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Objective: Stroke is the second-leading cause of death globally. Intracranial ath-
erosclerotic stenosis (ICAS) represents 10-15% of ischemic strokes in Western 
countries and up to 47% in Asian countries. Patients with ICAS have an especially 
high risk of stroke recurrence. The aim of this meta-analysis is to reassess recurrent 
stroke, transient ischemic attack (TIA), and other outcomes with stenting versus 
best medical management for symptomatic ICAS. 

Methods: The search protocol was developed a priori according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 
The OVID Medline, Embase, Web of Science, and Cochrane Library databases were 
searched from inception to August 14th, 2022.

Results: This meta-analysis included four randomized controlled trials (RCTs), with 
a total number of 991 patients. The mean age of participants was 57 years. The 
total number of intracranial stenting patients was 495, and the number of medical 
treatment patients was 496. The included studies were published between 2011 
and 2022. Two studies were conducted in the USA, and the other two in China. All 
included studies compared intracranial stenting to medical treatment for ICAS.

Conclusions: In patients with ischemic stroke due to symptomatic severe intracranial 
atherosclerosis, the rate of 30-day ischemic stroke, 30-day intracerebral hemorrhage, 
one-year stroke in territory or mortality favored the medical treatment alone without 
intracranial stenting. The risk of same-territory stroke at last follow-up, disabling stroke 
at last follow-up, and mortality did not significantly favor either group. Intracranial 
stenting for atherosclerosis did not result in significant benefit over medical treatment. 

Keywords　Intracranial atherosclerosis, Endovascular procedures, Intracranial stenting, 
Complications, Stroke
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medical centers, using careful selection of patients. 
The aim of this meta-analysis is to reassess recurrent 
stroke, TIA, and other outcomes with stenting versus 
best medical management for symptomatic intracranial 
stenosis including these new data in the modern era. 

MATERIALS AND METHODS

The search protocol, including research questions and 
inclusion and exclusion criteria, was developed a priori 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines. 
The OVID Medline, Embase, Web of Science, and 
Cochrane Library databases were searched from incep-
tion to August 14th, 2022. References of included publica-
tions were searched manually for other relevant papers. 
To identify studies of stenting versus best medical 
management for symptomatic intracranial stenosis, the 
following key words were used in combination: “ICAD”, 
“intracranial stenosis”, “intracerebral stenosis”, “middle 
cerebral artery stenosis”, “MCA stenosis”, “intracranial 
stenting”, “intracerebral stenting”. The search was limited 
to articles in humans, in patients ≧18 years of age, and 
in English.

Studies were included if they utilized a randomized 
design reporting treatment-stratified clinical outcomes 
in symptomatic intracranial stenosis, comparing stenting 
versus best medical management. Studies which did 
not compare stenting with best medical management 
were not included. Studies which were not randomized 
control trials, such as prospective or retrospective studies 
comparing the two treatments, were not included. Single 
arm studies were not included. Studies which included 
patients with asymptomatic intracranial stenosis were 
excluded. If there were multiple studies from overlap-
ping cohorts of patients, such as those from the same 
center, only studies with the largest cohort of patients 
were included. Exclusion criteria included case reports, 
case series with less than five patients, review articles, 
conference abstracts, animal studies, and non-peer 
reviewed publications, all other applicable articles were 

INTRODUCTION

Stroke is the second-leading cause of death globally 
and the leading cause of death in China.11)27) Intracra-
nial atherosclerotic stenosis represented 10-15% of 
ischemic strokes in Western countries,21) and up to 47% 
in Asian countries in 2009.20) Patients with intracranial 
atherosclerotic stenosis have an especially high risk 
for stroke recurrence,3)12) which has long prompted the 
study of transluminal percutaneous angioplasty and/
or stenting.4)9)13)25) However, the Stenting vs. Aggressive 
Medical Management for Preventing Recurrent Stroke 
in Intracranial Stenosis (SAMMPRIS) trial was discon-
tinued early because of a significantly higher rate of 
stroke or death with stents compared to medical therapy 
(14.7% versus 5.8%; P=0.002).5) Similarly, the Vitesse 
Intracranial Stent Study for Ischemic Stroke Therapy 
(VISSIT)24) and a randomized single-center trial in 
China14) showed no advantage of stenting compared to 
medical treatment. 

Subsequently, some prospective multi-center regis-
tries suggested better patient selection (i.e., excluding 
patients with ischemic events due to perforator blockage 
and requiring a longer period from the ischemic event). 
Moreover, experienced interventionalists and compre-
hensive teams have been suggested to decrease the 
periprocedural risk of stenting from 14.7% to between 
2.0% and 4.3%.2)10)14) A prospective registry of 100 stented 
patients with refined criteria reported a stroke at 30 days 
or a death rate of 2.0%.10) The Wingspan Stent System 
Post Market Surveillance Study (WEAVE) suggested 
a similarly low rate of periprocedural complication 
(2.6%).2) These lower risks of periprocedural complica-
tions in the modern era have prompted revisitation of 
randomized controlled trial (RCT) methodology.

The China Angioplasty and Stenting for Symptomatic 
Intracranial Severe Stenosis (CASSISS) was a multi-
center, randomized, open-label study. It assessed the 
impact of stenting versus medical therapy on death and 
stroke in patients with a transient ischemic attack (TIA) 
or non-disabling ischemic stroke with severe intracra-
nial atherosclerotic stenosis admitted to high-volume 
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included Fig. 1.
Two reviewers (J.C.K., A.Y.A.) performed screening 

and any discrepancies were independently verified by 
another reviewer (A.A.D.). The primary outcomes were 
stroke rates following treatment, specifically, 30-day 
stroke or death, one year stroke in territory or death, 
and last follow-up stroke in territory, as defined by the 
authors of the original study. Other outcomes included 
the 30-day hemorrhage rate, disabling stroke at last 
follow-up, and death at last follow-up. The following 

data was extracted from each study: study design, 
country of origin, patient eligibility, inclusion/exclu-
sion criteria, age and sex of patients, and the outcome 
measures outlined above. The quality of all eligible 
studies was evaluated independently and in duplicate by 
two reviewers (J.C.K., A.Y.A.).

Statistical analysis
All data were analyzed using R Version 4.2.1 to compute 

the risk ratio (RR) for the included studies; all included 

Fig. 1. PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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(n = 25)

Records after duplicates removed
(n = 963)

Abstracts screened
(n = 963)

Full-text articles assessed
for eligibility

(n = 27)

Studies included in
systematic review and

meta-analysis
(n = 4)

Abstracts excluded
(n = 936)

Full-text articles excluded*
(n = 23)

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

El
ig

ib
ili

ty
In

cl
ud

ed

*   Reasons for exclusion include: articles not written in English, less than 5 patients in each treatment group, larger cohort of 
the same population reported elsewhere, conference abstracts, review articles, non randomized control trials.
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studies were randomized control trials (RCT). No 
different conditions were found in the same outcomes. 
Heterogeneity was assessed with Q-statistics and was 
considered significant when I2 >50% or P-value <0.05. 
The corresponding 95% confidence intervals (CI) of 
pooled effect size were calculated using a fixed-effects 
model (common-effect model), fixed-effects model, and 
common-effects model are the same; however, in the 
new update of metabin and forest libraries in R Version 
4.2.1, the fixed term was replaced with common. The 
common-effects model was selected since the hetero-
geneity in our analysis was not statistically significant. 
Egger’s regression was not assessed since the number of 
included studies is less than ten. The included studies 
assessed six different outcomes: 30-day stroke or death, 
30-day intracerebral hemorrhage, one-year stroke 
in territory or death, stroke in a territory at the last 
follow-up (one-year and three-year), disabling stroke at 
the last follow-up, and death at the last follow-up.

Baseline characteristics of the studies
This meta-analysis included four RCT studies, with a 

total number of 991 patients. The mean age of partic-
ipants is 57 years old (SD=23). The total number of 
intracranial stenting patients was 495 participants, and 
the number of medical treatment patients was 496. 
The included studies were published between 2011 and 
2022. Two studies were conducted in the U.S, and the 
other two in China. All the included studies compared 
intracranial stenting to medical treatment for intra-
cranial atherosclerosis. The baseline characteristics of 
the included studies are listed in Table 1. Results of the 
included studies extraction are listed in Table 2.

RESULTS

30-day stroke or death
Based on the common-effect model meta-analysis, 

the rate of stroke or death within 30 days significantly 
favored the medical treatment group over the stenting 
group (RR: 2.37, 95% CI [1.47; 3.81]), and the hetero-

geneity was not statistically significant (I2=0%, p=0.95), 
Fig. 2.

30-day intracerebral hemorrhage
The rate of 30-day intracerebral hemorrhage (ICH) 

significantly favored the medical treatment group over 
the stenting group (RR: 13.44, 95% CI [2.58; 69.88]), and 
the heterogeneity was not statistically significant (I2=0%, 
p=0.90), Fig. 3.

One-year stroke in territory or death
The rate of one-year stroke in territory or death 

significantly favored the medical treatment group 
over the stenting group, and the stenting group had a 
61% higher relative risk for stroke in territory or death 
compared to the medical group (RR: 1.61, 95% CI [1.18; 
2.20]); the heterogeneity was not statistically significant 
(I2=0%, p=0.50), Fig. 4.

Stroke in territory at last follow-up
The rate of stroke in territory at the last up follow-up 

did not significantly favor either the stenting group 
or medical treatment group after one-year follow-up 
or after three-year follow-up (RR: 1.70, 95% CI [0.98; 
2.98]), (RR: 1.37, 95% CI [0.99; 1.89]). However, the 
overall estimate combination for one-year and three-
year effects significantly favored the medical treatment 
group over the stenting group. The stenting group had 
a 44% higher risk of stroke in territory compared to 
the medical group (RR: 1.44, 95% CI [1.09; 1.91]). The 
heterogeneity was not statistically significant (I2=0%, 
p=0.44), Fig. 5. This statistical significance after combi-
nation supports that the event is mainly intervention 
dependent rather than time dependent.

Disabling stroke at the last follow-up
The rate of disabling stroke at the last follow-up did 

not significantly favor either the stenting group or 
medical treatment group (RR: 1.30, 95% CI [0.86; 1.95]), 
and the heterogeneity was not statistically significant 
(I2=0%, p=0.91), Fig. 6.
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Death at the last follow-up
The mortality rate at the last follow-up did not signifi-

cantly favor either the stenting group or medical treat-
ment group (RR: 1.41, 95% CI [0.77; 2.59]), and the 
heterogeneity was not statistically significant (I2=10%, 
p=0.33), Fig. 7.

DISCUSSION

The CASSISS trial suggested that stenting plus medical 
therapy, compared with medical therapy alone, did not 
lead to a significant difference in the risk of stroke or 
subsequent death within 30-day or stroke in territory 

Fig. 2. Forest plot for 30-day stroke or death. RR, risk ratio; CI, confidence intervals; CASSISS, China Angioplasty and Stenting for Symp-
tomatic Intracranial Severe Stenosis; VISSIT, Vitesse Intracranial Stent Study for Ischemic Stroke Therapy; SAMMPRIS, Stenting vs. 
Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis 

Fig. 3. Forest plot for 30-day intracerebral hemorrhage. ICH, intracerebral hemorrhage; RR, risk ratio; CI, confidence intervals; CASSISS, 
China Angioplasty and Stenting for Symptomatic Intracranial Severe Stenosis; VISSIT, Vitesse Intracranial Stent Study for Ischemic Stroke 
Therapy; SAMMPRIS, Stenting vs. Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis 

Fig. 4. Forest plot for one-year stroke in territory or death. RR, risk ratio; CI, confidence intervals; CASSISS, China Angioplasty and Stenting 
for Symptomatic Intracranial Severe Stenosis; VISSIT, Vitesse Intracranial Stent Study for Ischemic Stroke Therapy; SAMMPRIS, Stenting 
vs. Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis 
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Fig. 5. Forest plot for stroke in territory at last follow-up. RR, risk ratio; CI, confidence intervals; VISSIT, Vitesse Intracranial Stent Study for 
Ischemic Stroke Therapy; SAMMPRIS, Stenting vs. Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Steno-
sis; CASSISS, China Angioplasty and Stenting for Symptomatic Intracranial Severe Stenosis 

Fig. 6. Forest plot for disabling stroke at the last follow-up. RR, risk ratio; CI, confidence intervals; CASSISS, China Angioplasty and Stenting 
for Symptomatic Intracranial Severe Stenosis; VISSIT, Vitesse Intracranial Stent Study for Ischemic Stroke Therapy; SAMMPRIS, Stenting 
vs. Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis 

Fig. 7. Forest plot for death at the last follow-up. RR, risk ratio; CI, confidence intervals; CASSISS, China Angioplasty and Stenting for Symp-
tomatic Intracranial Severe Stenosis; VISSIT, Vitesse Intracranial Stent Study for Ischemic Stroke Therapy; SAMMPRIS, Stenting vs. Ag-
gressive Medical Management for Preventing Recurrent Stroke in Intracranial Stenosis 
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beyond 30-day to one year. The results of all pre-deter-
mined secondary outcomes also revealed no significant 
differences.

Although efforts have been made to reduce perioper-
ative complication rates by credentialling operators and 
sites as well as refining patient selection, these updated 
results demonstrated no clinical benefit from stenting 
over medical therapy for treating patients with symp-
tomatic severe intracranial atherosclerotic stenosis. 
Results from this study, as well as previous trials,5)14)24) 
support the recent American Academy of Neurology 
Practice Advisory on preventing stroke for symptom-
atic intracranial atherosclerosis of major arteries17) that 
recommends aggressive medical therapy instead of 
stenting for patients with symptomatic severe intracra-
nial atherosclerotic stenosis.

Compared to earlier randomized trials,5)14)24) the 
one-year cumulative stroke risk or mortality risk in 
both the stenting and medical therapy groups was 
significantly lower. The main reason for the difference is 
probably the exclusion of patients with ischemic symp-
toms within three weeks of enrolling in the study. These 
patients were probably at the highest risk for 30-day 
stroke or death. All prior studies included patients who 
were not required to respect the interval between disease 
onset and registration. Other reasons may be differences 
in age and ethnicity. The mean age was 56 years in this 
study compared to 60 years in SAMMPRIS and 62 years 
in VISSIT. SAMMPRIS and VISSIT were predominantly 
black and white, and the current study population was 
predominantly Chinese. 

The rate of 30-day events after stenting was higher 
in the SAMMPRIS and VISSIT studies, resulting in an 
early termination. The current study’s 30-day event rate 
was also numerically higher among the stenting group. 
While much of the reduced procedural risk seen in this 
study may be attributable to patient selection, other 
factors are probably involved.

Firstly, CASSISS chose high-volume clinical sites and 
used an introductory phase for accredited intervention-
alists to ensure their experience with stent application. 
The association of a lower risk of complication with 

higher volume centers has also been demonstrated in 
SAMMPRIS26) and the WEAVE registry.2) Also, the 
National Institutes of Health registry15) suggests how 
important experience is in performing intracranial stent 
procedures.22) Differences in peri-procedural care may 
also be a key differentiator for high-volume centers. 
Secondly, careful patient selection is felt to diminish the 
periprocedural risk. All patients in this study had an 
MRI or CT scan at screening, and those with a perfo-
rator stroke alone without artery-to-artery embolism 
or distal hypoperfusion were excluded. This exclusion 
criterion may have decreased the risk of perforation 
associated with the stenting procedure. The SAMMPRIS 
trial included 23% of patients with perforator stroke.18)

A post hoc analysis of SAMMPRIS data revealed that 
the majority of periprocedural strokes in the stenting 
group were perforator strokes (71.42%).1)8) Thirdly, the 
timing was also linked to safety results for the stent.26) 
Recent studies have shown that stenting within three 
weeks may present a greater procedural risk.19)23) This 
study involved patients whose delay between the index 
event and stenting was greater than three weeks (median 
time, 35 days), and this was much longer than that of 
SAMMPRIS (median time, 7 days)5) and VISSIT (median 
time, 9 days).24) Increased risk of complications of early 
stenting could be related to plaque detachment or reper-
fusion injury.5)7)15) 

One of the factors that possibly explains the lack of 
superiority from stenting over medical therapy is the 
not insignificant periprocedural risk of complications. 
The symptomatic 30-day ICH rate was numerically 
higher in the stenting group compared to the treatment 
group (2.3% [4/176] vs 0% [0/182]). In the stenting 
group, the risk of ICH may be related to vessel perfora-
tion by the microwire during the stenting process. Apart 
from device limitations, the endovascular approach for 
treating intracranial stenosis can pose technical challenges. 
Furthermore, patient’s with ICAD often have tortuous 
vasculature, which can be difficult to navigate. Crossing 
narrow diseased vessels can also disrupt atherosclerotic 
plaques. Furthermore, periprocedural management can 
have associated risks, such as maintaining an elevated 
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goal systolic blood pressure to prevent hyperperfusion 
after a procedure.2)10) This may be an important topic of 
future study since there were two reperfusion hemor-
rhages after intervention in the stenting group. Another 
factor contributing to the lack of benefit from stenting 
may be the lower risk of ischemic stroke in the medical 
therapy group as medical management approaches have 
improved over time.

During the three-year follow-up, there were no signif-
icant differences between the two groups. These data 
suggest that although the periprocedural risk in the 
stenting group could be reduced to as low as the 30-day 
level in the medical therapy group alone, stents may 
not offer long-term advantages over medical therapy. 
As noted above, the low rate of events in the medical 
therapy group is likely associated with a longer time 
interval after the onset of the last symptom at random-
ization (median, 35 days in the present study compared 
to 7 days in SAMMPRIS5) and 15 days in VISSIT24)).

In three studies, most strokes occurred in a relatively 
short period after the index event, and no other isch-
emic events occurred in the second or third year.5)6)16) 
In the MyRIAD (Mechanisms of Early Recurrence 
in Intracranial Atherosclerotic Disease) study, which 
included patients presenting with symptoms of intracra-
nial atherosclerosis resulting in 50%-99% stenosis, five 
of the nine ischemic strokes in the same territory (55.6%) 
occurred before the first follow-up visit of 6-8 weeks.16) 
This trend was also apparent in previous randomized 
trials.5)6)16)

CONCLUSIONS

In patients with ischemic stroke due to symptom-
atic severe intracranial atherosclerosis, the rate of 
30-day stroke, 30-day intracerebral hemorrhage, and 
one-year stroke in territory or mortality was favorable 
in the medical treatment without intracranial stenting 
group. The risk of stroke in territory at last follow-up, 
disabling stroke at last follow-up, and mortality was not 
significantly different between groups in this updated 

meta-analysis, and further honing of patient selec-
tion may be needed to revisit stenting. Limitations of 
this meta-analysis are due to the smaller number of 
included studies, and further clinical studies are needed 
to provide stronger evidence for intracranial stenting in 
atherosclerotic patients.
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