities to receive research funds from 
their respective companies. 

The second reason for preference is scientifically based.68 In 
patients with ECAS, major stroke mechanism is artery-to-artery 
embolism associated with plaque rupture, platelet aggregation, 
and generation of thromboembolism. Stroke mechanisms in 
ICAS, however, are more diverse and include branch occlusion, 
in situ thrombotic occlusion, and artery-to-artery thromboem-
bolism.2 Severe stenosis leading to a cerebral perfusion defect 
predisposes patients with ICAS to artery-to-artery embolism 
and in situ thrombotic occlusion. Although perfusion defects 
are associated with symptomatic events in both ECAS and ICAS 
patients, progressive vascular occlusion is more devastating in 
ICAS patients because of the lack of collateral vascular sources 
such as posterior communicating arteries or extracranial arter-

ies. With this in mind, progressive vascular wall narrowing sec-
ondary to endothelial injury and smooth muscle proliferation 
should be prevented in ICAS. Cilostazol inhibits phosphodies-
terase and increases cellular levels of cAMP concentrations, 
which exert diverse actions on the vessel wall. The changed pro-
file has vasodilatory activity, inhibits vascular smooth muscle 
proliferation, and protects the endothelium. As a result, cilostazol 
is expected to be effective in patients with ICAS; the TOSS trial 
was fundamentally based on this assumption.65 The positive re-
sults from TOSS inspired many studies in the East, ultimately 
making cilostazol a preferred drug for Asian physicians who en-
counter ICAS patients more often than their Western counter-
parts. 

Furthermore, cilostazol has minimal bleeding complications. 
Aspirin plus clopidogrel increases bleeding complications in 
stroke patients,57 especially in patients with lacunar infarction,59 
which offsets the small advantage of augmented antiplatelet ac-
tion. In contrast, cilostazol is associated with fewer bleeding 
complications than aspirin as documented by previous Asian 
trials.64,67 This is another reason for Asian physicians’ favorable 
views of cilostazol. 

In terms of ICAS treatment, one study compared aspirin plus 
cilostazol to aspirin plus clopidogrel and showed that patients 
receiving aspirin plus cilostazol had a more favorable vascular 
outcome (less progression and more regression of diseased ar-
tery) than those who received aspirin plus clopidogrel.42 Never-
theless, aspirin plus clopidogrel was recently used as standard 
therapy in a large Western trial comparing the optimal medica-
tion and stenting in ICAS patients.69 This decision may have 
been made partly because previous studies using aspirin and ci-
lostazol to treat ICAS had relatively small sample sizes and re-
lied on imaging rather than clinical end points, and partly be-
cause of regional (East v. West) antiplatelet preferences. 

Angioplasty and stenting 

To date, SAMMPRIS is the largest randomized controlled 
study to compare stenting and medical treatment. The results 
showed that stenting was associated with high early morbidity 
and was no more effective than conservative management.69 
Long-term outcome was equally unfavorable in the stenting 
group.70 Based on this trial, stenting is not considered optimal 
for treating ICAS. However, a long-standing argument on the 
results of SAMMPRIS remains. The negative results were pri-
marily associated with early morbidity (stroke, transient isch-
emic attack), which was as high as 14.7% in the stenting group. 
On the other hand, studies from the East have shown lower 
rates of periprocedural complications and morbidities.71-78 Table 1 
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summarizes the clinical studies with more than 20 patients pub-
lished in English journals that used stenting in ICAS. The dis-
crepancy between the East and West findings may be explained 
by several reasons.

First, as previously discussed, Western studies have reported 
that ICAS develops in the later stage of life. As such, ICAS pa-
tients in the West may already have atherosclerosis in the proxi-
mal vessels such as the aorta or carotid arteries. In this setting, 
atherothrombotic materials in the proximal vessels may be dis-
lodged more often during the stenting procedure and lead to 
perioperative adverse events.79 Age does not appear to be a fac-
tor; the mean age of patients in the SAMMPRIS trial was 61 
(stenting group) and 60 (medication group) years old, which 
was no higher than that in the studies from the East (Table 1). 
Further supporting this hypothesis, the percentage of patients 
with diabetes and coronary heart disease markers for vascular 
atherosclerosis appears to be higher in patients from the West 
than in those from East Asian countries (Table 1). 

Second, interventionists may be less experienced in the West 
than in the East. The SAMMPRIS authors argued that the high 
rate of periprocedural complications was not due to inexperi-
ence of the operators;69 however, the fact that 30% (10/33) of 
the periprocedural events were due to symptomatic brain hem-
orrhage has provoked arguments that procedure-related com-
plications due to technical problems may have contributed at 
least in part to the unfavorable results.80 Because ICAS is much 
more common in the East than in the West, physicians in the 
East see more patients with hemodynamically unstable ICAS 
who may need stenting procedures. Moreover, registry studies 
in Asia are performed in a single large, tertiary center that typi-
cally recruits a large number of cases. By analyzing the enroll-
ment period and patient number (Table 1), it is clear that pa-
tients enrolled per month ranged from the lowest (1.05)75 to 
the highest (4)74 in the East. On the other hand, as many as 50 
centers in the USA were involved in SAMMPRIS, and patients 
enrolled per month per center was only 0.3. Moreover, half of 
the 451 patients were enrolled from the top 12 enrolling sites 
and the other half were enrolled by the other 38 sites (personal 
communication with the PI). Therefore, it is reasonable to assert 
that at least some of Western investigators were less experienced. 

The last, and perhaps the most important reason for the East 
and West disagreement regarding stenting usefulness, is the pos-
sibility that outcome was not sufficiently rigorously assessed in 
Eastern registry studies. In SAMMPRIS, researchers had a rig-
orous protocol for evaluating events (e.g., end points evaluated 
by neurologists, an adjudication process, and site monitoring 
visits), and the outcome events may have been more precisely 
captured. In the Asian registry studies, the assessment methods 
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(i.e., who assessed the end point using what criteria) were poor-
ly described. Although some argue that events such as stroke or 
transient ischemic attacks may be hardly unnoticed, they can 
still be missed unless they are assessed systemically, objectively 
and, most importantly, independently. 

Conclusions and future directions

Although study results and overarching concepts regarding 
ICAS are generally similar, there are still notable differences be-
tween the East and West. Further studies are recommended, in-
cluding risk factor studies using homogeneous ethnicities, stud-
ies investigating appropriate classification systems that can be 
applied to patients from the East and West, studies regarding 
the efficacy of cilostazol in Western patients with ICAS, and 
more rigorous clinical trials on stenting in the East. Studies us-
ing developed imaging techniques or genetic tests should be 
continued to achieve a more precise diagnosis of intracranial ar-
terial diseases, especially in the East. These studies will help 
health care professionals better understand the reason for the 
East-West difference in results, resolve concept differences on 
ICAS, and develop a better strategy for the diagnosis and man-
agement of ICAS, a major cause of stroke worldwide.
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