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Abstract \

A stroke due to underlying intracranial large artery occlusion, which is atherosclerotic in nature, is known as intracranial athero-
sclerotic disease (ICAD). It is important to recognize that ischaemic stroke due to ICAD differs from extracranial disease and other
stroke aetiologies and requires a nuanced approach. It is a significant cause of stroke worldwide, and severe symptomatic ICAD can
present challenges from a therapeutic standpoint, including recurrent ischaemic stroke despite optimal management. Furthermore,
exploring the underlying pathophysiological mechanisms responsible for the disease may be necessary while considering treatment
options. This narrative review aims to provide an all-encompassing overview of this disease. Epidemiology and clinical pathophy-
siology will be explored in detail. The findings of large clinical trials will serve as a guide to finding the most optimized management
strategies. Another critical question that arises is the treatment of acute ischaemic stroke due to large vessel occlusion with
underlying intracranial atherosclerosis, is the treatment and clinical diagnosis the same as for other aetiologies of stroke (i.e.
extracranial disease and nonvalvular atrial fibrillation)? Consequently, secondary prevention of patients with ischaemic stroke or
transient ischaemic attack will be divided into medical therapy, risk factor control, and endovascular and surgical treatment options.
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Introduction

One of the leading causes of death and disability in the United
States is due to stroke!l. Atherosclerotic disease of the major
intracranial vessels is a particularly important cause of stroke, as
a symptomatic intracranial atherosclerotic disease (ICAD) has a
high recurrence rate despite medical treatment!?!. Risk factors for
ICAD include hypertension, smoking, diabetes mellitus, and
hyperlipidemia'®!. Interestingly ICAD prognosis has also been
linked with metabolic syndrome, reduced adiponectin, and
increased C-reactive protein levels!*!. The purpose of this review
is to highlight management strategies for ICAD based on cur-
rently available evidence. Databases of Medline, PubMed, Web
of Science, and Embase were searched to include observational
studies, reviews, and clinical trials.
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HIGHLIGHTS

e Atherosclerotic disease of the major intracranial vessels is a
particularly important cause of stroke, as a symptomatic
intracranial atherosclerotic disease has a high recurrence
rate despite medical treatment.

e The goal of therapy in intracranial atherosclerotic disease
induced acute ischaemic stroke is to restore blood flow to
brain regions that are not yet infracted.

e In the treatment of acute ischaemic stroke with large vessel
occlusion, accurate and early diagnostic strategies need to
be elucidated, which would then lead to development of
better prospective studies for rescue therapy.

Epidemiology

ICAD appears to be a part of 8-10% of strokes in the United
States and ~30-50% in Asian countries”>®. The Northern
Manhattan Stroke Study (NMSS) demonstrated that the annual
incidence of ICAD was much higher in Black and Hispanic
patients than in white patients. Yet lifestyle and risk factor
management differences should also be considered when evalu-
ating these racial differences"™!. When considering the racial dis-
tribution of the global population, ICAD is likely the most
common stroke subtype!”!.

Pathophysiology

Atherosclerosis is a complex disease process that leads to the
development of both intracranial and extracranial disease within
large arteries!®!. The process starts with fatty particles deposited
into the endothelium, which progresses to combine inflamma-
tory, smooth muscle, and connective tissue cells, forming a
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plaquel®!. Several distinct mechanisms lead to ischaemic stroke/
transient ischaemic attack (TIA) when this process occurs in
intracranial vessels.

The first is thrombosis of the vessel itself, which occludes the
parent artery. Secondly, artery-to-artery embolus in which debris
can break off from a plaque and occlude another artery. The third
mechanism is progressive luminal stenosis leading to reduced
blood flow from the stenosed vessel. Last is branch occlusion,
which involves the plaque obstructing the orifice of smaller
neighbouring vessels, often referred to as branch occlusive disease
or branch atheromatous disease!*?! (Fig. 1).

Treatment of acute ischaemic stroke (AIS) due to ICAD

The goal of therapy in AIS is to restore blood flow to brain regions
that are not yet infracted. Intravenous alteplase is the primary
treatment for AIS if initiated within 4.5 h!"'l. In the under-
developed world, the number of stroke patients receiving r-tPA is
exceedingly low. In developing nations, the main challenges to
thrombolysis therapy include prehospital delay, budgetary con-
straints, and a lack of infrastructure. Although the use of intra-
venous alteplase is getting common, developing countries should
focus on primary and secondary stroke prevention strategies''2!.
Mechanical thrombectomy (MT) is indicated for AIS with large
vessel occlusion (LVO) in the anterior circulation. Five rando-
mized controlled trials from 2010 to late 2014 demonstrated the
benefit of MT to patients with AIS due to LVO in the anterior
circulation™!. Further trials have demonstrated select patients
can benefit from MT for up to 24 h!'*, Generally, MT for pos-
terior circulation LVO has shown to be equal to standard medical
care; however, this may have been due to low sample sizes, and
MT can be considered for LVO in the posterior circulation ™61,

Although there can be many reasons for the failure of MT and
the long-term prognosis of patients undergoing an endovascular
procedure depends on several variables, in treating AIS with
LVO, underlying ICAD is considered the primary reason for the
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failure of MT!72% This could be because the primary
mechanism of ICAD-LVO is in situ thrombosis, which an
unstable atherosclerotic plaque environment may characterize.
One can hypothesize the differences between extracting an
embolus (potentially from another source, i.e. cardiac) using
thrombectomy in a healthy vascular environment compared to an
acutely inflamed and atherosclerotic artery2%?2,

Before addressing potential treatment options for ICAD-LVO,
it is essential to understand the approach to diagnosis. There can
be potentially four sources of LVO: ICAD, extracranial artery
atherosclerotic embolism/plaque rupture, cardioembolic and
cryptogenic embolism!®3!. In the acute phase, one of the most
important features of patient outcomes is the concept of time to
treatment/reperfusion; as such, a limited number of diagnostic
investigations can be considered optimal to perform before
thrombectomy!?*?*!, Non-contrast computed tomography scan
is performed, followed by perfusion studies, yet these methods
only diagnose AIS with LVO but not specifically ICAD-LVO.
Currently, using digital subtraction angiography with the pre-
sence of a truncal type of occlusion is the criteria used to diagnose
ICAD-LVO®!, Therefore, frequently the diagnosis of ICAD-
LVO is treatment dependant. This provides a challenge in per-
forming prospective studies in AIS due to ICAD-LVO.

Typically, management involves implementing rescue therapy
after failure to recanalize the target vessel after thrombectomy;
this involves intra-arterial antiplatelets, anti-thrombotic, angio-
plasty, stenting, or a combination of these treatments?”2’!,
However, there is yet to be a consensus on how best to utilize each
rescue modality in various clinical scenarios. One approach
describes visualizing the lesion post-thrombectomy and basing
treatment on re-occlusion or residual stenosis. In cases of persis-
tent stenosis, stenting is performed, and in cases of re-occlusion,
angioplasty is done first, followed by stenting as necessary, with a
specific strategy to avoid angioplasty in perforator-associated
segments®®!, Deep perforator-type infarcts or small scattered
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Figure 1. Modelling the progression of atherosclerosis on varying stroke mechanisms in intracranial atherosclerotic disease.
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infarcts should not be treated with angioplasty or stenting. In
contrast, border zone-type or large territorial infarcts warrant
intervention with either angioplasty or stenting!>!l,

As demonstrated above, ICAS-LVO presents unique hurdles,
and current promising evidence comes mainly from retrospective
studies. Furthermore, identifying a subgroup of patients to per-
form prospective studies is difficult because of the challenges in
establishing an early (pre-treatment) diagnosis of ICAD-LVO
(Fig. 2).

Secondary prevention

Medical therapy
Anti-thrombotic therapy

The use of anti-thrombotic agents is intuitive when dealing with
atherosclerotic disease. The Warfarin-Aspirin Symptomatic
Intracranial Disease (WASID) trial compared the safety and
efficacy of warfarin and aspirin in patients with ICAD. The trial
recruited patients with 50-99% stenosis of a major intracranial
artery who suffered TIA or stroke within 90 days. The trial
concluded that warfarin was associated with higher rates of
adverse events and provided no benefit over aspirin®?!. The
Stenting and Aggressive Medical Therapy for Intracranial
Stenosis (SAMMPRIS) trial enlisted patients with 70-99% ste-
nosis of a major intracranial artery who suffered TIA or stroke
30 days prior to entry. In the aggressive medical treatment arm
(AMT) of the group, the use of dual antiplatelet therapy (DAPT)
with aspirin and clopidogrel for the first 90 days demonstrated a
stroke and death at 1 year rate of 12.2%!%3*#, Compared to the
subgroup of patients in the WASID trial (70-99% intracranial
artery stenosis), the recurrent rate of stroke of patients on DAPT
appears to be significantly lower (12% vs. 23% at 1 year). It is
important to note that this effect can also be attributed to superior
risk factor control in WASID vs. SAMMPRIS patients®3!,

In the Clopidogrel in High-Risk Patients with Acute Non-
disabling Cerebrovascular Events (CHANCE) trial, patients were
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Figure 2. Treatment algorithm for intracranial atherosclerotic disease. MT,
mechanical thrombectomy; TIA, transient ischaemic attack; TPA, Tissue
plasminogen activator. *Rescue treatments include intra-arterial antiplatelet,
antithrombotics or angioplasty and/or stenting.

assigned clopidogrel and aspirin or aspirin monotherapy within
24 h of the onset of TIA or stroke, subgroup analysis of patients
with ICAS in CHANCE shows that patients treated with DAPT
had a lower rate of recurrent stroke at 90 days compared to
monotherapy, but this result was not statistically significant!*®),

The clopidogrel plus aspirin for infarction reduction in acute
stroke or transient ischaemic attack patients with significant
artery stenosis and micro embolic signals (CLAIR) trial aimed to
measure micro embolic signalling in patients of recent stroke who
were either on DAPT or aspirin alone, many of the patients had
symptomatic intracranial stenosis in the internal carotid artery or
the middle cerebral artery. The trial demonstrated that combi-
nation therapy was more effective than aspirin alone in reducing
micro embolic signals®”!,

The studies mentioned above suggest that DAPT is likely
beneficial for patients with ICAD though further study to define
optimal duration may be necessary. Therefore, based on AHA
recommendations, DAPT with aspirin and clopidogrel for up to
90 days, followed by aspirin monotherapy, is recommended for
patients with significant artery stenosis of 70-90%!3%!,

An interesting point to note from clopidogrel use in acute
coronary syndromes is clopidogrel resistance. Often a strategy of
switching therapies to Ticagrelor has been shown to be
effective®”). Clopidogrel resistance has also been suggested in a
sub-study of the CHANCE trial’!. An important question is
whether recurrent stroke in ICAD patients, despite optimal
therapy with clopidogrel and aspirin, can be attributed to clopi-
dogrel resistance. Furthermore, should these patients be treated
with Ticagrelor or Prasugrel before trying other therapies?

In The Acute Stroke or Transient Ischemic Attack Treated with
Ticagrelor and ASA for Prevention of Stroke and Death
(THALES) trial, a subgroup of patients who were found to have
ipsilateral atherosclerotic stenosis was found to have a higher
absolute risk and more significant absolute risk reduction of
stroke or death at 30 days, compared to those without!*!l,
However, it is challenging to attribute stroke or TIA due to ICAD
in this group. Therefore, more definitive studies on Ticagrelor
with symptomatic ICAD patients are necessary.

Direct oral anticoagulants (apixaban, rivaroxaban) are well-
documented in venous thromboembolism and atrial fibrillation!**.
Their use in preventing stroke in ICAD patients compared to DAPT
has not yet been studied.

Risk factor control

Adequate management of hypertension, hyperlipidemia, obesity,
diabetes, and smoking is important for cerebrovascular disease,
including ICAD. Analysis of the WASID trial has highlighted the
importance of elevated blood pressure and cholesterol levels in
patients with ICAD with an increased risk of stroke!**!. Likewise,
in the analysis of SAMMPRIS, raised blood pressure, cholesterol,
and physical inactivity should be treated in patients with ICAD.
Of particular note is that physical inactivity was the strongest
predictor of favourable outcomes!®*l. A systolic blood pressure
(SBP) target of less than 140 mmHg is recommended for patients
with hypertension, which should be treated with pharmacologic
and non-pharmacologic strategies!**l.

How intense the SBP should be controlled or targets lower than
less than 140 mmHg has not been established. Some data suggest
lower blood pressure targets may be harmful in the setting of
ICAS. In one study, patients with symptomatic internal carotid or
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middle cerebral artery occlusion were divided into intensive (SBP
124.6 + 10 mmHg) and moderate (SBP 132.3 +10 mmHg)
blood pressure control groups and changes in white matter
lesions at the whole forebrain between baseline and 24 weeks was
measured using fluid attenuation inversion recovery. The inten-
sive BP control group failed to prove noninferiority compared to
the modest BP group and may increase ischaemic lesion
volume!*!,

Patients with a history of stroke or TIA should be prescribed
high-intensity statin therapy. (20) A low density lipoprotein-
cholesterol goal of less than 70 mg/dl has shown benefit in a trial
of 2860 patients, in comparison to a range of 90-110 mg/d1*®],

Endovascular treatments

Angioplasty and stenting

The SAMMPRIS trial was a large multicenter randomized con-
trol trial with the primary purpose of comparing aggressive
medical management (AMT) using DAPT with clopidogrel and
aspirin alone to angioplasty and stenting (using the Wingspan
system) and AMT in ICAD. The trial was stopped prematurely
due to the high rate of stroke/death in the stenting group*>>*.,
Based on the study results above, stenting and angioplasty are not
recommended for patients with a first stroke or TIA, which is
attributable to ICAD.

Following SAMMPRIS, the Vitesse Intracranial Stent Study
for Ischemic Stroke Therapy (VISSIT) trial, which used a balloon-
mounted stent rather than the Wingspan system, with similar
criteria and 250 planned patients enroled in two arms of the study
with either medical therapy alone or balloon-expandable stent
and medical therapy, with the primary endpoint being Stroke or
TIA in the qualifying artery within 12 months of enrolment. This
trial was stopped prematurely, too, due to a higher rate of stroke
in the intervention arm!*”).

The Wingspan Stent System Post Market Surveillance
(WEAVE) study was a post-market surveillance study of the
Wingspan stent that included 152 patients. The trial aimed to
assess complications within 72 h of the procedure. The trial was
stopped early due to a lower-than-expected periprocedural event
rate of 2.6%, compared to the SAMMPRIS 14.7%“81, Of note,
all the patients in the WEAVE trial had symptomatic ICAD with
70-99% stenosis and had failed medical therapy. The question
arises: with lower periprocedural events and strict patient selec-
tion (Stroke/TTIA while on optimal medical management), could
there be a role for stenting in ICAD?

A recent multicenter randomized clinical trial enroled 263
patients with ICAD who suffered stroke or TIA while on DAPT and
were divided into two arms, intervention with a drug-eluting stent
(DES) or bare metal stent. The results showed the DES group had a
significantly low rate of ischaemic stroke recurrence from day 31 to
1 year compared to the bare metal stent group, 0.8% vs. 6.9%*",
Recently, the China Angioplasty & Stenting for Symptomatic
Intracranial Severe Stenosis (CASSISS) trial compared stenting plus
medical therapy versus medical therapy alone in patients with
symptomatic severe intracranial atherosclerotic stenosis. The study
concluded that among patients with a transient ischaemic attack or
ischaemic stroke due to symptomatic severe intracranial athero-
sclerotic stenosis, the addition of percutaneous transluminal
angioplasty and stenting to medical therapy, compared with med-
ical therapy alone, resulted in no significant difference in the risk of
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stroke or death within one month or stroke in the suiting artery
territory beyond 30 days through 1 year®"!.

Submaximal angioplasty

Submaximal angioplasty is an angioplasty technique which uses
slow expansion of a smaller balloon by at least 50-80% of the
normal vessel diameter. Recent meta-analysis showed 9 studies
with 408 interventions in 395 patients with a periprocedural
complication rate of 5 percent, and rate of stroke or death beyond
30 days to be ~4% in patients with symptomatic non-emergent
ICAD. Submaximal angioplasty may be a safe and effective
strategy to manage ICAD however further larger studies are
needed to validate this®",

Surgical treatments

Encephaloduroarteriosynangiosis (EDAS)

Bypass surgery for ICAD had been considered previously, with
the joining of the superficial temporal artery to the middle tem-
poral artery compared to the best medical care. The study failed
to demonstrate extracranial to intracranial anastomosis effec-
tively prevents cerebral ischaemia for ICADI2], EDAS is a novel
indirect revascularization method in which the superficial tem-
poral artery is dissected while still connected to the external
carotid artery, it is then placed near the middle cerebral artery,
and over time the process of neovascularisation takes place and
provides new flow to the intracranial compartment. The EDAS
revascularization for symptomatic intracranial atherosclerotic
steno-occlusive (ERSIAS) trial is a prospective performance cri-
terion trial of EDAS plus intensive medical management and is
currently advancing into phase-IIb/III'*3), With further advance-
ment, EDAS could develop as a new therapeutic option for ICAD.

Conclusion

Intracranial atherosclerosis is a complex and significant factor in
the development of stroke and presents unique challenges which
require further inquiry. In the treatment of AIS with large vessel
occlusion, accurate and early diagnostic strategies need to be
elucidated, which would then lead to development of better
prospective studies for rescue therapy. In terms of secondary
prevention, there has been much progress throughout the field
and the landmark study of SAMMPRIS demonstrated the
importance of risk factor control and superiority of medical
management, yet despite great insight into medical treatment,
patients remain at high risk for recurrent stroke. Further analysis
raised questions as to what the role does endovascular treatments
play in secondary prevention of ICAD, and if certain class of
patients can benefit from them. Therefore, further progress can be
made in both medical and interventional strategies.
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