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ABSTRACT
Purpose of Review: Large artery atherosclerosis is an important cause of ischemic
stroke. Recent randomized clinical trials have helped clarify the treatment options
for conditions such as carotid stenosis and intracranial atherosclerosis. This review
outlines the primary findings of these trials and provides current recommendations
for treatment.
Recent Findings: Carotid revascularization is preferred in patients with severe
symptomatic carotid stenosis. Carotid endarterectomy achieves lower rates of
stroke or death than carotid artery stenting. The risk of stroke or death with
stenting is higher among older patients and women. Intensive medical therapy
achieves low stroke and death rates in asymptomatic stenosis. Medical therapy and
treatment of atherosclerotic risk factors are the mainstay of therapy for intracranial
atherosclerosis, and medical therapy is recommended for patients with vertebral
artery origin atherosclerosis.
Summary: Contemporary medical therapy is paramount in large artery atheroscle-
rosis. Patient demographics, comorbidities, and the periprocedural risks of stroke
and death should be carefully weighed while choosing a revascularization
procedure for carotid stenosis.
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Atherosclerosis of the large arteries is
responsible for about 15% of all ische-
mic strokes. Within the last decade,
there has been significant progress in
the medical management of athero-
sclerosis. Blood pressure lowering and
control of dyslipidemia have im-
proved, resulting in enhanced sec-
ondary stroke prevention. Even with the
availability of surgical and endovas-

cular therapies for some large artery
atherosclerotic lesions, specifically carotid
disease, the importance of intensive
medical management cannot be over-
emphasized. In this article, we will
discuss contemporary management prin-
ciples of three conditions: cervical ca-
rotid atherosclerosis, intracranial
atherosclerosis, and vertebral artery ori-
gin atherosclerosis.
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CERVICAL CAROTID
ATHEROSCLEROSIS
Carotid atherosclerosis accounts for
about 7% of ischemic strokes. In the
Framingham Heart study, the degree of
stenosis was predicted by common
baseline atherosclerotic risk factors such
as older age, cigarette smoking, systolic
blood pressure, and total cholesterol.1

In studies from the prestatin era, pa-
tients with an asymptomatic carotid
stenosis less than 75% had an annual
stroke risk of 1.3%; with a stenosis
greater than 75% the annual risk of
stroke was 2.0% to 2.5%. On the other
hand, symptomatic carotid stenosis
greater than 70% carries an annual
stroke risk of 10% to 15%. Intensive
medical therapy and carotid revascular-
ization procedures reduce these risks.
Clinical trials in carotid stenosis are
geared toward answering two questions:
Which patients should opt for revascu-
larization procedures (versus intensive
medical therapy alone), and which is
the appropriate revascularization proce-
dure (carotid endarterectomy [CEA]
versus carotid artery stenting [CAS])?

Our understanding of the contem-
porary management of carotid stenosis
is primarily shaped by the findings of
the Carotid Revascularization Endarter-
ectomy versus Stenting Trial (CREST).
After 4 years of follow-up, the primary
outcome (stroke, myocardial infarction
[MI], or death in the periprocedural
period, or any ipsilateral stroke within
4 years) occurred in 7.2% of the 1262
patients in the CAS group and 6.8% of
the 1240 CEA patients (P=.51).2 How-
ever, upon review of the individual
components of the outcome, certain
significant differences were observed.
In comparison with the CEA group,
patients in the CAS group had signifi-
cantly higher perioperative strokes
(4.1% CAS versus 2.3% CEA [P=.01])
and perioperative minor ipsilateral
strokes (2.9% CAS versus 1.4% CEA

[P=.009]).2 Perioperative MI was signif-
icantly higher among the CEA patients
(1.1% CAS versus 2.3% CEA [P=.03]).
The significant increase in strokes
among the CAS patients was noted up
to 4 years (6.2% CAS versus 4.7% CEA
[P=.049]).2

The traditionally accepted outcome
of stroke and death in the perioperative
period, and stroke up to 4 years of
follow-up (excludingMI) was significantly
higher in the CAS arm (6.4% with CAS
and 4.7% with CEA [P=.03]).2 A note-
worthy feature of the assessment of
outcomes in CREST was the regular
screening for MIs with ECGs and cardiac
enzymes before and after the proce-
dure.2 Some critics question the inclu-
sion of MI as a primary outcome while
evaluating procedures intended for
stroke prevention.3 As outcomes go,
does a stroke or an MI have greater
impact? The physical component of the
Short Form-36 questionnaire for health-
related quality of life was significantly
worse at 1 year among stroke patients,
but showed an uncertain effect among
MI patients. The mental component in
CREST was also significantly worse
among stroke patients at 1 year.2 On
the other hand, long-term mortality
rates were higher among patients who
had an MI in the perioperative period,
even after adjustment of baseline co-
morbid factors.4 Whether the perioper-
ative MI event is causally linked with
later mortality or is a marker of patients
with a greater atherosclerotic disease
burden is unclear.

Symptomatic Carotid Stenosis
The North American Symptomatic Ca-
rotid Endarterectomy Trial (NASCET)
has set the paradigm for revasculariza-
tion of patients with moderate (50% to
69%) to severe (70% to 99%) symptom-
atic carotid stenosis. In this trial, pa-
tients with symptomatic carotid stenosis

KEY POINTS

h Symptomatic carotid
stenosis has a markedly
increased risk of
stroke compared with
asymptomatic stenosis.

h In the Carotid
Revascularization
Endarterectomy versus
Stenting Trial (CREST)
study, periprocedural
stroke was higher with
carotid artery stenting,
whereas periprocedural
myocardial infarction
was higher with carotid
endarterectomy.

h In the CREST study,
periprocedural stroke
had a greater impact on
patients’ quality of life
than periprocedural
myocardial infarction.

324 www.ContinuumJournal.com April 2014

Large Artery Atherosclerosis

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



greater than or equal to 30% were
randomized to medical therapy versus
CEA.5

After a mean follow-up of 2 years,
patients with severe stenosis showed a
dramatic risk reduction of any ipsilateral
stroke from 26% in the medical arm to
9% in the CEA arm. The absolute risk
reduction was 17% (PG.001), which
translated to a number needed to treat
of six.6 Among patients with moderate
stenosis, CEA showed a lower, but
significant, risk reduction from 22.2%
in the medical arm to 15.7% in the CEA
arm. The absolute risk reduction was
6.5% (P=.045), resulting in a number
needed to treat of 15.5 Patients with
mild stenosis of 30% to 49% did not
achieve a significant risk reduction of
any ipsilateral stroke following CEA.5

The highest risk for a recurrent
stroke is during the first month; the
risk decreases with time because of
plaque stabilization and the develop-
ment of collaterals.7 Therefore, the
benefit obtained from carotid revascu-
larization declines with time from the
initial event. However, very early revas-
cularization procedures could potentially
lead to hemodynamic changes within
an acutely necrotic area of infarcted

brain, resulting in intracerebral hemor-
rhage.7 To determine the ideal time for
revascularization surgery, data from
5893 patients with 33,000 patient-years
of follow-up from NASCET and the
European Carotid Surgery Study were
analyzed. Patients with moderate and
severe stenosis showed significant ben-
efits from CEA if the procedure was
performed within 2 weeks of the index
event (Case 4-1). The benefit declined
thereafter and was no longer statistically
significant beyond 2 weeks in the 50%
to 69% group.8 Based on these data, the
American Heart Association recom-
mends that it is reasonable to perform
CEA when indicated for patients with
stroke or TIA within 2 weeks, rather
than delaying surgery.9 Surgery within 2
weeks may be contraindicated for pa-
tients who have very large infarctions at
high risk of hemorrhagic conversion, or
already have hemorrhagic conversion of
their infarctions.

In CREST, about 53% of the study
population had symptomatic carotid
stenosis. The periprocedural stroke,
death, and MI rates in the symptomatic
group were not significantly different
between the CAS and CEA groups
(6.7% with CAS versus 5.4% with CEA

KEY POINT

h Carotid revascularization
within 2 weeks of a
stroke or TIA is
preferred over delaying
revascularization for
6 weeks or more.

Case 4-1
An 81-year-old woman presented to the emergency department because
of a 1-hour episode of transient expressive speech difficulty and right hand
weakness. The patient was on aspirin 81 mg/d but not on a statin. MRI
of the brain showed a 1 cm infarct in the left precentral gyrus on
diffusion-weighted imaging. Magnetic resonance angiography (MRA)
showed severe left internal carotid stenosis. Carotid duplex
ultrasonography confirmed severe left internal carotid artery stenosis
(80% to 99%) and less than 30% stenosis on the right side. An uneventful
carotid endarterectomy (CEA) was performed 4 days after admission.

Comment. Given the patient’s age and symptomatic status, it was felt
that she should undergo carotid revascularization, with CEA preferred.
CEA is preferred over carotid artery stenting (CAS) given the higher
complication rate with CAS in patients aged 70 years or older. One
might suggest that a trial of aggressive medical therapy is warranted
because she was not on a statin at the time of presentation.
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[P=.30]).10 The periprocedural rate of
stroke and death was higher in CAS
versus CEA (6.0% with CAS versus 3.2%
with CEA [P=.02]).10 The rates of MI
and cranial nerve palsies on the other
hand were higher with CEA compared
with CAS.

Similar trends were noted in a
preplanned meta-analysis of patient
data from three randomized controlled
European trials: Endarterectomy versus
Angioplasty in Patients with Symptom-
atic Severe Carotid Stenosis (EVA-3S)
trial, the Stent-Protected Angioplasty
versus Carotid Endarterectomy (SPACE)
trial, and the International Carotid
Stenting Study (ICSS).11 The data in-
cluded 3433 patients with symptomatic
carotid stenosis, randomly assigned to
CAS versus CEA. In the first 120 days
after randomization, significantly more
strokes and deaths occurred among the
CAS group (8.9%) compared with the
CEA group (5.8%; P=.0006).11 In aggre-
gate, these data show that, for patients
with symptomatic carotid stenosis, the
short-term outcomes for stroke and
death are better with CEA compared
with CAS. Table 4-1 provides a list of

indications where CAS may be a pre-
ferred option over CEA.

Data regarding intensive medical
therapy for symptomatic carotid steno-
sis are lacking. Only about 15% of
patients in NASCET were on lipid-
lowering medication. New clinical trials
should be undertaken for symptomatic
patients with extracranial carotid steno-
sis utilizing the aggressive medical ther-
apy regimen from the Stenting and
Aggressive Medical Management for
Preventing Recurrent Stroke in Intracra-
nial Stenosis (SAMMPRIS) trial (de-
scribed in the section on intracranial
atherosclerosis).

Asymptomatic Carotid Stenosis
The risks of stroke in patients with
asymptomatic stenosis are lower than
in those with symptomatic stenosis.
Increasing evidence shows that inten-
sive medical therapy only, without
revascularization, can reduce the is-
chemic stroke risk dramatically. Over
the past decade, the intensity of
medical therapy has improved signifi-
cantly. In NASCET, only 16% of pa-
tients assigned to the medical arm and

KEY POINT

h Symptomatic patients
appear to have a lower
complication rate with
carotid endarterectomy
than with carotid artery
stenting.

TABLE 4-1 High Surgical Risk Factors for Carotid EndarterectomyWhere
Carotid Artery Stenting May Be Considered as an Option

b Anatomic Factors (Surgically Inaccessible Carotid Stenosis)

Obesity

High carotid bifurcation

Severe cervical spine arthritis

b Clinical Factors

Clinically significant cardiac disease (congestive heart failure, abnormal stress
test, need for open-heart surgery)

Severe lung disease

Contralateral carotid occlusion

Contralateral laryngeal nerve palsy

Previous radical neck surgery

Previous radiation to the neck

Recurrent stenosis after carotid endarterectomy
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13% of patients assigned to the CEA
arm were on lipid-lowering medica-
tions.5 In the Asymptomatic Carotid
Surgery Trial-1 (ACST-1), use of lipid-
lowering medications improved from
7% to 11% in the early 1990s at the
start of the trial, to 80% to 82% in the
late 2000s toward the end of long-
term follow-up.12 The use of antihy-
pertensive drugs similarly improved,
corresponding to a drop in mean
diastolic blood pressures over time.12

Abbott analyzed 11 asymptomatic
carotid intervention studies between
1985 and 2007.13 Raw data from these
trials were used to calculate rates of
ipsilateral stroke, ipsilateral stroke/
TIA, any territory stroke, and any
territory stroke/TIA in the medical
therapy arm; the rate of each outcome
decreased during this time period.13

The outcome rates from medical ther-
apy in the more contemporary studies
were quite similar, if not better, than
in the CEA arm in the ACAS trial.13 In
conclusion, as seen in Case 4-2, ex-
tremely low stroke rates (1% per year or
less) can be achieved by intensive
medical therapy among patients with

asymptomatic carotid stenosis. Asymp-
tomatic patients with ongoing micro-
emboli14 and men younger than 75 years
merit consideration for CEA. Ongoing
microemboli can be detected using trans-
cranial Doppler studies, but these are
not in widespread clinical use. Men
below 75 years of age are considered
candidates more frequently than women
as a result of uncertainty regarding
whether asymptomatic women benefit.

In the CREST study, the rate of the
primary outcome among asymptomatic
patients was similar: 5.6% with CAS and
4.9% with CEA.10 However, the stroke
and death rate by 4 years was 4.5% in
the CAS arm and 2.7% in the CEA arm
(P=.07).10 The study methods did not
provide enough power to identify sig-
nificant differences in the asymptomatic
subgroup. A similar trial designed with
sufficient power in the asymptomatic
subgroup could plausibly have found
the above difference in stroke and
death rate to be significant.3

Special Considerations
Carotid revascularization in women.
Across most carotid revascularization

KEY POINTS

h A new clinical trial,
CREST-2, will evaluate
whether optimal medical
therapy alone is the
preferred treatment for
asymptomatic carotid
stenosis.

h Intensified medical
therapy has reduced the
stroke rate for patients
with asymptomatic
carotid stenosis.

Case 4-2
An 80-year-old man was referred for left carotid stenosis detected by his
internist after a carotid bruit was heard. He had a history of hypertension
and dyslipidemia. He was on aspirin 325 mg/d, atorvastatin 80 mg/d,
ramipril 10 mg/d, and a diuretic. Blood pressure was 136/78 mm Hg and
heart rate was 64 beats/min and regular. Neurologic examination was
normal, except for the presence of a left carotid bruit. Carotid duplex
ultrasonography revealed 80% to 99% stenosis on the left and 30% to
49% on the right. CT angiography (CTA) was interpreted as showing
70% to 80% stenosis on the left and 40% on the right. Low-density
lipoprotein was 51 mg/dL. The patient was counseled regarding the
uncertain benefit of revascularization in his age group.

Comment. This patient was continued on aggressive medical therapy
and has been symptom-free for 3 years. This type of patient could be
considered for enrollment in a clinical trial such as CREST-2, which is comparing
outcomes with aggressive medical therapy alone versus aggressive medical
therapy plus carotid endarterectomy or carotid artery stenting.
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trials, women have carried more
perioperative risk than men. One
potential mechanism of this phenom-
enon is the smaller diameter of the
carotid artery in women.15 Sex differ-
ences in perioperative risk from ca-
rotid revascularization in CREST have
been published. The rate of 30-day
stroke, death, or MI in the CAS arm
was 4.3% among men and 6.8%
among women.16 Among women,
the 30-day stroke and death rate in
the CAS arm was 5.5%, and 2.2% in
the CEA arm (P=.013).16 Among
symptomatic women, CAS resulted
in a higher 30-day stroke and death
rate compared with CEA (7.5% versus
2.7%, P=.03). In summary, women
appear to have higher periprocedural
stroke risk compared with men, with
risks being potentially greater with
CAS compared with CEA.

Carotid revascularization in older
adults. An important finding in the
CREST study was an effect modification
of the primary outcome by age. Patients
older than 70 years appeared to do
better with CEA, whereas patients youn-
ger than 70 years fared better with CAS
(P=.02 for interaction).2 The rate of
primary outcome with CEA was 6.1% for
subjects younger than 65 years, 6.8% for
subjects between 65 and 74 years, and
7.4% for subjects 75 years and older.17

In contrast, the rate of primary outcome
rose much more steeply with age in the
CAS arm: 3.9% in patients younger than
65 years, 6.3% in the 65 to 74 years age
group, and 12.7% in patients 75 years
and older.17 This age-treatment interac-
tion was found in symptomatic and
asymptomatic subjects.17 A similar inter-
action was also found when the stroke
end point (periprocedural stroke and
postprocedure ipsilateral stroke) was
examined in CREST.

The interaction with age was also
seen in a meta-analysis of three carotid
intervention trials: EVA-3S, SPACE, and

ICSS.11 The event rate for any stroke or
death in the CEA arm was 5.7% in
subjects younger than 70 years and
5.9% in subjects 70 years and older.
On the other hand, any stroke or death
occurred in 5.8% of subjects younger
than 70 years in the CAS arm and 12%
of subjects 70 years and older.11

While the above lines of evidence
suggest that CAS in older adults has high
rates of 30-day stroke and death, very
few clinical trial data of complication
rates from CEA or medical therapy in
this subgroup are available. The ACST-1
study had 30 of 1662 patients in the CEA
arm who were over the age of 75 years,
and 38 of 1701 subjects in the medical
arm over the age of 75 years.12 Within
this subgroup of elderly patients in
ACST 1, medical therapy achieved equiv-
alent results to revascularization by CEA
(odds ratio: 0.81, 95% CI 0.43 to 1.51).12

In view of the uncertain benefit of CEA
in asymptomatic, elderly patients, the
American Academy of Neurology guide-
lines recommend consideration of CEA
only in asymptomatic patients younger
than 75 years.18

INTRACRANIAL ATHEROSCLEROSIS
Intracranial atherosclerotic disease is
an important cause of ischemic stroke.
An impressive racial difference exists,
such that intracranial atherosclerotic
diseaseYrelated strokes comprise 9%,
17%, and 15% of all ischemic strokes
among white, African American, and
Hispanic patients, respectively.19 The
proportion is even higher in the Asian
population. Patients with 50% to 99%
stenosis of intracranial vessels who
develop symptoms are at a 12% to 14%
risk for a recurrent stroke during a 2-year
follow-up, in spite of antiplatelet therapy
or anticoagulation therapy. The annual
risk may exceed 20% in high-risk groups.20

In the Warfarin-Aspirin Symptomatic
Intracranial Disease Trial (WASID), sub-
jects with stroke or TIA attributed to

KEY POINTS

h In CREST, women had
a higher complication
rate with carotid artery
stenting, compared with
carotid endarterectomy.

h Patients older than
70 years have a higher
complication rate with
carotid artery stenting
than with carotid
endarterectomy.

h Ethnic differences exist
with regard to the
frequency of intracranial
atherosclerosis.
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stenosis of an intracranial artery (intra-
cranial carotid, middle cerebral, intra-
cranial vertebral, or basilar) were
randomized to receive warfarin (titrated
to an international normalized ratio [INR]
of 2 to 3) versus aspirin 1300 mg/d.21

The arterial stenosis was verified at 50%
to 99% by cerebral angiogram. After a
mean follow-up of 1.8 years, the primary
end point (ischemic stroke, brain hem-
orrhage, or vascular death other than
from stroke) occurred in 22.1% in the
aspirin group and 21.8% in the warfarin
group (P=.83). While not providing any
efficacy benefit, the warfarin group had a
significantly higher rate of death, major
hemorrhage, and MIs,21 and the study
was stopped early for safety concerns.
Thus, in patients with symptomatic
intracranial atherosclerotic disease,
antiplatelet drugs are the mainstay of
secondary prevention.9

The WASID investigators described
the importance of risk factor control in
prevention of recurrent ischemic stroke
in patients with intracranial atheroscle-
rotic disease.22 Over the 2-year follow-up
period, the patients in WASID showed

no improvement in blood pressure
control. They did show improvements
in the proportion of patients with total
cholesterol less than 200 mg/dL (54.6%
to 79.2%, PG.001) and low-density lipo-
protein (LDL) cholesterol less than
100 mg/dL (28.7% to 55.9%, PG.001).
In a multivariate analysis, systolic blood
pressure greater than 140 mm Hg, no
alcohol consumption, and total choles-
terol greater than 200 mg/dL increased
the risk of recurrent stroke, MI, or vas-
cular death.22 This study laid the foun-
dation of intensive medical management
in contemporary studies of intracranial
atherosclerosis.

The SAMMPRIS trial investigated the
safety and efficacy of percutaneous
transluminal angioplasty and stenting
(PTAS, self-expanding Wingspan stent)
with aggressive medical management
versus aggressive medical management
only, in patients with recent TIA or
stroke within 30 days, attributed to 70%
to 99% stenosis of a major intracranial
artery.23 The various components of ag-
gressive medical management are out-
lined in Table 4-2. The primary end

KEY POINTS

h Antiplatelet therapy,
rather than
anticoagulation, is
preferred for intracranial
atherosclerosis.

h Control of hyperlipidemia
and blood pressure is
critical in patients with
intracranial atherosclerosis.

TABLE 4-2 Intensive Medical Therapy for Patients With Intracranial
Atherosclerosis, Used in the Stenting and Aggressive
Medical Management for Preventing Recurrent Stroke in
Intracranial Stenosis (SAMMPRIS) Trial

b Aspirin 325 mg daily

b Clopidogrel 75 mg daily for the first 90 days after enrollment

b Management of primary risk factors

Systolic blood pressure: target G140 mm Hg (G130 mm Hg if diabetic)

Low-density lipoprotein cholesterol: target G70 mg/dL.

b Management of secondary risk factors

Diabetes mellitus: target hemoglobin A1c G7%

NonYhigh-density lipoprotein cholesterol: target G100 mg/dL

Smoking cessation

Excess weight: body mass index (BMI) G25 kg/m2 if the enrollment BMI is
25 kg/m2Y27 kg/m2 or 10% weight loss if the enrollment BMI is 927 kg/m2

Insufficient exercise: moderate intensity exercise at least 3 times/wk for
30 min/session
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point was stroke or death within 30 days
or following a revascularization proce-
dure of the target lesion during follow-up;
or ischemic stroke during the long-term
follow-up. The trial was stopped early for
reasons of safety and futility.23

SAMMPRIS stopped enrolling after
451 patients were randomized, when
the primary end point at 30 days
(stroke or death) occurred in 14.7% in
the PTAS group and 5.8% in the
medical management group (P=.002)
(Case 4-3).23 A third of the strokes in
the PTAS arm were brain hemorrhages.
All strokes in the PTAS arm occurred
within the first week after the proce-
dure; most occurred within the first 24
hours. Periprocedural ischemic strokes
were associated with older age, diabetes
mellitus, basilar stenosis, and non-
smoking.24 Five (2.2%) stroke-related
deaths occurred in the PTAS arm and
one (0.4%) nonYstroke-related death
occurred with medical management.
The 1-year rate of the primary end
point was significantly higher in the
PTAS arm (20.0%) versus the medical
arm (12.2%; P=.009).23 The differences
in 1-year event rates were primarily
driven by the increased 30-day events
in the PTAS arm. In SAMMPRIS, the
event rates in the PTAS arm (14.7%)
were significantly higher than antici-
pated from the Wingspan stent regis-

try (4.5%).25 The medical arm, on the
other hand, fared much better than
historically expected from event rates
in WASID at 1 month (5.8% observed
rate in SAMMPRIS versus 10.7%
expected based on WASID) and at 1 year
(12.2% observed versus 25% expected).23

Differences in the intensity of medical
management, including dual antiplatelet
therapy for the first 3 months and
aggressive blood pressure and LDL cho-
lesterol reduction were probably respon-
sible for the improvement in event rates.

A subsequent detailed analysis of the
30-day events in the PTAS arm revealed
that a large number of the ischemic
strokes occurred from occlusion of
perforators (more commonly the basilar
perforators to the pons, or the
lenticulostriate perforators from the
middle cerebral artery). Stenting can
result in a ‘‘snowplowing’’ effect in
which atheromatous debris is pushed
into the perforators and occludes
them.26 A few wire perforations resulted
in periprocedural subarachnoid hemor-
rhages. A significant number of
intraparenchymal hemorrhages were
also noted. They were associated with
a higher degree of stenosis, a high
activated clotting time (a laboratory
test that measures intraprocedural
anticoagulation) maintained during the
procedure, along with a loading dose of

KEY POINTS

h In the Stenting and
Aggressive Medical
Management for
Preventing Recurrent
Stroke in Intracranial
Stenosis (SAMMPRIS)
trial, medical therapy
was superior to
intracranial stenting for
stroke prevention.

h Procedural strokes
following intracranial
stenting can be due to
diverse mechanisms.

Case 4-3
A 64-year-old woman presented with multiple episodes of dizziness,
diplopia, and transient visual loss affecting both eyes over a 1-week
period. Each episode lasted 5 minutes. She had a history of uncontrolled
hypertension, dyslipidemia, diabetes mellitus, and smoking. CTA showed
severe stenosis in the proximal third of the basilar artery. She was placed
on aspirin, clopidogrel, and 40 mg rosuvastatin, and her blood pressure
medication was intensified. After 3 months of dual antiplatelet therapy,
clopidogrel was discontinued, and she continued on aspirin.

Comment. This patient should be placed on a SAMMPRIS-style regimen
(Table 4-2). At present, there is no proven role for endovascular
intervention in this type of patient. The importance of medication
compliance and lifestyle modifications should be reinforced.
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clopidogrel 600 mg.24 Increased perfu-
sion in the territory supplied by a
previously stenosed vessel (hyper-
perfusion syndrome) is also a proposed
mechanism.24

Balloon angioplasty alone, without
stenting, has been proposed as a
method to reduce perforator strokes.
No randomized trials have compared
angioplasty against intensive medical
management. In a retrospective case
series of 74 patients, technical success
(less than 50% residual stenosis) was
achieved in 92%, and periprocedural
success (no event within 72 hours) was
achieved in 88%. The 30-day stroke and
death rate was 5%.27 While this compli-
cation rate is lower than seen with
SAMMPRIS, there is a concern about
the long-term durability of angioplasty
and whether long-term restenosis rates
will be favorable.

The high rate of recurrent events in
patients with intracranial atherosclerotic
disease has led to a search for novel
approaches to reduce stroke risk. In a
proof-of-concept study, 68 patients with
symptomatic intracranial atherosclerotic
disease were randomized to either
standard medical management or med-
ical management with brief, repetitive,
bilateral arm ischemic preconditioning
within 30 days of symptoms.28 Ischemic
preconditioning was applied using a
blood pressure tourniquet. The pres-
sure was raised to 200 mm Hg and
maintained for 5 minutes followed by
5 minutes of reperfusion. Five such
cycles were performed in each arm,
and this treatment was continued
daily for 300 days. A marked reduction
was seen in the incidence of recurrent
ischemic stroke in the ischemic
preconditioning group compared with
standard medical treatment at 90 days
(5% versus 23.3%, PG.01) and 300 days
(7.9% versus 26.7%, PG.01).28 Upon
single-photon emission CT imaging,
ischemic preconditioning reduced the

perfusion to metabolism mismatch in
the ischemic areas of the brain.28 The
ischemic preconditioning concept orig-
inated from the study of cardiac dis-
ease, in which brief episodes of
myocardial ischemia were associated
with reduced MI size, suggesting that
brief, reversible ischemia could trigger
vasculoprotective factors such as im-
proved collateral flow. Further studies
are needed to assess the preconditioning
paradigm for the brain.

EXTRACRANIAL VERTEBRAL
ARTERY DISEASE
Vertebral artery atherosclerosis, com-
monly affecting the V1 segment (origin
of the artery from the subclavian artery),
is found in about 20% of ischemic
strokes in the vertebrobasilar territory,
but is often associated with other causes
of ischemic stroke.29 Many of these
patients often have stenosis of bilat-
eral vertebral artery origins and, less
commonly, coexist with subclavian
artery stenosis, making it difficult to
identify which lesion is truly symp-
tomatic.29 Patients with symptomatic
vertebrobasilar atherosclerosis of 50%
or more have a higher rate of recurrent
events compared with patients with
symptomatic carotid stenosis.30

Various operative approaches are
described for vertebral origin stenosis,
including transposition of the vertebral
artery to the common carotid artery.
However, these methods are not sys-
tematically studied and are not com-
monly performed. In a large series of
369 extracranial vertebral artery recon-
structions from the 1990s, perioperative
morbidity and mortality were low. Long-
term patency of the vessel was 80%,
and stroke-free survival was 97%.31 In a
literature review of 300 endovascular
interventions in symptomatic vertebral
artery origin stenosis, periprocedural
neurologic complications occurred in
5.5% and the restenosis rate was 26%.32
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Nevertheless, at long-term follow-up
(mean 14.2 months), the risk of death
was 0.3%, and the risk for posterior
stroke was 0.7%. The risks of adverse
events are generally higher with distal
vertebral or basilar interventions and
when interventions are performed for
urgent revascularization.32

In the Carotid and Vertebral Artery
Transluminal Angioplasty Study
(CAVATAS), 16 patients with symptom-
atic vertebral artery stenosis were ran-
domized to receive best medical
therapy versus angioplasty or stenting.33

Over a mean follow-up period of 4.7
years, no vertebrobasilar territory
strokes occurred in either arm of the
study. In both arms of the study, three
patients died of either MIs or carotid
territory strokes. Thus, in this small
group of patients, optimal medical
treatment had equivalent outcomes to
endovascular stenting.33

In the Oxford Vascular Study
(OXVASC), a population-based study of
141 patients with vertebrobasilar strokes
or TIAs, 37 (26.2%) had 50% or greater
stenosis in the extracranial vertebral
(n = 23) or intracranial vertebral/basilar
arteries (n = 14).30 Medical therapy was
determined by the patient’s general
practitioners. The 90-day risk of recur-
rent vertebrobasilar events (strokes or
TIAs) was high (46%) in the patients
with 50% or greater stenosis compared
with patients who did not have 50% or
greater stenosis (21%). The incidence
of recurrent vertebrobasilar strokes in
the OXVASC population (excluding
TIAs) was 22% within 90 days.30 This is
higher than the recurrence rates of
events in patients with carotid stenosis,
although the medical therapy was not
standardized in this study.

In the absence of clinical trial evi-
dence of the superiority of revasculariza-
tion methods, optimal medical therapy
should be the default treatment modal-
ity for symptomatic vertebral artery

stenosis. It is generally recommended
that medical therapy should follow the
principles and targets of the medical
treatment of carotid atherosclerosis.34

Based on expert consensus, patients
with acute vertebrobasilar ischemic syn-
dromes who have angiographic evidence
of a thrombus in the extracranial verte-
bral artery may benefit from 3 months of
anticoagulation.34 Endovascular interven-
tions may be considered on an individual
basis, such as in the patient with
recurrent vertebrobasilar symptoms in
spite of maximal medical therapy.

CONCLUSION
Large artery atherosclerosis is an im-
portant, medically treatable, cause of
ischemic stroke. Strict control of ath-
erosclerotic risk factors is essential.
Surgical and endovascular options ben-
efit patients with symptomatic, moder-
ate to severe carotid stenosis, although
the benefit is not as robust in women.
Endovascular or surgical interventions
for asymptomatic cervical carotid
stenosis must be held to stringent
safety standards, given the low stroke
rates achieved by contemporary in-
tensive medical therapy. Aggressive
medical therapy is also beneficial for
symptomatic intracranial atherosclerosis
and will serve as a benchmark for any
future comparisons of endovascular
treatment.
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