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Recently, there have been pivotal clinical trials in stroke management, particularly reperfusion therapies, antithrombotic treatment,
and lipid-lowering strategies, and their results would change clinical practice. The advancements were the extension of reperfusion
time window, dual antiplatelet therapy in patients at high risk, and intensive lipid lowering. This review aims to summarize the main

findings of these trials.
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1. Extension of time window for reperfusion
therapy
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oAl diffusion-weighted imaging (DWI) oAl ischemic
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Key endpoints

90-day mRS 0-1
90-day mRS distribution
90-day death or independence

A)ze] AU

oA =
3hH A7to] Wo] A:stol% CT perfusion ©Jut

SICH
90-day mRS 0-1
90-day mRS distribution

90-day mRS 0-2

Key inclusion criteria

Table 1. Reperfusion therapy clinical trials
Trial (sample size)
WAKE-UP (n=503) ¢ Unknown onset
e LNWT >4.5h
* Measurable deficit
* DWI/FLAIR mismatch, indicating onset <4.5 h
* Death
» SICH
* 90-day mRS distribution
* 90-day mRS 0-1
* 7-day death
¢ SICH

90-day mRS 0-1
90-day mRS distribution
Parenchymal hemorrhage type-2

NIHSS score 4-26
PWI/DWI mismatch on CTA or MRI

4.5-9.0h
= PWI/DWI ratio >1.2, PWI-DWI >10 ml, and DWIT lesion <70 ml

EXTEND (n=225)

SICH
90-day utility-weighted mRS

4.5-9.0h

NIHSS score 4-26
PWI/DWI mismatch on MRI

90-day mRS 0-2
Early response

PWI/DWTI ratio >1.2, PWI lesion >20 ml, DWTI lesion <100 ml or <1/3 MCA

ECASS-4 (n=119)

territory
THAWS (n=131) ¢ Unknown onset
* LINWT>45h
* NIHSS score =2
* DWI/FLAIR mismatch, indicating onset <4.5 h
* ASPECTS on DWI =5
DAWN (n=206) e 6-24h
* NIHSS score =10
* ICA or MCA-M1 occlusion .
* Clinical/core mismatch * Death
= 0-20 cc core infarct and NIHSS score =10 (and age = 80 years old) * SICH
= 0-30 cc core infarct and NIHSS score =10 (and age < 80 years old)
= 31-50 cc core infarct and NTHSS score =20 (and age < 80 years old)
DEFUSE 3 (n=182) * 6-16h * 90-day mRS distribution
¢ NIHSS score =6 * 90-day mRS 0-2
* ICA or MCA-M1 occlusion * SICH
Perfusion/core mismatch * Death
= Ischemic core volume <70 ml
ChettIAkels| 2020 &4 M=Z2

= Mismatch ratio >1.8
= Mismatch volume >15 ml

o
s

LKWT: last known well time, SICH: symptomatic intracranial hemorrhage
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WAKE-UP trial

50378 AF SEEHA=T, Bt Hol 654, NIHSS
score 3%t 64, last known well time (LNWT) oA] ]
FARTA] A7RZ 10.3A1%E, 23 4 QAR AR
ABAZRTHA] A7 3. 1AM YAt §-84 B7HRS
91 90-day mRS score 0-1 E&2 IVTiolAl 53.3%2, o
Z9 41.8%ET 9514 =%t (adjusted odds ratio
[OR] 1.61 [95% confidence interval, 1.09-2.36];
p=0.02). 90-day mRS distribution = tZo| H|s}o]
IVTZolA 89514 =%t} (adjusted common OR 1.62
[1.17-2.23]; p=0.003). 90-day death or independence
&2 IVT & 13.5%, 2T 18.3%=2 BAHOZ Fogt
ZFol7t AR (adjusted OR 0.68 [0.39-1.18]; p=0.17),
symptomatic intracranial hemorrhage (SICH) 2RI =
T folet 2ot A%tk (VT 2.0% vs TR 0.4%; ad-
justed OR 4.95 [0.57-42.87]; p=0.15).”

EXTEND trial

22578 SA7F SEEQI=T, Bt vo] oF 724, NIHSS
score L2 VI 1283} =2 108, 34 SA4FH
ABARTZIA] AR VTR 7.241708 g2 7.5A1710]9)
o} A2} S g4 H7PHESQl 90-day mRS score 0-1 &2
IVTOllA] 35.4%2, 22 29.5%HEth f-2l5HAl =3ttt
(adjusted risk ratio [RR] 1.44 [1.01-2.06]: p=0.04).
90-day mRS distribution & tZato]] H]sto] VTl Al
|5 EX= LAAT (adjusted common OR 1.55
[0.96-2.46]; p=0.003), 90-day mRS 0-2 &2 IVT+oll
A 49.6%2, WERFC 42.9%Hch |oekA T
(adjusted RR 1.36 [1.06-1.76]). 90-day death #&2
IVT i 11.5%, &2 8.9%= BAIZ 02 o3t &o]7} ¢l
A3 (adjusted RR 1.17 [0.57-2.40]; p=0.67), SICH &4
W IVTROlA 52 A Bk VI 6.2% vs &
 0.9%; adjusted RR 7.22 [0.97-53.54]; p=0.053).

ECASS-4 trial

11979 X7t 555 =0, o] 7441, NIHSS score &
Gk 74, LNWT o)A AZAIZ7HA] A7E 6.94]70] 1Tt
Az} Ga4 B7HE4l 90-day mRS distribution & IVT
T2 2 Atolo] BAIA tol7F AL (adjusted com-
mon OR 1.200[0.633-2.273]; p=0.5766), 90-day mRS
score 0-1 & (VT 35.0% vs TR+ 28.6%; adjusted
OR 1.346 [0.613-2.954]; p=0.4585)"} mRS 0-2 £&
(IVT# 48.3% vs TR 44.6%; adjusted OR 1.159
[0.524-2.569]; p=0.7133)% §-2J3F A}o]7} QISith. 74 o]
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W AET (IVT & 4.9% vs TR 5.2%; adjusted OR
0.948 [0.121-7.389]; p=0.9487), SICH ZAHIEL {29
3t o] 7k QTH IVTE 1.6% vs TNEZ 0%).*

THAWS trial

1319 A7t 5825 %d=t, Yol 784, NIHSS score ¥
T3k 10.6", LNWT oA XZARAR] A7 10.2417F,
T/ QIARE AIFEE ABAIZTHA] A7 341701 leE I
2} a4 F7PE49l 90-day mRS score 0-1 & (IVT
o+ 47.1% vs R 48.3%; adjusted RR 0.97 [0.68-
1.41]; p=0.89), mRS distribution (adjusted common
OR 1.200[0.633-2.273]; p=0.5766), SICH A== (VT
T+ 1.4% vs HIZ 0%), 183 90Y€ AFGE (IVT - 2.8%
vs 12T 3.3%; adjusted RR 0.85 [0.06-12.58]; p»0.99)
2 Jol7} Yt

a9kl JAA Y} AfolE AT salvageable tis-
sue’} £A8= unknown onset of time °J4 4.5-9 A|7t
o Aol A IVT7ZE =5 7HAAZ 7hs/dol =t 1=y
FEuEolAE EEAE 9 off o]7t Qlo] o] S
of thgt A=l Tt ABAH WP HFSHL Q= Aol
o}.

2) Mechanical thrombectomy

Reperfusion ©] HA| ¢FOm o &7} v E5F3t acute
large artery occlusion oA MT A= A|ZHHE A%s]
2= 8o] 1%L, DAWN 2t DEFUSE-3 4AAIR A
ASA-E 3 H =D A (clinical-ischemic  core mis-
match) = TF-HFMYAELX|(perfusion-core mis-
match)E B715}9 salvageable tissue?} Y= SRJJA =
8 T 16A17FoTY 24417 7HA] MT+= S35t &34t QL
AL T JAAE 2HE AR 38 F7E0] WA
S e, ek EEets] AaAde MYt

DAWN Trial

Anterior circulation large artery occlusion, LKWT
7|& 6-24X17L, clinical-ischemic core mismatch< o]&
3t target mismatch 7} = 2067 A (HAHAH, 70.0
A, NIHSS score $4%t 17)7F 585, MTHH R+
oA LKWTZR¥ FAAuA7A 2™ AR S99
(median interval)2 ZF2 12.2A17F4 13,3417, 18]3L %]
2 A B 27 SF2 242 7.6 mL £+ 8.9 mL |}t

AxFa4 H7PHeQ 90YA utility-weighted mRS
(A9 0 (AFgIelA 10 [F3731) Baat2 MT oA di=+:
o Hl&l |-JotA =UTH5.5 & vs. 3.4 &: adjusted dif-
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v o] Tk MTw dj23 Ao]ofl S/EEE ] 82

G9I5t 2o 7} JAUARATHT% vs. 4%; P = 0.75), 90LHA| AP
E2 MTH#HOA F2 FFS HIH14% versus 26%; P =
4L 5
, NIHSS score

ference, 2.0 point [95% credible interval, 1.1-3.0];

posterior probability of superiority, >0.999). 90LH]
mRS 0-2 &% MTF 49%2 tiFRF 13%Ech /951

subgroup®lAl AE&I7 GFotA E Tt
A5hH 2% TS MTZ A5 of vitt 19 3271 90YA
54 5
Aoz uje & Asavt

=% tHadjusted difference, 33% [21-44]; posterior
AR
A= ou| = AEY ol AL 71t 5= doH,

probability of superiority, >0.999). ©t%¥3t prespecified
A=aIE o

2.8% 842 X 23 Yokt 19 $27} 9024 7|
LR
7} Atk MTZ3F ti2F Atolo] Z2AEE (6% versus

DAWN¥ DEFUSE 3 972 &

=
0.05).
acute large artery occlusion ©| &

E*= perfusion imaging 02 ek
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A5
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S WA EE YA 7]
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6-24 AZreRel AT TAOIA, ERT BAE AE5P]
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AFE(mRS 0-2)& 3
A
3%; P = 0.50) ¥ 90¥A AFLE(19% versus 18%; P =
1.00)2 98t Zo7k QI%lth. 90Y U444 o Sof st &
= MTE Qe 34 A 7REl gt Ao =, MT+9
84% A A AH5A AfTF(modified Thrombolysis in
Cerebral Infarction [mTICI] % 2b Ei= 3)7} o]F0]%] 9
omf tfRFo] H|s] MTwolA Z7]o] &I Uepd o 4
(NIHSS score 103 ol 7R T d9 79 52 HYA HIRRE A AsHATE:
NIHSS score 0-13) #-&o°| F2JstA &9kaL, 24A17H 3
7t AN 37|19t AN 377t 271 AZ(infarct ol 71 GG R 2ad HAMN F7], B HFREE
growth) = §-2J5HA] 2ghet.6 VI-HHELAE B7tote AS dagt 7 o
EHXELA7} Q= SAE AlSStal AdsHA AET 4 3l
Anterior circulation large artery occlusion, LKWT = AAAQ ZR2EES vHY AL FISHNLOE I,
GOR C).”
3. Antithrombotic therapy
1) Clopidogrel plus aspirin in acute ischemic stroke
20134d ¥rEH CHANCE YHAIES A-22F acute is-
chemic stroke @AtA clopidogrel plus aspirin dual
antiplatelet therapy (DAPT)7} aspirin @5 Q%o] v]d]
oS
> | &
=317

DEFUSE 3 Trial
71& 6-16A17t, 182 perfusion-core mismatch”} &=
AA 3

A w3 37 FF 242 9.4 mLI 10.1 mL, g1

o
TH A& (perfusion deficit volume) Y942 42+
114.7 mL¥} 116.1 mL ©] ]t}

=1
AAFEA H7HES] 9094 mRS
OR, 2.77 [1.63-4.70]; P<0.001). 9094 mRS 0-2 =}t

SN E MTE A7 o

7} o]Fo|F 1L, BAXOZ |23t A}o]

2ol Hla) 24417 =34 371(35 mL vs. 41 mL)St
=AM 377} 27K AE(23 mL vs. 33 mL)7} 2Tt ®
3k, 24A7H /ol A E3to] 5] AANEE BlET 90%

o ALFE HA TA ¥l&2 MTo] tizto] H]sf 4

A

1827 FAE (A SU7E, 70 Al; NIHSS score £%4%k
16) 5E3519 1, MT= th R A] LKWTol| A F2H9u) A

7HA A" A7RE oF 242 10.9A17F 10.7A17k01911, A&

of Hg MTolA F2lsHA £4Hunadjusted common
H&E MTFoA gzl Bls] FosHA =4TH45% vs
17%; unadjusted RR, 2.67 [1.60-4.48]; P<0.001). trFst

ot MT9] 76%°l1A4 484 AZF(mTICI 2b EE 3)
£ QIR

QHAsHA 90Y oY HEF ALE Fol aut &
HojZolet? T8y CHANCE A7 HEF g0l &1
ez 23y

L= iR

ZAERA

AH
7\%“[‘1!?

AN
AARJMA 2HE0] E2 F=2
2ol 1 A3E ARESIA7]=H] A|gto] A3AT
POINT 9= CHANCE @47-¢} HE7HA| 2 clopidog-
rel plus aspirin dual antiplatelet therapy (DAPT)2} as-
LYo 2 HE 12417

o

AAN7I= w77

SE

=
pirin &% Q¥& v WG],
o]j 2] minor ischemic stroke [NIHSS <3] or high-risk
TIA [ABCD2 score 24] &A= 422 51911, clopi-

J9t, MTZ2

dogrel2 600 mg loading ¥ 75 mg 90¥7t AF&-5k93ch.

DAPTON|A aspirin =X 23] H|8) Lx-q-a4 B7hd
By

fiehtlZntels] 20204 =74 TE2)
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9] major ischemic eventE 25% © HAAAIL (5% vs.
6.5%, HR 0.75, 95% CI 0.59-0.95; p=0.02), recurrent
ischemic stroke &= 28% © ZAAIHTH (4.6% vs. 6.3%,
HR 0.72 [0.56-0.92]; p=0.01). Major bleeding DAPT
A FYsHA SRR (0.9% vs 0.4%, HR 2.32
[1.10-4.87]; p=0.02), major ischemic event®} major
bleedingS TA|H DAPT w4 B2 TS BAT} (5.8%
vs 6.8%, HR 0.84 [0.67-1.05]; p=0.13). ASEA o)A
DAPT#914 major bleeding2 30¥ ©|%o] £3] Z7}5}
Act. gt 9097t DAPTE AR89 aspirin 55X =
of ¥]3] 157} major ischemic eventE Z°]A|9t 57} ma-
jor hemorrhage”} © 47|19, 3097t X ®ol= H--o=
1970 major ischemic eventsE& &©°]&= ™4l 270 major
hemorrhages7} B 2AIgE 4= ltt. CHANCES} POINT €
T Sotd 24417t ol HHZ minor ischemic stroke
E+= high-risk TIA 2}9] 7%- clopidogrel plus aspirin
DAPTE 21-30¥47t AH&Sh= o] A4S A Zt.

2) Cilostazol-based long-term dual antiplatelet

therapy

o]A 9] X ALE9A cilostazol> FEAA a7}
Aol E@HAEo] F2 Aog gt dEJA o]
F0]%1 CSPS.com YIAIE-Z ALHo| =2 s|THEF
ZAFO| A cilostazol plus clopidogrel or aspirin DAPT
9} clopidogrel or aspirin &&52%-< v wslich! At
Hdo] H2 AR} 7|22 )50% stenosis in major in-
tracranial artery, »50% stenosis in extracranial artery,
EE= o229 HEJR F (065 years, HT, DM, CKD, PAD,
prior ischemic stroke, CHD, smoking)% 27l oA 7}
Zl SRR

1884 “AE©] acute ischemic stroke 9F 269 &
randomization 1, B4t follow-up 7|7+ 1.41H0]3
t}. Monotherapy##} H|wslo] DAPTHOIA LAFaA4
B7}H4=9] recurrent ischemic stroke ©] 51% -3-25Hl
@k 3% vs 7%, HR 0.49 [0.31-0.76]; p=0.0010),
composite of stroke, myocardial infarction, and vas-
cular death® 8-9J5HA A4S (4% vs 8%, HR 0.52
[0.35-0.77]; p=0.00079). 12]3 DAPT ZIA4 hemor-
rhagic stroke (1% vs 1%, HR 0.77 [0.24-2.42]; p=0.65)
o]4} sever or life-threatening bleeding ©| © &7 %=
ottt (1% vs 1%, HR 0.66 [0.27-1.601; p=0.35).
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3) Cilostazol vs aspirin in ischemic stroke patients at

high risk of cerebral hemorrhage

Ischemic stroke €4 % intracerebral hemorrhage
(ICH) #AZo] IJAY multiple cerebral microbleeds
(CMBs)7} 9= 79, ischemic stroke ¥ oYz} hemor-
rhagic stroke $/8%= 571ttt PICASSO= F-2H=toll A
Feot AR o] SRS tIACE cilostazol T
aspiring ¥ st

15347 TAE0] acute ischemic stroke 9F 1798 &
randomization H1, follow-up 717+ 1.9¢0]3it}. A

2484 H7PE49 composite of stroke, myocardial

=

infarction, or vascular death= cilostazolAl aspir-
inttol HIs] FoJsiAl TASHAl= AL (4.27%/year vs
5.33%/year, HR 0.80 [0.57-1.11]; p=0.18), YXFH4
714291 cerebral hemorrhage &= f-2J5HA] WA] &3k
0.61%/year vs 1.20%/year, HR 0.51 [97.5% CI,
0.20-1.271; p=0.18). L1} AF-EH0|A CMBs 9} pri-
or ICH subgroup Atelo] XE&EIF} Zpo|7t A=),
prior ICH subgroup °|4l+= cilostazol®} aspirin®] &3}k
U orA Ao ZFo]7t AAAATE CMBs subgroup 94+ cil-
ostazolo| A aspirin©]l H|5}| cerebral hemorrhage 7t
o5 @E3to ™ treatment-by-subgroup interaction
T {9519t (Int J Stroke 2020 In press).

4) Restart antithrombotics after spontaneous

intracerebral hemorrhage

Antithrombotic therapyE ¥4 % spontaneous ICH
7h B85k 49 antithromboticsE A AlZtsh= Zlo]
QRIS AR RESTAT Aol HEHCHD
Antithrombotics A& % spontaneous ICH7} 2t &l
5379 =< ICH <F 76¥ F antiplatelet therapyE
restartt w3} avoidst o2 FZQ| wjAsto] 2.0d7+
follow-up sttt o’} 22 recurrent ICH Y0 re-
startwoll Al BAH O E {5t A= EUAR Q5|8 T F
HhHol (4% vs 9%; adjusted HR 0.51 [0.2501.03];
p=0-060), ischemic event= H|58IHTE (15% vs 14%;
HR 1.02 [0.65-1.60]; p=0.92). RESTART ¥+ sponta-
neous ICH & antiplatelet therapy 7} 223 3¢ 347
7} AU thA] antiplatelet therapy2S A1&SE 4= 9ok &
AL A5o =2 Attt 18 A4XEL o ZE3t A
EE 7] fsiAE B71A ] da4dE AAske

o



5) NOAC in ESUS

Embolic Stroke of Undetermined Source (ESUS)=
ischemic stroke® <F 20% J=E XA|shH AL Ho| =
t}. Minor-risk cardioembolic sources, undetected at-
rial fibrillation, arterial embolism from ulcerative
plaques of <50% proximal arterial stenosis or aorta,
paradoxical embolism, T+ hypercoagulable status7t
1 71AY Ao g AZEY, aspirin®l |3 NOACO] re-
current stroke prevention B3V} t] £& ZO=E 7|tiE
Atk Ik NAVIGATE ESUSSF RE-SPECT ESUS UA4FAl
of|A rivaroxaban °]4 dabigatran®| aspirin ©l H|3f
B LoHA] AL £8EF 9ol FUsth

NAVIGATE ESUS (n=7213) 9+= AHXEYH rivarox-
abant¥} aspirintollA A8 BH7HEEQ first re-
current stroke or systemic embolism (5.1%/year vs.
4.8%/year; HR 1.07 [0.87-1.33]; P=0.52) 18]1 re-
current ischemic stroke (4.7%/vear vs. 4.7%/year; HR
1.01 [0.81-1.26]) Aol Zpo|7t @it Z18lYt major
bleeding® (1.8%/year vs 0.7%/year; HR 2.72 [1.68-
4.39]; P<0.001) SICH (0.6%/year vs. 0.1%/year; HR
4.02 [1.51-10.7]; P=0.003)% rivaroxaban oA -2lst
A Z7ksrgie

RE-SPECT ESUS (n= 5390) 91-°l4% dabigatran
3} aspirintoll A GAREA H7HE459] recurrent stroke
Aol x}o)7} AATH (4.1%/year vs 4.8%/year; HR 0.85
[0.69-1.03]; P=0.10). ES} recurrent ischemic stroke
(4.0%/year vs 4.7%/year; HR 0.84 [0.68-1.03))¥} com-
posite of stroke, myocardial infarction, or vascular
death (4.8%/year vs 5.4%/year; HR 0.88 [0.73-1.06])=
Zpol7t AALt. Dabigatran T4 H|ZE major bleeding
(1.7%/year vs 1.4%/year; HR 1.19 [0.85-1.66])°|4} in-
tracranial hemorrhage (0.7%/year vs. 0.7%/year; HR
0.98 [0.60-1.60)7} F5HA F7F6tAl= QkAITE, major
or clinically relevant non-major bleedingS 32|51
Z7Fkact (3.3%/year vs 2.3%/year; HR 1.44 [1.12-
1.85))."

NAVIGATE ESUS®2} RE-SPECT ESUS 9+ U & thefF
gt 7S 7 SRS =Rt WEHAINOAC 2871
A& nEst] FF ESUS NOAC YAAIEL  car-
dicembolism 7Fs-4d°0] &2 ESUS &A& & A¥E dg

71 9.
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4. LDL target after ischemic stroke

Statin ©] ischemic stroke ¥A}olA secondary stroke
prevention 37} tkeE AL AFol HAL, FHE v=A4
Asts] ok 1SN A target level2 LDL-C <70
mg/dLE P&t JYA|9E ischemic stroke ZHAMOAIQ]
target LDL-C level®] thet &A= 5519

TST UAAIEL  atherosclerotic origin ischemic
stroke AMIA target LDL-C <70 mg/dL¥} 90-110
mg/dLv-Z Blaskgiet. ZgAe} tigtil=sofA 28607 &
A7t Zolste] 3,57t follow-up®| o]FoiF=d, FAHH
Z 7|7t 5 B LDL-C levelo] lower-target ¥ 65
mg/dL, higher target 2 96 mg/dL °|¢th.'® Yq&
4 H71A49 composite of stroke, myocardial in-
farction, new symptoms leading to urgent coronary or
carotid revascularization, or vascular death= low-
er-targetwll A higher target ]| B]al 2F 22% 748
o (8.5% vs 10.9% HR 0.78 [0.61-0.98]: p=0.04).
Intracranial hemorrhage (1.3% vs 0.9%; HR 1.38 [0.68
-2.82]) U new onset diabetes T (7.2% vs 5.7%, HR
1.27 [0.95-1.70]) lower target @Ol A HIE=7} =QkA|9k &
OJgt 2tol= AT

28

Extended time window ©f|A] salvageable tissue7l 31
£ 3RE A3 reperfusion therapy, €3] MTS 2=
o7 1#sk= Aol "5t 24A17F oW minor ische-
mic stroke or high risk TIA ¢l % clopidogrel plus
aspirin DAPT += ©|A] 11 237} g4 A2 moter)
Acute period 7} A'd & recurrent stroke risk 7} &2 3¢
oA 1.59 H& cilostazol-based DAPTE 18& &
AX ATt Atherosclerotic origin ischemic stroke 2+
Z+9] lipid managementollA target LDL-C level < 70
mg/dL oJ5tE A= o & ned ] 7} St
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