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IMPORTANCE Prior randomized trials have generally shown harm or no benefit of stenting [ ditoria page529
added to medical therapy for patients with symptomatic severe intracranial atherosclerotic
stenosis, but it remains uncertain as to whether refined patient selection and more
experienced surgeons might result in improved outcomes. SLppementa content

E Re ated artic e page 543

OBJECTIVE To compare stenting plus medical therapy vs medical therapy alone in patients
with symptomatic severe intracranial atherosclerotic stenosis.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, open-label, randomized, outcome
assessor-blinded trial conducted at 8 centers in China. A total of 380 patients with transient
ischemic attack or nondisabling, nonperforator (defined as nonbrainstem or non-basal
ganglia end artery) territory ischemic stroke attributed to severe intracranial stenosis
(70%-99%) and beyond a duration of 3 weeks from the latest ischemic symptom onset
were recruited between March 5, 2014, and November 10, 2016, and followed up for 3 years
(final follow-up: November 10, 2019).

INTERVENTIONS Medical therapy plus stenting (n = 176) or medical therapy alone (n = 182).
Medical therapy included dual-antiplatelet therapy for 90 days (single antiplatelet therapy
thereafter) and stroke risk factor control.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of stroke or death
within 30 days or stroke in the qualifying artery territory beyond 30 days through 1year.
There were 5 secondary outcomes, including stroke in the qualifying artery territory at 2
years and 3 years as well as mortality at 3 years.

RESULTS Among 380 patients who were randomized, 358 were confirmed eligible (mean age,
56.3 years; 263 male [73.5%]) and 343 (95.8%) completed the trial. For the stenting plus
medical therapy group vs medical therapy alone, no significant difference was found for the
primary outcome of risk of stroke or death (8.0% [14/176] vs 7.2% [13/181]; difference, 0.4%
[95% Cl, -5.0% to 5.9%]; hazard ratio, 110 [95% Cl, 0.52-2.35]; P = .82). Of the 5
prespecified secondary end points, none showed a significant difference including stroke in
the qualifying artery territory at 2 years (9.9% [17/171] vs 9.0% [16/178]; difference, 0.7%
[95% Cl, -5.4% to 6.7%]; hazard ratio, 1.10 [95% Cl, 0.56-2.16]; P = .80) and 3 years

(11.3% [19/168] vs 11.2% [19/170]; difference, -0.2% [95% Cl, -7.0% to 6.5%]; hazard ratio,
1.00 [95% CI, 0.53-1.90]; P > .99). Mortality at 3 years was 4.4% (7/160) in the stenting plus
medical therapy group vs 1.3% (2/159) in the medical therapy alone group (difference, 3.2%

[95% Cl, ~0.5% to 6.9%; hazard ratio, 3.75 [95% Cl, 0.771813]; P = .08). o
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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 1year 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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Effect of Stenting Plus Medical Therapy vs Medical Therapy Alone on Risk of Stroke and Death in Intracranial Stenosis

g'8ina n,estigation Research

igLrel. Patient nro mentand o o,-Lpinthe China=- ngiopasty and Stenting forSymptomatic

ntracrania Se ere Stenosis (C-SS SS) ria

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 Protocol deviation
8 Received medical therapy only
12 Found ineligible after randomization
10 With qualifying events <3 wk

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

2 Concomitant extracranial stenosis

!

176 Eligible patients were included in the
primary analysis
0 Missing follow-up at 1 y2
1 Missing follow-up at 2 y®
4 Missing follow-up at 3 yb
156 Included in the per-protocol analysis

181 Eligible patients were included in the
primary analysis
1 Missing follow-up at 1y and not
included in the primary analysis?
4 Missing follow-up at 2 yP
11 Missing follow-up at 3 yb
175 Included in the per-protocol analysis

@ Primary outcome was assessed up
to1year.

®Time points at which some

secondary outcomes were
assessed.
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Effect of Stenting Plus Medical Therapy vs Medical Therapy Alone on Risk of Stroke and Death in Intracranial Stenosis

ab e 1. »ase ine Characteristics of Strdy Participants

ab e 1. Lase ine Characteristics of St tdy Particigants (continLed)

No. (%)

Percutaneous
transluminal
angioplasty and
stenting group

Medical therapy
alone group

No. (%)

Percutaneous
transluminal
angioplasty and
stenting group

Medical therapy
alone group

Characteristic (n=176) (n=182) Characteristic (n=176) (n=182)
Age, mean (SD), y 56.7 (9.4) 55.9(9.8) NIHSS score, median (IQR)" 0.0 (0.0-1.0) 0.0 (0.0-0.0)
Sex mRS score, median (IQR)? 0.0 (0.0-1.0) 0.0(0.0-1.0)
Male 128(72.7) 135(74.2) Abbreviations: mRS, modified Rankin Scale; NIHSS, National Institutes of Health
Female 48 (27.3) 47 (25.8) Stroke Scale; TIA, transient ischemic attack.
Ethnicity? 2 Ethnicity was self-reported.
Han 172 (97.7) 179 (98.4) ®Medical history was collected at the baseline visit, based on a combination of
Non-Han 4(2.3) 3(1.6) self-reports from patients, medicated conditions, and laboratory results.
Medical history® dTIA was a clinical dlag.n05|s WIthOL-It imaging. - -
e 117 (66.5) 125 (68.7) Isolated"hemodynar"mc compromise refers to strokes with an arterial border
: zone or “watershed" pattern.
ittt Sriezs iz € Stenosis was quantified on the basis of a reading of the angiogram by the site
Coronary artery disease 19 (10.8) 19 (10.4) interventionist on the criteria of the WASID trial.'®
Lipid disorder 18 (10.2) 21(11.5) f NIHSS score ranges from O to 42, with higher scores indicating worse
Peripheral artery disease 0 (0.0) 1(0.5) neurologic deficits.
Received antiplatelet 49 (27.8) 48 (26.4) g mR_S score ranges from O tg 6 with high_er scores indicating worse function
therapy prior to latest deficits (O indicates no deficit and 6 indicates death).
qualifying event
Received statin therapy 19 (10.8) 20(11.0)
prior to latest qualifying igLre2. Capan-y eier Cir es forthe CLmu ati e Probabrity
St ofthe Primary &tcome. - ccordingto reatment - ssignment
Alcohol history
Former 25(14.2) 22 (12.1) 15+ Stenting group
Current 30(17.0) 32(17.6) Medical therapy alone group
Smoking history E \:. 124
Former 39(22.2) 38(20.9) =
© S 94
Current 41(23.3) 50(27.5) g8
e =
Qualifying event g2 6
TIAC 87 (49.4) 77 (42.3) = E
Z2<
Stroke 89 (50.6) 105 (57.7) 3 = 3
Artery-to-artery 57 (64.0) 58 (55.2)
embolism 0 : ‘ : : : :
Isolated hemodynamic 18 (20.2) 22 (21.0) 0 2 4 6 8 10 12
compromise? Months since randomization
Mixed mechanism 14 (15.7) 25(23.8) No. at risk
Time from latest ischemic ~ 34.5 (27.0-65.5)  36.0 (28.0-68.0) oo ioue Py 1826 T2 AT 0 e e
event to randomization, Stenting group 176 166 165 164 164 164 162

median (IQR), d
TIA
Stroke

Symptomatic qualifying
artery

33.0(25.0-52.0)
38.0(27.0-75.0)

33.0(28.0-57.0)
40.0(29.0-72.0)

The primary outcome was stroke or death within 30 days after enroliment or
stroke in the qualifying artery territory beyond 30 days through 1year. One
patient lost to follow-up within 1year in the control group was treated as
censored data. All other patients were followed up to event or 1year. P = .82 for

Middle cerebral artery 65 (36.9) 79 (43.4) log-rank testing between the stenting and medical therapy alone groups with
(M1) center as stratification factor.

Basilar artery 50 (28.4) 52 (28.6)

Intracranial vertebral 46 (26.1) 34(18.7)

artery = .8 ) (Figure 2 an d Table 2). Then ary rety gl anal’; .
Intracranial internal 15 (8.5) 17 (9.3) -eldeq a. ¥ _larre; ult 6. % 144 'H 4% 1347 —‘H-R1 3
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ab e 2. Primary and Secondary ,;tcomes

No./total (%)

Percutaneous
transluminal

angioplasty and  Medical therapy  Incidence
stenting group alone group difference, % Hazard ratio
(n=176) (n = 181)? (95% CI)® (95% CI)® P value©
Components of the primary outcome 14/176 (8.0) 13/181(7.2) 0.4(-5.0t05.9) 1.10(0.52 t0 2.35) .82
Stroke or death within 30 d after enrollment? 9/176 (5.1)° 4/181 (2.2)f
Stroke in territory of qualifying artery beyond 30 d through 1y¢  5/176(2.8) 9/181 (5.0)
Secondary outcomes
Stroke in the same territory within 2 y 17/171(9.9)9 16/178 (9.0)" 0.7 (-5.4t06.7) 1.10(0.56t02.16) .80
Stroke in the same territory within 3 y 19/168 (11.3)! 19/170(11.2y  -0.2(-7.0t06.5) 1.00 (0.53 to 1.90) >.99
Disabling stroke or death within 3 y 19/168 (11.3)¢ 15/166 (9.0)" 2.0(-4.6t08.6) 1.28 (0.65t02.52) 49

Any stroke, TIA, cardiovascular events related to stenting 24/169 (14.2)™ 31/172(18.0)" -4.1(-12.0t03.7) 0.76(0.45t01.30) 31
or medical therapy within 3 y
Death within 3y 7/160 (4.4)°P 2/159 (1.3)%" 3.2(-0.5t06.9) 3.75(0.77t018.13) .08
Stroke-related death? 4/160 (2.5) 2/159 (1.3)
Nonstroke-related death? 3/160 (1.9) 0/159 (0)

Abbreviation: TIA, transient ischemic attack.

2 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.
€ Log-rank test adjusted for site effect.
9 Post hoc analysis.

© There were 5 ischemic stroke and 4 hemorrhagic strokes. Of the 4 symptomatic
hemorrhagic strokes, 1was periprocedural subarachnoid hemorrhage
immediately after percutaneous transluminal angioplasty and stenting (probably
related to guidewire perforation); 1was periprocedural parenchymal and
subdural brain hemorrhage evident immediately after percutaneous transluminal
angioplasty and stenting (probably related to guidewire perforation); 1was
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 1had parenchymal brain hemorrhage), and 2 were nondisabling
(1 cerebellar and occipital hemorrhage and 1subarachnoid hemorrhage).

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

& One missing follow-up and 4 died.
" Four missing follow-up and O died.
' Four missing follow-up and 4 died.
J Eleven missing follow-up and 1died.

X Eight missing follow-up, including 4 with primary outcomes (but no disabling
stroke or death).

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

™ Four missing follow-up and 3 died.
"Ten missing follow-up and O died.
°Sixteen missing follow-up, including 12 with primary outcomes.

PThe 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).

9Twenty-three missing follow-up, including 12 with primary outcomes.

" 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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Cumulative 3-y rates of disabling
stroke or death, %
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Months since randomization
No. at risk
Medical therapy 182
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The median time of observation was 36.0 months (IQR, 36.0-36.0) for the
stenting group and 36.0 months (IQR, 36.0-36.0) for the medical therapy alone
group. P = .49 for log-rank testing between stenting group and medical therapy
alone group with center as stratification factor.

patent Q_CQn the, tentn,ganﬂP eq. dalthergy ’ alpegumg s
re.p eet el (Ta gle ).

|
Discussion

Tho¥® ult eenter,ran d ¥ .zed, 9 en-la eltralnp atentpre-
sentng fthTIAnndsa ng. h® oty e and: e sere
ntradran alatherg vlergt o ten ¢ < Q&’ 4N trated that the aQ
d_t4n 4 ctentng & ed c'altheren ) &) ared l the eqeal

theran alyne, re; ulted nn_gcgn- * et q_”erm van ther. r

deu iequentp trg et ¢ death f_thn 3 Qa c alctly ! the
qualJ ' ngarter’ terr. Qr‘ e 4143 da'C thrgught ’ ear. The
re. ult, 4n allp re;u ed ede ew@ar 4ut¢]' e alkychyfed
Nge-gn et ¢ eren ve.

De.p._te e’ Tt tyredueep er g erat e ¥ p Leat_p rate.
¥V iettng, surge e ade-te en@re’nngn atent. elee-
tan, the' ndng nmethelem ¥ _n. tratedn eln. cal -
Rl the add .t n e tentng (¥ eq val theray * ' r the
trea¥® ent patent f_the b 3 pt¥ attre e /erentrairan alath-
ey dlergt ¢ ten ¢ - . There ult " the ¢ tuq tegether f_th
that’r}' LT trak '3 mn,rttheredent]!’ er. van Avag-
x’ ’ Neuuhg Praet ¢e Ad 7p4r regar@ngn try epre iﬁ'l-
td ne b 4 pt¥ at ¢vlarge arter’ ntraeran. alather‘ derg o,
fheh re ' eng:. aggre.c. /€€ eq eal theray ’ rather than
< tmtnme atent f_the b pt¥ at ¢ e rere ntraeran_alath-
erg dlergt o ten ¢ .

C¥n ared f_thp re /-4l ran@}’ -zeq trak, 1113 the
¥ ulat re1- ear re 14 o lig s death n gth the: tentng
anﬁ ed val theray alge srawe l&“ ueh I fer. Thepr.-

¥ ar’ reg +,r the Q_”eren ve . L lcl‘ attr. juta gle t4 the
e iluqqn4 patent f_th . ¢h® _ ca“nt}‘ f_thn 3
h:e]F dc tuQ enull' ent. The.epatent ferel ]{el‘ at the
h.ghe tr. ¥ o 3 da oty e of death. Allpre 7 4u: - tud.e:
enr,lle@n atent: f _thqut the requr& ent g the ntersal

JAMA August9,2022 Volume 328, Number 6

Effect of Stenting Plus Medical Therapy vs Medical Therapy Alone on Risk of Stroke and Death in Intracranial Stenosis

etfean q..« ex e g et en@ enrJ¥ ent. Othern‘q‘ jle rea-
cdle I 11uje q_”erm ve; N age or ethn. it’ The® ean age
fa 5 ’earn n thepre ent. tud’ _ ’eau:z n SAMMPRIS
anq ean n VISSIT. The. tu@ DD ulat . " SAMMPRIS
and \'/ISSIT {eren reﬂ nantl Blad anq l'Ilte an ¢ the
preente tuq 12 ulat g ferd® anl Ch_ne; eHan. .
The3 ¢a e rentraten the; tntnggrap fa® uchh.gher
n wth the SAMMPRIS:ndVISSITn tude, leaq_ngu earl’ . ta -
pngn ‘,‘th In thep re. mtqtuq the3 Qa erentrate fa ak 4
1’11“ er. eall’ h.gher n the: tmmggum ‘hlea largep ,rtm
theu Iy de@ural Le l,reQLu'L,n ager /eQn thep re: ent: tuq
" 2’ i@ attr. quta gle typatentc eleet n, 4ther adl L are
L l,el n ul/eq a& fell. F.i t, thepre entc tuq g elet'ted h.gh-
/ol ¥ e dn_val. _te aduedalead-npha ety iredentalq ur-
ge i an@t‘mg urethere peren ee f_th: tentng. Are:mtu L4
<) eet rereg. tr’ n hgh /41& edanter (1 e e each’ Y ear)
chyfed ¥ lar 3 da rate ;' trg er Qeath (4.3%))*Thea; -
cevatn & Llertq J¥pleatp f. tl;h_gher L.li!' @ o -
ter fa ak yehgfn.n SAMMPRIS “the AVE reg. tr‘ and
the Nat_n al In. ttute. ;" Health reg. t’ , e ugge. tng the‘f
Dartan ve e pecen ¢e npel ngntraeran.alc tentng
') uc\e@ur& <D eren ve, np erp t,de@ural dare uulq aly @
Faetr that th'r_ngu.T he. h.gh- 7% e ¢enter . Seeqd,
1) atentn eleet g0 alk 4L el’ decrea: e | erp udedural Lo All
patent o thepre. entc tuq mqer fent MRI 4r t} 1) ute@u
¥ g h’ at the el veang, m@th‘ e f_thp et’,rat,r
<ty e alpe /. theut arter’ “ty-arter’ B 1 L¥ r qﬁ talh’-
paer_n leree cluQe@ The e ou_gn e ter_n® a’ 7 hare
reQu ved the i, 14 7 er’ grat r geddu._n relateq tgthe: tentng
D t4¢edure. The SAMMPRIS tr.al haq 8% 4 at.mtz re-
eruted f_thp e rat,re trg l,eml' TAp e theeaals. &
SAMMPRIS datac hy f eq tha® ¢ tperprg ie@uraL trg e n the
ctentngsr m ferep e gratyr: trg 1 a« 2 1). 8> Thrd, -
ng fa akychyfn ty @ ac vated . th.; det’ ute¥ o
tentng.? Reent; tuq_e; ha/enq.t'ated‘r tentng f_thn at® e
ntersal 3 lee " a’ ¢a’erh.gherp ryvedural i, 1,.3‘ 3 The
pre ente tuq mulledu atent f.tha® o't R ¥ . trecnt
e/entige tmtngj!’ 4rethen 3fea . ¥ ed.an ¥ e3 ia ),
fhoeh fa. m: * entl Lo gerthan that'r SAMMPRIS" edan
& e, Yda’ " andVISSIT‘r edan W e, da’ ). Ahgherr, b
d¥pleatatr earl’ . tntn . 3 ght %erelatedt‘n laque de-
ta ¥ mtmd/,.rrmer'u;qnn ur‘" Sfheh fa lecpr,-
ngun de@ f.the ten QeQn ter 7ak .
el the’aiu;; n the ger /eq la"lﬁ < er,‘r_t e tent-
ng,/et® ed val thergy o’ i related ty then,nn egle jle
perpry ie@ural ¥ pleat n. . The rate4 3 Qa’ * Dt
¥ at entraeran_al h& rrhage 7 & n¥ er eall h.gher n the
c tentn gthan th& eqd ealthery aL.negt‘m (3% 4MTF oz
L% 74—8 —eTa je4n Su;m 1% ent3). I the. tmtnggum,
the s i  h®& rhage® a’ i related ty gudef rep e ra-
t_n durn gthe, ten tn gy reedure. n adq.tm tythede L e N -
tat g , the endy 7 mlar 1)) rqach™ r trea® ent ™ ntraera-
n.ak tn g« < tedn. all shallngngand.n /gl/e:naszgatng
the trtug nature, ‘ntraeran.al 7a c'ulaturean@th[,ugh@C
eq; eq" all e, el that ¢an 44 tur jthe athery: elergt &y laque
durng ad /an & ent. Furthel* 4re D erp 14 vedural¥ anage-
‘* mt (eg" antannga g4alo ctel @ g ,luﬁn rec ure tyasgd
h’n en efu._n dter ap 14 eedure) “.¥ a’ak, ea targat’ 1

jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a Shanghai Jiaotong University User on 08/09/2022


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.12000?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12000
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12000

Effect of Stenting Plus Medical Therapy vs Medical Therapy Alone on Risk of Stroke and Death in Intracranial Stenosis

Muture¥ pry X entn.det’ S, tentngn ntraeran.alather,-
c dergt vz ten ¢ - jeeaw e there fere re CIJU;Jl h® r-
rhage. d'ter thep g eequre n the. tentng grew .

An,therj'ait‘r et utng ty the ladw s gersed gn
et 7_the tentng Iac the |, f errate 5" ¢h® _v; tL. ler: '
the¥® eq_ val therzn algn e grgw . Durng the 3-* T aar Ul f -
W, the rate; Jthe qutd¥ e ferelyf n qath srawe andngt
e8! * e tl f’erent gtfeen the grop..The e data"
1) I’ that e 7en - theu erp ryvedural re - the: tentng grywp

Qulq ;pre@uieq tga Lgf a the 3 Qa rate n the¥® e¢ val
therg * alyne graw tentnge tIN 2’ ngtpre s deling-te®

]ene' t o /er¥ ed eal thergy Ac" entneda e, the I, f
e/entraten thé¥® ed ealtherg ’ ahnegum <L 1,el’ relateq
tealqnger 8 enter alater Ia; to ‘*ut} A ettyran dF -

_zat ¥ ed.an,3 Fﬁa . n the tr.al & VQa . 1 SAMMPRIS"

k1 543 n VISSIT)‘ I 3ctud e " «tctiye 4i¢urreq

f thn arelat /el‘ hgrtnter /ala'tern taL.nq et, f_thn 4 ur-
theu ¥ _ves/nt n the. emq4r thrd ’ Taar'is 34 I the
M’ RIAD (Me ¢han N . " Earl’ Reeurren ¢a n In traeran.al Ath-
erg dlergt ¢D.; ea; @), tu@ thatn eludedp atent f.the 3 -
¥ at cmtradran alathert der gt iqq eg e( 5 %8, Yo ten 4-
ce) 2 , nﬁ e-terr. Qr - ¢h® o try, 1 ( 55 ) %) gveurred

f_thn the' Lt -tg8- leel, Pl f-w .. t34f’re/413q ran -

-zed tr.aL g e& ed *lly f the tren g

AmAtatAons
The « tuq ha . e /eral B _tat_qn. .F.i t, the tr. al@_@n,te ralu-
ateang @ la v algne 4r gther Qe r.¢e: (eg, drug- Qateq @l
Lo, drug-elutng; tent,4then efep anQa Jec tent , 4ra -

jnatn)thatare eurren tf w eq4’ -la ; §;elt4 treatp atent f.th
ntraeran.alatherg vzler,t_vzr ten g ..’ sSetzf‘nq the traly -
Dled routne he Qr the NIHSS end“ RS ¢4rng, and gan
¥ agng fhenneve. ar’ te- Qen. 3 areeurren te try & Qurng

RCu fye g

Medical School, Boston (Dmytriw); Department of

g'gina n estigation Researcn

4114{ -, nutq_Q'l’tllg ethe Que: 'unna_re’,rVe ngStQ e
Free Statw. , fh ¥ a’ v ep gtental¥ .. ngn' N at4n
Nl f-p va ea dertari¥ ent. Hy f e rer, Qecau: ethe, tud’
I8 eq een tral .n dey en@mt ad.ud. vat o, the za - e etteq
ty ¥ allan ¥ a’ T reat «"th Sl gWe < ¥ larl‘

Th_rq »et'au;etheq tud; fa w@ucte@ml‘ n eenter

n Chna, .t generalza ;Lt’ ty4 stherp o ulat yc gut. Qe4 X

Chn a,T un eertan. F4urth thep atent. fere treateq ¥ 14
ty 1, .c4-te mneertan fhether ,;rhyf there ultc ap i te
iufrmtp try e eare, g sen the ¢shange: ¥ aag® entthathase
aveurred 4 rer that ¥ e. F'th, th®¥ ed val anag® entu ed
n the tr.al® a’ n4t hase en & aggre.. rea thatu; ed.npre-
r4U trak and thé® mag® entn the tral a’ q_”er’r}'
fhat. ¢n:_dered. tan Qard4 cfarenp}r e o untre .S th,
the enrglledp @ ulat_n haQal‘ ferre 1,4 ‘esent, than fa an-
tepated n thep 4 er ealeulat e . There' re, the, tuq” nd-
ng r <D ee" all te the‘2 tuq pdulat ;n n ilu@e@n the
.; tuq‘ anq the re. ul'® a’ n4t e am Leale typatent 7.th
ntraeran.al: ten ¢ - f.th h.gherr. I rarerent.

. |
Conclusions

R qngpatent f_th TIA o1 ¢h® e, try e due tye * Dty
¥ at ig e sere ntraeran.al atherg elergt ¢ ten « =, the add.-
Ljh.nercutane‘ug trane N nalmg.gyla;t’ tentngty
¥ ed val thera ’, ¥ pared 7 th¥ ed val thereu alge, re-
< ulte@n Nye. 8- Jantq_”eren e n the Ie 14 '5[, leJrieath
I thin 3 Qa c alc iy e the qual. ng arter” terr.t r’ e-
4143 4a’q thrgughi 7 aar. The" ndng pruta wp It the
aQ@tm, i) eriutang.uz trane ¥ nalang,n la; v anq ten t-
ngt¥ ed dalthera) “rthetrea® entpatent f.the 3 »-
tJ at ¢ e rere ntraeran.al atherg olergt o; ten ¢ .

laboratories of Cerenovus, Genentech, Medtronic,

Accepted for Publication: June 27, 2022.

Author Affiliations: Departments of Neurosurgery
and Interventional Neuroradiology, Xuanwu
Hospital, Capital Medical University, Beijing, China
(Gao, T. Wang, Jiao); Department of Neurosurgery,
Beijing Hospital, National Center of Gerontology;
Institute of Geriatric Medicine, Chinese Academy of
Medical Sciences, Beijing, China (D. Wang); David
Geffen School of Medicine, Department of
Neurology and Comprehensive Stroke Center,
University of California, Los Angeles (Liebeskind);
Department of Neurosurgery, First Affiliated
Hospital of Harbin Medical University, Harbin, China
(Shi, Zheng); Department of Cerebrovascular and
Neurosurgery, Henan Provincial People’s Hospital,
Zhengzhou University, Zhengzhou, China (Li);
Department of Neurosurgery, Tangdu Hospital of
Air Force Medical University, Xi'an, China (Zhao,
Yu); Department of Neurology, Strategic Support
Force Medical Center, Beijing, China (Cai);
Department of Neurology, Qilu Hospital of
Shandong University, Ji'nan, China (W. Wu);
Department of Neurosurgery, Second Affiliated
Hospital of Guangzhou Medical University,
Guangzhou, China (He); Peking University Clinical
Research Institute, Peking University First Hospital,
Beijing, China (H. Wang, Y. Wu); Neuroendovascular
Program, Massachusetts General Hospital, Harvard

jama.com

Medical Imaging, Toronto Western Hospital,
University of Toronto, Toronto, Ontario, Canada
(Krings): Departments of Radiology and Neurology,
University of lowa Hospitals and Clinics, lowa City
(Derdeyn).

Author Contributions: Dr Jiao had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis. Drs Gao, T. Wang, D. Wang, and
Liebeskind are co-first authors.

Conceptand design: Gao, T. Wang, D. Wang, Shi, Li, Zhao,

Cai, W. Wu, He, Yu, Zheng, Dmytriw, Krings, Jiao.
Acquisition, analysis, or interpretation of data: All
authors.

Drafting of the manuscript: Gao, T. Wang, D. Wang, Shi,

Li, Zhao, Cai, W. Wu, He, Yu, Zheng, Dmytriw, Jiao.
Critical revision of the manuscript for important
intellectual content: Gao, T. Wang, D. Wang,
Liebeskind, H. Wang, Y. Wu, Dmytriw, Krings,
Derdeyn, Jiao.

Statistical analysis: H. Wang.

Obtained funding: Gao, Dmytriw, Jiao.
Administrative, technical, or material support: Gao,
T. Wang, D. Wang, Liebeskind, Shi, Li, Zhao, Cai,
W. Wu, He, Yu, Zheng, Jiao.

Supervision: Gao, Liebeskind, H. Wang, Krings, Jiao.

Conflict of Interest Disclosures: Dr Liebeskind
reported consultancy to the imaging core

Stryker, and Rapid Medical Inc during the conduct of
the study. Dr Krings reported receiving personal fees
from Stryker, Medtronic, Cerenovus, Penumbra,
Stereotaxis, and Cranmed and royalties from Thieme
and being a stockholder of Marblehead Inc outside
the submitted work. Dr Derdeyn reported
consultancy to Penumbra Inc, NoNO Inc, and
Euphrates Vascular Inc. Dr Jiao reported receiving
grants from the Ministry of Science and Technology
of the People’s Republic of China (2011BAIO8B04)
and Stryker Neurovascular during the conduct of the
study, as well as grants from Ministry of Science and
Technology of the People’s Republic of China
(SQ2016YFSF110141) outside the submitted work.
No other disclosures were reported.

Funding/Support: This work was supported by a
research grant (2011BAIO8B04) from the National
Health Commission of the People’s Republic of
China. Stryker Neurovascular provided
supplemental funding for third-party site
monitoring and auditing.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

JAMA August9,2022 Volume 328, Number 6

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a Shanghai Jiaotong University User on 08/09/2022

541


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12000

542

Research  gigina n, estigation

Group Information: The China Angioplasty and
Stenting for Symptomatic Intracranial Severe
Stenosis (CASSISS) Trial Investigators are listed in
Supplement 4.

Data Sharing Statement: See Supplement 5.

Additional Contributions: We thank the patients
and their families for participating in this trial.

R R4CS

1. GBD 2019 Stroke Collaborators. Global, regional,
and national burden of stroke and its risk factors,
1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019. Lancet Neurol.
2021;20(10):795-820. doi:10.1016/51474-4422(21)
00252-0

2. Zhou M, Wang H, Zeng X, et al. Mortality,
morbidity, and risk factors in China and its
provinces, 1990-2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet. 2019;
394(10204):1145-1158. doi:10.1016/S0140-6736(19)
304271

3. White H, Boden-Albala B, Wang C, et al. Ischemic
stroke subtype incidence among whites, blacks,
and Hispanics: the Northern Manhattan Study.
Circulation. 2005;111(10):1327-1331. doi:10.1161/01.CIR.
0000157736.19739.D0

4. Wang, Zhao X, Liu L, et al; CICAS Study Group.
Prevalence and outcomes of symptomatic
intracranial large artery stenoses and occlusions in
China: the Chinese Intracranial Atherosclerosis
(CICAS) Study. Stroke. 2014;45(3):663-669. doi:10.
1161/STROKEAHA.113.003508

5. Gorelick PB, Wong KS, Bae HJ, Pandey DK. Large
artery intracranial occlusive disease. Stroke. 2008;
39(8):2396-2399. doi:10.1161/STROKEAHA107.
505776

6. Arenillas JF. Intracranial atherosclerosis: current
concepts. Stroke. 2011;42(1)(suppl):520-523.

7. 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(5):1531-1537. doi:10.1161/
STROKEAHA.106.477711

8. Zaidat OO, Klucznik R, Alexander MJ, et al;

NIH Multi-center Wingspan Intracranial Stent Registry
Study Group. The NIH registry on use of the
Wingspan stent for symptomatic 70-99% intracranial
arterial stenosis. Neurology. 2008;70(17):1518-1524.
doi:10.1212/01.wnl.0000306308.08229.a3

9. Fiorella D, Levy El, Turk AS, et al. US multicenter
experience with the wingspan stent system for the
treatment of intracranial atheromatous disease:
periprocedural results. Stroke. 2007;38(3):881-887.
doi:10.1161/01.STR.0000257963.65728.e8

10. Kurre W, Berkefeld J, Brassel F, et al;
INTRASTENT Study Group. In-hospital complication
rates after stent treatment of 388 symptomatic
intracranial stenoses. Stroke. 2010;41(3):494-498.
doi:10.1161/STROKEAHA.109.568063

11. Chimowitz MI, Lynn MJ, Derdeyn CP, et al;
SAMMPRIS Trial Investigators. Stenting versus
aggressive medical therapy for intracranial arterial
stenosis. N Engl J Med. 2011;365(11):993-1003. doi:
10.1056/NEJMo0a1105335

12. Zaidat OO, Fitzsimmons BF, Woodward BK,
et al; VISSIT Trial Investigators. Effect of a
balloon-expandable intracranial stent vs medical
therapy on risk of stroke in patients with

JAMA August9,2022 Volume 328, Number 6

symptomatic intracranial stenosis. JAMA. 2015;313
(12):1240-1248. doi:10.1001/jama.2015.1693

13. Miao Z, Jiang L, Wu H, et al. Randomized
controlled trial of symptomatic middle cerebral
artery stenosis. Stroke. 2012;43(12):3284-3290.
doi:10.1161/STROKEAHA112.662270

14. Miao Z, Zhang Y, Shuai J, et al; Study Group of
Registry Study of Stenting for Symptomatic
Intracranial Artery Stenosis in China. Thirty-day
outcome of a multicenter registry study of stenting
for symptomatic intracranial artery stenosis in
China. Stroke. 2015;46(10):2822-2829. doi:10.1161/
STROKEAHA.115.010549

15. Gao P, Wang D, Zhao Z, et al. Multicenter
prospective trial of stent placement in patients with
symptomatic high-grade intracranial stenosis. AINR
Am J Neuroradiol. 2016;37(7):1275-1280. doi:10.
3174/ajnr.A4698

16. Alexander MJ, Zauner A, Chaloupka JC, et al;
WEAVE Trial Sites and Interventionalists. WEAVE
trial. Stroke. 2019;50(4):889-894. doi:10.1161/
STROKEAHA118.023996

17. Gao P, Zhao Z, Wang D, et al. China Angioplasty
and Stenting for Symptomatic Intracranial Severe
Stenosis (CASSISS). Interv Neuroradiol. 2015;21(2):
196-204. doi:10.1177/1591019915581778

18. Samuels OB, Joseph GJ, Lynn MJ, Smith HA,
Chimowitz MI. A standardized method for
measuring intracranial arterial stenosis. AJNR Am J
Neuroradiol. 2000;21(4):643-646.

19. Chimowitz MI, Lynn MJ, Howlett-Smith H, et al;
Warfarin-Aspirin Symptomatic Intracranial Disease
Trial Investigators. Comparison of warfarin and
aspirin for symptomatic intracranial arterial
stenosis. N Engl J Med. 2005;352(13):1305-1316.
doi:10.1056/NEJM0a043033

20. Kernan WN, Ovbiagele B, Black HR, et al;
American Heart Association Stroke Council, Council
on Cardiovascular and Stroke Nursing, Council on
Clinical Cardiology, and Council on Peripheral
Vascular Disease. Guidelines for the prevention of
stroke in patients with stroke and transient
ischemic attack: a guideline for healthcare
professionals from the American Heart
Association/American Stroke Association. Stroke.
2014,45(7):2160-2236. doi:10.1161/STR.
0000000000000024

21. Jiang WJ, Yu W, Du B, Gao F, Cui LY. Outcome of
patients with =70% symptomatic intracranial
stenosis after Wingspan stenting. Stroke. 2011;42
(7):1971-1975. doi:10.1161/STROKEAHA.110.595926

22. Tang CW, Chang FC, Chern CM, Lee YC, Hu HH,
Lee IH. Stenting versus medical treatment for
severe symptomatic intracranial stenosis. AINR Am
J Neuroradiol. 2011;32(5):911-916. doi:10.3174/ajnr.
A2409

23. Turan TN, Zaidat OO, Gronseth GS, et al. Stroke
prevention in symptomatic large artery intracranial
atherosclerosis practice advisory. Neurology. 2022;
98(12):486-498. doi:10.1212/WNL.
0000000000200030

24. Derdeyn CP, Fiorella D, Lynn MJ, et al;
SAMMPRIS Trial Investigators. Impact of operator
and site experience on outcomes after angioplasty
and stenting in the SAMMPRIS trial. J Neurointerv
Surg. 2013;5(6):528-533. doi:10.1136/neurintsurg-
2012-010504

25. Nahab F, Lynn MJ, Kasner SE, et al;
NIH Multicenter Wingspan Intracranial Stent

Effect of Stenting Plus Medical Therapy vs Medical Therapy Alone on Risk of Stroke and Death in Intracranial Stenosis

Registry Study Group. Risk factors associated with
major cerebrovascular complications after
intracranial stenting. Neurology. 2009;72(23):
2014-2019. doi:10.1212/01.wnl.0b013e3181a1863c

26. YuSC, Leung TW, Lee KT, Wong LK. Learning
curve of Wingspan stenting for intracranial
atherosclerosis. J Neurointerv Surg. 2014;6(3):212-
218. doi:10.1136/neurintsurg-2012-010593

27. Wabnitz AM, Derdeyn CP, Fiorella DJ, et al;
SAMMPRIS Investigators. Hemodynamic markers in
the anterior circulation as predictors of recurrent
stroke in patients with intracranial stenosis. Stroke.
Published December 11, 2018. doi:10.1161/
STROKEAHA118.020840

28. Derdeyn CP, Fiorella D, Lynn MJ, et al; Stenting
and Aggressive Medical Management for
Preventing Recurrent Stroke in Intracranial Stenosis
Trial Investigators. Mechanisms of stroke after
intracranial angioplasty and stenting in the
SAMMPRIS trial. Neurosurgery. 2013;72(5):777-795.
doi:10.1227/NEU.0Ob013e318286fdc8

29. Abou-Chebl A. Intracranial stenting with
Wingspan: still awaiting a safe landing. Stroke. 2011;
42(7):1809-1811. doi:10.1161/STROKEAHA111.620229

30. ZhangY, SunY, Li X, et al. Early versus delayed
stenting for intracranial atherosclerotic artery
stenosis with ischemic stroke. J Neurointerv Surg.
2020;12(3):274-278. doi:10.1136/neurintsurg-2019-
015035

31. YuY, WangT, YangK, et al. Timing and
outcomes of intracranial stenting in the
post-SAMMPRIS era. Front Neurol. 2021;12:637632.
doi:10.3389/fneur.2021.637632

32. WangT, Luo J, Wang X, et al. Endovascular
therapy versus medical treatment for symptomatic
intracranial artery stenosis. Stroke. 2021;52(2):
e53-e54. doi:10.1161/STROKEAHA.120.032988

33. Derdeyn CP, Chimowitz MI, Lynn MJ, et al;
Stenting and Aggressive Medical Management for
Preventing Recurrent Stroke in Intracranial Stenosis
Trial Investigators. Aggressive medical treatment
with or without stenting in high-risk patients with
intracranial artery stenosis (SAMMPRIS). Lancet.
2014;383(9914):333-341. doi:10.1016/50140-6736
(13)62038-3

34. Romano JG, Prabhakaran S, Nizam A, et al;
MyRIAD Investigators. Infarct recurrence in
intracranial atherosclerosis. J Stroke Cerebrovasc Dis.
2021;30(2):105504. doi:10.1016/j.
jstrokecerebrovasdis.2020.105504

35. Dumont TM, Sonig A, Mokin M, et al.
Submaximal angioplasty for symptomatic
intracranial atherosclerosis. J Neurosurg. 2016;125
(4):964-971. doi:10.3171/2015.8.JNS15791

36. Remonda L, Diepers M, Berberat J, et al.
Drug-coated balloon treatment in symptomatic
intracranial high grade stenosis. Clin Neuroradiol. 2021;
31(1):45-49. doi:10.1007/s00062-020-00936-9

37. JiaB, Zhang X, Ma N, et al; NOVA Trial
Investigators. Comparison of drug-eluting stent
with bare-metal stent in patients with symptomatic
high-grade intracranial atherosclerotic stenosis.
JAMA Neurol. 2022;79(2):176-184. doi:10.1001/
jamaneurol.2021.4804

38. ZhangJ, Zhang X, Zhang J, et al. Drug-coated
balloon dilation compared with conventional
stenting angioplasty for intracranial atherosclerotic
disease. Neurosurgery. 2020;87(5):992-998. doi:
10.1093/neuros/nyaalol

jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a Shanghai Jiaotong University User on 08/09/2022


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.12000?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12000
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.12000?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12000
https://dx.doi.org/10.1016/S1474-4422(21)00252-0
https://dx.doi.org/10.1016/S1474-4422(21)00252-0
https://dx.doi.org/10.1016/S0140-6736(19)30427-1
https://dx.doi.org/10.1016/S0140-6736(19)30427-1
https://dx.doi.org/10.1161/01.CIR.0000157736.19739.D0
https://dx.doi.org/10.1161/01.CIR.0000157736.19739.D0
https://dx.doi.org/10.1161/STROKEAHA.113.003508
https://dx.doi.org/10.1161/STROKEAHA.113.003508
https://dx.doi.org/10.1161/STROKEAHA.107.505776
https://dx.doi.org/10.1161/STROKEAHA.107.505776
https://www.ncbi.nlm.nih.gov/pubmed/21164126
https://dx.doi.org/10.1161/STROKEAHA.106.477711
https://dx.doi.org/10.1161/STROKEAHA.106.477711
https://dx.doi.org/10.1212/01.wnl.0000306308.08229.a3
https://dx.doi.org/10.1161/01.STR.0000257963.65728.e8
https://dx.doi.org/10.1161/STROKEAHA.109.568063
https://dx.doi.org/10.1056/NEJMoa1105335
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2015.1693?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12000
https://dx.doi.org/10.1161/STROKEAHA.112.662270
https://dx.doi.org/10.1161/STROKEAHA.115.010549
https://dx.doi.org/10.1161/STROKEAHA.115.010549
https://dx.doi.org/10.3174/ajnr.A4698
https://dx.doi.org/10.3174/ajnr.A4698
https://dx.doi.org/10.1161/STROKEAHA.118.023996
https://dx.doi.org/10.1161/STROKEAHA.118.023996
https://dx.doi.org/10.1177/1591019915581778
https://www.ncbi.nlm.nih.gov/pubmed/10782772
https://www.ncbi.nlm.nih.gov/pubmed/10782772
https://dx.doi.org/10.1056/NEJMoa043033
https://dx.doi.org/10.1161/STR.0000000000000024
https://dx.doi.org/10.1161/STR.0000000000000024
https://dx.doi.org/10.1161/STROKEAHA.110.595926
https://dx.doi.org/10.3174/ajnr.A2409
https://dx.doi.org/10.3174/ajnr.A2409
https://dx.doi.org/10.1212/WNL.0000000000200030
https://dx.doi.org/10.1212/WNL.0000000000200030
https://dx.doi.org/10.1136/neurintsurg-2012-010504
https://dx.doi.org/10.1136/neurintsurg-2012-010504
https://dx.doi.org/10.1212/01.wnl.0b013e3181a1863c
https://dx.doi.org/10.1136/neurintsurg-2012-010593
https://dx.doi.org/10.1161/STROKEAHA.118.020840
https://dx.doi.org/10.1161/STROKEAHA.118.020840
https://dx.doi.org/10.1227/NEU.0b013e318286fdc8
https://dx.doi.org/10.1161/STROKEAHA.111.620229
https://dx.doi.org/10.1136/neurintsurg-2019-015035
https://dx.doi.org/10.1136/neurintsurg-2019-015035
https://dx.doi.org/10.3389/fneur.2021.637632
https://dx.doi.org/10.1161/STROKEAHA.120.032988
https://dx.doi.org/10.1016/S0140-6736(13)62038-3
https://dx.doi.org/10.1016/S0140-6736(13)62038-3
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.105504
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.105504
https://dx.doi.org/10.3171/2015.8.JNS15791
https://dx.doi.org/10.1007/s00062-020-00936-9
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.4804?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12000
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.4804?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12000
https://dx.doi.org/10.1093/neuros/nyaa191
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.12000

