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Synopsis
Atherosclerotic disease of the major intracranial arteries is a frequent cause of stroke. In addition,
many patients with symptomatic intracranial stenosis are at very high risk for recurrent stroke. A
recently completed medical treatment trial, the Warfarin versus Aspirin for Symptomatic Intracranial
Stenosis (WASID) trial, showed that aspirin was as effective and safer than warfarin for preventing
stroke or vascular death in these patients, and that patients with 70%-99% intracranial stenosis are
at particularly high risk of stroke despite antithrombotic therapy and usual management of vascular
risk factors. Preliminary studies suggest that angioplasty and stenting may reduce the risk of stroke
in patients with severe stenosis of intracranial arteries. However, data for angioplasty and stenting
consists of case series: no randomized studies have been completed to date. These data will be
reviewed and the rationale for a randomized trial of angioplasty and stenting versus best medical
management for patients with symptomatic intracranial stenosis will be discussed.

Introduction
Atherosclerotic stenosis affecting the major intracranial arterial is a common cause of stroke
in North America, particularly in some minority populations 1-3. Patients presenting with
transient ischemic attack (TIA) or stroke and severe (>70% diameter reduction) stenosis are
at a very high risk for future stroke 4. The mechanism of stroke in these patients may be related
to thromboembolism owing to biologic plaque factors, hemodynamic factors owing to flow
reduction beyond the stenosis, or synergistic effects of the two 5, 6. Angioplasty and stenting
offers the potential to address both mechanisms and to substantially reduce stroke risk.
Angioplasty and stent technology has improved dramatically over recent years. There are
accumulating data on the technical success and safety of these procedures but the long term
stroke risk reduction remains undetermined. At present, only one device, the Wingspan self-
expanding stent, is approved by the Food and Drug Administration (FDA) for use in patients
with symptomatic atherosclerotic stenosis (50%-99%) of intracranial arteries.
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In this review, we will discuss the outcome of medically treated patients with intracranial
stenosis, drawing heavily from the recently reported Warfarin versus Aspirin for Symptomatic
Intracranial Disease (WASID) study 4, 7, 8. Following this, we will review the published data
for intracranial angioplasty, with and without stenting. Finally, we will discuss the rationale
for a randomized trial of angioplasty and stenting for symptomatic intracranial atherosclerotic
stenosis.

Epidemiology
Atherosclerotic stenosis of large intracranial arteries accounts for approximately 10% of
ischemic strokes that occur in North America. There is racial and ethnic variance in this disease.
Intracranial arterial stenosis is responsible for 6% - 10% of ischemic strokes in Whites, 6% –
29% of ischemic strokes in Blacks, 11% of ischemic strokes in Hispanics, and 22% -26% of
ischemic strokes in Asians 1-3, 9. This projects to approximately 70,000 strokes per year in
the United States 10 compared to the 140,000 and 70,000 strokes caused by extracranial carotid
stenosis and non-valvular atrial fibrillation 11, 12.

Pathophysiology
The mechanisms of ischemic stroke related to intracranial atherosclerotic disease include
thromboembolic factors, such as in situ thrombosis and distal embolism, as well as
hemodynamic factors owing to flow reduction and lack of adequate sources of collateral flow
13-15. As discussed in a prior chapter, both mechanisms are commonly involved in most
patients and are likely synergistic. Lee, et al., reviewed diffusion-weighted MR imaging in 63
acute ischemic stroke patients who had ipsilateral MCA disease, 32 of whom showed multiple
lesions 15. Most patients had perforating artery infarcts, either solitary or accompanied by pial
or border-zone territory infarcts. Their data suggests that local branch occlusion and
simultaneous distal embolization is a common stroke mechanism in patients with MCA disease.
We measured hemodynamics in 10 patients with symptomatic middle cerebral artery occlusion
or stenosis, using positron emission tomography 13. Four of the five patients with stenosis had
normal measurements of blood flow and oxygen extraction. These data suggest that most
patients with symptomatic intracranial stenosis are symptomatic owing to thromboembolic
factors.

Nevertheless, hemodynamic impairment is a risk factor for stroke in patients with intracranial
occlusive disease, just as in those with extracranial carotid artery occlusive disease 16. Amin-
Hanjani and colleagues measured quantitative bulk flow in the basilar artery and its branches
in 50 patients with symptomatic vertebrobasilar disease. Forty seven of the 50 patients were
followed for a mean of 28 months, although those with low flow were offered intervention.
None of the 31 patients with normal distal flow had a recurrent event. Several of the 16 patients
with low flow suffered recurrent strokes prior to intervention.

Outcome of Patients Treated Medically
The best estimates of the outcome of medically treated patients with symptomatic intracranial
atherosclerotic disease were generated by the Warfarin Versus Aspirin for Symptomatic
Intracranial Disease (WASID) trial 4, 7, 8. In this section we will review the data from this
study in detail, including secondary analyses identifying particularly high-risk patients. We
will also review the current data for risk factor management in this population. These data are
important, as angioplasty and stenting should target the patients at the highest risk for stroke
with medical therapy. In addition, most of these patients will have vascular risk factors that
should be treated as well.
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Warfarin Versus Aspirin for Symptomatic Intracranial Disease (WASID) trial
WASID was a randomized, double-blinded, multi-center controlled study designed to
determine the relative efficacy of aspirin (1300 mg po qd) versus anticoagulation with warfarin
(target international normalized ratio (INR) 2.0 to 3.0) in patients with angiographically proven
50 to 99% stenosis of a major intracranial artery and recent TIA or minor stroke 4.

At total of 569 patients were enrolled between 1999 and 2003. The median time from qualifying
event to randomization was 17 days. Mean follow up was 1.8 years. Baseline clinical
characteristics between the two groups were similar. These baseline characteristics were also
very similar to prior clinical trials in patients with atherosclerotic extracranial carotid stenosis
or occlusion 5, 17, 18. The majority of patients had a history of hypertension or smoking. A
large minority had diabetes or prior coronary artery disease. Subjects could be screened by
transcranial Doppler, magnetic resonance angiography, or computed tomographic
angiography. Enrollment required confirmation of 50 to 99% stenosis with catheter
angiography 19. Study drug was discontinued in more warfarin patients than aspirin patients
(28.4% versus 16.4%, p < 0.001). The mean INR was 2.5. The percentage of maintenance time
at target INR was 23% ≤ 2.0, 63% 2.1 to 3.0, 13% 3.1 to 4.0, and 1% > 4.0.

The primary endpoint was any ischemic stroke, brain hemorrhage, or death from non-stroke
vascular cause. The primary endpoint was reached in 22.1% of the aspirin group and 21.8%
of the Warfarin group. The probability of ischemic stroke in the territory of the stenotic artery
at 1 year was 12% in the aspirin group and 11% in the Warfarin group. At two years, the
probabilities of ipsilateral ischemic stroke were 15% and 13% respectively. Warfarin was
associated with a higher rate of non-vascular death (1.1% versus 3.8%, p = 0.05) and major
hemorrhage (3.2% versus 8.3%, p = 0.02). Data were nearly identical when analyzed by on-
treatment analysis. It should be noted that the study was halted at the recommendation of the
Data Safety and Monitoring Board owing to excess mortality in the warfarin arm. The
conclusion of WASID was that aspirin should be preferred over warfarin for the treatment of
symptomatic intracranial disease, owing to the lack of evidence for benefit with warfarin and
lower risks of death and major bleeding with aspirin.

Subgroup analyses in WASID
Prior retrospective studies had reported that certain subgroups of patients with intracranial
arterial stenosis are at particularly high risk of stroke. These subgroups include patients with
severe stenosis 20, vertebrobasilar disease 21, and patients who fail anti-thrombotic therapy
22. The WASID trial provided a unique opportunity to determine prospectively whether these
and other risk factors are associated with an increased risk of stroke in the territory of a stenotic
intracranial artery. In a pooled analysis of all 569 patients in WASID, ischemic stroke in any
vascular territory occurred in 106 patients (19.0%), of which 77 (73%) were in the territory of
the stenotic artery 7. In univariate analyses, severity of stenosis (≥70% vs. <70%), time from
qualifying event to enrollment (≤17 days vs. >17 days), female gender, NIH stroke scale (>1
vs. ≤1), and history of diabetes mellitus were significantly associated (P≤0.05) with stroke in
the territory of the stenotic artery while body mass index (BMI) was of borderline significance
(P=0.068). Age, race, location of stenosis (i.e., vertebrobasilar disease vs. carotid –MCA
disease), length of stenosis, other vascular risk factors, comorbidities, and treatment with
antithrombotic agents at the time of the qualifying event (so called “medical failures”) were
not significantly associated with an increased risk of stroke in the territory of the stenotic artery.
Multivariate analysis showed that the only significant predictors of stroke in the territory were
severity of stenosis (≥70% vs. <70%), time from qualifying event to enrollment (≤17 days vs.
>17 days), NIH stroke scale (>1 vs. ≤1), and female gender.
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Severity of stenosis was the most powerful predictor of stroke in the territory which increased
linearly (p-value for trend = 0.0026) with greater percent stenosis. The rates of stroke in the
territory of the stenotic artery in patients with TIA or stroke and ≥ 70% stenosis were 18% at
1 year (95% CI 13% - 24%) and 19 % at 2 years (95% CI 14% -25%), whereas the rates of
stroke in the territory of the stenotic artery in patients with TIA or stroke and < 70% stenosis
were 6% at 1 year (95% CI 4%-10%) and 10% at 2 years (95% CI 7%-14%). Notably, two of
the variables that had previously been associated with increased risk of stroke in retrospective
studies, vertebrobasilar disease and “failure” of anti-thrombotic therapy, had no association
with an increased risk for ipsilateral stroke. The current indication for the Wingspan device
(Boston Scientific, Natick, MA) which is approved by the FDA under a Humanitarian Device
Exemption (HDE) for the treatment of intracranial stenosis, is for patients with 50-99% stenosis
who have cerebral ischemic events while on antithrombotic therapy. This requirement to fail
antithrombotic therapy before using Wingspan is not supported by the WASID data.

Another important finding in WASID was that the majority of strokes in the territory of the
stenotic artery occurred within 1 year of enrollment: of 77 strokes in the territory, 60 (78%)
occurred within 1 year. The magnitude of stroke risk and the temporal pattern of risk are nearly
identical to data reported for the medical treatment arms of clinical trials for symptomatic
extracranial carotid stenosis and occlusion 17, 18. Whether the decrease in stroke risk after one
year reflects improvement in hemodynamic, embolic, or both factors over time is unclear.

A second subgroup analysis compared the outcomes between warfarin and aspirin in different
subgroups of patients 8. These subgroups included time from qualifying event, age, gender,
race, smoking, hypertension, diabetes, coronary artery disease, site of symptomatic lesion
(middle cerebral, anterior cerebral, internal carotid, vertebral and basilar arteries), anterior
versus posterior circulation, % stenosis, length of stenosis, and antithrombotic therapy at the
time of qualifying event. No definite differences between aspirin and warfarin in the risk of
stroke or vascular death were observed in any of these subgroups but the power of the study
to detect differences in these subgroups was low.

In summary, angioplasty and stenting cannot be justified in patients with < 70% stenosis, given
the low risk of stroke in the territory of a stenotic artery (6 % at 1 year) and the inherent risk
of angioplasty and stenting (30-day rate of stroke and death in 4-7% range – see next section).
Furthermore, the concept of medical treatment failure should not be used as an indication for
angioplasty and stenting. Patients in whom this procedure should be considered are those with
severe stenosis, recent ischemic symptoms, and an NIH stroke scale score of greater than 1.

Medical management
Risk factor management in WASID was performed by the study neurologist and primary care
physicians, according to published national guidelines on hypertension 23, hyperlipidemia
24, and diabetes (ADA) 25. Despite these recommendations, many vascular risk factors were
poorly controlled. Poorly controlled blood pressure and elevated LDL were the most important
risk factors for stroke, vascular death, or MI during follow-up in WASID. During a mean of
1.8 years of follow-up, 30.7% of patients with mean systolic BP ≥ 140 mm Hg had a stroke,
vascular death, or MI compared with 18.3% of patients with mean systolic BP < 140 mm Hg
(P<0.0005). Over the same period, 25.0% of patients with LDL ≥ 115 mg / dl (the median
LDL) had a stroke, vascular death, or MI compared with 18.6% of patients with a mean LDL
< 115 mg / dl (p=0.03). Considering an LDL target of < 70 mg / dl, 22.5% of patients with
mean LDL above this target had a stroke, MI, or vascular death compared with 7.4% with mean
LDL below this target (HR 3.13 95% CI 0.77 – 12.67). Poorly controlled blood pressure and
elevated LDL were also important risk factors for ischemic stroke alone in WASID. The risk
of any ischemic stroke was found to increase with increasing mean systolic BP and diastolic
BP (p<0.0001 and <0.0001, respectively) using a log-rank trend test. Elevated systolic BP and
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diastolic BP were also associated with increased risk of ischemic stroke in the territory of the
stenotic artery (p= 0.0065 and <0.0001, respectively) (in press, Circulation). LDL ≥ 115 mg /
dl (the median value) was highly correlated with ischemic stroke (HR 1.82 95% CI 1.17-2.83,
p=0.0072) (presented at Joint World Congress of Stroke, 2006).

These risk factor data suggest that optimal outcome for patients with intracranial atherosclerotic
disease, including those that undergo angioplasty and stenting, will require careful and
intensive adjunctive risk factor management. Further support for the importance of risk factor
management in patients with intracranial stenosis is provided by recent secondary prevention
stroke trials that have shown treatment of elevated low density lipoproteins (LDL) 26 and blood
pressure 27 reduce the risk of recurrent stroke. Additionally, intensive risk factor management
in patients with coronary artery disease (CAD) has been shown to reduce major cardiac events
and stroke 28, 29, and has been shown to be as good as endovascular intervention and usual
or aggressive medical management for preventing cardiac ischemic events in patients with
stable angina and severe atherosclerotic coronary artery disease 30, 31.

There are little data regarding the optimal antiplatelet regimen in this population. WASID tested
high-dose aspirin (1300 mg/day) and found it to be equivalent to warfarin for stroke risk
reduction. There are no data on the effectiveness or safety of other antiplatelet agents
specifically in patients with intracranial stenosis. In other stroke populations with
heterogeneous causes of stroke, combination aspirin and clopidigrel therapy has been found
to be equivalent for stroke risk reduction in two secondary prevention studies when compared
to monotherapy 32 and combination low dose aspirin and dypiridamole has been shown to be
more effective than low dose aspirin for stroke prevention 33, 34.

Angioplasty / Stenting as a Treatment for Symptomatic Intracranial Stenosis
Over the past decade, angioplasty and stenting have emerged as therapeutic options for
symptomatic intracranial arterial stenosis. The first report of angioplasty for intracranial
atherosclerotic disease was in 1980 35. Since then there have been dramatic improvements in
balloon and stent technology, as well as in the imaging systems that provide the guidance for
these procedures.

Angioplasty Alone
There have been no prospective studies of intracranial angioplasty without stent placement.
Technical success (defined as reduction of stenosis to < 50%) can be achieved in over 80% of
patients and the rate of stroke or death within 30 days of angioplasty has varied between 4%
and 40% in several retrospective angioplasty studies 36-46. One reason for the wide variation
in complication rates may be variability in the acuity of patients being treated. Procedures that
were largely elective were associated with lower complication rates (4% to 6%) 41, 42, 44.
Restenosis rates following angioplasty alone range from 24% - 40% 41, 42. There are limited
data on the long term outcome after intracranial angioplasty alone. Marks and colleagues
reported an annual stroke rate of 4.4% (3.2% in the territory of stenosis) in a recent retrospective
review of 120 patients who underwent intracranial angioplasty at four sites 41. The actual
stroke rate is uncertain given the retrospective nature of the study and the lack of adjudication
of events by neurologists. While some practitioners strongly advocate the use of this procedure
alone, i.e., without a stent, most favor the use of stents. This can be attributed to several
technical drawbacks to angioplasty including immediate elastic recoil of the artery, dissection,
acute vessel closure, residual stenosis > 50% following the procedure, and high restenosis rates.
These limitations, coupled with the success of stenting in the coronary circulation, have led to
the emergence of stenting as the preferred interventional technique for treating intracranial
stenosis.
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Stenting
Until recently, most data on the safety and efficacy of intracranial stenting have been limited
to single center series 47-57. The largest of these studies are summarized in table 1. These data
suggest that intracranial stenting can be performed relatively safely and with high technical
success. The larger, more recent studies suggest that the rate of stroke after stenting in patients
with 70%-99% stenosis may be substantially lower than the rate of stroke in WASID patients
with 70-99% stenosis. Data exists for three categories of stents: bare-metal balloon expandable,
drug-eluting balloon expandable, self-expanding stents.

Balloon-expandable bare-metal stents
An industry sponsored multicenter Phase 1 trial of a balloon expandable bare metal stent
(Neurolink, Guidant Corporation) for intracranial stenosis provided encouraging data on the
safety and potential efficacy of stenting for intracranial arterial stenosis. The Stenting of
Symptomatic atherosclerotic Lesions in the Vertebral or Intracranial Arteries (SSYLVIA) trial
was a non-randomized, multi-center study that evaluated the safety and performance of primary
stenting in 61 patients with intracranial arterial stenosis (43 patients), vertebral pre-PICA
stenosis (12 patients) or vertebral ostium stenosis (6 patients) ≥ 50% 58. Deployment of the
stent was successful in 58 of 61 (95%) patients. In the first 30 days after stenting, 4 / 55 patients
with intracranial or pre-PICA stenosis (defined as intracranial in WASID) had a stroke (30 day
rate:7.2%; 95% CI 2.0% - 17.6%) and there were no deaths. The frequency of stroke within 1
year (including the 30 day rate) was 6 / 55 (10.9%; 95% CI 4.1% - 22.3%). All strokes were
in the territory of the treated artery. Recurrent stenosis (≥ 50%) at 6 months was documented
by angiography in 18 of 51 (35%; 95% CI 22.2% - 48.4%) patients (intracranial, pre-PICA,
and vertebral ostial lesions combined - data not provided to separate out the vertebral ostial
lesions).

Factors that were significantly associated with restenosis were diabetes, post-procedure
diameter stenosis > 30%, and small vessel diameter. These features have also been associated
with higher restenosis rates after coronary stenting. Of the 55 patients with intracranial stenosis
in SSYLVIA, 33 had 70%-99% stenosis. Of these 33 patients, 1 patient had a stroke within 30
days and 2 patients had an ischemic stroke between day 31 and 1 year (personal communication
Marcia Wachna, Guidant Corporation). The SSYLVIA trial provides important preliminary
pilot data suggesting that: 1. intracranial stenting can be performed relatively safely – the point
estimate of the 30-day stroke and death rate was similar to the 30-day stroke and death rate
after carotid endarterectomy in NASCET 17; 2. risk of stroke at 1 year after stenting in patients
with 70%-99% stenosis may be lower than the rate of stroke in similar patients in WASID
suggesting a possible benefit of stenting in these high-risk patients. Based on these findings,
Guidant Corporation applied to the FDA for approval of the Neurolink device for use in patients
who fail medical therapy, and a HDE (Human Device Exemption) was approved. However,
Guidant Corporation has disbanded their Neurovascular Unit and is no longer manufacturing
the stent.

Another recent study by Jiang et al. also suggests that the rate of stroke or symptomatic brain
hemorrhage at 1 year after stenting in patients with ≥ 70% intracranial stenosis may be as low
as 7.2% 59. This is substantially lower than the 1 year rate of stroke in WASID patients with
≥ 70% stenosis. The stent used in this study was a balloon expandable stent that is not available
in the USA.

Drug-eluting balloon expandable stents
Following the lead from cardiology, some investigators have treated patients with intracranial
stenosis with coronary drug-eluting stents which are not approved for the cerebral circulation
and have not been shown to be safe in this population. The number of patients treated with
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drug-eluting stents for intracranial stenosis is too small to provide reliable data on the
performance, safety, and potential efficacy of these stents in the cerebral circulation 60, 61.
Preliminary experience indicates that these inflexible stents are difficult to deliver in the
tortuous cerebral circulation, particularly to the middle cerebral arteries, a common location
of intracranial atherosclerosis. Additionally, it is likely that the future development of
intracranial drug-eluting stents will be impeded by recent reports that coronary drug-eluting
stents increase the risk of late-stent thrombosis and subsequent MI or death 62, and that
prolonged use of aspirin and clopidogrel is required with drug-eluting stents. This could
increase the risk of major hemorrhage, particularly intracerebral hemorrhage 32.

Self-expanding Stents
The bare metal self-expanding Wingspan stent (Boston Scientific) designed specifically to treat
intracranial stenosis was approved by the FDA on August 3, 2005 for use under an HDE
(humanitarian device exemption) for patients with intracranial stenosis “who are refractory to
medical therapy”. This approval was based on a European / Asian study of 45 patients with
symptomatic 50%-99% stenosis who had recurrent stroke on antithrombotic therapy. The main
results of the study were that the stent was successfully deployed in 44 of 45 (98%) patients
(95% CI 88.2% - 99.9%), the 30-day rate of stroke or death was 4.4% (95% CI 0.5% - 15.2%),
and the 12-month rate of ipsilateral stroke or death was 9.3% (4/43) (95% CI 2.6 – 22.1). Only
3 of 40 patients (7.5%) (95% CI 1.6% - 20.4%) had restenosis at 6 months and none were
symptomatic (www.fda.gov/cdrh/pdf5/h050001b.pdf). Of the 45 patients enrolled in the
European / Asian Wingspan study, 29 had 70% - 99% stenosis. Of these 29 patients, 3 (10.3%)
had a stroke in the territory or died with 1 year (95% CI 2.2% - 27.4%) (unpublished data
presented at International Stroke Conference 2006, Orlando, Florida).

More recently, Fiorella and colleagues described their experience at 4 US sites with the
wingspan device 63, 64. Seventy eight patients with symptomatic intracranial atherosclerotic
stenosis were treated over a 9 month period. A total of 82 lesions were treated, of which 54
had ≥ >70% stenosis. Lesions treated involved the internal carotid (n=32; 8 petrous, 10
cavernous, 11 supraclinoid segment, 3 terminus), vertebral (n=14; V4 segment), basilar (n=14),
and middle cerebral (n=22) arteries. The technical success rate was 98.8% and the mean
pretreatment stenosis was 74.6% and the mean post-stent stenosis was 27.2%. There were 5
major periprocedural neurological complications (2 vessel perforations, both fatal; 2 ischemic
strokes, both fatal; 1 non-fatal reperfusion hemorrhage) for an overall major periprocedural
complication rate of 6.1%.

Priority for a Trial
The stage is optimally set for a randomized trial comparing stenting with medical therapy
because a series of events have converged: 1. completion of WASID has enabled identification
of patients at high risk of stroke despite usual medical management, 2. completion of two Phase
I trials have established preliminary safety and feasibility of intracranial stenting for patients
with intracranial stenosis, 3. FDA approval of the Wingspan intracranial stent under an HDE
for treating patients who have failed antithrombotic therapy, 4. training of over 50 sites in the
USA by Boston Scientific Corporation to use the Wingspan stent and delivery system, 5.
accumulating experience with Wingspan in clinical practice, and 6. the results of
antihypertensive and recent lipid lowering therapy trials that mandate an evaluation of the role
of aggressive risk factor management in patients with intracranial stenosis, a particularly high-
risk subtype of cerebrovascular disease. Since Wingspan is the only FDA approved stent for
intracranial atherosclerotic stenosis and is likely to remain so for the next several years given
the length of of time it takes to develop and test new stents and receive FDA approval, it is
incumbent on us now to determine the efficacy of stenting with Wingspan before it becomes
established as standard but unproven therapy for intracranial stenosis.
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Summary
Symptomatic atherosclerotic intracranial stenosis is a high-risk condition. The recently
completed WASID trial has provided excellent estimates of the outcome of these patients on
aspirin or warfarin and usual management of risk factors. Angioplasty and stenting cannot be
justified in patients with < 70% stenosis, given the low risk of stroke in the territory of a stenotic
artery (6 % at 1 year) and the inherent risk of current technology. Furthermore, the concept of
medical treatment failure should not be required to perform angioplasty and stenting. Patients
with severe stenosis, recent ischemic symptoms and an NIH stroke scale score of > 1, and
females are at the highest risk for stroke, and therefore have the greatest likelihood of benefiting
from angioplasty and stenting. The linear relationship between the degree of stenosis and stroke
risk with medical therapy also supports a mechanical approach to revascularization. At present,
however, there is no level 1 evidence to support angioplasty and stenting for patients with
symptomatic intracranial atherosclerotic disease. Case series suggest that the safety and stroke
risk reduction of this procedure may provide a benefit, particularly with self-expanding stent
technology. A randomized controlled trial is needed to prove the efficacy of this therapy. In
should also be noted that these patients as a group have frequent vascular risk factors and will
require aggressive medical management. In addition, rates of restenosis and the clinical
consequences of restenosis will need to be closely monitored in future studies. Advances in
stent design may be required if self expanding bare stents are associated with a high risk of
stroke associated with restenosis in clinical trials.

Acknowledgements

Support: NINDS R01 NS051631, R01 NS036643, K24 NS050307, R01 NS051688

References
1. Sacco RL, Kargman DE, Gu Q, Zamanillo MC. Race-ethnicity and determinants of intracranial

atherosclerotic cerebral infarction. Stroke 1995;26:14–20. [PubMed: 7839388]
2. Wityk RJ, Lehman D, Klag M, Coresh J, Ahn H, Litt B. Race and sex differences in the distribution

of cerebral atherosclerosis. Stroke 1996;27:1974–1980. [PubMed: 8898801]
3. Feldmann E, Daneault N, Kwan E, Ho KJ, Pessin MS, Langenberg P, Caplan LR. Chinese-white

differences in the distribution of occlusive cerebrovascular disease. Neurology 1990;40:1541–1545.
[PubMed: 2215945]

4. Chimowitz MI, Lynn MJ, Howlett-Smith H, Stern BJ, Hertzberg VS, Frankel MR, Levine SR,
Chaturvedi S, Kasner SE, Benesch CG, Sila CA, Jovin TG, Romano JG. Comparison of warfarin and
aspirin for symptomatic intracranial arterial stenosis. N Engl J Med 2005;352:1305–1316. [PubMed:
15800226]

5. Grubb RL Jr. Derdeyn CP, Fritsch SM, Carpenter DA, Yundt KD, Videen TO, Spitznagel EL, Powers
WJ. Importance of hemodynamic factors in the prognosis of symptomatic carotid occlusion. JAMA
1998;280:1055–1060. [PubMed: 9757852]

6. Caplan LR, Hennerici M. Impaired clearance of emboli (washout) is an important link between
hypoperfusion, embolism, and ischemic stroke. Arch Neurol 1998;55:1475–1482. [PubMed: 9823834]

7. Kasner SE, Chimowitz MI, Lynn MJ, Howlett-Smith H, Stern BJ, Hertzberg VS, Frankel MR, Levine
SR, Chaturvedi S, Benesch CG, Sila CA, Jovin TG, Romano JG, Cloft HJ. Predictors of ischemic
stroke in the territory of a symptomatic intracranial arterial stenosis. Circulation 2006;113:555–563.
[PubMed: 16432056]

8. Kasner SE, Lynn MJ, Chimowitz MI, Frankel MR, Howlett-Smith H, Hertzberg VS, Chaturvedi S,
Levine SR, Stern BJ, Benesch CG, Jovin TG, Sila CA, Romano JG. Warfarin vs aspirin for
symptomatic intracranial stenosis: Subgroup analyses from wasid. Neurology 2006;67:1275–1278.
[PubMed: 17030766]

9. Benesch CG, Chimowitz MI. Best treatment for intracranial arterial stenosis? 50 years of uncertainty.
The wasid investigators. Neurology 2000;55:465–466. [PubMed: 10953174]

Derdeyn and Chimowitz Page 8

Neuroimaging Clin N Am. Author manuscript; available in PMC 2008 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



10. Broderick J, Brott T, Kothari R, Miller R, Khoury J, Pancioli A, Gebel J, Mills D, Minneci L, Shukla
R. The greater cincinnati/northern kentucky stroke study: Preliminary first-ever and total incidence
rates of stroke among blacks. Stroke 1998;29:415–421. [PubMed: 9472883]

11. Executive Committee of the Asymptomatic Carotid Atherosclerosis Study. Endarterectomy for
asymptomatic carotid artery stenosis. JAMA 1995;273:1421–1428. [PubMed: 7723155]

12. Hart RG, Halperin JL. Atrial fibrillation and thromboembolism: A decade of progress in stroke
prevention. Ann Intern Med 1999;131:688–695. [PubMed: 10577332]

13. Derdeyn CP, Powers WJ, Grubb RL Jr. Hemodynamic effects of middle cerebral artery stenosis and
occlusion. AJNR Am J Neuroradiol 1998;19:1463–1469. [PubMed: 9763379]

14. Yamauchi H, Fukuyama H, Nagahama Y, Nabatame H, Ueno M, Nishizawa S, Konishi J, Shio H.
Significance of increased oxygen extraction fraction in five-year prognosis of major cerebral arterial
occlusive disease. J Nuc Med 1999;40:1992–1998.

15. Lee DK, Kim JS, Kwon SU, Yoo SH, Kang DW. Lesion patterns and stroke mechanism in
atherosclerotic middle cerebral artery disease: Early diffusion-weighted imaging study. Stroke
2005;36:2583–2588. [PubMed: 16269637]

16. Amin-Hanjani S, Du X, Zhao M, Walsh K, Malisch TW, Charbel FT. Use of quantitative magnetic
resonance angiography to stratify stroke risk in symptomatic vertebrobasilar disease. Stroke
2005;36:1140–1145. [PubMed: 15890993]

17. North American Symptomatic Carotid Endarterectomy Trial (NASCET) Collaborators. Beneficial
effect of carotid endarterectomy in symptomatic patients with high-grade carotid stenosis. N Engl J
Med 1991;325:445–453. [PubMed: 1852179]

18. The EC/IC Bypass Study Group. Failure of extracranial-intracranial arterial bypass to reduce the risk
of ischemic stroke: Results of an international randomized trial. N Engl J Med 1985;313:1191–2000.
[PubMed: 2865674]

19. Samuels OB, Joseph GJ, Lynn MJ, Smith HA, Chimowitz MI. A standardized method for measuring
intracranial arerial stenosis. AJNR Am J Neuroradiol 2000;21:643–646. [PubMed: 10782772]

20. Chimowitz MI, Kokkinos J, Strong J, Brown MB, Levine SR, Silliman S, Pessin MS, Weichel E, Sila
CA, Furlan AJ, Kargman DE, Sacco RL, Wityk RJ, Ford G, Fayad PB. The warfarin-aspirin
symptomatic intracranial disease study. Neurology 1995;45:1488–1493. [PubMed: 7644046]

21. Prognosis of patients with symptomatic vertebral or basilar artery stenosis. The warfarin-aspirin
symptomatic intracranial disease (wasid) study group. Stroke 1998;29:1389–1392. [PubMed:
9660392]

22. Thijs VN, Albers GW. Symptomatic intracranial atherosclerosis: Outcome of patients who fail
antithrombotic therapy. Neurology 2000;55:490–497. [PubMed: 10953179]

23. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr. Jones DW, Materson
BJ, Oparil S, Wright JT Jr. Roccella EJ. The seventh report of the joint national committee on
prevention, detection, evaluation, and treatment of high blood pressure: The jnc 7 report. Jama
2003;289:2560–2572. [PubMed: 12748199]

24. Grundy SM, Cleeman JI, Merz CN, Brewer HB Jr. Clark LT, Hunninghake DB, Pasternak RC, Smith
SC Jr. Stone NJ. Implications of recent clinical trials for the national cholesterol education program
adult treatment panel iii guidelines. Circulation 2004;110:227–239. [PubMed: 15249516]

25. Standards of medical care in diabetes--2006. Diabetes Care 2006;29(Suppl 1):S4–42. [PubMed:
16373931]

26. Amarenco P, Bogousslavsky J, Callahan A 3rd, Goldstein LB, Hennerici M, Rudolph AE, Sillesen
H, Simunovic L, Szarek M, Welch KM, Zivin JA. High-dose atorvastatin after stroke or transient
ischemic attack. N Engl J Med 2006;355:549–559. [PubMed: 16899775]

27. Randomised trial of a perindopril-based blood-pressure-lowering regimen among 6,105 individuals
with previous stroke or transient ischaemic attack. Lancet 2001;358:1033–1041. [PubMed:
11589932]

28. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, Brown L, Warnica JW,
Arnold JMO, Wun CC, Davis BR, Braunwald E, for the Cholesterol and Recurrent Events Trial
Investigators. The effect of pravastatin on coronary events after myocardial infarction in patients
with average cholesterol levels. N Engl J Med 1996;335:1001–1009. [PubMed: 8801446]

Derdeyn and Chimowitz Page 9

Neuroimaging Clin N Am. Author manuscript; available in PMC 2008 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



29. Scandinavian Simvastatin Survival Study Group. Randomized trial of cholesterol lowering in 4444
patients with coronary artery disease. The scandinavian simvastatin suvival study (4s). Lancet
1994;344:1383–1389. [PubMed: 7968073]

30. Pitt B, Waters D, Brown WV, van Boven AJ, Schwartz L, Title LM, Eisenberg D, Shurzinske L,
McCormick LS. Aggressive lipid-lowering therapy compared with angioplasty in stable coronary
artery disease. Atorvastatin versus revascularization treatment investigators. N Engl J Med
1999;341:70–76. [PubMed: 10395630]

31. Boden WE, O'Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ, Knudtson M, Dada M,
Casperson P, Harris CL, Chaitman BR, Shaw L, Gosselin G, Nawaz S, Title LM, Gau G, Blaustein
AS, Booth DC, Bates ER, Spertus JA, Berman DS, Mancini GBJ, Weintraub WS, the CTRG. Optimal
medical therapy with or without pci for stable coronary disease. N Engl J Med 2007:NEJMoa070829.

32. Diener PH-C, Bogousslavsky PJ, Brass PLM, Cimminiello PC, Csiba PL, Kaste PM, Leys PD, Matias-
Guiu PJ, Rupprecht PH-J. Aspirin and clopidogrel compared with clopidogrel alone after recent
ischaemic stroke or transient ischaemic attack in high-risk patients (match): Randomised, double-
blind, placebo-controlled trial. The Lancet 2004;364:331–337.

33. Diener HC, Cunha L, Forbes C, Sivenius J, Smets P, Lowenthal A. European stroke prevention study.
2. Dipyridamole and acetylsalicylic acid in the secondary prevention of stroke. J Neurol Sci
1996;143:1–13. [PubMed: 8981292]

34. Aspirin plus dipyridamole versus aspirin alone after cerebral ischaemia of arterial origin (esprit):
Randomised controlled trial. The Lancet 367:1665–1673.

35. Sundt TM Jr. Smith HC, Campbell JK, Vlietstra RE, Cucchiara RF, Stanson AW. Transluminal
angioplasty for basilar artery stenosis. Mayo Clin Proc 1980;55:673–680. [PubMed: 7442321]

36. Higashida RT, Tsai FY, Halbach VV, Dowd CF, Smith T, Fraser K, Hieshima GB. Transluminal
angioplasty for atherosclerotic disease of the vertebral and basilar arteries. J Neurosurg 1993;78:192–
198. [PubMed: 8421202]

37. Clark WM, Barnwell SL, Nesbit G, O'Neill OR, Wynn ML, Coull BM. Safety and efficacy of
percutaneous transluminal angioplasty for intracranial atherosclerotic stenosis. Stroke
1995;26:1200–1204. [PubMed: 7604414]

38. Tuoho H. Percutaneous transluminal angioplasty in the treatment of atherosclerotic disease in teh
anterior circulation and hemodynamic evaluation. J Neurosurg 1995;82:953–960. [PubMed:
7760197]

39. Takis C, Kwan ES, Pessin MS, Jacobs DH, Caplan LR. Intracranial angioplasty: Experience and
complications. AJNR Am J Neuroradiol 1997;18:1661–1668. [PubMed: 9367313]

40. Marks MP, Marcellus M, Norbash AM, Steinberg GK, Tong D, Albers GW. Outcome of angioplasty
for atherosclerotic intracranial stenosis. Stroke 1999;30:1065–1069. [PubMed: 10229745]

41. Marks MP, Wojak JC, Al-Ali F, Jayaraman M, Marcellus ML, Connors JJ, Do HM. Angioplasty for
symptomatic intracranial stenosis: Clinical outcome. Stroke 2006;37:1016–1020. [PubMed:
16497979]

42. Connors JJ 3rd, Wojak JC. Percutaneous transluminal angioplasty for intracranial atherosclerotic
lesions: Evolution of technique and short-term results. J Neurosurg 1999;91:415–423. [PubMed:
10470816]

43. Alazzaz A, Thornton J, Aletich VA, Debrun GM, Ausman JI, Charbel F. Intracranial percutaneous
transluminal angioplasty for arteriosclerotic stenosis. Arch Neurol 2000;57:1625–1630. [PubMed:
11074795]

44. Nahser HC, Henkes H, Weber W, Berg-Dammer E, Yousry TA, Kuhne D. Intracranial vertebrobasilar
stenosis: Angioplasty and follow-up. AJNR Am J Neuroradiol 2000;21:1293–1301. [PubMed:
10954282]

45. Gress DR, Smith WS, Dowd CF, Van Halbach V, Finley RJ, Higashida RT. Angioplasty for
intracranial symptomatic vertebrobasilar ischemia. Neurosurgery 2002;51:23–27. [PubMed:
12182423]discussion 27-29

46. Gupta R, Schumacher HC, Mangla S, Meyers PM, Duong H, Khandji AG, Marshall RS, Mohr JP,
Pile-Spellman J. Urgent endovascular revascularization for symptomatic intracranial atherosclerotic
stenosis. Neurology 2003;61:1729–1735. [PubMed: 14694038]

Derdeyn and Chimowitz Page 10

Neuroimaging Clin N Am. Author manuscript; available in PMC 2008 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



47. Gomez CR, Misra VK, Campbell MS, Soto RD. Elective stenting of symptomatic middle cerebral
artery stenosis. AJNR Am J Neuroradiol 2000;21:971–973. [PubMed: 10815680]

48. Gomez CR, Misra VK, Liu MW, Wadlington VR, Terry JB, Tulyapronchote R, Campbell MS.
Elective stenting of symptomatic basilar artery stenosis. Stroke 2000;31:95–99. [PubMed: 10625722]

49. Rasmussen PA, Perl J 2nd, Barr JD, Markarian GZ, Katzan I, Sila C, Krieger D, Furlan AJ, Masaryk
TJ. Stent-assisted angioplasty of intracranial vertebrobasilar atherosclerosis: An initial experience.
J Neurosurg 2000;92:771–778. [PubMed: 10794290]

50. Levy EI, Hanel RA, Boulos AS, Bendok BR, Kim SH, Gibbons KJ, Qureshi AI, Guterman LR,
Hopkins LN. Comparison of periprocedure complications resulting from direct stent placement
compared with those due to conventional and staged stent placement in the basilar artery. J Neurosurg
2003;99:653–660. [PubMed: 14567599]

51. Kim DJ, Lee BH, Kim DI, Shim WH, Jeon P, Lee TH. Stent-assisted angioplasty of symptomatic
intracranial vertebrobasilar artery stenosis: Feasibility and follow-up results. AJNR Am J
Neuroradiol 2005;26:1381–1388. [PubMed: 15956503]

52. de Rochemont Rdu M, Turowski B, Buchkremer M, Sitzer M, Zanella FE, Berkefeld J. Recurrent
symptomatic high-grade intracranial stenoses: Safety and efficacy of undersized stents--initial
experience. Radiology 2004;231:45–49. [PubMed: 15068940]

53. Liu JM, Hong B, Huang QH, Xu Y, Zhao WY, Zhang L, Zhao R, Zhou XP. [safety and short-term
results of stent-assisted angioplasty for the treatment of intracranial arterial stenosis]. Zhonghua Wai
Ke Za Zhi 2004;42:169–172. [PubMed: 15062064]

54. Zhang QZ, Miao ZR, Li SM, Zhu FS, Hua Y, Wang ML, Song QB, Ling F. [complications of stent-
assistant angioplasty of symptomatic intracranial artery stenosis]. Zhonghua Yi Xue Za Zhi
2003;83:1402–1405. [PubMed: 14521742]

55. Jiang WJ, Du B, Wang YJ, Wang SX, Wang GH, Jin M. [symptomatic intracranial artery stenosis:
Angiographic classifications and stent-assisted angioplasty]. Zhonghua Nei Ke Za Zhi 2003;42:545–
549. [PubMed: 14505544]

56. Jiang WJ, Wang YJ, Du B, Wang SX, Wang GH, Jin M, Dai JP. Stenting of symptomatic m1 stenosis
of middle cerebral artery: An initial experience of 40 patients. Stroke 2004;35:1375–1380. [PubMed:
15131312]

57. Lylyk P, Vila JF, Miranda C, Ferrario A, Musacchio A, Rufenacht D, Cohen JE. Endovascular
reconstruction by means of stent placement in symptomatic intracranial atherosclerotic stenosis.
Neurol Res 2005;27(Suppl 1):S84–88. [PubMed: 16197831]

58. SSYLVIA Study Investigators. Stenting of symptomatic atherosclerotic lesions in the vertebral or
intracranial arteries (ssylvia): Study results. Stroke 2004;35:1388–1392. [PubMed: 15105508]

59. Jiang WJ, Xu XT, Du B, Dong KH, Jin M, Wang QH, Ma N. Long-term outcome of elective stenting
for symptomatic intracranial vertebrobasilar stenosis. Neurology 2007;68:856–858. [PubMed:
17353474]

60. Gupta R, Al-Ali F, Thomas AJ, Horowitz MB, Barrow T, Vora NA, Uchino K, Hammer MD,
Wechsler LR, Jovin TG. Safety, feasibility, and short-term follow-up of drug-eluting stent placement
in the intracranial and extracranial circulation. Stroke 2006;37:2562–2566. [PubMed: 16960090]

61. Abou-Chebl A, Bashir Q, Yadav JS. Drug-eluting stents for the treatment of intracranial
atherosclerosis: Initial experience and midterm angiographic follow-up. Stroke 2005;36:e165–168.
[PubMed: 16282539]

62. Iakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, Stankovic G, Airoldi F, Chieffo A,
Montorfano M, Carlino M, Michev I, Corvaja N, Briguori C, Gerckens U, Grube E, Colombo A.
Incidence, predictors, and outcome of thrombosis after successful implantation of drug-eluting stents.
Jama 2005;293:2126–2130. [PubMed: 15870416]

63. Fiorella D, Levy EI, Turk AS, Albuquerque FC, Niemann DB, Aagaard-Kienitz B, Hanel RA, Woo
H, Rasmussen PA, Hopkins LN, Masaryk TJ, McDougall CG. Us multicenter experience with the
wingspan stent system for the treatment of intracranial atheromatous disease: Periprocedural results.
Stroke 2007;38:881–887. [PubMed: 17290030]

64. Henkes H, Miloslavski E, Lowens S, Reinartz J, Liebig T, Kuhne D. Treatment of intracranial
atherosclerotic stenoses with balloon dilatation and self-expanding stent deployment (wingspan).
Neuroradiology 2005;47:222–228. [PubMed: 15912418]

Derdeyn and Chimowitz Page 11

Neuroimaging Clin N Am. Author manuscript; available in PMC 2008 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Derdeyn and Chimowitz Page 12
TA

B
LE

 1
A

ut
ho

r
N

V
es

se
l

T
ec

hn
ic

al
Su

cc
es

s
M

aj
or

 P
er

i- 
Pr

oc
ed

ur
al

C
om

pl
ic

at
io

ns
Fo

llo
w

-u
p 

Pe
ri

od
 a

nd
E

ve
nt

s
Ji

an
g 

20
03

 55
42

IC
A

,
M

C
A

,
V

A
, B

40
/4

2 
(9

5%
)

4/
42

 (1
0%

) “
co

m
pl

ic
at

io
n

an
d 

de
at

h”
M

ed
ia

n 
8 

m
on

th
s, 

39
 fr

ee
 o

f
is

ch
em

ic
 sy

m
pt

om
s

re
st

en
os

is
 0

/7
 a

t 6
 m

on
th

s, 
0/

4
at

 1
2 

m
on

th
s

Z
ha

ng
 2

00
3 

54
48

IC
A

,
M

C
A

V
A

, B

46
/4

8 
(9

6%
)

4/
48

 (8
%

) –
 2

 v
es

se
l

ru
pt

ur
e,

 1
 a

cu
te

 st
en

t
th

ro
m

bo
si

s, 
1 

pe
rf

or
at

e
ve

ss
el

 o
cc

lu
si

on

“s
ho

rt 
te

rm
 fo

llo
w

-u
p 

sh
ow

ed
go

od
 c

lin
ic

al
 im

pr
ov

em
en

t”

L
iu

 2
00

4 
53

46
IC

A
,

M
C

A
V

A
,B

49
/5

0 
(9

8%
)

1/
46

 (2
%

) S
A

H
1 

(2
%

) e
xt

ra
cr

an
ia

l c
ar

ot
id

di
ss

ec
tio

n 
re

qu
iri

ng
 a

 st
en

t

37
/3

7 
pa

tie
nt

s f
ol

lo
w

ed
 fo

r a
m

ea
n 

of
 8

.5
 m

on
th

s w
er

e 
fr

ee
of

 T
IA

s
de

 R
oc

he
m

on
t 2

00
4 

52
18

IC
A

,
M

C
A

V
A

, B

18
 /2

0
(9

0%
)

st
en

os
es

30
 d

ay
 c

om
bi

ne
d 

st
ro

ke
 a

nd
de

at
h 

= 
6%

0 
re

cu
rr

en
t e

ve
nt

s i
n 

6 
m

on
th

s

Ji
an

g 
20

04
56

40
M

C
A

41
/4

2 
(9

8%
)

3/
40

 (8
%

) –
 3

 S
A

H
 (1

fa
ta

l),
 1

ac
ut

e 
oc

cl
us

io
n 

R
x

w
ith

 ly
tic

s w
ith

ou
t s

eq
ue

la
e

M
ed

ia
n 

10
 m

on
th

s:
 0

/3
8 

ha
d

TI
A

 o
r s

tro
ke

, r
es

te
no

si
s i

n
1/

8 
ve

ss
el

s
L

yl
yk

 2
00

5
57

10
6

IC
A

,
M

C
A

V
A

, B

10
4/

10
6

(9
8%

)
30

 d
ay

 st
ro

ke
 (6

/1
04

; 5
.7

%
)

an
d 

de
at

h 
(4

/1
04

; 3
.7

%
)

R
es

te
no

si
s i

n 
7/

58
 (1

2%
)

V
A

 =
 v

er
te

br
al

 a
rte

ry
; B

 =
 b

as
ila

r a
rte

ry
; I

C
A

 =
 in

te
rn

al
 c

ar
ot

id
 a

rte
ry

; M
C

A
 =

 m
id

dl
e 

ce
re

br
al

 a
rte

ry
; S

A
H

 =
 su

ba
ra

ch
no

id
 h

em
or

rh
ag

e,
 *

 d
at

a 
ye

t t
o 

be
 p

ub
lis

he
d

Neuroimaging Clin N Am. Author manuscript; available in PMC 2008 August 1.


