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Abstract

Intracranial atherosclerotic disease is a significant cause of stroke in the United States. Much like coronary atherosclerosis,

this disease leads to arterial stenosis secondary to the buildup of lipid-based plaques in intracranial vessels. Ischemic stroke
may occur following thromboembolic events near the site of stenosis or from watershed ischemia secondary to cerebral
hypoperfusion. While this disease has been treated with intracranial angioplasty and stenting and cerebrovascular bypass
surgery, the current literature supports aggressive medical management with dual antiplatelet therapy, treatment of comorbidities
such as hypertension, diabetes, and hyperlipidemia, and lifestyle modification. Intracranial angioplasty and stenting is reserved

for cases of medical failure.

Introduction

Nearly 1 million strokes occur in the United States each year,
and approximately 10% to 15% of these can be attributed to
intracranial atherosclerotic disease (ICAD).!' ICAD is a common
cause of stenosis in the intracranial internal carotid artery (ICA)
vasculature.?’ It also causes ischemic stroke secondary to cerebral
blood flow limitations and thromboembolic complications
resulting from stenosis and atheroma formation in diseased
intracranial blood vessels. Atherosclerosis may develop along
the course of the internal carotid artery and in its major branches
after bifurcating into the middle and anterior cerebral artery.
Likewise, ICAD also can affect the posterior circulation of the
brain through plaque formation in the vertebral arteries, basilar
artery, and posterior cerebral arteries. While ICAD tends to
develop in patients with comorbidities such as hypertension,
hypercholesterolemia, diabetes, and a history of smoking, certain
ethnic populations seem to be predisposed as well, including
Asians, African-Americans, and Hispanics.

Intracranial stenting as treatment for ICAD has been a
topic of recent intense debate in the stroke, neurosurgical,
and interventional neuroradiology literature.*® While dual
antiplatelet therapy has been a mainstay of treatment for
symptomatic patients, the use of balloon angioplasty with or
without stent placement has undergone a recent paradigm
shift—mainly in light of data from the Stenting versus
Aggressive Medical Management for Preventing Recurrent
Stroke in Intracranial Stenosis (SAMMPRIS).? This study is
the only prospective randomized trial regarding the use of
balloon angioplasty and stenting as treatment of ICAD. The
study placed all enrolled patients with symptomatic ICAD on
dual antiplatelet therapy with aspirin and clopidogrel; it then
randomized patients to medical therapy alone or to medical
therapy plus angioplasty and stenting with the Wingspan®
Stent System and Gateway® PTA Balloon Catheter (Stryker
Neurovascular, Freemont, CA). The trial was prematurely halted
due to significantly increased rates of stroke and complications

in the angioplasty and stenting arm, and the results have
prompted many practitioners to opt for medical therapy in lieu
of angioplasty and stenting for treating ICAD. Angioplasty with
or without stenting remains a viable option in patients that fail
medical therapy, and this evolving technique continues to be
evaluated in ongoing clinical trials.'

Currently, aggressive medical management with dual
antiplatelet agents is the mainstay of treatment for ICAD, and
despite results of the SAMMPRIS trial, there are certain clinical
scenarios in which intracranial stenting is a viable treatment
option. In this review, we will discuss the pathophysiology of
intracranial atherosclerotic disease and its potential treatment with
medical therapies, lifestyle modification, and situation-specific use
of intracranial stents and cerebrovascular bypass surgery.

Pathophysiology and Diagnosis of Intracranial
Atherosclerotic Disease

In the strictest sense, intracranial arterial stenosis is intraluminal
narrowing of an intracranial vessel. This can occur from
atherosclerosis, infection, radiation exposure, or inflammatory
conditions that cause vasculitis, or it can be idiopathic in cases
such as Moyamoya disease.>*!' The most common of these causes
is atherosclerosis. The development of ICAD shares many of the
same risk factors as coronary atherosclerosis. Certainly specific
ethnic groups such as individuals of African, Hispanic, and Asian
decent are genetically predisposed.?? Lifestyle factors such as
diet, exercise, and smoking play an important role, as do medical
conditions such as hyperlipidemia, hypertension, and diabetes.
Intraluminal narrowing of major intracranial vessels such as
the internal carotid and basilar arteries—as well as secondary
branches such as the anterior, middle, and posterior cerebral
arteries—can place the patient in a state of cerebral hypoperfusion.
Stroke in these patients occurs from thromboembolic events at
the site of stenosis, leading to wedge-shaped infarcts in a specific
arterial distribution, or from chronic hypoperfusion and ischemia
in watershed areas.
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Figure 1. A 60-year-old male who presented with recurrent left hemisphere transient ischemic attacks. (A) Magnetic resonance angiography (MRA)
demonstrating left middle cerebral artery (MCA) stenosis (arrow). (B) Computed tomography angiography from the same patient demonstrating left MCA stenosis

(arrow).

Most patients with ICAD will present either with transient
ischemic attacks (TIAs) or ischemic stroke. Magnetic resonance
angiography (MRA) and computed tomography angiography
(CTA) are routinely used for rapid diagnosis of both hemorrhagic
and ischemic stroke and generate high-resolution, 3-dimensional
images of arterial anatomy (Figure 1). Some patients undergo
vascular imaging for a host of other indications, and ICAD is
diagnosed incidentally. Nonetheless, these two noninvasive
imaging modalities have become the mainstay for screening
and diagnosis of ICAD. While formal catheter-based cerebral
angiography remains the gold standard in imaging, it comes
with the cost of an invasive imaging test and rare but potential
complications such as embolic stroke, vertebral and carotid artery
dissection, and hematoma at the site of arterial access in the
femoral artery. Transcranial Doppler ultrasound (TCD) can be used
to follow disease progression or treatment efficacy by assessing
blood flow velocities in intracranial vessels as an indirect measure
of cerebral perfusion, thereby serving as a rapid and noninvasive
imaging test. TCD also is valuable in detecting ongoing
microembolic events in the intracranial vasculature.®

Treatment of Intracranial Atherosclerotic Disease
Antithrombotic Therapy

Early reports on the treatment of ICAD suggested that
patients could benefit from antithrombotic therapy with
warfarin,™ which is frequently used to prevent stroke from
cardiogenic emboli, such as in patients with atrial fibrillation.
Other studies have suggested that warfarin has no benefit over
aspirin in preventing noncardiogenic sources of stroke.” Such
controversy led to the Warfarin versus Aspirin for Symptomatic
Intracranial Disease (WASID) study,'® which, as the name implies,
attempted to compare warfarin to aspirin as treatment for
patients with symptomatic intracranial stenosis.'® Patients with
angiographically confirmed ICAD, including 50% to 99% stenosis
of a major intracranial artery, were randomized in equal numbers
to treatment with either aspirin (1300 mg/day) or warfarin

(target international normalized ratio of 2-3) in a double-blind
trial. Patients met inclusion criteria of nondisabling stroke or
transient ischemic attack within 90 days prior to randomization.
The primary end point was ischemic stroke, brain hemorrhage,

or death from a vascular cause. While the two groups were
equivalent in terms of preventing recurrent stroke, the warfarin
group had significantly higher rates of bleeding complications
and death during the follow-up period. The study concluded that
aspirin should be used for primary stroke prevention in ICAD.
While not end points of the study, the investigators also suggested
that blood pressure and serum lipid level were two modifiable risk
factors that may prevent recurrent stroke in the setting of ICAD.

In addition to WASID demonstrating evidence favoring
antiplatelet therapy with aspirin over warfarin, studies such as
Clopidogrel plus Aspirin for Infarction Reduction (CLAIR)" and
Clopidogrel and Aspirin for Reduction of Emboli in Symptomatic
Carotid Stenosis (CARESS)" have supported the use of dual
antiplatelet therapy. Both trials demonstrated that combination
therapy of clopidogrel and aspirin led to fewer recurrent strokes
in patients with recent first-time event and arterial stenosis.
CARESS focused on extracranial carotid artery stenosis and was an
adjunctive study to trials on carotid endarterectomy such as ACAS
and NASCET."®" However, its results can be easily extrapolated
to suggest a benefit for dual antiplatelet therapy for stenosis of
downstream intracranial vessels.

Perhaps the most compelling evidence for the use of dual
antiplatelet therapy is from the SAMMPRIS Trial, which placed
patients with symptomatic ICAD on aspirin (325 mg/day) and
clopidogrel (75 mg/day) with or without angioplasty and stenting
of the narrowed intracranial vessel. The trial planned to enroll
764 patients but was stopped after enrolling 451 patients (59%
of target) due to the significantly higher complication rate in the
stenting arm compared to those who underwent medical therapy
alone. In the stenting arm, 14.7% of patients suffered a stroke
within 30 days of treatment compared to only 5.8% (P = .002) in the
medical therapy group. The 5.8% rate of 30-day recurrent stroke
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on dual antiplatelet therapy is comparable to a rate of 10.7% of
aspirin alone in the WASID study, which had the same inclusion
criteria. Such level 1 evidence has made a strong argument for
dual antiplatelet therapy and aggressive medical management
with systolic blood pressure reduction to less than 140 mm Hg and
target LDL levels less than 181 mmol/L as first-line treatment for
ICAD.

Intracranial Stenting and Balloon Angioplasty

Stenting has been a popular treatment for intracranial stenosis,
particularly with the advent of the Wingspan® Stent System as an
endovascular tool (Figure 2). As with the placement of any bare
metal stent, intracranial stents require dual antiplatelet therapy
during the stent endothelialization period. It stands to reason that

Figure 2. An 81-year-old
man with a history of remote
left middle cerebral artery
(MCA) distribution stroke
who presented with left
hemisphere transient ischemic
attacks despite treatment
with aspirin and clopidogrel.
(A) Cerebral angiogram with
anterior-posterior (AP) view

of left internal carotid artery
(ICA) injection demonstrating
severe left ICA stenosis
(arrows). (B) Spot fluoroscopy
image demonstrating

balloon inflation (large

arrow) during percutaneous
balloon angioplasty of the

left MCA. (C) AP view of

left ICA injection status

post percutaneous balloon
angioplasty demonstrating
marked improvement of left
MCA stenosis. (D) Final post-
treatment AP view of left ICA
injection after Wingspan stent
placement. The proximal and
distal stent tines are marked by
the arrows.

treating the areas of stenosis in the intracranial circulation with
angioplasty and stenting, thereby improving vessel caliber in the
stenotic segment, should be more beneficial than medical therapy
alone. Theoretically, angioplasty and stenting should increase
blood flow and decrease the incidence of watershed infarcts
secondary to chronic cerebral ischemia due to hypoperfusion.
Early reports of stenting for ICAD showed promise to this end,**
and bare metal stents, balloon mounted stents,** and drug-eluting
stents®?” have been evaluated for this purpose.

The SAMMPRIS Trial has received a great deal of attention in
the literature because it demonstrated compelling evidence that
best medical management alone is still superior to angioplasty and
stenting—with the angioplasty/stenting group having a 14.7%
stroke rate at 30 days compared to 5.8% in the aggressive medical
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Figure 3. A 53-year-old woman who presented with terminal left internal carotid artery (ICA) stenosis and multiple recurrent strokes and transient ischemic
attacks. After failure of medical management with aspirin and clopidogrel, the patient underwent Wingspan stenting of the terminal ICA, which was complicated
by in-stent restenosis that was ultimately refractory to percutaneous angioplasty. (A) Cerebral angiogram of left common carotid artery, anterior-posterior view,
demonstrating area of terminal ICA stenosis (arrow) after restenosis of Wingspan stent. (B) Cerebral angiogram of the left common carotid artery (CCA) after left
CCA to left MCA bypass using a saphenous vein graft (graft demarcated by arrows).

management group. The study has been criticized for a number
of factors, including potential inexperience of the interventionalist
performing the procedure and a relatively brief initial follow-up
period being unable to yield long-term results that may confer
more of a benefit to intervention.*® Long-term follow-up of the
patients who were enrolled prior to the trial’s discontinuation
has demonstrated no difference between the two arms in terms of
recurrent stroke rate and mortality at 3 years.’ In addition, most
of the trial’s procedural complications that led to early stroke or
intracranial hemorrhage occurred in patients treated by the most
experienced interventionalists (those who had performed ten
or more stents compared to the minimum of three required for
study participation). With the study now complete after long-term
follow-up, the current paradigm is continued aggressive medical
management in patients with ICAD, with stenting performed only
in situations of medical failure.

After the results of the SAMMPRIS trial were reported, the
U.S. Food and Drug Administration issued a bulletin narrowing
the indications for use of the Wingspan® Stenting System for
intracranial stenosis.*! Current indications are for patients between
22 and 80 years of age with 70% to 99% intracranial stenosis.
Patients must have had at least two strokes related to intracranial
stenosis despite maximal medical management and must be at
least 7 days removed from the most recent stroke. Patients who
meet these criteria are eligible for angioplasty and stenting.
A new trial, the Post Market Surveillance Study of Wingspan
Stenting System (WEAVE), has begun enrolling patients with this
indication to determine if a narrowed scope of use confers a benefit
on recurrent stroke after maximal medical management.

The results have called for a reappraisal and redesign of stents
for intracranial use.®”*>* Device manufacturers and scientists will

have to reevaluate stent design and develop new products with
superior safety and efficacy profiles. Many have called for different
materials to be used and suggested potential drug-eluting models
that have thus far been used with varying success worldwide.

Cerebrovascular Bypass

Cerebrovascular bypass for intracranial stenosis involves
anastomosis of an extracranial vessel, such as the superficial
temporal artery (STA), to an intracranial vessel, such as the middle
cerebral artery (MCA), in an attempt to bypass stenotic arterial
segments or augment blood flow to a hypoperfused hemisphere.
Other techniques such as high-flow bypass using donor vessels
(e.g., the radial artery or saphenous vein) and anastomosing the
cervical carotid artery to the intracranial carotid or MCA have also
been used (Figure 3). Cerebral hypoperfusion can be diagnosed
with CT perfusion studies in which blood flow is measured on CT
or with single positron emission spectroscopy (SPECT). Cerebral
perfusion can be compared between hemispheres or before and
after vasodilatory challenge with an agent such as acetazolamide.
In cases of ICAD with perfusion-limiting stenosis, bypass surgery
can potentially prevent recurrent stroke by augmenting blood flow
to the affected hemisphere.

Cerebrovascular bypass has largely fallen out of favor
compared to best medical management. Trials such as the
Extracranial-Intracranial (EC-IC) bypass trial in the 1980s
demonstrated no benefit of bypass grafts.* The study was
wrought with design flaws and criticisms, and a new attempt to
demonstrate the utility of cerebrovascular bypass and address
criticisms of the prior study was made with the modern Carotid
Occlusion Surgery Study (COSS)® trial. This trial also failed to
demonstrate any benefit of EC-IC bypass for preventing recurrent
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stroke in ICAD and demonstrated a much higher complication
profile for surgery than aggressive medical management. Much
like with angioplasty and stenting, however, patients who have
suffered recurrent stroke despite medical management and who
have evidence of decreased cerebral perfusion may benefit from
bypass surgery.

Conclusion

Intracranial atherosclerotic disease accounts for at least 10%
of all strokes in the United States and perhaps an even larger
percentage in certain populations around the world. Balloon
angioplasty and stenting have been used as primary treatment for
this disease, but randomized controlled trials have demonstrated
aggressive medical management to be the superior therapy.
Treatment should focus on initiating dual antiplatelet therapy
with aspirin and clopidogrel, reducing LDL with statin drugs,
and controlling hypertension. Lifestyle modifications such as
weight loss, exercise, diet control, and cessation of smoking are
also paramount in treating and reducing stroke risk. In cases of
clear medical failure and recurrent stroke, angioplasty and stenting
remain viable treatment options. Future stent design is aimed at
reducing 30-day stroke and procedural complication rates while
providing clear patient benefit compared to medical therapy alone.
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