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S trokewas the second leading cause of deathworldwide
and the leading cause of death in China in 2017.1,2 In-
tracranial atherosclerotic stenosis accounted for 10% to

15% of ischemic stroke inWestern countries,3 and asmuch as
46.6% inAsia in 2009.4 Patientswith intracranial atheroscle-
rotic stenosis were at particularly high risk of recurrent
stroke,5,6 prompting thedevelopment of percutaneous trans-
luminal angioplasty and stenting.7-10However, theStentingvs
Aggressive Medical Management for Preventing Recurrent
Stroke in Intracranial Stenosis (SAMMPRIS) trial was termi-
nated early due to a significantly higher rate of 30-day stroke
or deathwith stenting comparedwithmedical therapy (14.7%
vs 5.8%; P = .002).11 Similarly, the Vitesse Intracranial Stent
Study for Ischemic Stroke Therapy (VISSIT),12 and a single-
center randomized trial in China,13 also showed no benefit of
stenting compared with medical therapy.

Subsequently, several prospective, multicenter registries
suggested that refinedpatient selection (eg, excluding patients
with perforator [defined as end-arteries arising frombasilar ar-
teryormiddlecerebralarterythatvascularizebrainstemorbasal
ganglia, respectively] ischemic events only and requiring a lon-
ger time interval from the latest ischemic events) and experi-
enced surgeonsmay reduce the periprocedural risk of stenting
from 14.7% to between 2.0% and 4.3%.14-16 A prospective reg-
istry (lead-in phase of this trial), in which 100 patients with re-
finedcriteriaweretreatedwithstenting,reportedarateof30-day
stroke or death of 2.0%.15 The Wingspan Stent System Post
Market Surveillance Study (WEAVE) reported a similarly low
periprocedural complication rate (2.6%).16 These lower risks
ofperiproceduralcomplicationssuggestapotential clinicalben-
efit of stenting that should be tested in a randomized trial.

The China Angioplasty and Stenting for Symptomatic In-
tracranialSevereStenosis (CASSISS) trialwasamulticenter, ran-
domized, open-label trial. It evaluated the effect of stenting vs
medical therapy aloneonmortality and stroke inpatientswith
transient ischemicattack (TIA)ornondisabling ischemic stroke
with severe intracranial atherosclerotic stenosis admitted to
high-volumemedical centers, using refined patient selection.

Methods
Study Design and Oversight
This trial was a multicenter, randomized, open-label, out-
comeassessor–blinded trial comparingmedical therapy alone
withmedical therapyplus stenting inpatientswithTIAornon-
disabling ischemic stroke with 70% to 99% stenosis of a ma-
jor intracranial artery. Details of the studyprotocol have been
published previously and provided in Supplement 1.17 A de-
tailed statistical analysis plan is provided in Supplement 2.
Written informed consent was obtained from all patients or
their legal representatives. The institutional review board of
XuanwuHospital reviewedandapprovedthestudy([2013]013).

The first patient was enrolled on March 5, 2014, and the
last patient on November 10, 2016. Each patient was regu-
larly followed up at 1 month as well as 1, 2, and 3 years after
enrollment. The 3-year follow-up for the last enrolled patient
was finished on November 10, 2019. Because China is a mul-

tiethnic country, ethnicity (Hanvsnon-Hanethnicity)was as-
sessed in this study and defined by self-report of participants
with anopen-endedquestion. The trialwasoverseenbyan in-
dependentdata and safetymonitoringboard. The trial didnot
enroll patients until it was approved by the local ethics com-
mittee at each participating site.

Credentialing of Sites
A lead-in phase was conducted for credentialing of surgeons
and research sites before the initiation of the trial. From July
2013 to March 2014, 10 candidate sites were contacted, and
clinical data froma total of 100patientswith intracranial ath-
erosclerotic stenosis treated with stenting at these sites were
collected and evaluated (30-day stroke or death rate: 2%).15

Ultimately, 8 centers that met the following criteria were in-
cluded: (1) at least 5 caseswereperformedbyeachprimary sur-
geon during the lead-in phase; (2) annual volume of intracra-
nial stentingprocedureswasmore than30 for thepast 3 years;
and (3) according to the recordsof thepast 3 years, 30-day rate
of stroke or death after stenting in the territory of the quali-
fying arterywas lower than 15%. The site selection andmoni-
toring are available in the eMethods in Supplement 3.

Patient Selection
This trial recruited patients with TIA or nondisabling ische-
mic stroke (modified Rankin Scale score, 0-2) and severe ste-
nosis (degreeof stenosis: 70%-99%)of amajor intracranial ar-
terysupplyingtheterritoryof the ischemicevent.Conventional
angiographywas required to confirm thedegreeof stenosis by
Warfarin-Aspirin Symptomatic Intracranial Disease Study
(WASID) criteria.18,19 PatientswhohadaTIA (WorldHealthOr-
ganization criteria: acute onset of neurologic deficit, persist-
ing for <24hours) or an ischemic stroke (persisting >24hours;
confirmed by diffusion-weighted imaging on magnetic reso-
nance imaging [MRI]) within the last 3 weeks, and those who
hadbrainstemorbasal ganglia perforator strokeonly,were ex-
cluded. MRI (or computed tomography if MRI was contrain-
dicated) at recruitment was used to confirm the above crite-
ria. Detailed eligibility criteria are described in the eMethods
in Supplement 3.

Key Points
Question Among patients with transient ischemic attack or ischemic
stroke due to symptomatic severe intracranial atherosclerotic
stenosis, does performing angioplasty and stenting 3 weeks or more
after the index event along with standard medical therapy reduce the
risk of stroke or death compared with medical therapy alone?

Findings In this randomized clinical trial that included 358
patients, the risk of stroke or death within 30 days or stroke in the
qualifying artery territory beyond 30 days through 1 year occurred
in 8.0% in the percutaneous transluminal angioplasty and stenting
group vs 7.2% in the medical therapy alone group, a difference
that was not statistically significant.

Meaning The findings do not support the addition of
percutaneous transluminal angioplasty and stenting to medical
therapy for the treatment of patients with symptomatic severe
intracranial atherosclerotic stenosis.
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considered statistically significant. All analyses were per-
formed with SAS software, version 9.4 (SAS Institute).

Results
FromMarch4, 2014, toNovember 10, 2016, 1152patientswere
assessed for trial eligibility at 8 study sites. A total of 380 pa-
tients signed informed consent and were enrolled and ran-
domlyassigned to the stenting (188patients) andmedical (192
patients) groups (Figure 1). Of the 380 patients, 22 (12 in the
stentingand 10 in themedical therapyalonegroups)were con-
firmed ineligible by central adjudication. The remaining 358
patients (176 in the stenting and 182 in the medical therapy
alonegroups)were included in theFASfor final analysis.A total
of 343 patients (95.8%) completed the trial.

Sevenpatientsassignedto themedical therapyalonegroup
crossed over to stenting procedures. Among patients as-
signed to stenting, 8 crossedover tomedical therapyonly and
12 had either an unsuccessful stenting procedure or a proce-
dure that deviated from the protocol (3 received delayed pro-
cedures, 2 did not have it due to failed lesion access, 2 were
aborted due to total occlusion, 1 received angioplasty alone,
and 4 received nonstudy stents). Thus, a total of 331 patients

(156 inthestentingand175 inthemedical therapyalonegroups)
were included in the PPS for secondary analysis.

Thebaselinecharacteristicsofpatients in theFASwerewell
balancedbetween thegroups (Table 1). Themean (SD) agewas
56.3 (9.6) years, and 73.5%weremale. Themedian time from
the latest event to randomizationwas 35 days. Among all 358
patients, 194 patients (54.2%) presentedwith index stroke as
a qualifying event. The inferred mechanisms of stroke from
the brain imaging were artery-to-artery embolism in 115 pa-
tients (59.3%), isolated hypoperfusion in 40 (20.6%), and
mixedmechanism in 39 (20.1%) (Table 1). The stroke mecha-
nism distribution was balanced between groups (Table 1;
eTable 1 inSupplement3).Themeasuresof all risk factorswere
similar in both groups at baseline and during follow-up
(eTable 2 and eFigure 1 in Supplement 3).

Primary Outcome
Proportionalhazardassumptionwas testedandmet for thepri-
mary outcome and all the secondary outcomes in the Cox re-
gressionmodel. The primary outcome, risk of stroke or death
within 30 days or stroke in the qualifying artery territory be-
yond 30 days through 1 year, was not significantly different
(stenting: 8.0% [14/176] vsmedical: 7.2% [13/181]; difference,
0.4% [95% CI, −5.0% to 5.9%]; HR, 1.10 [95% CI, 0.52-2.35];

Figure 1. Patient Enrollment and Follow-up in the China Angioplasty and Stenting for Symptomatic
Intracranial Severe Stenosis (CASSISS) Trial

1152 Adults with symptomatic, severe
intracranial stenosis assessed
for eligibility

772 Excluded
325 Declined to participate
222 Prespecified unfavorable anatomical

features or other intracranial diseases
70 Perforator stroke only or recent

events ≤3 wk prior
69 Previous endovascular treatment
56 Severe allergy to contrast or antiplatelet

drugs or with active bleeding diathesis
18 Psychiatric disorders, pregnancy, or

involved in other trials
12 Comorbidities precluded general

anesthesia or angiographic assessment

380 Randomized

188 Randomized to stenting plus medical therapy
156 Received allocated intervention as randomized
20 Did not receive allocated intervention

12 Found ineligible after randomization
10 With qualifying events ≤3 wk
2 Concomitant extracranial stenosis

12 Protocol deviation
8 Received medical therapy only

176 Eligible patients were included in the
primary analysis
0 Missing follow-up at 1 ya

1 Missing follow-up at 2 yb

4 Missing follow-up at 3 yb

156 Included in the per-protocol analysis

192 Randomized to medical therapy only
175 Received allocated intervention

7 Did not receive allocated intervention
and underwent stenting

10 Found ineligible after randomization
7 With qualifying events ≤3 wk prior
3 Had perforator stroke only

181 Eligible patients were included in the
primary analysis
1 Missing follow-up at 1 y and not

included in the primary analysisa

4 Missing follow-up at 2 yb

11 Missing follow-up at 3 yb

175 Included in the per-protocol analysis

a Primary outcome was assessed up
to 1 year.

b Time points at which some
secondary outcomes were
assessed.
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difference, −0.2% [95% CI, −7.0% to 6.5%]; HR, 1.00 [95% CI,
0.53-1.90]; P > .99) (Table 2), and the cumulative 3-year risk of
disabling stroke or death (11.3% [19/168] vs 9.0% [15/166]; dif-
ference, 2.0%[95%CI, −4.6%to8.6%];HR, 1.28 [95%CI,0.65-
2.52];P = .49) (Figure 3). Therewasnosignificantdifference in
the rateof3-year riskofdeath (4.4%[7/160]vs 1.3%[2/159];dif-
ference, 3.2% [95%CI, −0.5% to 6.9%];HR, 3.75 [95%CI, 0.77-
18.13]; P = .08) or cumulative 3-year risk of any stroke, TIA, or
cardiovascular events (14.2%[24/169]vs18.0%[31/172]; differ-
ence, −4.1% [95%CI, −12.0% to 3.7%]; HR, 0.76 [95%CI, 0.45-
1.30];P = .31) between the groups (eFigure 3 in Supplement 3).

Post Hoc Outcomes and Analyses
A post hoc analysis of the primary outcome using a mixed-
effectsmodelwith center as a randomeffect yielded anHRof
1.11 (95%CI, 0.52-2.36) (eTable 3 in Supplement 3). Consider-
ing the components of the primary outcome, the 30-day rate
of stroke or death was 5.1% (9/176) in the stenting group and
2.2% (4/181) in the medical therapy alone group (Table 2). In
the stenting group, there were 5 ischemic strokes within 30
days (5 were ultimately disabling, 0 were fatal) and 4 hemor-

rhagic strokes within 30 days (0 were ultimately disabling, 2
were fatal). In the medical therapy alone group, there were 4
ischemic strokeswithin 30 days (2were ultimately disabling,
0 were fatal) and 0 hemorrhagic strokes within 30 days
(eTable 4 in Supplement 3). The rate of stroke in the qualify-
ing artery territory beyond 30 days to 1 year was 2.8% (5/176)
in the stenting group and 5.0% (9/181) in themedical therapy
alone group (Table 2). Subgroup analysis by the qualifying
events showed the rate of primary outcome in patients quali-
fiedwith ischemicstrokewas10.1%(9/89) in thestentinggroup
and 8.6% (9/105) in themedical therapy alone group. For pa-
tientsqualifiedwithTIA, the rateofprimaryoutcomewas5.7%
(5/87) in the stenting group and 5.3% (4/76) in the medical
therapy alone group (eTable 5 in Supplement 3).

Adverse Events
In the stenting group, 5 patients (2.8%) had disabling stroke,
4 (2.3%)hadsymptomatic intracranialhemorrhage,and2(1.1%)
died of stroke within 30 days. In the medical therapy alone
group, 2 patients (1.1%) had disabling ischemic stroke within
30days. At 3 years of follow-up, 4.4% (7/160) and 1.3% (2/159)

Table 2. Primary and Secondary Outcomes

No./total (%)

Incidence
difference, %
(95% CI)b

Hazard ratio
(95% CI)b P valuec

Percutaneous
transluminal
angioplasty and
stenting group
(n = 176)

Medical therapy
alone group
(n = 181)a

Components of the primary outcome 14/176 (8.0) 13/181 (7.2) 0.4 (−5.0 to 5.9) 1.10 (0.52 to 2.35) .82

Stroke or death within 30 d after enrollmentd 9/176 (5.1)e 4/181 (2.2)f

Stroke in territory of qualifying artery beyond 30 d through 1 yd 5/176 (2.8) 9/181 (5.0)

Secondary outcomes

Stroke in the same territory within 2 y 17/171 (9.9)g 16/178 (9.0)h 0.7 (−5.4 to 6.7) 1.10 (0.56 to 2.16) .80

Stroke in the same territory within 3 y 19/168 (11.3)i 19/170 (11.2)j −0.2 (−7.0 to 6.5) 1.00 (0.53 to 1.90) >.99

Disabling stroke or death within 3 y 19/168 (11.3)k 15/166 (9.0)l 2.0 (−4.6 to 8.6) 1.28 (0.65 to 2.52) .49

Any stroke, TIA, cardiovascular events related to stenting
or medical therapy within 3 y

24/169 (14.2)m 31/172 (18.0)n −4.1 (−12.0 to 3.7) 0.76 (0.45 to 1.30) .31

Death within 3 y 7/160 (4.4)o,p 2/159 (1.3)q,r 3.2 (−0.5 to 6.9) 3.75 (0.77 to 18.13) .08

Stroke-related deathd 4/160 (2.5) 2/159 (1.3)

Nonstroke-related deathd 3/160 (1.9) 0/159 (0)

Abbreviation: TIA, transient ischemic attack.
a One participant randomized to the medical therapy alone group was not

included due to missing outcome data. See Figure 1.
b Adjusted for site effect.
c Log-rank test adjusted for site effect.
d Post hoc analysis.
e There were 5 ischemic stroke and 4 hemorrhagic strokes. Of the 4 symptomatic

hemorrhagic strokes, 1 was periprocedural subarachnoid hemorrhage
immediately after percutaneous transluminal angioplasty and stenting (probably
related to guidewire perforation); 1 was periprocedural parenchymal and
subdural brain hemorrhage evident immediately after percutaneous transluminal
angioplasty and stenting (probably related to guidewire perforation); 1 was
cerebellar and occipital hemorrhage that occurred 3 days after percutaneous
transluminal angioplasty and stenting (probably related to reperfusion); and 1
was subarachnoid hemorrhage within 24 hours after percutaneous transluminal
angioplasty and stenting (probably related to reperfusion). A total of 2 of these
hemorrhages were fatal (1 developed massive cerebral infarction and brain
hernia, and 1 had parenchymal brain hemorrhage), and 2 were nondisabling
(1 cerebellar and occipital hemorrhage and 1 subarachnoid hemorrhage).

f There were 4 ischemic strokes and 0 hemorrhagic strokes. Of the 4 ischemic
strokes, 2 were disabling, 2 were nondisabling, and none were fatal.

g One missing follow-up and 4 died.
h Four missing follow-up and 0 died.
i Four missing follow-up and 4 died.
j Eleven missing follow-up and 1 died.
k Eight missing follow-up, including 4 with primary outcomes (but no disabling

stroke or death).
l Sixteen missing follow-up, including 5 with primary outcomes (but no

disabling stroke or death).
m Four missing follow-up and 3 died.
n Ten missing follow-up and 0 died.
o Sixteen missing follow-up, including 12 with primary outcomes.
p The causes of death in the percutaneous transluminal angioplasty and stenting

group were as follows: brain hemorrhage (n = 2), ischemic stroke (n = 2),
sudden cardiac arrest (n = 1), intrahepatic cholangiocarcinoma (n = 1), and
aortic artery aneurysm (n = 1).

q Twenty-three missing follow-up, including 12 with primary outcomes.
r The causes of death in the medical management group were as follows:

ischemic stroke (n = 1) and brain hemorrhage (n = 1).
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