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Abstract

Background: Intracranial atherosclerotic stenosis is a highly prevalent cause of stroke worldwide with important ethnic
disparities. Widely considered to be a common cause of stroke in Asian and Afro-Caribbean populations, relatively less is
known about the burden and significance of intracranial atherosclerotic stenosis in Caucasians.

Aims: We aim to highlight recent insights and advances into the prevalence, prognosis, and treatment of symptomatic
and asymptomatic atherosclerotic intracranial atherosclerotic stenosis in Caucasian patients.

Summary of review: We identified 48 articles studying intracranial atherosclerotic stenosis in Caucasian patients with
ischemic stroke or transient ischemic attack. Most studies were on hospital-based cohorts of consecutive patients and
half were graded as “fair” quality. There was significant variation between studies in the definition of intracranial ath-
erosclerotic stenosis and in the imaging modalities used to detect intracranial atherosclerotic stenosis. Overall, 12.1% of
Caucasian patients were found to have any intracranial atherosclerotic stenosis, 6.4% symptomatic intracranial athero-
sclerotic stenosis and | |.1% asymptomatic intracranial atherosclerotic stenosis, with higher rates at older ages. In studies
reporting prognosis, there were 61 and 10 same-territory ischemic strokes in 1000 person-years in patients with
symptomatic and asymptomatic intracranial atherosclerotic stenosis, respectively. Percutaneous stenting and angioplasty
have not proven superior to intensive medical management in patients with symptomatic intracranial atherosclerotic
stenosis.

Conclusions: Intracranial atherosclerotic stenosis has previously been neglected as a cause of stroke in Caucasians but
is highly prevalent at older ages and frequently discovered with the growing use of noninvasive angiography. Intensive
medical therapy is the treatment of choice, but there is a need to develop novel treatments or therapeutic approaches to
lower the risk of stroke in higher risk patients.
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Introduction . .
carotid artery stenosis is recommended by US and

Ischemic stroke is a heterogeneous disease and up to a
fifth of cases are caused by atherosclerosis of the aortic
arch, neck, or intracranial arteries.! There is significant
ethnic variation in the location of large artery disease;
Asian, Hispanic, and Black populations have a high
burden of intracranial atherosclerotic stenosis (ICS),
accounting for a third of ischemic cerebrovascular
events,” ® whereas relatively less is known about the
burden of ICS in Caucasians, in whom extracranial
carotid artery atherosclerosis is considered predomin-
ant and ICS is only attributed to 5-10% of all ischemic
strokes.>’

Given the perceived lack of importance of ICS in
Caucasians, routine screening for extracranial internal

European guidelines but there is no consensus on the
value of routine screening for ICS. Furthermore, the
most appropriate screening modality with adequate
sensitivity, specificity, and practicability remains
contested.
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ICS are more frequently detected by the increasing
use of intracranial angiography in the assessment of
acute stroke patients, posing a challenge to clinicians
to accurately counsel patients about the likely progno-
sis and optimal treatment strategy. Although intensive
medical therapy has been established as standard sec-
ondary prevention therapy by randomized trials,®? it
remains to be seen whether risk of recurrent stroke
can be further reduced by percutaneous angioplasty
and stenting or novel surgical approaches in high-risk
subgroups of patients.

In this review, we highlight recent insights and
advances into the prevalence, detection, prognosis,
and treatment of symptomatic and asymptomatic ICS
in Caucasian patients. Details of the literature search
strategy and inclusion criteria are outlined in the
Supplementary material, and a flow diagram of article
exclusions is shown in Figure 1.

Systematic review results

The systematic review identified 48 articles which ful-
filled criteria studying ICS in Caucasian patients with
ischemic stroke or transient ischemic attack (TIA)

(Tables 1 and 2). Studies were hospital-based cohorts
of consecutive ischemic stroke and TIA patients (39/
81.3%: prospective n=22, retrospective n=17), two
(4.2%) population-based studies of minor stroke TIA
patients and the medical arms of clinical trials (n=7/
14.6%).

Of the 28 studies reporting ICS prevalence,
21 (75.0%) included all ICS, whereas seven
studies (25.0%) only reported anterior or posterior circu-
lation ICS (two studies reported both but did not identify
duplicate patients so have been included twice in Table
1). Of the 29 studies reporting ICS prognosis, 23 (79.3%)
reported the prognosis of symptomatic ICS only, 2
(6.9%) of asymptomatic ICS only, and 4 (13.8%) of
both symptomatic and asymptomatic ICS (presented
separately in Table 2). Seven studies (24.1%) did not
report the mean follow-up time and were excluded
from analyses of prognosis.

The study quality outcomes are shown in
Supplementary Table 1; 24 studies (50.0%) were
graded as fair, 14 poor (29.2%), and 10 good (20.8%)
quality. The most frequent limitations were incomplete
description of ICS definition, predominant use of TCD
only, and lack of follow-up information.

Figure |. Flow diagram of systematic review article exclusions for ICS prevalence and prognosis in Caucasian TIA/stroke

patients.

Studies identified using Ovid MEDLINE and Embase
electronic databases (since inception)

n= 3,606

Excluded (n= 3,405)

y

Papers and references reviewed

n= 201

reports, non-stroke/ TIA population, duplicates or not
reporting prevalence/ prognosis.

{ Abstracts were reviews, conference abstracts, case

( Excluded (n= 153)
N Majority non-Caucasian population (n= 143),

Included in systematic review

n=48

prevalence reported per vessel (n= 1), outcome of
angioplasty/ stenting (n= 6), duplicate cohort (n= 2),
stroke outcome not reported (n=1).
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Definition and diagnosis of intracranial
stenosis

ICS is a narrowing or occlusion of an intracranial
(intradural or subarachnoid) arterial lumen due to ath-
erosclerotic plaque (Figure 2). Atherosclerosis can be
limited to the intracranial arteries or part of more
systemic disease also affecting the coronary, renal, or
peripheral arteries.'® It is important to distinguish non-
atherosclerotic causes of intracranial vascular stenosis,
including arterial dissection, moyamoya disease,
intracranial vasculitis (idiopathic, infectious, or inflam-
matory), and vasospasm, as these conditions have
different treatments and prognoses.''

There is variation between studies in the degree of
luminal restriction and its method of measurement used
to define ICS with cross-sectional angiography. The
Warfarin—Aspirin Symptomatic Intracranial Disease
(WASID) trial method'? compares the narrowest lumi-
nal diameter with the closest normal luminal diameter
proximal to the stenosis (or distal if the proximal artery
is also stenosed) and is most commonly used. Some
investigators use a method analogous to the North
American Symptomatic Carotid Endarterectomy Trial
(NASCET), which considers the diameter of a site
distal to the lesion as normal.'* Reliability of these
methods has not been extensively investigated in ICS.
One study of 25 patients with symptomatic middle cere-
bral artery (MCA) ICS found a significant difference in
the degree of narrowing as determined by NASCET

Figure 2. Time-of-flight MR angiogram of the large intra-
cranial arteries showing multifocal atherosclerotic stenoses,

including bilateral posterior cerebral arteries and right
anterior cerebral artery (indicated by red circles).

and WASID methodology on catheter angiography,
but not CT angiography (CTA)."*

In our systematic review, all studies using TCD
defined ICS according to velocity parameters based
on the Baumgartner criteria.'” In studies using cross-
sectional angiography (n=38), 20 studies (52.6%) cal-
culated the degree of stenosis using the WASID trial
method, 3 studies (7.9%) used criteria based on the
NASCET, and 15 studies (39.5%) did not report the
methodology used.

Greater degrees of luminal narrowing have been
associated with higher risks of recurrent same-territory
ischemic stroke.'® Consequently, although >50% sten-
osis is most commonly used in observational studies,
randomized trials have typically recruited patients
with 70-99% stenosis in order to enrich the study
population.”'” In our review, the degree of luminal nar-
rowing used to define ICS with cross-sectional angiog-
raphy (n=38) was >50% in 27 studies (71.1%;
50-100% in 17, and 50-99% in 10), 70-99% in two
studies (5.3%), >30% in two studies (5.3%), >40%
in two studies (5.3%), any grade of luminal narrowing
in four studies (10.6%), and unknown in one
study (2.7%).

The gold standard imaging modality for detecting
ICS is digital subtraction angiography (DSA) as it pro-
vides high-resolution visualization of the intracranial
vasculature and, as a dynamic procedure, permits
assessment of flow rates and direction in addition to
assessment of collateral supply.'® However, DSA is
invasive and is associated with a risk of serious compli-
cations in up to 1% of procedures and is therefore not
appropriate for routine screening or research.'”>°

Noninvasive angiography, such as transcranial
Doppler ultrasound, MR angiography (MRA) or
CTA, is safer, quicker, and more accessible in routine
practice, but the available methods have differing sen-
sitivities and specificities for ICS detection. Moreover,
no single modality is suitable for all patients.

Transcranial Doppler ultrasound (TCD) identifies
ICS by detecting increased flow velocity distal to the
ICS. The Stroke Outcomes and Neuroimaging of
Intracranial Atherosclerosis (SONIA) trial assessed
the accuracy of TCD in detecting 50-99% ICS com-
pared with DSA and reported negative and positive
predictive values of 85% and 36%, respectively.”!
Therefore, TCD can be a useful initial screening tool
for >50-99% ICS but is limited to the major proximal
intracranial arteries and to patients with adequate tem-
poral acoustic bone windows. Also, there is some evi-
dence the sensitivity and specificity of TCD is greater in
the anterior than posterior circulation.”” TCD was the
most commonly used modality identified in our system-
atic review; either as the sole modality (n=12) or
alongside cross-sectional angiography (n=9).
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CTA can detect and quantify ICS by opacification
following administration of an iodine-based contrast, it
is easily performed in routine practice, and can detect
perfusion deficits when combined with CT-perfusion
sequences. Studies comparing CTA with DSA for iden-
tification of >50% ICS have reported high sensitivities
and specificities and a good inter-operator reliabil-
ity.!** % Patient-related limitations include the
requirement for ionizing radiation and intravenous
contrast. Technical limitations include the reduced spa-
tial resolution of smaller intracranial vessels (particu-
larly <2mm),*® obscuration by extensive mural
calcification,?” or susceptibility gradients, for example
of the internal carotid artery near the sphenoid sinus.?®
However, improving post-processing techniques miti-
gates many of these shortfalls.?®

MRI can detect ICS either by time-of-flight (TOF)
or contrast-enhanced sequences and has the advantage
of offering detailed parenchymal imaging which may
indicate the likely infarct mechanism. TOF-MRA
does not use any radiation or contrast material to visu-
alize the intracranial arteries and has variable sensitiv-
ity and specificity for ICS, but different magnet
strengths and post-processing techniques have been
used.'*?*3 One study comparing TOF-MRA and
CTA in ICS detection concluded CTA was superior,
with a higher sensitivity (98% vs. 70%) and positive
predictive value (93% vs. 65%)."* The main limitation
of TOF-MRA is the susceptibility to artifact because of
flow abnormalities—low flow may mimic stenosis and
turbulent or loss of laminar flow through stenosis may
over- or underestimate its degree.’!

Unlike TOF-MRA, gadolinium-based contrast
enhanced MRA (CE-MRA) is not vulnerable to
signal-intensity flow artifacts and can assess the origins
of the major intracranial arteries. However, CE-MRA
is more costly and increases the complexity of imaging,
in particular requiring accurate timing of the contrast
bolus, which is contraindicated in some patients.**
Older coil systems were limited by poor spatial resolu-
tion,*® but modern techniques have a similar sensitivity
and specificity to TOF-MRA in detecting 1CS.>*37-38

With the exception of TCD, the modalities discussed
so far only allow diagnosis of ICS as defined by a
degree of arterial luminal restriction, which may limit
risk stratification.®® Although not yet widely adopted
by clinical practice, novel post-processing techniques
can be used to assess the downstream hemodynamic
impact of an ICS, for example by noninvasive angiog-
raphy to measure peri-stenotic flow by parameters such
as fractional flow and translesional wall shear stress
ratio.>>*® Similarly, modalities such as high-resolution
MRI (HR-MRI) and intravascular ultrasonography,
can provide direct assessment of plaque composition
and detection of non-stenotic intracranial atheroma

which may have clinical relevance.*'*** Recently symp-
tomatic, unstable plaques have been shown to have a
higher lipid content, intra-plaque hemorrhage and
inflammatory cell infiltration,* properties which can
be detected by HR-MRI.* Intravascular ultrasonog-
raphy can detect fibrous, lipid, and calcific plaque con-
stituents, but is rarely used as it is invasive and
technically challenging.*’

Epidemiology of intracranial stenosis
Intracranial stenosis in stroke/TIA patients

The importance of ICS as a cause of ischemic stroke in
Asian, Black, and Hispanic populations is well recog-
nized.** The Northern Manhattan Stroke study has
reported higher rates of ICS in Afro-Caribbean and
Hispanic compared to Caucasian patients, with ICS
attributed to 9% of strokes in Caucasians, 17% of
African  Americans, and 15% of Hispanics.*’
Potential reasons for the differences seen in the preva-
lence of ICS between racial groups include genetic fac-
tors, such as ring finger protein 213 (RNF213)** or salt
sensitivity associated polymorphisms (e.g., a-adducin,
angiotensinogen, and aldosterone synthase).*” There
are also interracial differences in lifestyle and risk
factor profiles,’®! and due to a thinner media and
adventitia and fewer elastic medial fibers compared to
extracranial arteries, intracranial arteries are more vul-
nerable to hypertension-induced hemodynamic stress.>
Furthermore, ICS develops at younger ages in Asians
than Caucasians with the reverse is seen with extracra-
nial artery atherosclerosis™ and it has been postulated
that protective antioxidant enzyme activity is greater in
the intracranial arteries compared to the extracranial
arteries at a younger age.>*

Our review identified 28 studies of ICS prevalence in
Caucasian stroke and TIA patients (Table 1). In these
studies, 4166 of 34,563 patients (12.1%) were found to
have any ICS, 2198 of 35,788 (6.4%) symptomatic ICS
and 490 of 4427 (11.1%) asymptomatic ICS. There
were significantly different rates of ICS in the
pooled prospective (including trials and population-
based studies) versus retrospective data: 12.2% versus
10.8% (p=0.01) any ICS, and 5.8% versus 9.0%
(p <0.0001) symptomatic ICS.

In an Oxford population-based study of 1368
Caucasian patients with TIA and minor ischemic
stroke, 6.9% had symptomatic 50-99% ICS and this
was heavily age dependent; increasing from 4.7% at
<50 years to 19.6% at >90 years (Figure 3).°° In add-
ition to being older, the patients with ICS had a higher
burden of hypertension, diabetes mellitus, hyperlipid-
emia, atrial fibrillation, previous stroke, peripheral vas-
cular disease, and ischemic heart disease.>”
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Figure 3. Age-specific prevalence of any symptomatic, only asymptomatic and no intracranial stenosis in minor ischemic stroke

and TIA patients in the Oxford Vascular Study.
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There have been few studies of the prevalence of
asymptomatic, “incidental” ICS in a stroke and TIA
population. In a post hoc analysis of WASID, coexist-
ent asymptomatic ICS was identified in a quarter of
participants,”® and in one hospital-based study of 403
stroke patients admitted to a single French center the
asymptomatic ICS rate was 18.4%.% In the aforemen-
tioned Oxford population-based study, 202 patients
(14.8%) had any asymptomatic ICS similarly increas-
ing with age; from 3.8% at <50 years to 34.6% at >90
years. Of note in this study asymptomatic ICS were
more common than asymptomatic extracranial internal
carotid artery disease. Older age, hypertension, and
prior stroke/TIA were independent predictors of any
asymptomatic 1CS.>®

Intracranial stenosis in healthy participants

There are relatively few studies examining the
prevalence of ICS in Caucasian patients without
cerebrovascular disease. One large study of 1765
community-dwelling individuals estimated the US
prevalence of >50% asymptomatic ICS for Caucasian
65-90 year olds as 8% using high-resolution MRA.>
The Barcelona-Asymptomatic Intracranial
Atherosclerosis (AsIA) population-based study investi-
gated 933 Spanish participants over the age of 50 years
with transcranial color Doppler (TCCD) and reported
a prevalence of moderate to severe ICS of 3.3%.

Prognosis of intracranial stenosis
Mechanisms of stroke

The pathophysiology of infarction due to ICS is analo-
gous to the mechanisms of extracranial internal carotid
artery atherosclerosis-related infarction, and includes

artery-to-artery embolism, in situ thrombo-occlusion,
hypoperfusion due to subocclusive plaque and small
perforating artery occlusion. The pattern of ischemia
seen on neuroimaging can be suggestive of particular
mechanisms. Border zone infarctions result from hypo-
perfusion due to a stenosed artery, territorial infarc-
tions result from artery-to-artery embolism, and
occlusion of small branching perforating arteries can
cause subcortical strokes resembling lacunar infarcts.®'
It is unclear whether the specific mechanism of
ICS-related infarction has prognostic value, although
in a post hoc analysis of the Stenting versus
Aggressive Medical Therapy for Preventing Recurrent
Stroke in Intracranial Stenosis (SAMMRPIS) trial
data, patients with border zone infarctions were more
likely to have poor collateral supply and were at the
highest risk of recurrent stroke.®?

Prognosis of intracranial stenosis

Symptomatic ICS had been considered to convey a high
risk of recurrent ischemic stroke; the SAMMPRIS trial
sample size estimates were based on a primary endpoint
rate of 29% at two years for comparable medically trea-
ted patients in WASID.!” The observed two-year pri-
mary endpoint rate in medically treated SAMMPRIS
participants, 70% of who were Caucasian, was 14.1%,
attributed to the more intensive secondary prevention
therapy and lifestyle interventions.®%

Our systematic review identified 29 studies that
reported the prognosis of ICS in Caucasian minor
stroke and TIA patients (Table 2). Of these, 19
(65.5%) reported the mean duration of patient
follow-up and number of patients with recurrent ische-
mic stroke. In these studies, there were 89 (95% confi-
dence interval (CI)=74-108) any-territory ischemic
strokes in 1000 person-years and 61 (95% CI=52-71)
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same-territory ischemic strokes in 1000 person-years in
patients with symptomatic ICS, and 10 (95%
CI=6-19) same-territory ischemic strokes in 1000
patient-years in patients with asymptomatic ICS.

There are few studies of ICS prognosis in Caucasian
patients without cerebrovascular disease. One Spanish
community-based cohort of 80 stroke-free participants
with a high burden of vascular risk factors reported a
rate of 2.9% and 12.6% of ischemic stroke and any
vascular event/vascular death respectively during
seven years follow-up.®* Intracranial carotid artery cal-
cification volume (ICAC) was used as a surrogate
marker of ICS in a sample population of the
Rotterdam study, a population-based study of predom-
inantly Caucasian community-dwelling individuals.
The study included 2,323 stroke-free individuals of
mean age 70 years; during 14,055 person-years of
follow-up, 74 (3.2%) had an ischemic stroke and a
larger ICAC volume was associated with a higher risk
of stroke, independent of vascular risk factors.®

Treatment of intracranial stenosis
Medical management

Antiplatelet therapy is the principle antithrombotic
treatment for patients with symptomatic ICS since the
WASID trial demonstrated no benefit of warfarin over
aspirin and higher rates of major hemorrhage in the
warfarin arm.®® However, the role of direct oral anti-
coagulants has yet to be examined in patients with
symptomatic ICS, and the combination of rivaroxaban
and aspirin has been shown to reduce stroke risk in
patients with systemic atherosclerosis.®’

The optimal antiplatelet regime for treatment of
recently symptomatic ICS has not been investigated
by randomized trials. The Platelet-Oriented Inhibition
in New TIA and Minor Ischemic Stroke (POINT) and
Clopidogrel in High-Risk Patients with Acute
Nondisabling Cerebrovascular Events (CHANCE)
trials showed short-term dual antiplatelet therapy
(DAPT) to be safe and effective in patients with
high-risk TIA and minor ischemic stroke,*®*® and
a subgroup analysis of CHANCE showed greater bene-
fit in patients with symptomatic or asymptomatic
ICS.”” A pooled analysis of these trials showed that
the greatest benefits in stroke risk reduction were in
the first 21 days,”' with longer term DAPT shown to
increase the risk of major hemorrhage in the
Management of Atherothrombosis with Clopidogrel
in High-Risk Patients (MATCH)’* and Clopidogrel
for High Atherothrombotic Risk and Ischemic
Stabilization, Management, and Avoidance
(CHARISMA)” trials.

Short-term DAPT was used in the SAMMPRIS trial
which reported a lower rate of recurrent ischemic stroke
than expected based on the older WASID trial.®® Based
on this, the American Heart Association/American
Stroke Association (AHA/ASA) secondary stroke pre-
vention guidelines state that treatment of recently
(within 30 days) symptomatic 70-99% ICS with dual
antiplatelet therapy for 90 days might be reasonable.”
However, the independent contribution of the antipla-
telet regimen is unclear as the SAMMPRIS treatment
protocol also included intensive risk factor manage-
ment and lifestyle advice.®

Alternative antiplatelet agents, such as ticagrelor or
prasugrel, may be more efficacious in patients with
symptomatic atherosclerosis, particularly in cases of
clopidogrel resistance. In a subgroup analysis of the
Acute Stroke or Transient Ischemic Attack Treated
with Aspirin or Ticagrelor and Patient Outcomes
(SOCRATES) trial, ticagrelor was superior to aspirin
in prevention of vascular events or death 90 days in
patients with acute ischemic stroke or TIA due to ipsi-
lateral extra- or ICS.”

Management of the primary risk factors for athero-
sclerosis (elevated blood pressure, poor glycemic con-
trol, and elevated low-density lipoprotein (LDL)
cholesterol) has been shown to be effective secondary
prevention of ischemic stroke of any etiology.’®”’
Evidence in patients with symptomatic ICS is derived
indirectly from randomized trials. Risk factor manage-
ment in WASID was not standardized, but subgroup
analysis revealed improved outcomes in patients with a
mean systolic blood pressure <140 mmHg,’® total mean
cholesterol < 200 mg/dL” and HbAlc of <7%.%° These
findings were the basis of the intensive medical manage-
ment protocol of SAMMPRIS, which aimed for sys-
tolic blood pressure <140 mmHg (or <130 mmHg in
patients with diabetes mellitus), an LDL cholesterol
level <70mg/dL (1.81mmol/L) and HbAlc of
<7%.% The Treat Stroke to Target (TST) trial recently
confirmed this LDL target to be more effective at redu-
cing recurrent vascular events than patients with a target
of 90-110mg/dL (2.3-2.8 mmol/L).*' In addition,
SAMMPRIS employed a lifestyle modification program
for increased physical activity, optimized nutrition, and
weight loss and smoking cessation advice.®

There are no randomized trials informing the man-
agement of asymptomatic or remotely symptomatic
ICS. As described previously, they can be a common
finding in older patients with cerebrovascular disease
and in those with vascular risk factors.’®® The risk
of recurrent ischemic stroke in patients found to have
incidental, asymptomatic ICS is low, and management
should follow standard secondary prevention
guidelines.®?
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Endovascular therapy

Until the Food and Drug Administration approved the
self-expanding Wingspan stent (Stryker Neurovascular)
for treatment of recently symptomatic 50-99% ICS,
there had only been published case series demonstrating
high periprocedural complication rates.*> SAMMPRIS
commenced shortly after the approval and randomized
patients with 70-99% recently (within 30 days) symp-
tomatic ICS (TIA or minor ischemic stroke) to percu-
taneous transluminal angioplasty and stenting (PTAS)
with the Wingspan stent and intensive medical manage-
ment or intensive medical management alone.'’

Recruitment to SAMMPRIS was stopped early due
to a significantly higher rate of post-procedure stroke
(due to perforating vessel occlusion) or death; 14%
versus 6% in the non-stenting arm.'” Post hoc analyses
concluded that the higher degrees of ICS and earlier treat-
ment windows (compared to the previous Wingspan
registries), but not operator experience, may have
increased this periprocedural risk.**®> Furthermore, an
old infarct in the territory of the ICS on baseline imaging,
a new stroke presentation, and the absence of statin use at
enrollment were independently associated with a high risk
of recurrent stroke.®® There were no risk differences
between Caucasian and Black patients or other subgroups
in a preplanned sensitivity analysis.®’

The Vitesse Intracranial Stent Study for Ischemic
Stroke Therapy (VISSIT) trial started shortly after
SAMMPRIS and had a similar protocol and patient
mix (70% Caucasian), with the exception of investigat-
ing the PHAROS Vitesse balloon-expandable stent
(Codman Neurovascular). As with SAMMPRIS,
VISSIT was stopped early as the 30-day rate of ische-
mic stroke or TIA was higher in the intervention arm
(24.1% vs. 9.4%), and at one year, 36.2% in the stent
group had a stroke or TIA, versus 15.1% in the non-
stenting group.’

Aside from the high procedural risks, SAMMPRIS
and VISST were criticized for the lower than expected
rates of recurrent stroke in the non-stenting arms and
the relatively young cohort (mean age <60 years).
However, a validation study of symptomatic ICS prog-
nosis in an older, population-based TIA and minor
stroke cohort confirmed a low rate of recurrent stroke
on intensively treated medical patients (Figure 4; one-
year risk of recurrent ischemic stroke 5.6%).>

Patients with recently symptomatic posterior circu-
lation ICS are at particularly high risk of early recur-
rent stroke.®® The Vertebral Artery Ischaemia Stenting
Trial (VIST) sought to compare vertebral artery (VA)
PTAS and medical management with medical treat-
ment alone for recently symptomatic extra- or intracra-
nial VA stenosis, but was stopped after 182 participants
because of slow recruitment. Although underpowered,

Figure 4. Kaplan—Meier graph showing the seven-year risks
of recurrent ischemic stroke in minor ischemic stroke/ TIA

patients with 50-99% symptomatic, asymptomatic, or no
intracranial stenosis in the Oxford Vascular Study.
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there were no significant differences in outcome
between arms in patients with intracranial VA stenosis,
but overall a nonsignificant 60% lower risk of recurrent
stroke in the PTAS arm during a median follow-up of
3.5 years, driven by fewer complications in the extra-
cranial VA stenting group.®”

Although the Wingspan Stent System Post Market
Surveillance (WEAVE) trial, has shown an improved
periprocedural complication rate with Wingspan
stents,”® current AHA/ASA guidelines do not recom-
mend PTAS for patients with symptomatic ICS even if
the event occurred while receiving antiplatelet therapy.
For patients with recurrent events despite optimal med-
ical treatment, the benefit of PTAS is unclear and
should be considered investigational.®?

Improved patient selection may improve the safety
and efficacy of PTAS in symptomatic ICS. The ongoing
China Angioplasty and Stenting for Symptomatic
Intracranial Severe Stenosis (CASSISS) trial is compar-
ing best medical therapy with/without PTAS in patients
with 70-99% symptomatic ICS. The investigators
exclude patients with perforator stroke without MRI
appearances of distal hypoperfusion or artery-to-
artery embolism and delay stenting for three weeks fol-
lowing the index event in order to reduce periproce-
dural risks.”!

Surgical therapy

The Extracranial to Intracranial (EC/IC) Bypass Study
was an international, randomized controlled trial which
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failed to show the superiority of arterial bypass (super-
ficial temporal artery to the MCA) and medical therapy
over medical therapy alone in patients with extracranial
carotid occlusion, intracranial carotid, or MCA sten-
osis.”> The procedure is no longer routinely performed
for symptomatic atherosclerotic ICS but the indirect
revascularization technique, encephaloduroarteriosy-
nangiosis (EDAS), is of emerging interest.”’

Conclusion and future directions

ICS is a highly prevalent cause of stroke worldwide
with important ethnic disparities. ICS has previously
been neglected as a cause of stroke in Caucasians but
is highly prevalent at older ages and frequently dis-
covered with the growing use of non-invasive angiog-
raphy. Intensive medical therapy, including antiplatelet
medication, risk factor control, and lifestyle advice, is
the treatment of choice. However, a subgroup of
patients with ICS experience recurrent ischemic stroke
despite medical therapy. Future research should aim at
establishing standard approaches to detecting ICS, elu-
cidating the ethnic differences in risk and developing
biomarkers to identify high-risk patients.
Furthermore, there is a need to develop novel treat-
ments or therapeutic approaches to lower the risk of
stroke in these higher risk patients.
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