
Copyright © 2017  Korean Stroke Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN: 2287-6391 • eISSN: 2287-6405

Special Review

Journal of Stroke 2017;19(3):271-276
https://doi.org/10.5853/jos.2017.01837

http://j-stroke.org 271

Although there is an intuitive appeal to treat symptomatic stenotic intracranial arteries with 
endovascular therapies such as angioplasty and stenting, current data from randomized trials 
show intensive medical therapy is far superior for preventing stroke. This is in large part due to the 
high risk of peri-procedural stroke from angioplasty and stenting. If angioplasty and stenting is to 
emerge as a proven treatment for intracranial stenosis, endovascular techniques will need to 
become much safer, identification of patients with intracranial stenosis who are at particularly 
high risk of stroke despite intensive medical therapy will need to be targeted, and well-designed 
randomized trials will be necessary to show endovascular therapy is superior to medical therapy in 
these high-risk patients.
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Introduction

Atherosclerotic stenosis of the intracranial arteries (ICAS) is 
one of the most common causes of stroke worldwide and is 
associated with a high risk of recurrent stroke despite medi-
cal management.1,2 Patients who are at particularly high risk 
for recurrent stroke are those with severe stenosis (70–99% 
luminal narrowing) and recent symptoms.3 This has led to the 
exploration of percutaneous transluminal angioplasty and 
stenting (PTAS) techniques to lower the risk of stroke in these 
patients.

Past: history of stenting and angioplasty 
for ICAS

Intracranial angioplasty alone was initially pursued as a treat-
ment option for ICAS in the 1980s but was associated with a 
high risk of stroke or death, leading to the procedure falling 

out of favor.4 Renewed interest in using PTAS for intracranial 
stenosis followed endovascular technological advances and the 
growing success with coronary angioplasty/stenting proce-
dures. This resurgence of interest led to a number of studies 
evaluating PTAS for patients with ICAS.

Retrospective studies using angioplasty alone showed that 
technical success (reduction of stenosis to <50%) could be 
achieved in over 80% of patients but the rate of stroke or 
death within 30 days of angioplasty varied between 4% and 
40%, and re-stenosis rates were 24–40%.5-10 Additionally an-
gioplasty alone can be associated with immediate elastic recoil 
of the artery, dissection, acute vessel closure, and residual ste-
nosis >50% following the procedure. These limitations, coupled 
with the success of stenting in the coronary circulation, led to 
the emergence of stenting as the preferred endovascular tech-
nique for treating ICAS.

Initial single-center retrospective intracranial stenting stud-
ies showed promising results with balloon-mounted coronary 
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stents used off-label suggesting stenting could be performed 
safely with high technical success rates.11-13 These results were 
supported by initial industry sponsored prospective phase I tri-
als utilizing stents approved specifically for intracranial use. 
The Stenting of Symptomatic Atherosclerotic Lesions in the 
Vertebral or Intracranial Arteries (SSYLVIA) trial was a nonran-
domized trial using the NEUROLINK stent in 61 patients with 
symptomatic (50–99%) intracranial stenosis or extra-cranial 
vertebral artery stenosis.14 The 30-day rate of death or stroke 
was 6.6% and the 1-year stroke rate was 10.9%. However, 
restenosis (>50% luminal narrowing) occurred in 32% of pa-
tients. The Wingspan stent system was evaluated in a small 
European and Asian single arm trial consisting of 45 patients 
undergoing treatment of medically refractory patients with 
symptomatic ICAS of 50–99%.15 In this trial, the 30-day rate of 
death or stroke was 4.5%, the 6-month rate of ipsilateral 
stroke or death was 7%, and restenosis at six months was 
7.5%. The latter device was approved by the Food and Drug 
Administration under a humanitarian device exemption (HDE) 
and used in practice in the USA for patients with 50–99% ste-
nosis who were refractory to medical management. This al-
lowed more data to be collected in two USA registries on the 
outcome of ICAS patients treated under the HDE. 

The NIH Wingspan stent registry showed that the risk of any 
stroke or death within 30 days or any stroke in territory from 
30 days to 6 months was 14%.16 A post-hoc analysis of the 
NIH Wingspan registry found that factors associated with in-
creased risk of stroke in the territory were: posterior circulation 
stenosis, treatment at low volume sites, stenting soon after a 
qualifying event, or stroke as opposed to transient ischemic at-
tack (TIA) as the event leading to stenting.17 In the US Multi-
center registry, 81 of 82 lesions (98.8%) were successfully 
stented during the first treatment session.18 Of the 82 lesions 
treated, there were 5 (6.1%) major periprocedural neurological 
complications, 4 of which ultimately led to death within 30 
days of the procedure.

While these registries were helpful in establishing the poten-
tial safety of the Wingspan stent in medically refractory pa-
tients, the lack of medically treated controls prevented any 
conclusion regarding the potential efficacy of stenting. How-
ever, these studies and the poor outcome of patients with 70–
99% stenosis and TIA or stroke within the previous 30 days 
who were treated medically in the Warfarin Aspirin Symptom-
atic Intracranial Disease (WASID) trial set the foundation for 
future randomized control trials to compare medical manage-
ment versus PTAS.

Present: recent studies evaluating PTAS 
for ICAS

There have been two major randomized controlled trials evalu-
ating outcomes related to intracranial angioplasty and stenting 
versus medical management—The Stenting Versus Aggressive 
Medical Management Therapy for Intracranial Arterial Stenosis 
(SAMMPRIS) trial and the Vitesse Intracranial Stent Study for 
Ischemic Stroke Therapy (VISSIT) trial. SAMMPRIS was funded 
by the National Institutes of Health and performed at 50 sites 
in the United States19 while VISSIT was industry-funded and 
conducted at sites in the USA, China, and Europe.20 Both trials 
included patients with TIA or stroke within 30 days prior to en-
rollment that was attributed to severe (70–99%) intracranial 
stenosis. Both included similar medical management arms, 
however they differed in the device offered for endovascular 
treatment. SAMMPRIS trial used the self-expanding Wingspan 
stent whereas VISSIT used the balloon-mounted VITESSE stent. 
In brief, the medical management utilized across trials was 
dual antiplatelet therapy with aspirin 81–325 mg daily as well 
as clopidogrel 75 mg for the first 90 days, followed by mono-
therapy with aspirin only for the duration of the study. Blood 
pressure targets were set at systolic blood pressure of less than 
140 mm Hg (<130 mm Hg for diabetic patients in SAMMPRIS) 
and low-density lipoprotein cholesterol targets of <70 mg/dL 
in SAMMPRIS and < 100 mg/dL in VISSIT.20,21 Additionally, 
SAMMPRIS included a lifestyle modification program focusing 
on smoking cessation, weight management, and exercise coun-
seling.

Both SAMMPRIS and VISSIT were stopped early due to high-
er than expected peri-procedural risk in the stenting groups 
and much lower than expected rates of stroke in the medical 
management group. For SAMMPRIS, the absolute risk reduc-
tion for stroke from medical therapy alone was 8.9% at 30 
days and 9.0% at 3 years.19,22 The data from VISSIT showed an 
even worse outcome from stenting with an absolute increase 
in the rate of ischemic stroke in the territory from stenting of 
25.1% at one year, and the absolute risk of ischemic and hem-
orrhagic stroke from stenting at one year of 33.7%. The latter 
equates to a number needed to harm from stenting of only 
three patients at 1 year.20 While the poor outcome from stent-
ing was driven by the high 30-day stroke rates in both trials 
(10.3% ischemic strokes and 4.5% hemorrhagic strokes in 
SAMMPRIS; 17.2% ischemic stroke and 8.6% hemorrhagic 
stroke in VISSIT), the longer-term outcomes in both trials failed 
to show any benefit from stenting beyond the peri-procedural 
period.19,20,22 Further, a SAMMPRIS post-hoc analysis failed to 
show any subgroup of patients with ICAS who significantly 
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benefited from stenting, even those at particularly high risk of 
stroke on aggressive medical therapy.23

Of note, the above peri-procedural risks are higher than 
those shown in stenting registries.16,24 Randomized clinical tri-
als rely on rigorous evaluation of all potential endpoints by site 
monitoring and blinded adjudicators while these protocols are 
often not required for registry data which is likely to lead to 
underestimation of recurrent stroke rates.

More recently, the Chinese stenting registry was established 
as the first multicenter, prospective, endovascular registry for 
symptomatic ICAS in China enrolling 300 patients.25 This study 
had more rigorous patient selection criteria than the previously 
described registries including parameters on lesion length and 
target vessel diameter and requirement that lesions be attrib-
utable to hypoperfusion in the territory of the culprit artery. 
Neurointerventionialists were given more freedom in choosing 
the device used for the procedure with options of a balloon-
mounted stent or balloon predilation with self-expanding stent 
deployment based on patient characteristics and operator pref-
erence. Further, there was typically a delay in the stenting pro-
cedure for a recommended time of at least 3 weeks after the 
last event prior to the procedure. Similar medical management 
to SAMMPRIS was used in this registry with dual antiplatelet 
for 90 days plus similar targets for systolic blood pressure 
(<130 mm Hg for diabetic patients and <140 mm Hg for all 
others), low-density lipoprotein targets of <70 mg/dL, and life-
style modification including smoking cessation, and counseling 
for obesity and sedentary lifestyles. For the Chinese registry the 
primary outcome of any stroke, TIA, or death within 30 days 
was 4.3%,25 which is within the confidence interval (5.8% 
[3.4–9.7]) for the primary endpoint at 30 days in the medical 
management only arm of SAMMPRIS.19

There are several factors that could influence the better out-
comes of stented subjects in the Chinese registry compared 
with the SAMMPRIS and VISSIT trials. The incidence of intra-
cranial atherosclerosis is more common in the Chinese popula-
tion than in whites,26 which could have theoretical benefit on 
the experience level of Chinese interventionists. However, the 
argument that lack of experienced endovascular intervention-
ists in SAMMPRIS and VISSIT explains the high peri-procedural 
risk in those trials lacks merit when considering the interven-
tionists who participated in these trials went through a cre-
dentialing process and most were the same interventionists 
who had participated in the prior stenting registries reporting 
lower peri-procedural stroke rates.21 Further, the most experi-
enced interventionists in SAMMPRIS did not have lower stroke 
rates and there was also no difference in outcome between the 
highest and lowest enrolling sites in SAMMPRIS or in subjects 

stented early versus late in the trial when more experience 
would have accumulated.27 Additionally, the VISSIT trial had 
sites in Europe and China with higher reported peri-procedural 
events than in SAMMPRIS.20

Other potential reasons for the improved outcomes in the 
Chinese registry could be the younger patient population28 and 
patients presenting more often with TIAs rather than stroke 
(presenting with stroke has been shown to be associated with 
a higher risk of a stroke after stenting and in medically treated 
patients).29,30 Unstable patients, defined as fluctuating or pro-
gressive symptoms within 2 days of undergoing stenting, have 
been shown to have significantly higher risk of adverse out-
comes such as stroke in the territory of the stenotic vessel after 
stent placement (25.9% vs. 4.1% in stable patients, P=0.004).31 
As such, the time delay between qualifying event and interven-
tion in the Chinese registry may have allowed for the plaque to 
stabilize and thereby lower the risk of the procedure. Lastly, the 
careful selection of patients in the Chinese registry likely led to 
a much lower stroke rate than in other endovascular studies 
and trials. Nevertheless, the Chinese stenting registry data are 
encouraging and will hopefully lead to a randomized trial in 
China to compare the outcome of PTAS versus medical man-
agement in high-risk patients with ICAS.

Future directions for PTAS and other 
novel treatments of ICAS

Advancement in PTAS techniques
Most of the peri-procedural strokes in SAMMPRIS were perfo-
rator infarcts felt to be from “snow-plowing” effect (pushing 
the atherosclerotic plaque into perforator vessels during either 
the balloon dilation or the stent placement) or reperfusion 
hemorrhage.18,32 While “snow-plowing” effect is likely to re-
main with any intervention, even angioplasty alone, the poten-
tial of new technology or modified endovascular procedures to 
mitigate these events may allow for improved outcomes of en-
dovascular therapy.33 Additionally, careful patient selection to 
avoid those with perforator infarcts on initial presentation, 
such as selected for in the more recent Asian studies, can fur-
ther reduce this complication. 

Advancements in intracranial stenting will include the fur-
ther technical advancement of the devices utilized. In the car-
diac population, drug-eluting stents (DES) have been shown to 
be effective at reducing the rate of restenosis compared to 
bare metal stents. Restenosis is also a common problem in the 
intracranial stenting population with incidence as high as 
30%.34 There have been limited studies evaluating DES in the 
intracranial population. Park et al.35 analyzed a small series of 
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11 patients who underwent intracranial DES placement. They 
found only 1 patient had restenosis of the 9 who completed 
imaging follow-up, but this had resolved at subsequent follow-
up after change in antiplatelet regimen. Other shorter duration 
studies showed favorable clinical outcomes with the use of in-
tracranial DES,36-38 however larger trials supporting their bene-
fit over current practice are still lacking. Other advancements 
such as bioresorbable stents and biological stents are emerging 
in the cardiac literature and will be exciting to watch for po-
tential benefit in the intracranial stenosis population. These 
have the potential at reducing complications such as neoath-
erosclerosis and restenosis thereby improving long-term out-
comes of intracranial stenting. 

Focus on patients whose symptoms are caused by 
hypoperfusion
Future randomized clinical trials should consider selection of 
patients demonstrating hemodynamic compromise as the 
mechanism of their stroke related to ICAS. Based on an analy-
sis of infarct patterns in the WASID trial hypoperfusion results 
in roughly 8.8% of the stroke in this population.39 Patients with 
poor collateral flow, leading to hypoperfusion-related infarcts, 
are highly likely to fail medical therapy.40,41 In the Vertebrobasi-
lar Flow Evaluation and Risk of Transient Ischemic Attack and 
Stroke (VERiTAS) study of subjects with vertebrobasilar steno-
sis, impaired blood flow distal to the stenosis was also a strong 
predictor of recurrent stroke.42 These findings all support the 
importance of hemodynamic factors such as impaired distal 
blood flow and poor collaterals in the pathophysiology of 
stroke in ICAS patients. 

Currently a randomized controlled trial is underway in China 
to compare medical therapy with medical therapy plus inter-
vention in patients with severe symptomatic ICAS and hypo-
perfusion symptoms.43 Trials like this are important in under-
standing the effectiveness and safety of current PTAS proce-
dures compared to medical management alone, particularly in 
the most vulnerable ICAS patients.

Novel non-endovascular therapy
Lastly, a novel non-endovascular treatment, remote limb isch-
emic conditioning (RLIC), has emerged as a potential treatment 
for ICAS. RLIC involves producing repetitive, transient non-in-
jurious ischemia of a limb by inflating a blood pressure cuff 
with the intention of protecting the brain from subsequent 
ischemia. Pre-clinical studies suggest that RLIC increases cere-
bral blood flow, most likely by releasing nitrite into the circula-
tion.44,45 RLIC demonstrated efficacy compared to usual medical 
management in two small randomized trials of ICAS patients 

in China.46,47 The first trial randomized 68 adults with TIA or 
stroke due to 50–99% ICAS to bilateral upper extremity condi-
tioning twice daily for 300 days or standard medical manage-
ment. In the RLIC group there was a marked reduction in the 
incidence of recurrent strokes at both 90 days (5% vs. 23.3%) 
and 300 days (7.9% vs. 26.7%), and increased cerebral blood 
flow as measured by SPECT and transcranial Doppler compared 
with the control group.46 The second trial randomized 58 sub-
jects aged 80–95 with more severe symptomatic stenosis mea-
suring 70–99% to either bilateral upper extremity RLIC twice 
daily or sham RLIC twice daily for 180 days, both groups re-
ceiving standard medical management. The RLIC group had 
fewer strokes and TIAs compared to the sham RLIC group at 
180 days (9 events vs. 19 events, P<0.05).47 Larger Phase III tri-
als are needed to better evaluate the utility of RLIC as an ad-
junct in preventing stroke in patients with ICAS. 

Summary

PTAS has yet to be shown to be safe and more effective than 
medical management for the treatment of ICAS. While more 
recent non-randomized studies have suggested that PTAS is 
safe and has a potential therapeutic role in well-selected high-
risk patients who have a poor outcome on medical treatment, 
PTAS will only emerge as the standard of care for these pa-
tients if shown to be superior to medical management in ran-
domized trials.
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