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Review

Abstract
Intracranial stenosis is a common cause of ischaemic 
strokes, in particular, in the Asian, African and Hispanic 
populations. The randomised multicentre study Stenting 
and Aggressive Medical Management for the Prevention 
of Recurrent stroke in Intracranial Stenosis (SAMMPRIS) 
showed 14.7% risk of stroke or death in the stenting 
group versus 5.8% in the medical group at 30 days, and 
23% in the stenting group versus 15% in the medical 
group at a median follow-up of 32.4 months. The results 
demonstrated superiority of medical management over 
stenting and have almost put the intracranial stenting to 
rest in recent years. Of note, 16 patients (7.1%) in the 
stenting group had disabling or fatal stroke within 30 days 
mostly due to periprocedural complications as compared 
with 4 patients (1.8%) in the medical group. In contrast, 
5 patients (2.2%) in the stenting group and 14 patients 
(6.2%) in the medical group had a disabling or fatal stroke 
beyond 30 days, indicating significant benefit of stenting 
if periprocedural complications can be reduced. Recently, 
the results of the Chinese Angioplasty and Stenting 
for Symptomatic Intracranial Severe Stenosis trial and 
the Wingspan Stent System Post Market Surveillance 
Study (WEAVE trial) showed 2%–2.7% periprocedural 
complications. It is time to evaluate the role of intracranial 
stenting for the prevention of disabling or fatal stroke.

Introduction
Stroke is a leading cause of adult disability.1 
Intracranial stenosis is the narrowing of major 
intracranial arteries due to the build-up of 
atherosclerotic plaque.2 3 It is probably the 
most common cause of stroke worldwide.2–4 
It is more common in the Asian, African and 
Hispanic populations.4–8 The incidence is 
as high as 30%–50% among Chinese popu-
lation.8 The standard medical therapy for 
patients with intracranial stenosis includes 
the use of antithrombotics, statins, antihyper-
tensives and risk factor controls.9

The risk of recurrent stroke in patients 
with high-grade intracranial stenosis is signif-
icant despite medical therapy.10–13 Among 
patients with a haemodynamically significant 
stenosis, 60.7% had a recurrent stroke or 
TIA in the territory of the stenotic artery.13 
In the double-blind, randomised multicentre  
Warfarin–Aspirin Symptomatic Intracranial 

Disease trial that compared the efficacy of 
warfarin (target international normalized 
ratio (INR) 2–3) with that of aspirin (1300 mg 
daily) in symptomatic intracranial stenosis of 
50%–99%, the primary end point (ischaemic 
stroke, intracranial haemorrhage or vascular 
death not caused by ischaemic stroke) 
occurred in 22.1% in the aspirin group and 
21.8% in warfarin group.14 The cumulative 
probability of the recurrent ischaemic stroke 
in the territory of the stenosed artery was 12% 
at 1 year and 15% at 2 years in the aspirin 
group. This trial also revealed that warfarin 
was associated with higher rates of mortality 
and major haemorrhage. Patients with symp-
tomatic high-grade stenosis (≥70%) were at 
higher risk of the lesion-related ischaemic 
stroke.15

History of angioplasty and stenting for 
intracranial stenosis
Cerebral balloon angioplasty was initially 
performed for two patients with medically 
refractory basilar artery stenosis in 1980.16 
Since then, case reports and retrospective 
series described the techniques and feasibility 
of angioplasty for intracranial stenosis.17–19 
However, angioplasty was associated with 
significant risk of intimal dissection, throm-
bosis, recoiling and vessel rupture.18 19 In 1999, 
Connors and Wojak proposed slow inflation 
and undersizing of the balloons to reduce 
the risk of complications.20 In a large single-
centre retrospective study with a total of 120 
patients, primary angioplasty was found to be 
associated with a 5.8% periprocedural stroke 
and death.21 At a mean 42.3-month follow-up, 
the annual stroke rate was 3.2% in the terri-
tory of treated vessel and 4.4% for all strokes. 
In a recent multicentre retrospective study of 
74 patients, the 30-day stroke/death rate was 
5% and the 3-month stroke or death rate was 
8.5%.22

In 1996, Feldman et al successfully used 
Coronary Palmaz-Schatz stent for the treat-
ment of intracranial carotid stenosis.23 The 

http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/svn-2018-000158&domain=pdf&date_stamp=2018-09-07


� 141Yu W, Jiang W-J. Stroke and Vascular Neurology 2018;3:e000158. doi:10.1136/svn-2018-000158

Open access

Table 1  Periprocedural complications and outcome of intracranial stenting

Studies Design
Number 
of cases Type of stents

Mean 
ages

Mean or 
median 
follow-up 
(months)

30-day 
stroke or 
death (%)

Stroke 
or death 
beyond 
30 days (%)

Gomez et al 200525 Retrospective 12 Coronary stent 62.6 5.9 16.7 8.3

Mori et al 200027 Retrospective 10 Coronary stent 68 11 0

Levy et al 200128 Retrospective 11 Coronary stent 63 4 36.3

Jiang et al 200434 Retrospective 40 Coronary stent 10 10

SSYLVIA study 
investigators 200435

Multicentre 
prospective

43 Neurolink 63.6 6 9.3 4.7

Yu et al 200536 Retrospective 18 Coronary stent 69 26.7 11.8 5.6

Chow et al 200537 Retrospective 39 Coronary stent 13 28.2

Kim et al 200538 Retrospective 17 Coronary stent 64 17 12 5.9

Qureshi et al 200639 Retrospective 18 Drug-eluting stent 57.8 14.3 5.6 5.6

Fiorella et al 200740 Retrospective 44 Coronary stent 64.8 43.5 26.1 2.3

Jiang et al 200741 Retrospective 213 Coronary or Apollo 52.8 26 4.7 3.4

Kurre et al 201042 Multicentre registry 243 Not reported 7 8.2

Bose et al 200743 Prospective, 
multicentre

45 Wingspan 66 13 4.5 4.6

Fiorella et al 200744 Retrospective 78 Wingspan 63.6 9 6.1

Zaidat et al 200845 Multicentre registry 129 Wingspan 64.2 5.8 9.6 3.1

Wolfe et al 200946 Retrospective 51 Wingspan 63 14.6 8 2

Jiang et al 201047 Prospective,
single centre

100 Wingspan 53.2 21.4 5 4

Fiorella et al 201148 Multicentre registry 158 Wingspan 62.7 14.2 8.2

patient had chronic transient ischaemic attacks (TIAs) 
due to severe stenosis of the intracranial carotid artery 
and failed treatment with both antiplatelet and anticoag-
ulant therapy. The use of stent led to better angiographic 
result than angioplasty alone and clinical improvement. 
A few groups subsequently investigated the feasibility and 
safety of stenting for intracranial stenosis.24–30 In a small 
single-centre study, stenting was shown to have lower rates 
of residual stenosis than angioplasty.31 However, there was 
no difference in restenosis at 12 months or stroke/death-
free survival at 2 years.

The rigid coronary stent was associated with up to 30% 
risk of procedure-related complications (table 1).26 30 In 
a small case series, staged stent placement or placement 
of undersized stents were shown to reduce risk of peripro-
cedural complication.32 33

In 2004, Jiang et al developed a lesion location, 
morphology and access classification to predict the tech-
nical success and outcome of intracranial stenting.34

Stenting of Symptomatic Atherosclerotic Lesions in the 
Vertebral or Intracranial Arteries (SSYLVIA trial) was the 
first multicentre, non-randomised, prospective feasibility 
study that evaluated the balloon-expandable Neurolink 
stent system (Guidant, Indianapolis, IN, USA) for patients 
with symptomatic stenosis of ≥50.35 In the 43 patients with 
intracranial stenosis, the rate of stroke was 9.3% within 30 

days and 4.7% between 30 days and 1 year. In 2005, Yu et 
al reported the long-term outcome of stenting for symp-
tomatic basilar artery stenosis.36 Although periprocedural 
complication rate was high at 17.8%, the risk of stroke at 
a mean 26.7-month follow-up was 5.6%.

Table 1 lists the rates of periprocedural complications 
and outcome of the pivotal case series and multicentre 
studies with at least 10 patients. Although most studies vary 
widely in inclusion criteria, severity of stenosis, medical 
therapy, type of stents and duration of follow-up, the rate 
of 30-day stroke or death was lower in studies published 
after 2007. The rate of stroke or death beyond 30 days 
was very low (2%–8.3%) and relatively consistent among 
various studies. These findings suggested potential long-
term benefit of intracranial stenting.34–47 The beneficial 
effect of intracranial stenting appears to hinge on the risk 
of periprocedural complications.47

Wingspan stent for intracranial arterial stenosis
The balloon-expandable coronary stent has limited flexi-
bility and requires high inflation pressure for deployment 
in the fragile intracranial vessels.26–29 There were also 
risks of shearing the stent off the balloon while navigating 
to the target lesion and difficulty in sizing the stent accu-
rately for vessels of different diameters across the target 
lesion.
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Table 2  Results of the two randomised trials on intracranial stenting

Symptomatic 
disease

Number of 
patients 30-day events

Long-term events 
beyond 30 days Withdrew Lost to follow-up

SAMMPRIS 70%–
99% stenosis

32.4 months

 � Stenting group 224 33 (14.7%) 52 (23%) 3 (1.3%) 7 (3.1%)

 � Medical group 227 13 (5.8%) 34 (15%) 13 (5.7%) 11 (4.8%)

VISSIT 70%–
99% stenosis

12 months

 � Stenting group 59 14 (23.7%) 21 (36.2%) 3 (5.1%) 1 (1.7%)

 � Medical group 53 5 (9.4%) 8 (15.1%) 3 (5.7%) 6 (11.3%)

In 2005, the Food and Drug Administration approved 
the Wingspan stent system (Boston Scientific, Fremont, 
CA,  USA) under the Humanitarian Device Exemption 
programme for patients with symptomatic intracra-
nial stenosis  >50% who are refractory to medical treat-
ment.43 Wingspan stent is a self-expanding intracranial 
stent composed of nitinol with similar trackability but 
at least twice the radial outward strength of the Neuro-
form III stent (Boston Scientific). The use of this system 
involves submaximal inflation of an angioplasty balloon 
(Gateway balloon), followed by deployment of the stent. 
In the initial study of 45 patients with >50% stenosis, the 
30-day ipsilateral stroke and death rate was 4.5% and 
6-month ipsilateral stroke and death rate was 7%.43 A few 
uncontrolled studies have further evaluated the safety 
and short-term outcome of the Wingspan stents.44–48 The 
periprocedural rates of complications were 5%–9.6%.45–47 
The National Institutes of Health registry had the highest 
rate of 30-day stroke or death at 9.6% partly due to inclu-
sion of large numbers of patients with vertebrobasilar 
stenosis (41%) and a much higher complication rate at 
the low-volume centres (17.2%), as compared with the 
high-volume centre (6.8%).45

Randomised trials on intracranial stenting
Results of SAMPPRIS trial
The Stenting and Aggressive Medical Management 
for the Prevention of Recurrent stroke in Intracranial 
Stenosis (SAMMPRIS) trial  is a randomised controlled 
trial comparing aggressive medical management to 
aggressive medical management plus Wingspan stenting 
in patients with symptomatic high-grade intracranial 
stenosis.49 50 Aggressive medical management included 
aspirin 325 mg/day for the entire follow-up, clopidogrel 
75 mg/day for the first 90 days, intensive management 
of vascular risk factors to keep systolic blood pres-
sure (SBP)  <140 mm Hg (<130 mm Hg if diabetic) and 
low-density lipoprotein (LDL) <70 mg/dL, and a lifestyle 
modification programme.51

The SAMMPRIS trial started to enrol patients in 
November 2008 and was stopped early on 5 April 2011 by 
the data safety monitoring board after 451 patients had 
been enrolled at 50 participating sites in the USA. The 

interim data analysis showed a higher-than-expected rate 
of periprocedural events at 30 days in the stenting group 
(14.7%) as compared with 5.8% in the medical group 
(p=0.002) and a lower-than-expected rate of stroke in the 
medical group (table  2).49 During a median follow-up 
of 32.4 months, there were 34 (15%) primary endpoint 
events in the medical group and 52 (23%) in the stenting 
group. The absolute differences in the primary endpoints 
between the two groups were 8.9% at 30 days and 9.0% 
at year 3.50 The outcome from stenting is worse than the 
medical management alone due to higher-than-expected 
rate of periprocedural complications. Of note, signifi-
cantly more patients in the medical group withdrew or 
lost to follow-up.

Results of VISSIT trial
One limitation of the self-expanding Wingspan stent was 
over-the-wire exchange after balloon angioplasty for the 
stent deployment, resulting in increased risk of haemor-
rhagic and embolic stroke from dissection or wire perfo-
ration. In contrast, a balloon-mounted stent only needs 
to cross the lesion once for simultaneous angioplasty and 
stent placement.

The results of the first randomised trial using a balloon 
mounted intracranial stent (VISSIT) were reported in 
2015. The VISSIT trial had similar eligibility criteria to 
the SAMMPRIS trial.52 The medical management in 
both groups also included aspirin and clopidogrel for 
90 days after enrolment followed by aspirin alone, and 
risk factor management targeting SBP <140 mm Hg and 
LDL <100 mg/dL. Some study sites in China and Europe 
were among the six highest enrolling centres in the trial.

Enrolment in VISSIT was stopped early after 112 
patients were randomised due to a higher-than-expected 
rate of stroke in the stenting group and a lower-than-ex-
pected rate of stroke in the medical group. The 30-day 
primary safety endpoint occurred in more patients in 
the stent group than the medical group (24.1% vs 9.4%, 
p=0.05) (table 2). Intracranial haemorrhage within 30 
days was also much higher in the stent group than in the 
medical group (8.6% vs 0%, p=0.6). More patients in the 
stent group had stroke or TIAs at 1 year as compared with 
medical group (36.2% vs 15.1%, p=0.02). These results 
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Table 3  Rates of disabling or fatal stroke and withdrawal or 
lost to follow-up

SAMMPRIS 
trial

Disabling 
or fatal 
stroke within 
30 days

Disabling or 
fatal stroke 
beyond 
30 days

Rate of 
withdrawal 
or lost to 
follow-up

Medical group
(n=227)

4 (1.8%) 14 (6.2%) 24 (10.5%)

Stenting group
(n=224)

14 (6.2%) 5 (2.2%) 10 (4.4%)

do not support the use of a balloon-expandable stent for 
stroke prevention.

Limitations of the SAMMPRIS and VISSIT trials
The sample size of the VISSIT trial was too small when 
it was stopped early. We will focus the discussion on the 
possible limitations of the SAMMPRIS trial. The aggres-
sive medical therapy in the SAMMPRIS trial included free 
medications (rosuvastatin and antihypertensives), regular 
phone calls by a case manager; regular checks and targets 
for physical exercise, weight, blood pressure, LDL and 
glycated haemoglobin levels. It sets a very high standard 
for medical management.49 51

In contrast, the stenting protocols were suboptimal. 
The credentialling requirement for participation in 
the study was minimal: operator experience of at least 
20 stent or angioplasty cases including a minimum of 3 
Wingspan cases.49 51 The procedure may be performed 
under general or local anaesthesia. After the procedure, 
the patients may be monitored in the intensive care or 
step-down unit, with measurement of blood pressure at 
least every 2 hours, and treatment of SBP >150. Patients 
who had not been on clopidogrel 75 mg per day for 5 days 
before stenting were given 600 mg loading dose between 
6 and 24 hours before the procedure.49 The procedure 
was performed at a median of 9 days after the qualifying 
event.53

Of the 224 patients in the stenting group, 213 patients 
underwent angioplasty alone (n=5) or angioplasty and 
stenting (n=208) by 63 interventionists at 48 study sites. 
Average enrolment was 1.36 patients per year per centre. 
In the 12 highest enrolling centres, the average enrol-
ment was less than four patients per year.

There were four periprocedural subarachnoid haem-
orrhages (SAHs) and six intracerebral haemorrhages 
(ICHs) with four fatalities. Such complications are usually 
the results of arterial dissection and/or cerebral hyper-
perfusion.54 Limited operator experience, a 600 mg clopi-
dogrel loading dose, higher dose of heparin use, relaxed 
periprocedural monitoring and BP management were 
the most likely contributing factors. Preoperative clopid-
grel loading (600 mg) in combination with high proce-
dural activated clotting time (>300 s) was associated with 
risk of parenchymal haemorrhage.53 Lower enrolling sites 
were also found to have higher rates of haemorrhagic 
stroke (9.8% at sites enrolling <12 patients vs 2.7% at sites 
enrolling >12 patients).55

In addition, all patients were enrolled based on lesion 
severity (77%–99% stenosis) without consideration of 
stroke mechanism, collaterals or brain perfusion. In 
patients with subcortical stroke, stenting may occlude 
perforators and increase the risk of recurrent stroke. 
This may explain why 15 of the 19 periprocedural isch-
aemic strokes were perforator stroke.56 Exclusion of these 
patients or using a  smaller balloon to dilate the lesion 
followed by stent deployment may decrease periproce-
dural complication.57–59

Disabling or fatal stroke as primary endpoint
Minor or moderate strokes portend good long-term func-
tional recovery. The primary goal of intracranial stenting 
should be the prevention of disabling or fatal stroke 
rather than any TIA or stroke. As shown in table 3, signif-
icantly more patients (14, 6.2%) in the medical group of 
the SAMMPRIS trial had a disabling or fatal stroke than in 
the stenting group (5, 2.2%) beyond 30 days, indicating 
significant benefit of stenting for the prevention of severe 
stroke beyond 30 days. In addition, more patients (10.5%) 
withdrew or were lost to follow-up in the medical group 
than in the stenting group (4.5%) (p<0.05). Given that 
most of the patients were lost or withdrawn after 30 days 
in study, the probability of disabling or fatal strokes in the 
medical group is likely much higher than the stenting 
group if all patients had long-term follow-up. It appears 
that if the risk of periprocedrual complications is lower, 
intracranial stenting may significantly reduce the risk of 
disabling or fatal stroke at long-term follow-up.

Strategies for reducing periprocedural 
complications
Intracranial stenosis is not a homogeneous disease. It 
causes ischaemic strokes by one or more of the following 
mechanisms: perfusion failure, artery-to-artery thrombo-
embolism, occlusion at the origin of perforators or occlu-
sion at the site of the stenosis due to plaque rupture, 
intraplaque haemorrhage or plaque growth. CT or MR 
angiography and perfusion study may identify stenosis-re-
lated perfusion deficit and collaterals. High-resolution 
MRI delineates the morphology of lesion, non-ather-
osclerotic lesion and anatomical relation of the plaque 
with the ostia of the major branch artery.59 It may guide 
us to minimise the risk of ‘snow-ploughing’, or forceful 
displacement of atheromatous material into branch-
vessel ostia.60

Procedure-related complications are diverse, including 
SAH, ICH, target-lesion thrombosis, perforator stroke, 
embolic stroke and vessel dissection. The majority of 
adverse events occur within the first weeks of the proce-
dure. The periprocedural complication rate is higher in 
the posterior circulation than in the anterior circulation 
due to tortuous and small vessels.47 61 62
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A 600 mg clopidogrel loading and high dose of intrave-
nous heparin infusion during the procedure should be 
avoided to minimise haemorrhagic complications.

Intracranial arteries are more tortuous and the target 
lesions are located more distally from the orifice of the 
guiding catheter. Assembly of a floppy-tipped microwire 
and a microcatheter should be used to navigate the 
tortuous vessel and to traverse the target lesion under 
the guidance of biplane roadmaps. Cerebral arteries have 
invisible small perforators that supply blood to functional 
areas of the brain or the brain stem. Injury to a small 
artery from microwire manipulation may cause significant 
neurological deficit. A tiny deformation of the microwire 
tip often results in the trapping of the tip within the 
orifice of small perforator or the plaque of the arterial 
wall. It is essential to slightly withdraw the microwire to 
redirect the tip.

The primary principles of intracranial stenting with 
Gateway balloon and Wingspan stent are as follows: (1) 
the microwire and guiding catheter should be placed at 
an appropriate position to support the delivery of stent 
system. (2) Selection of the stent size is based on the 
adjacent normal vessel diameter. Fully expanded stent 
diameter is 0.5 mm to 1.0 mm greater than the adjacent 
normal vessel diameter. The deployed stent should cover 
the length of the stenotic lesion and at least 3 mm normal 
vessel on either side of the lesion. (3) Due to thin vessel 
well, submaximal angioplasty with slow inflation should 
be applied in intracranial vasculature to avoid dissection 
and rupture. (4) Continuous heparinised saline flush is 
essential to minimise the risk of thrombosis.

Neurointerventionists should be proficient in neuro-
anatomy and minimise potential injury to the eloquent 
area of the brain. For instance, the microwire should be 
placed in the lower division of MCA or its temporo-occip-
ital branch during the treatment of M1 lesion to prevent 
injury to the upper division. For basilar artery stenosis, it 
is preferable to place the microwire in the P4 segment of 
posterior cerebral artery (PCA) because distal PCA throm-
bosis or supratentorium bleeding is often less severe than 
proximal PCA occlusion or infratentorium bleeding.

Cerebral arteries are suspended in cerebrospinal fluids 
tethered by branching arteries and small perforators. The 
stent delivery system-induced straightening of target vessel 
may cause the shift or deformation of the perforators, 
resulting in rupture of perforators and catastrophic ICH 
or SAH.58 Even with the flexible Wingspan stent delivery 
system, extreme caution should be exercised to minimise 
the shift of major arteries and the avulsion of perforators.

Real-time haemodynamic monitoring and aggressive 
blood pressure control may reduce the risk of hyperper-
fusion injury.54

Results of recent pivotal studies
Chinese multicentre registry of intracranial stenting
Recently, Miao and his collaborators reported the results 
of the first multicentre, prospective, endovascular registry 

for symptomatic intracranial stenosis in China.63 64 The 
strength of this registry were rigorous patient selection 
criteria and well-defined study protocol, including lesion 
parameters, hypoperfusion from high-grade stenosis 
(70%–99%) and stenting at least 3 weeks after qualifying 
event. Interventionists had the freedom to use the balloon-
mounted stent or pre-dilated self-expanding stent per 
lesion characteristics and operator experience. Medical 
management was similar to that of the SAMMPRIS trial. 
Patients were treated with dual antiplatelet for 90 days 
plus risk factor management, including goals of SBP <140 
(<130 mm Hg if patient had diabetes), LDL <70 mg/dL 
and a lifestyle modification programme. An independent 
neurologist evaluated patients for stroke or death within 
1 month after the procedure. The study enrolled 300 
patients from September 2013 to January 2015 and 
showed a 4.3% rate of stroke, TIA or death within 30 days. 
The periprocedural event rate was within the CIs (5.8% 
(3.4 to 9.7)) of the medical arm’s primary endpoint at 30 
days in the SAMMPRIS trial.49 The probability of primary 
outcome at 1 year was 8.1% (95% CI 5.3% to 11.7%).64

Wingspan Stent System Post Market Surveillance Study 
(WEAVE trial)
The WEAVE trial is a U.S.  Food and Drug Administra-
tion-mandated prospective post-market surveillance 
study evaluating the periprocedural complications from 
Wingspan stenting.65 The on-label indications include 
(1)  ≥70% intracranial stenosis due to atherosclerotic 
disease; (2)  evidence of two prior strokes in the target 
artery territory, with at least one of the events occur-
ring while receiving medications to control individual 
risk factors and at least one antithrombotic agent; (3) 
stenting  ≥7 days following the recent qualifying event. 
One hundred fifty patients were enrolled for the study. 
The primary endpoints were periprocedural stroke or 
death within 72 hours of the stenting procedure. Patient 
outcomes were assessed by an independent stroke neurol-
ogist at 96±24 hours for subjects discharged home within 
64 hours post-procedure. The mean stenosis was 83.3% 
with target artery break down as follows: 38.7% middle 
cerebral artery (MCA), 25.8% internal carotid artery 
(ICA), 13.5% basilar artery and 21.3% vertebral or verte-
brobasilar junction. Of the 150 patients, 4 patients (2.7%) 
had a primary event (stroke or death) within 72 hours. 
The results demonstrate that refined patient selection 
criteria and study protocol can minimise the periproce-
dural risk of intracranial stenting.

China Angioplasty and Stenting for Symptomatic Intracranial 
Severe Stenosis (CASSISS trial)
The CASSISS trial is a prospective multicentre trial 
conducted at high-volume centres with a track record of 
low complication rates in China.66 67 It recruits patients 
with a recent TIA or stroke caused by 70%–99% stenosis 
of a major intracranial artery. Patients with stroke related 
to perforator occlusion is excluded. For credentialling 
and quality control, the CASSISS was divided into two 
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stages: the lead-in phase and randomised phase. The 
lead-in phase recruited 100 consecutive patients for Wing-
span stent placement from July 2013 to February 2014 at 
13 sites. The technical success rate of stent deployment 
with residual stenosis less than 50% was 100%. The 30-day 
stroke or death rate was 2%.66 The randomised phase 
started in March 2014 and enrolled 380 patients to best 
medical therapy alone or medical therapy plus stenting 
(1:1) at eight sites. The primary endpoints were any 
stroke or death within 30 days after enrolment, or stroke 
in the territory of the target lesion beyond 30 days. The 
recruitment was complete in November 2017.67 Patients 
will be followed for at least 3 years.

Future perspectives
Given significant rates of disabling or fatal stroke beyond 
30 days in the medial arm of the SAMMPRIS trial and the 
ideal low complication rates demonstrated by the well-de-
signed Chinese multicentre registry, WEAVE Trial and 
CASSISS Trial,50 63–67 it is time to propose a new trial using 
disabling or fatal stroke as primary efficacy endpoint and 
inviting only high-volume centres with a  track record 
of less than 3% complication rates to participate. For 
patients with two prior strokes from high-grade intracra-
nial stenosis despite maximal medical therapy, it is reason-
able to consider stenting at established high-volume 
centres in the setting of registry or clinical trial. Intracra-
nial stenting at low-volume centres or centres with known 
high complication rate should not be sanctioned.

Conclusion
The SAMMPRIS trial demonstrates superiority of medical 
management over stenting due to high risk of periproce-
dural complications in the stenting group. Recent studies 
have shown that critical evaluation of stroke mecha-
nisms, careful patient selection, stenting ≥7 days after the 
qualifying event by experienced operators and optimal 
periprocedural management are associated with much 
lower risk of periprocedural complications at 2%–4.3%. 
Given much lower rate of disabling or fatal stroke in the 
stenting group than in the medical group beyond 30 days 
in the SAMMPRIS trial, it is time to evaluate intracranial 
stenting for the prevention of disabling or fatal stroke.

Contributors  WY contributed to the conception, drafting, revision and final 
approval of the version to be published. W-JJ contributed to the conception, drafting 
and critical revision of important intellectual content.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.
Patient consent  Not required.
Provenance and peer review  Not commissioned; externally peer reviewed.
Data sharing statement  No additional data are available. 

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 

properly cited and the use is non-commercial. See: http://​creativecommons.​org/​
licenses/​by-​nc/​4.​0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2018. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

References
	 1.	 Centers for Disease Control. Hospitalizations for stroke among adults 

aged over 65 years—United States, 2000. JAMA 2003;290:1023–4.
	 2.	 Bogousslavsky J, Barnett HJ, Fox AJ, et al. Atherosclerotic disease 

of the middle cerebral artery. Stroke 1986;17:1112–20.
	 3.	 Caplan LR. Intracranial branch atheromatous disease: a neglected, 

understudied, and underused concept. Neurology 1989;39:1246–50.
	 4.	 Gorelick PB, Wong KS, Bae HJ, et al. Large artery intracranial 

occlusive disease: a large worldwide burden but a relatively 
neglected frontier. Stroke 2008;39:2396–9.

	 5.	 Wityk RJ, Lehman D, Klag M, et al. Race and sex differences in the 
distribution of cerebral atherosclerosis. Stroke 1996;27:1974–80.

	 6.	 Sacco RL, Kargman DE, Gu Q, et al. Race-ethnicity and determinants 
of intracranial atherosclerotic cerebral infarction. The Northern 
Manhattan Stroke Study. Stroke 1995;26:14–20.

	 7.	 Feldmann E, Daneault N, Kwan E, et al. Chinese-white differences 
in the distribution of occlusive cerebrovascular disease. Neurology 
1990;40:1540–5.

	 8.	 Leung SY, Ng TH, Yuen ST, et al. Pattern of cerebral atherosclerosis 
in Hong Kong Chinese. Severity in intracranial and extracranial 
vessels. Stroke 1993;24:779–86.

	 9.	 Powers WJ, Rabinstein AA, Ackerson T, et al. 2018 guidelines for the 
early management of patients with acute ischemic stroke: a guideline 
for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke 2018;49:e46–e99.

	10.	 Prognosis of patients with symptomatic vertebral or basilar artery 
stenosis. The Warfarin–Aspirin Symptomatic Intracranial Disease 
(WASID) Study Group. Stroke 1998;29:1389–92.

	11.	 Thijs VN, Albers GW. Symptomatic intracranial atherosclerosis: 
outcome of patients who fail antithrombotic therapy. Neurology 
2000;55:490–8.

	12.	 Wong KS, Li H. Long-term mortality and recurrent stroke risk 
among Chinese stroke patients with predominant intracranial 
atherosclerosis. Stroke 2003;34:2361–6.

	13.	 Mazighi M, Tanasescu R, Ducrocq X, et al. Prospective study of 
symptomatic atherothrombotic intracranial stenoses: the GESICA 
study. Neurology 2006;66:1187–91.

	14.	 Chimowitz MI, Lynn MJ, Howlett-Smith H, et al. Comparison of 
warfarin and aspirin for symptomatic intracranial arterial stenosis. N 
Engl J Med 2005;352:1305–16.

	15.	 Kasner SE, Chimowitz MI, Lynn MJ, et al. Predictors of ischemic 
stroke in the territory of a symptomatic intracranial arterial stenosis. 
Circulation 2006;113:555–63.

	16.	 Sundt TM, Smith HC, Campbell JK, et al. Transluminal angioplasty 
for basilar artery stenosis. Mayo Clin Proc 1980;55:673–80.

	17.	 Higashida RT, Tsai FY, Halbach VV, et al. Transluminal angioplasty 
for atherosclerotic disease of the vertebral and basilar arteries. J 
Neurosurg 1993;78:192–8.

	18.	 Yokote H, Terada T, Ryujin K, et al. Percutaneous transluminal 
angioplasty for intracranial arteriosclerotic lesions. Neuroradiology 
1998;40:590–6.

	19.	 Mori T, Fukuoka M, Kazita K, et al. Follow-up study after intracranial 
percutaneous transluminal cerebral balloon angioplasty. AJNR Am J 
Neuroradiol 1998;19:1525–33.

	20.	 Connors JJ, Wojak JC. Percutaneous transluminal angioplasty for 
intracranial atherosclerotic lesions: evolution of technique and short-
term results. J Neurosurg 1999;91:415–23.

	21.	 Marks MP, Wojak JC, Al-Ali F, et al. Angioplasty for symptomatic 
intracranial stenosis: clinical outcome. Stroke 2006;37:1016–20.

	22.	 Nguyen TN, Zaidat OO, Gupta R, et al. Balloon angioplasty for 
intracranial atherosclerotic disease: periprocedural risks and short-
term outcomes in a multicenter study. Stroke 2011;42:107–11.

	23.	 Feldman RL, Trigg L, Gaudier J, et al. Use of coronary Palmaz-
Schatz stent in the percutaneous treatment of an intracranial carotid 
artery stenosis. Cathet Cardiovasc Diagn 1996;38:316–9.

	24.	 Phatouros CC, Lefler JE, Higashida RT, et al. Primary stenting 
for high-grade basilar artery stenosis. AJNR Am J Neuroradiol 
2000;21:1744–9.

	25.	 Gomez CR, Misra VK, Liu MW, et al. Elective stenting of symptomatic 
basilar artery stenosis. Stroke 2000;31:95–9.

	26.	 Rasmussen PA, Perl J, Barr JD, et al. Stent-assisted angioplasty of 
intracranial vertebrobasilar atherosclerosis: an initial experience. J 
Neurosurg 2000;92:771–8.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1161/01.STR.17.6.1112
http://dx.doi.org/10.1212/WNL.39.9.1246
http://dx.doi.org/10.1161/STROKEAHA.107.505776
http://dx.doi.org/10.1161/01.STR.27.11.1974
http://dx.doi.org/10.1161/01.STR.26.1.14
http://dx.doi.org/10.1212/WNL.40.10.1540
http://dx.doi.org/10.1161/01.STR.24.6.779
http://dx.doi.org/10.1161/STR.0000000000000158
http://www.ncbi.nlm.nih.gov/pubmed/9660392
http://dx.doi.org/10.1212/WNL.55.4.490
http://dx.doi.org/10.1161/01.STR.0000089017.90037.7A
http://dx.doi.org/10.1212/01.wnl.0000208404.94585.b2
http://dx.doi.org/10.1056/NEJMoa043033
http://dx.doi.org/10.1056/NEJMoa043033
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.578229
http://www.ncbi.nlm.nih.gov/pubmed/7442321
http://dx.doi.org/10.3171/jns.1993.78.2.0192
http://dx.doi.org/10.3171/jns.1993.78.2.0192
http://dx.doi.org/10.1007/s002340050651
http://www.ncbi.nlm.nih.gov/pubmed/9763389
http://www.ncbi.nlm.nih.gov/pubmed/9763389
http://dx.doi.org/10.3171/jns.1999.91.3.0415
http://dx.doi.org/10.1161/01.STR.0000206142.03677.c2
http://dx.doi.org/10.1161/STROKEAHA.110.583245
http://dx.doi.org/10.1002/(SICI)1097-0304(199607)38:3<316::AID-CCD23>3.0.CO;2-D
http://www.ncbi.nlm.nih.gov/pubmed/11039359
http://dx.doi.org/10.1161/01.STR.31.1.95
http://dx.doi.org/10.3171/jns.2000.92.5.0771
http://dx.doi.org/10.3171/jns.2000.92.5.0771


146 Yu W, Jiang W-J. Stroke and Vascular Neurology 2018;3:e000158. doi:10.1136/svn-2018-000158

Open access�

	27.	 Mori T, Kazita K, Chokyu K, et al. Short-term arteriographic 
and clinical outcome after cerebral angioplasty and stenting for 
intracranial vertebrobasilar and carotid atherosclerotic occlusive 
disease. AJNR Am J Neuroradiol 2000;21:249–54.

	28.	 Levy EI, Horowitz MB, Koebbe CJ, et al. Transluminal stent-assisted 
angiplasty of the intracranial vertebrobasilar system for medically 
refractory, posterior circulation ischemia: early results. Neurosurgery 
2001;48:1215–21. discussion 1221-1213.

	29.	 Lylyk P, Cohen JE, Ceratto R, et al. Angioplasty and stent placement 
in intracranial atherosclerotic stenoses and dissections. AJNR Am J 
Neuroradiol 2002;23:430–6.

	30.	 Gupta R, Schumacher HC, Mangla S, et al. Urgent endovascular 
revascularization for symptomatic intracranial atherosclerotic 
stenosis. Neurology 2003;61:1729–35.

	31.	 Qureshi AI, Hussein HM, El-Gengaihy A, et al. Concurrent 
comparison of outcomes of primary angioplasty and of stent 
placement in high-risk patients with symptomatic intracranial 
stenosis. Neurosurgery 2008;62:1053–62.

	32.	 Levy EI, Hanel RA, Boulos AS, et al. 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;99:653–60.

	33.	 de Rochemont RM, Turowski B, Buchkremer M, et al. Recurrent 
symptomatic high-grade intracranial stenoses: safety and efficacy of 
undersized stents—initial experience. Radiology 2004;231:45–9.

	34.	 Jiang WJ, Wang YJ, Du B, et al. Stenting of symptomatic M1 
stenosis of middle cerebral artery: an initial experience of 40 patients. 
Stroke 2004;35:1375–80.

	35.	 SSYLVIA Study Investigators. Stenting of symptomatic 
atherosclerotic lesions in the vertebral or intracranial arteries 
(SSYLVIA): study results. Stroke 2004;35:1388–92.

	36.	 Yu W, Smith WS, Singh V, et al. Long-term outcome of endovascular 
stenting for symptomatic basilar artery stenosis. Neurology 
2005;64:1055–7.

	37.	 Chow MM, Masaryk TJ, Woo HH, et al. Stent-assisted angioplasty 
of intracranial vertebrobasilar atherosclerosis: midterm analysis 
of clinical and radiologic predictors of neurological morbidity and 
mortality. AJNR Am J Neuroradiol 2005;26:869–74.

	38.	 Kim DJ, Lee BH, Kim DI, et al. Stent-assisted angioplasty of 
symptomatic intracranial vertebrobasilar artery stenosis: feasibility 
and follow-up results. AJNR Am J Neuroradiol 2005;26:1381–8.

	39.	 Qureshi AI, Kirmani JF, Hussein HM, et al. Early and intermediate-
term outcomes with drug-eluting stents in high-risk patients with 
symptomatic intracranial stenosis. Neurosurgery 2006;59:1044–51.

	40.	 Fiorella D, Chow MM, Anderson M, et al. A 7-year experience with 
balloon-mounted coronary stents for the treatment of symptomatic 
vertebrobasilar intracranial atheromatous disease. Neurosurgery 
2007;61:236–43.

	41.	 Jiang WJ, Xu XT, Du B, et al. Comparison of elective stenting of 
severe vs moderate intracranial atherosclerotic stenosis. Neurology 
2007;68:420–6.

	42.	 Kurre W, Berkefeld J, Brassel F, et al. In-hospital complication rates 
after stent treatment of 388 symptomatic intracranial stenoses: 
results from the INTRASTENT multicentric registry. Stroke 
2010;41:494–8.

	43.	 Bose A, Hartmann M, Henkes H, et al. A novel, self-expanding, nitinol 
stent in medically refractory intracranial atherosclerotic stenoses: the 
Wingspan study. Stroke 2007;38:1531–7.

	44.	 Fiorella D, Levy EI, Turk AS, et al. US multicenter experience 
with the Wingspan stent system for the treatment of intracranial 
atheromatous disease: periprocedural results. Stroke 
2007;38:881–7.

	45.	 Zaidat OO, Klucznik R, Alexander MJ, et al. The NIH registry on use 
of the Wingspan stent for symptomatic 70–99% intracranial arterial 
stenosis. Neurology 2008;70:1518–24.

	46.	 Wolfe TJ, Fitzsimmons BF, Hussain SI, et al. Long term clinical and 
angiographic outcomes with the Wingspan stent for treatment of 
symptomatic 50–99% intracranial atherosclerosis: single center 
experience in 51 cases. J Neurointerv Surg 2009;1:40–3.

	47.	 Jiang WJ, Yu W, Du B, et al. Outcome of patients with ≥70% 
symptomatic intracranial stenosis after Wingspan stenting. Stroke 
2011;42:1971–5.

	48.	 Fiorella DJ, Turk AS, Levy EI, et al. U.S. Wingspan Registry: 
12-month follow-up results. Stroke 2011;42:1976–81.

	49.	 Chimowitz MI, Lynn MJ, Derdeyn CP, et al. Stenting versus 
aggressive medical therapy for intracranial arterial stenosis. N Engl J 
Med 2011;365:993–1003.

	50.	 Derdeyn CP, Chimowitz MI, Lynn MJ, et al. Aggressive medical 
treatment with or without stenting in high-risk patients with 
intracranial artery stenosis (SAMMPRIS): the final results of a 
randomised trial. Lancet 2014;383:333–41.

	51.	 Chimowitz MI, Lynn MJ, Turan TN, et al. Design of the stenting and 
aggressive medical management for preventing recurrent stroke in 
intracranial stenosis trial. J Stroke Cerebrovasc Dis 2011;20:357–68.

	52.	 Zaidat OO, Fitzsimmons BF, Woodward BK, et al. Effect of a 
balloon-expandable intracranial stent vs medical therapy on risk of 
stroke in patients with symptomatic intracranial stenosis: the VISSIT 
randomized clinical trial. JAMA 2015;313:1240–8.

	53.	 Fiorella D, Derdeyn CP, Lynn MJ, et al. Detailed analysis of 
periprocedural strokes in patients undergoing intracranial stenting 
in Stenting and Aggressive Medical Management for Preventing 
Recurrent Stroke in Intracranial Stenosis (SAMMPRIS). Stroke 
2012;43:2682–8.

	54.	 Abou-Chebl A, Yadav JS, Reginelli JP, et al. Intracranial hemorrhage 
and hyperperfusion syndrome following carotid artery stenting: 
risk factors, prevention, and treatment. J Am Coll Cardiol 
2004;43:1596–601.

	55.	 Derdeyn CP, Fiorella D, Lynn MJ, et al. Impact of operator and 
site experience on outcomes after angioplasty and stenting in the 
SAMMPRIS trial. J Neurointerv Surg 2013;5:528–33.

	56.	 Derdeyn CP, Fiorella D, Lynn MJ, et al. Mechanisms of stroke 
after intracranial angioplasty and stenting in the SAMMPRIS trial. 
Neurosurgery 2013;72:777–95.

	57.	 Jiang WJ, Srivastava T, Gao F, et al. Perforator stroke after 
elective stenting of symptomatic intracranial stenosis. Neurology 
2006;66:1868–72.

	58.	 Jiang WJ, Yu W, Du B, et al. Wingspan experience at Beijing 
Tiantan Hospital: new insights into the mechanisms of procedural 
complication from viewing intraoperative transient ischemic attacks 
during awake stenting for vertebrobasilar stenosis. J Neurointerv 
Surg 2010;2:99–103.

	59.	 Jiang WJ, Yu W, Ma N, et al. High resolution MRI guided 
endovascular intervention of basilar artery disease. J Neurointerv 
Surg 2011;3:375–8.

	60.	 Jiang WJ, Du B, Leung TW, et al. Symptomatic intracranial stenosis: 
cerebrovascular complications from elective stent placement. 
Radiology 2007;243:188–97.

	61.	 Jiang WJ, Xu XT, Du B, et al. Long-term outcome of elective stenting 
for symptomatic intracranial vertebrobasilar stenosis. Neurology 
2007;68:856–8.

	62.	 Jiang WJ, Du B, Hon SF, et al. Do patients with basilar or vertebral 
artery stenosis have a higher stroke incidence poststenting? J 
Neurointerv Surg 2010;2:50–4.

	63.	 Miao Z, Zhang Y, Shuai J, et al. Thirty-day outcome of a multicenter 
registry study of stenting for symptomatic intracranial artery stenosis 
in China. Stroke 2015;46:2822–9.

	64.	 Ma N, Zhang Y, Shuai J, et al. Stenting for symptomatic intracranial 
arterial stenosis in China: 1-year outcome of a multicentre registry 
study. Stroke and Vascular Neurology 2018:svn-2017-000137.

	65.	 Alexander MJ, Chaloupka JC, Zauner A, et al. WEAVE intracranial 
stent trial: final trial results in 150 patients treated on-label. Los 
Angeles, CA: International Stroke Conference, 2018.

	66.	 Gao P, Wang D, Zhao Z, et al. Multicenter prospective trial of stent 
placement in patients with symptomatic high-grade intracranial 
stenosis. AJNR Am J Neuroradiol 2016;37:1275–80.

	67.	 Gao P, Jiao L, Ma Y, et al. China Angioplasty and Stenting for 
Symptomatic Intracranial Severe Stenosis (CASSISS): a prospective, 
multicenter, randomized controlled trial after SAMMPRIS. Stroke 
2018;49:A64.

http://www.ncbi.nlm.nih.gov/pubmed/10696004
http://www.ncbi.nlm.nih.gov/pubmed/11383722
http://www.ncbi.nlm.nih.gov/pubmed/11901013
http://www.ncbi.nlm.nih.gov/pubmed/11901013
http://dx.doi.org/10.1212/01.WNL.0000103900.65021.5B
http://dx.doi.org/10.1227/01.neu.0000325867.06764.3a
http://dx.doi.org/10.3171/jns.2003.99.4.0653
http://dx.doi.org/10.1148/radiol.2311030183
http://dx.doi.org/10.1161/01.STR.0000128018.57526.3a
http://dx.doi.org/10.1161/01.STR.0000128708.86762.d6
http://dx.doi.org/10.1212/01.WNL.0000154600.13460.7B
http://www.ncbi.nlm.nih.gov/pubmed/15814936
http://www.ncbi.nlm.nih.gov/pubmed/15956503
http://dx.doi.org/10.1227/01.NEU.0000245593.54204.99
http://dx.doi.org/10.1227/01.NEU.0000255521.42579.31
http://dx.doi.org/10.1212/01.wnl.0000252939.60764.8e
http://dx.doi.org/10.1161/STROKEAHA.109.568063
http://dx.doi.org/10.1161/STROKEAHA.106.477711
http://dx.doi.org/10.1161/01.STR.0000257963.65728.e8
http://dx.doi.org/10.1212/01.wnl.0000306308.08229.a3
http://dx.doi.org/10.1136/jnis.2009.000331
http://dx.doi.org/10.1161/STROKEAHA.110.595926
http://dx.doi.org/10.1161/STROKEAHA.111.613877
http://dx.doi.org/10.1056/NEJMoa1105335
http://dx.doi.org/10.1056/NEJMoa1105335
http://dx.doi.org/10.1016/S0140-6736(13)62038-3
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2011.05.001
http://dx.doi.org/10.1001/jama.2015.1693
http://dx.doi.org/10.1161/STROKEAHA.112.661173
http://dx.doi.org/10.1016/j.jacc.2003.12.039
http://dx.doi.org/10.1136/neurintsurg-2012-010504
http://dx.doi.org/10.1227/NEU.0b013e318286fdc8
http://dx.doi.org/10.1212/01.wnl.0000219744.06992.bb
http://dx.doi.org/10.1136/jnis.2009.001669
http://dx.doi.org/10.1136/jnis.2009.001669
http://dx.doi.org/10.1136/jnis.2010.004291
http://dx.doi.org/10.1136/jnis.2010.004291
http://dx.doi.org/10.1148/radiol.2431060139
http://dx.doi.org/10.1212/01.wnl.0000256713.23864.be
http://dx.doi.org/10.1136/jnis.2009.000356
http://dx.doi.org/10.1136/jnis.2009.000356
http://dx.doi.org/10.1161/STROKEAHA.115.010549
http://dx.doi.org/10.3174/ajnr.A4698

	Stenting for intracranial stenosis: potential future for the prevention of disabling or fatal stroke
	Abstract
	Introduction
	History of angioplasty and stenting for intracranial stenosis
	Wingspan stent for intracranial arterial stenosis

	Randomised trials on intracranial stenting
	Results of SAMPPRIS trial
	Results of VISSIT trial

	Limitations of the SAMMPRIS and VISSIT trials
	Disabling or fatal stroke as primary endpoint
	Strategies for reducing periprocedural complications
	Results of recent pivotal studies
	Chinese multicentre registry of intracranial stenting
	Wingspan Stent System Post Market Surveillance Study (WEAVE trial)
	China Angioplasty and Stenting for Symptomatic Intracranial Severe Stenosis (CASSISS trial)

	Future perspectives
	Conclusion
	References


