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1. =134 = 34 B7tE A 22E a8 9 1%

7}. European Cooperative Acute Stroke Study (ECASS, JAMA 1995), The National
Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group (NINDS,
NEJM 1995): &7 734 gkatel A 2] IV alteplase®] & #F84 H7HE AT
Randomized multicenter clinical trial24] noncontrast CTE & A8 A 47
alteplase®] 83 W F HEEY HE L #7E #15t9] o] &% Primary-Secondary
outcomeS AAA E A 2 noncontrast CTE Safety parameters®A] AF&-%.

L}, The European Atrial Fibrillation Trial Study Group (NEJM 1995): Nonrheumatic atrial
fibrillation$Apol| A HEFQ B A2aE Fol7] Y3t &A1 %E FaXd H7/EE Y3

o)
Randomized multicenter clinical trial2A 321 A ¢l FQ3 =] HEdo] A& 4

flo
ke
ox
N,
=5
R
o
H
w0
Q

=
D

—t+
<

EFE ¢3Fe] o]&3t Primary-Secondary outcome
parameters=4] noncontrast CTE ©] &3}

t}. Low-molecular-weight Heparin for the treatment of acute ischemic stroke (NEJM

1995): ¥ &% Aol A low-molecular-weight Heparin®] 34 715 913 AF2 A4
Primary outcome< 47JdA 3% E A8l 3L Secondary outcome 2 2 A
low-molecular-weight Heparin®] 8 S(o: H A A 3 ¥ =9)S ¥s] 1A} % o
noncontrast CTE ©¢]&3to] AN & HEIdS AAAo=
independent image review system< =332

2}. The Multicenter Acute Stroke Trial-Europe Study Group (MAST-E, NEJM 1996):
T EWe] 5% o] HEF 3kAloA] IV streptokinased] F&EA H7FE ¢35
A2 A Primary-Secondary outcome= UAFA] ¥ 2™ noncontrast CTE Safety
parameters®} 2} vjA] 7] o 2 A AFE3F Independent image review system2
L 93] noncontrast CTA H 723 ¥ &S H7FsA &

nl. ECASS II (Lancet 1998): H4 ¥ &% dA}oA] IV alteplase?] 6A17H7FA] 2] A% AF-&-9f
w3 784 B7HE 1% A42A noncontrast CTE of= 48 $hxpar A4
alteplase®] 23 FH I HEH HE 9 EF/FE 98+ ©] &3 Primary-Secondary
outcomeS A E A 21 noncontrast CT+E Safety parameters=ZA] AFE-H.
Noncontrast CT7} &2k A4 el Ao U Aol HAFA HEgHo HE ¥ ol
M Hug AFHom FA5%E.

v}, Phenylpropanolamine and the Risk of Hemorrhagic stroke (NEJM 2000):



A},

o]_.

7}.

Phenylpropanolamine(2-& oA 2 7}7] 2] 84])9] hemorrhagic stroke Aol m]X]+&=
dekS Hrlsk A2 A4 subarachnoid hemorrhage®} intracerebral hemorrhage 7 %l
noncontrast CTE ©] &3} .

Pravastatin therapy and the Risk of Stroke (NEJM 2000): Prevastatin®] stroke risk
ZHao] g3 834 H7EE 93 Ad724 CT, MR, Angiography= Ischemic stroke,
Hemorrhagic stroke®] &3} &5 o] 8315 <.

The Desmoteplase in Acute Ischemic Stroke Trial (DIAS, Stroke 2005): 94 “H&E%
gk7tell A Desmoteplase®] 9AZF7hA1 o] A% Abgoll tig F&A B7HE A% A=A
DWI, TOF-MRA, FLAIR, PWI¢] MR <7 @A 82k 44 2 outcomedd| Al 8.3

&S 42803, Primary outcome® 4] PWIQ A2 749 MRAS AME 24

AHEEE AL FEA H7Ee] thE outcomel ZA DWIS] ¥ A w9je] Wl s
o] &3t 5. DWIZ Aol et g By SA4S 98 A%l FLAIR= w4 4
sldA Wl HEo AHES A E

Recombinant Activated Factor VII for Acute Intracerebral hemorrhage (NEJM 2005):
34 HE8 3Ao A9 Recombinant Activated Factor VII®] F&4 #H7IE 1%
AF+ZA Noncontrast CT H&d F39 W3}E Primary outcomel 2 AFE3} 5.
Digital CT A X E imaging core labo & A% 3}o] Neuroradiologistel] €] 3t Independent

image review system< ©]-&3}9] Primary outcomes #4332

. The Dose Escalation of Desmoteplase in Acute Stroke (DEDAS, Stroke 2006): &3

=% A A Desmoteplase®] 9AI7F A AF&o dist fa4 H7ME A A=A
MRIZ Primary efficacy endpoint® A3} 3 Safety endpoint® 4] noncontrast CTE
o] &3t =. DWIS o] 83 AAdA - AL W44 F3 4, MRAE o] &3 a9

ANE A #FF MRS ol &3t A4 A7/ =4, Noncontrast CTE o] &3 A&

review systems &3 A2 -ALFAH B AR5

The Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution
(DEFUSE, Ann Neurol 2006): 54 &% 2xtol 4] MRI profile?} YA EE

AR Aoz vlust= A=A DWI, DSC PWI, FLAIR, GRE, MRA, T1-weighted
imaging S ©]-&3to] A -ALFH E4S A=

The Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET, Lancet 2008):
Alteplase®] 6417 A% 1§89l FEH B/HE 98 A72A YPAEE S Aol



7.

odnto] @7 A 7} Primary endpoint®A A% %S, Primary endpoint® A
DWI(baseline) ¥ T2-weighted imaging(=FLAIR, 90 days after)A}o] 2] 7421 .3
WA3lE ALEE S, AEE JA BA AZEY O o]gdlo] MM Ry WS
SAs . PWIL, MRAE o|&sto] ¥F ®W3lel AE o5 40+

The Factor Seven for Acute Hemorrhagic Stroke (FAST, NEJM 2008): 54 =38
3t2}oll A Recombinant activated factor VII9] &4 H7FE €3 A+ 2A] Primary
endpoint=4] Noncontrast CTE ©]&3 ¥ =38 F3 WaE o]&sAds. A48 I4

BA AZEE o] §3te] MEY B3 W ANE AEHAS

. DIAS II (Lancet Neurol 2009): 54 &% ¥4 4 Desmoteplase2] 9A17F A% A&

ek Fad B7HE s AF=EA B2 A Secondary outcomes 9]3ke] CT<h
MRE AH&3F5 5. 32k A S 913 DWIZ PWIS o] &3 3A7Mss vk A 44
XS A3 3L Secondary outcomes €3] DWIH noncontrast CTE o] &3
A Fu BAS Sls. Az 9% dae] AViEAN-E f1d MR =

= 1o Safety outcome ZA Noncontrasta o] ¥&3 WS

angiography = ©] &3}
AHE-319 . Imaging core lab¥} &7 A4 JdEA o] o] &5 A+

0
32

A Randomized Trial of Tenecteplase versus Alteplase for Acute Ischemic Stroke

(NEJM 2012): H4 ¥ 2% Ao A IV Tenecteplased &4 H7FE Y3 AT 24

g2 A4S flell CT angiographyE ©l-&3to] dyke] #HA HEef o35 Hrhstl

CT perfusions ©]-&3ato] ¥4 W oot dFAHE H7

outcome 2 ZA ¥F FFE 3 BF AH WsE S48 3L Secondary

outcomel.Z A 72 Ryl Walel 3 AsFE BAS 3 S Secondary imaging
H

safety outcomel. 24 ¥ &3 &

-

3}%9 5. Primary

GRE, FLAIR, DWI, PWI, MRA7} A} %15, Imaging core lab¥} Independent image
review systems &3 A2 -AFA B APt o AFA 3 S 98 A

Commercial softwareE A}-8391 <.

. IMS III, SYNTHESIS, MR RESCUE (NEJM 2013): 54 &% $tAoA 27] &

A=AV tPA7F S 82e] T4 19 AAE golstaz 9y ANE =57t
HAsty oA w9 AlE A5 a8 HIEE g Uit E Aol
AAE 5. ey IV tPAel vl&l] s9 U] A} 7l & <= (Intraarterial thrombolysis) <]

< 58 e

Jo
o
oX,

. MR RESCUE (NEJM 2013): 54 384 &% FAA CT MRE 3] A 7153



7]

A,

HE5-9 S o] &3t IV tPA°]l$ w9 )7l &% (Intraarterial thrombolysis)] +&4 S
B7ret Al g A9l CTeF MR @7 violewmtAA7E 82t A3 A 55 A4
ANE2 Hrtell o] &5 A 714 4 (baseline)o] AE 2 2 processing ¥ ] A
A o] ¥ le. Central imaging laboratoryoll /] 34F 2 2] 9 processingS =&l

H549 1A G olvlH AUS AL,

. Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic

Stroke in the Netherlands (MR CLEAN), Endovascular Treatment for Small Core and
Anterior Circulation Proximal Occlusion with Emphasis on Minimizing CT to
Recanalization Times (ESCAPE), Extending the Time for Thrombolysis in Emergency
Neurological Deficits — Intra-Arterial (EXTEND-IA), Solitaire with the Intention for
Thrombectomy as Primary Endovascular Treatment (SWIFT PRIME),
Revascularization with Solitaire FR Device versus Best Medical Therapy in the
Treatment of Acute Stroke Due to Anterior Circulation Large Vessel Occlusion
Presenting within Eight Hours of Symptom Onset (REVASCAT) (NEJM 2015):
2013 =4 HEF gAke 9 AVlE AR FE8A4 H7F Aol EHd ANE
A57F Z37F Qlgol B 5, Y AUlE A8V RS Aow AHAY

BALL JUE Ui DIANGE dolo] BEG oM GAutol evtAE o] §5ho]

Adgk A5 AAT Ao 9l AVlE 57 FETS FHAAE. 48 HEF
skape] A g 2 H3bgo] HAom FAntolentAY F8A8S THANS

. MR CLEAN: Primary-Secondary outcome?! 4= 3% ¥k oflyg} CTAS
MRA(Z7E S 24175 o83 A7lEs A= CTE ©| &3 AT HUA3M 73 Jr7tE

imaging outcome®. 2 3} 5. AwrTdE ] H A (proximal intracranial occlusion in
the anterior circulation artery) 3Fzlo] A S 93] CTA, MRA, DSA7} Al&5 L.
Independent image review committee®} central imaging laboratory S =3l 4

uhol o mbA S 4598

. EXTEND-IA: Coprimary outcome®. 2] A% ¢} tj o] CT perfusion’d?] perfusion

WMl E A5 &, A ds 9] H A (intracranial occlusion in the anterior circulation
artery) $HAbate] AW S 98] CT angiography$ CT perfusion®] A& % 1o
Commercial softwareg ©]-&3to] d4ke] AF4d A4S Al
ESCAPE: ##}+t A" (small infarct core, proximal intracranial arterial occlusion,

moderate-to—good collateral circulation)S 93 noncontrast CT¢} CT



A,

71.

angiography (multiphase) 7} AF8% %1 © ™ early recanalization®} reperfusion®] Secondary
outcome 2. 2 A}-8% S Independent image review committee®} central imaging

laboratory S E3] 94 vlolentAE BA 9L

. REVASCAT: ##}+ A (proximal intracranial arterial occlusion)< 93l noncontrast

CT/DWI MR(Exclusion of large ischemic core)¥ CT angiography”’} AF-&% 3o
g ok Eak AN S (LS 244 3h)& Brekr] 918 CT, MRI, CTA, MRAZ}
secondary outcome®. % A% S Safety outcome®.=A CT, MR= &<l%
symptomatic intracranial hemorrhage(90 days)< ©] &332

SWIFT-PRIME: 3#}++ A" (proximal intracranial arterial occlusion)g <3l
noncontrast CT/DWI/GRE MR(Exclusion of hemorrhage)® CTA, MRA7} A}-§ %%l
A5 PF HSHS AT 27A70)E H7kstky] 913 CT, MR perfusion®] technical
efficacy outcomel % Al-8%%1S. Independent image review committee®} central

imaging laboratoryE S3ll 94 vlolovtAE A48 =

. DWI or CTP Assessment with Clinical Mismatch in the Triage of Wake-Up and Late

Presenting Strokes Undergoing Neurointervention with Trevo(DAWN)¥} Diffusion and
Perfusion Imaging Evaluation For Understanding Stroke Evolution(DEFUSE-3) (NEJM
2018): @7l AALE TACRE 9 Wl AViEssdd Agd HEF s A9givd
6A1F o] Fol = T W AUlEEe] EHVF AeS THANS.

DAWN: 3Fx}+ A9 (proximal intracranial arterial occlusion, infarct volume or
penumbra volume)< €& DWI/CT perfusion® CTA, MRAZ} At &5l on w74
Fuloh A AN (ST 244 7H)E H7tstz] 918 DWI MR, CT perfusion}
CTA, MRA7} secondary outcome® 2 A& % A4 Commercial &4 4

A ZESJ O (RAPID)E AHE-3F3L &

. DEFUSE 3: 2} A ® (proximal intracranial arterial occlusion, mismatch between

clinical deficit and infarct volume)< ¢ 3l MR PWI/DWI, CT perfusion®} CTA, MRA”}
AR E A ow H AN Ha) AR Wlsh A3 QNS (SRS 24X B otetr] 9l el
DWI MR, MR/CT perfusion®} CTA, MRA”} imaging outcome®. & A}-& 5 A<
Commercial 97 4 A2ZEJo](RAPID)E AF-83+% 2™ Independent image review

committee®} central imaging laboratoryE &3 94 vlo]QulAE FA51% 2



2. 2018 "= HZE% ¥ 3 (American Heart Association/American
Stroke Association, AHA/ASA) ¥ 97 7}o]

=9l (2018

Guidelines for the Early Management of Patients with Acute

Ischemic Stroke)

7F 20184 W= ¥ EF @3] ¥ Trol=ed
A1 <A
H g4 7tel=ed = = MA 3=
T T
1. 3184 ¥ Aol gAls st e Ak
Lz} F Ao 1'4 G4 AALE AlsgeEloF s r B-NR'* 2013d a1¢ko
e 4, v =9 54 CT(noncontrast CT)7} 2HE JHAE
7] A5 AA] Qs HJrE AFad Aot}
2. 4™ g dAd g8V alteplase) == 9 W
A 7§ %<2 (mechanical thrombectomy)®] tjAto] = <=
Qe o] Holm 50%7F SHA WY F 2089t I B-NR'* A Az Abg
¥ FA AAE T F AEE A LFE ZE5o]of
Sla=y
3. AW ) dd ga<(IV alteplase)2] =] 5 4F-3-o
dFE = F A 74 CT AFY(acute CT
hypoattenuation)®] A x<} A 7] djgt 5743 2015
Ax|zke] tist ZAE oA BEZFEalt) wela III: e
ERIUA] Rt

w4 27 38 AFS AQstd AW o No B-R"' =
Ll A5 ddd Fxdd disiA 54 27 €4 Benefit M
29 (CT hypoattenuation or early ischemic Uk
change)®] A=} A7|& A RE FHIE 7|To=
AFolx = QhE T}
4. CT &9 3159 27 (CT  hyperdense MCA I
on)S Ao Et 1ol 3 3
sign)= A&stH X5 digd gt tisiA CT o BR A A A
T S 2708 A9 g g4 &dE IV .

a= o =] = & Xl R Bel’leﬁt
alteplase) X 55 fFH3E=E 7|02 4ol = <tE T
5. AW ) g fa<(IV alteplase) X & Zlol X I
v] 4| & & (cerebral microbleeds)< 8 #| 3} & = o BNR'F Al M A
HHo =2 Algst= F#H A< MR(routine MR)-2 s
:{ﬂ 1 lq X] o]%—% Benefit’
6. S/ 3"]730} Bt AL 7]3A HdE 1L
¥ &% (awoke with stroke) $AfellA] A= W & B-NR' ¥ 2015 A Lk
&el=(IV alteplase) A5 AAS 9 ¥H GG NO_ s zFol gl
7] (imaging criteria)< %83l A2 Benefit




QA gl Qo= HaEA Y=

7. 7 s x2EFgS E‘rvﬂ‘ﬂA CT,

MR(multlmodal CT and MR) #AAFZ Q18 4= W 1T
A &3]=(IV alteplase) X &7} A A A= <F Harm!

a0

A

i AR

8 W U AMEE &S It SAEAA
7] G4std HAL 5 v A543 4 29+ (CTA
2 MRA)o] A=A A W g4 &f=IV
alteplase) 2|55 AAAAA = <k "o}, A2
o] & I3 (professional medical societies)2]
Zhol=ehels wet A f dd &3= (IV
alteplase) A5 /o] H+&= SxpEoA 7]
BAEA AAE Tl B MAFAH dH 20
Al e A gtk 1 AAF dell A W dAd
£3&(IV alteplase) X155 HA A3

T 2o v A 3
W] Al Egefof gkt
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9. 9 Ul ANE= ddS] FAA Z M
# M (large vessel occlusion)o] o]AH T} 3
Aot d HALE A F%es Brd=E o)A
715 oo 71ek=o] glvtd CT & =4d<=

Al#eks 2] §he] Aol
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10. 9 Ul ANEEe FA4 TH FA5AA o

A okt T 97 5 ¥ (extracranial carotid

artery) 3} HFEol] )3 g4 HAAE A ® FA Ia' C-EO"
Al Al f83 ARE & 7 Jon=

el 5ol ot

i
=
>~
=
ogt

1. CT 22]a CTA, = MR 22]al MRA #AF o]
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1}, Abbreviations: COR,; CT, Computed Tomography; CTA, CT angiography; CTP, CT

perfusion; DW, diffusion-weighted;, EVT, endovascular treatment; LOE; MCA, middle

cranial artery; MRI, Magnetic resonance imaging, MRP, MRI perfusion

1) Class I (Strong recommendation), Benefit >>> Risk; ¥ Class IIa (Moderate
recommendation), Benefit >> Risk; ¥ Class IIb (Weak recommendation), Benefit >
Risk; §Class III: No Benefit (Moderate recommendation), Benefit = Risk; § Class III:
Harm (Moderate recommendation), Benefit = Risk.

2) Level A, high quality evidence; ¥ ¥ Level B-R, Moderated quality evidence,
randomized; ¥ ¥ Level B-NR, Moderated quality evidence, nonrandomized; §§ Level
C-LD, Limited data; § § Level C-EO, consensus of expert opinion based on clinical

experience

3. 201849 "= HET H3I HIF Ttol=Tdd e FEnte] ntA

7}.

=
M9 %4 AFEDEE (noncontrast CT): ¥ 44 e @tel Az B4 Aajolv]

HEY R s Adste] Auy -8V alteplase) 455 A9 A4 HAY.
AFH = d8 %9 % (CT angiography)ot A7 3H A4 A3z E(MR
angiography): &% Ul A/leE A& sldstes SRS | @44 ArE =
Sy

7 HFE G E A (perfusion CT)eF 7 27139 G 4 (perfusion MR): &2 W
AMEs ATl AFetes =9 i e HrF 2 A Jhsd S EdA vhEd
AFE 98] ol &HU 6A1%F ol A= T o AUlEE A ARS A%
ArtE FaEA oy S T FA AIFFY 6APRE 2443 Alol o] g7 AR

il 1 o

Tool 2 Hdy AAol AdHATE T W ANEE HEA AGES A& 5 CT

)

3= (IV alteplase) X5 E A AAAAN = <HE

A AR ol 529 %3 (Gradient echo, GRE): | "] A% & (cerebral microbleeds)s % 3h+

71 7ksE 94 AAbely AW W) dd 83]E(IV alteplase) X & Ao ¥ mlA=3

_10_



WAt = H4 o2 Adsl= A d 42 MR(routine MR)2 A% A 5.

15}
v, AA 7H A3 273 G A (FLuid Attenuated Inversion Reconvery, FLAIR): 5743
A4 Wgl 9 g W W S5 3] A5 9F8S & 4 o o

Az <l A9 W A &=V alteplase) A 55 AAA A= <.

=3

I~

7}. Acute Stroke Imaging Research Roadmap II (2013)

1) HEFT AdAF QoA 33 53} 4o tst Consensus 2 Aot

= i

o
=

ol

2) &% AdAA e 9dA 27 Speed, Standardization, Quality control,

Reproducibility, Centralization

Table 1. General Requirements for Imaging in Stroke Clinical Trials

Speed: In therapeutic trials, the benefits of additional imaging should be balanced against potenfial treatment delay; workflow should be optimized on the basis of
best practice

Standardization: Acquisition parameters and perfusion post processing should be standardized (by common software processing at centers or centralized processing)
and should conform to minimum, protocol-defined, common standards

Quality control: A well-defined image quality control process should be implemented to ensure that the predefined study imaging protocol is respected and to
minimize the number of protocol violations

Reproducibility: if imaging is used to define patient selection then either a system for standardized central image processing and automated analysis, or appropriate

training for neuroimaging raters at participating centers, should be undertaken. Imaging methods should have demonstrated acceptable interobserver and across-
center reliability

Centralization: Central analysis of imaging outcomes should be conducted as the reference standard in multicenter trials. A system for standardized central image
processing and interpretation, blinded to clinical information and local investigator decision, should be implemented

a9 1 HET A 875 E ddold?

o XNEE AAXINA FrF G ZGo] HAstE ook 3 (Speed).

o ETIE INH G A=TF HEEHooF g (Standardization).

o FAFAAYE T ZEEF =59 9Nt HAaErF GREoF 3 (Quality control).

o AT AAT G HAAA Addo] HHE o oF 3 (Reproducibility).

o FHE TR R FHE G A, A, B o st A AR =4
A7 e A viAFE Sl A AlF AFE EASjoF 3 (Centralization).

3) HET A E e G4 vlo] @ ukA 1 (Brain, ¥ 9 4}): Efficacy outcome (Interobserver
reliability, measurement errordl] et 18, FA T2 EFZFo] w3 @ ¥ 3} Central
Imaging core laboratory, Phase III clinical trialS |3} clinical outcome®] surrogate
marker 24+ o}2 F=) Safety outcome (Noncontrast CT for hemorrhagic

transformation, DWI, FLAIR, GRE for Edema, CE-T1W, CE-FLAIR, DSC PWI, DCE
PWI for BBB disruption)

_11_



Table 2. Uses of Imaging in Stroke Clinical Trials

Selection of patients with imaging-confirmed diagnosis of stroke

Selection of patients appropriate to a mechanistic hypothesis: Treatment-Relevant Acute Imaging Target (TRAIT)

Exclusion of patients on the basis of imaging-defined risk of therapeutic intervention (eg, hemorrhage if testing thrombeolytic)
Exclusion of patients on the basis of imaging-defined futility of therapeutic intervention

Sample enrichment, selection of a sample likely to maximize a treatment effect

Assessment of therapeutic intervention on TRAIT (eg, recanalization, reperfusion, and infarct size/growth)

I 2 HET AAAIFAA G &&

o FHAE T HEFTY F3

e A8 BHE AAHS] wgsts 94 BHA(TRAIT)S o838t AAgh skt
A

o gl AT A wiA

o A=7F Folg Ao v A

e AR EHE SUst AZE F de S A

e A8 BHE AHS] vt 94 BA(TRAIT)S o] &8t A5 &3 H7t

4) HEF A E e Ak vlo]ent#] II (Angiography, > &3 4H): Baseline,
Posttreatment, Follow-up?2] A AG7]&eF L3 dAxgE £+ d7F 974

71715 o] &3sle] HF3lojoF 8 (The same angiographic or tissue perfusion imaging

modality throughout the study design). Bl %5249 CTASF MRAZ} o421 33

A3 27RE H7Fe] 949 (Noninvasive approaches such as CTA and MRA are

ideal.). ¥ 3%}%l Angiography #3A1d 3 HF7} Wrle] o4,
5 HEFT YAAIE G4 vlolemtA I (H A3 3JA7FseE vbgd 97d): A
|7 s e 95 Y A WH B AZEOY BFE3t 52 BHAES S
6) HEFT I G4 Hiol

49 ZrE2 TF} Basht 44 944 33 nelstel dge B9

to

1}, Acute Stroke Imaging Research Roadmap III (2016)
D HEF APl GRSl EEahsh i Az AR gwel td e

3 vholontATt FHA e oAl NULe WP

_12_

uk7] IV (dlo]8 A &2, Data Repository): <A+

1) 5}



Qi vholoniAE wow S AWd fEA WAE G Aol Ao

A 7S 3P = A2 (d: EXTEND-IA, NEJM 2015, n=70)

=
4) 2015 o] 3w Multicenter Randomized Clinical Trial of Endovascular Treatment

5)

6)

7)

for Acute Ischemic Stroke in the Netherlands (MR CLEAN), Endovascular Treatment
for Small Core and Anterior Circulation Proximal Occlusion with Emphasis on
Minimizing CT to Recanalization Times (ESCAPE), Extending the Time for
Thrombolysis in Emergency Neurological Deficits — Intra-Arterial (EXTEND-IA),
Solitaire with the Intention for Thrombectomy as Primary Endovascular Treatment
(SWIFT PRIME), Revascularization with Solitaire FR Device versus Best Medical
Therapy in the Treatment of Acute Stroke Due to Anterior Circulation Large Vessel
Occlusion Presenting within Eight Hours of Symptom Onset (REVASCAT)®2] 571 9]
A9 A AR FA gAY HET FAke] ARl 3ol FH

A 7} &< (endovascular mechanical thrombectomy)® ¥ &= &3

Z] & (endovascular treatment, EVT)2] &84S Aoz JF3A S

219
FEA QB MEF Grtolert Jute @4 Awe] YYe AR FEm
9.

MEF QDA A% =744 $3% Phase I trial(4 & BAFol Ao #5
G7A FE Ggutel artAAolm AWl thA J1Ee] YgA F (ol
mRS)BT § AHA Z4o] A5 et AAENT o FEF AL

A= obA mAgel. ST T BE AFC A MRe] CTEUY W &3
oA -3 HF HAA F95 98 A MR Adas S48 +
24-48A17+2] DWI¥ 3-5¢ 9] FLAIRS.

HEF)A MR Jdntel ewvlA = ko] xud FgrHe] Ty 4 9 de

N

Agd o,
HEF GPAGNA G vl 2rA ] F7b b (added value) 7t 455 9ot
A% HEEHA B ThFF G vhol evbATE AEH AL, G HA 947171719

A XA 1 FF3F, 2832 AlF %E(reasonable cross—modality concordance, within
modality standardization, reliability)”7} X % A =3t o njolojnlA &= S3 Hrle=

SHAE 7HA el glon] wekd 94 molertAY EFEst Bad,

_13_



Patient selection research priorities

Standardization of core, mismatch, and collaterals definitions

Standardizing acceptable methods and imaging parameters within

and across modalities

Comparability of NCCT ASPECTS, DWI, PCT volume estimates and
thresholds, collateral scores on muilti- or single-phase CTA

Equivalent definitions and thresholds of mismatch across modalities
including coregistration methods between core and perfusion imaging
to precisely measure the mismatch volume

Final infarct volume research priorities

Recommended as gutcome measure at phase Il to assess biological
effect of therapy

Comparison to baseline core volume preferred (volume of change or
statistical adjustment)

Acceptable variability, that is, inter-rater reliability, centralized review

versus individual site review

Optimal timing and modality/sequence

Correction for edema, shift due to mass effect, hemorrhagic

transformation, atrophy, and preexisting chronic lesions

Acceptable variability, that is, inter-rater reliability, centralized review
vs individual site review
Defining futility thresholds

Validation of semiautomated methods or fully automated methods of
image guaniification across vendor platforms, devices, and modalities

a9 3. HET dRAAAA G A5 Feskeh e Ads-AgFstrr ol o
.
TRAIT Proposed imaging methods
Artery occlusion CTA
MRA
Catheter angiography
Core ASPECTS on NCCT
Volume of severely decreased CBV or CBF from PCT
Volume of acute DWI lesion from MRI
Mismatch Volume of perfusion lesion (by PCT, MRP, or ASL) to core volume
Cerebral collaterals CTA source images
Single- or multiphasic CTA
Contrast-enhanced MRA
Catheter angiography

39 4. HET GAHAA SAAES Sfs 4
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5. HZF QA Hlo)lgolu A V|&e P H| W
(Consensus recommendations for a standardized brain tumor

imaging protocol in clinical trials, Neuro-oncology 2015)
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Table 1. Minimum stondord 1.5 T & 3 T MRI pretocol

30 Tiw Pre” Ax 2D FLAIR! Ax 2D DWI Ax 2D T2w™ 3D Tiw Post”
Sequence IR-GRES TSE= SS-EPI9 TSER IR-GRE™
Plane Sagittolfaxial Axial Axial Axial Sogittal/axial
Mode 3D D i D in
TR [ms] 2100™ =R000 >5000 >2500 2100™
TE [ms] Min 100=140 Min 80=120 Min
T1 [ms] 100" 2000-2500% o 1100"
Flip angle 10°=-15° S0°/=160° 90°7180° £ 90v=160° 10°-15"
Frequency =172 =256 =128 % =256 =172
Phose =172 =256 =128 = =256 =172
NEX =1 =1 =1 g 1 =1
FOW 256 mm 240 mm 240 mm E 240 mm 256 mm
Slice thickmess <15 mm <4 mm! <t ! <4 mm! =15 mm
Gapfspacing o ] o 0 ]
Diffusion options® b =0, 500, 1000 s/mm® =3 directions
Parallel imaging Up to 2x Upto 2x Upto 2x Up to 2x Up to 2x
Scan time (approx) 5=10 min [5:49 for 1 mm 4=8 min [3:22 for 20 2=4 min [1:22 for 3 direction DWI and 3 4=8 min [5:10 for duol  5=10 min [5:49 for 1 mm

[benchmarked on 3 T Skyra) isotropic] FLAIR] b-values] echal isotropic]

Abbraviotions: 2DFL, 2-dimensional FLASH (fost low angle shot) grodient recolled echo; 30, 2-dimensional; AP, onterior to posterior; ADC, apparent diffusion coeffident; Ax, Axial; DSC,
dynamic susceptibility controst; DW1, diffusion-weighted imaging; EPI, echo-plonar imaging; FLAIR, fluid-ottenuated inversion recovery; FOV, field of view, GE-EPL, grodient-echo
echo-planar imaging; IR-GRE, inversion-recovery gradient-recolled echo. MPRAGE, magnetization prepared rapid gradient-echo; NEX, number of excitations or averages; PD, proton
density; R/L, right to left; 55-EPI, single-shot echo-planar imaging; TE, echo time; T1, inversion time; TR, repetition time; TSE, turbo spin-echo.

0.1 mmolfkg dose injection with a godolinium-chelated controst agent. Use of o power injector is desirable ot an injection rote of 3-5 ccfs.

Postcontrast 30 T1-weighted images should be collected with equivalent parameters to precontrast 3D T1-weighted images.

TSE = turbo spin-echo (Siemens & Philips) is equivalent to FSE (fost spin-echo; GE, Hitachi, Toshiba).

“FL20= 2-dimensional fast low angle shot (FLASH; Siemens) is equivalent to the spoil gradient recalled echo (SPGR; GE) or T1-fast field echo (FFE; Philips), fast field echo (FastFE; Toshibal),
or the radiofrequency spoiled steady state acquisition rewound gradient echo (RSSG; Hitachi). A fost gradient echo sequence without inversion preparation is desired.

®IR-GRE = inversion-recovery grodient-recalled echo sequence is equivalent to MPRAGE = magnetization prepared rapid grodient-echo (Siermens & Hitachi) and the inversion recavery
spoiled gradient-echa (IR-5PGR or Fast SPGR with inversion octivoted or BRAVO; GE), 3D turbo field echo (TFE; Philips), or 30 fost field echo (3D Fast FE; Toshiba).

*A 3D acquisition without inversion preparation will result in different contrast compared with MPRAGE or another IR-prepped 3D T1-weighted sequences and therefore should be avoided.
9In the event of significont patient motion, o rodial ocquisition scheme may be used (eg, BLADE [Siemens], PROPELLER [GE], MultiVane [Philips], RADAR [Hitachi], or JET [Toshiba]);
however, this ocquisition scheme can couse significant differences in ADC quantification and therefore should be used only if EPL is not an option. Further, this type of ocquisition
takes considerably more time.

"Dual echo PD/T2 TSE is optional for possible quantification of tissue T2. For this sequence, the PD echo is recommended to have o TE < 25 ms.

iAdvanced sequences can be substituted into this time slot, so long os 30 postcontrast T1-weighted images are collected between 4 and & minutes after contrast injection.

130 FLAIR is an optional altemative to 20 FLAIR, with sequence parameters as follows per EORTC guidelines: 3D TSE/FSE acquisition; TE = 80-140 ms; TR = 6000~ 10 000 ms; Tl = 2000~
2500 ms (chosen based on vendor recommendations for optimized protocol ond field strength); GRAPPA = 2; fot soturation; slice thickness <1.5 mm; orientation sagittal or axial;
FOV = 250 mm x 250 mim; matrix =244 x 244,

“Choice of T1 should be chosen bosed on the magnetic field strength of the systern (eg, T1= 2000 milliseconds for 1.5 T and T1 = 2500 milliseconds for 3 T).

'In order to ensure comparable SNR, clder 1.5 T MR systerns con use contiguous (no interslice gap) imoges with 5 mm slice thickness or increase NEX for slice thickness <4 mm.

"fFor Siemens and Hitachi scanners. GE, Philips, and Toshiba scanners should use a TI = 400- 450 milliseconds for similar controst.

MFor Siemens and Hitochi scanners. GE, Philips, ond Tashiba scanners should use a TR=5-15 milliseconds for similor contrast.

POlder model MR scanners that ore not copoble of =2 b values should use b= 0 and 1000 s/mm?.
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Table 2. Recommended 3T protocol

3D Tiw Pre Ax 20 FLAIR Ax 20 DWI Ax 2D T2w 30 T1w Post®
Sequence IR-GRE®® TSE® el TSE IR-GRE®*
Plane Sogittalfaxial Axial Axial Axial Axial/sogittal
Mode 3D 2D 20 2D D
TR [ms] 21009 =6000 =5000 =2500 21009
TE [ms] Min 100-140 iin 280-120 Min
T [ms] 1100 2500 =_ 11007
Flip ongle 10°-15° 90°/=160° 90°/180° = 90°/=1607 10°-15°
Frequency 256 =256 128 g. =256 256
Phase 256 =256 128 E =256 256
MNEX =1 =1 =1 2 =1 =1
FOV 256 mm 240 mm 260 mm E 240 mm 256 mm
Slice thickness 1 mm 3mm 3mm % 3 mm 1 mm
Gop/apacing o 0 0] o 0
Diffusion options b=0, 500, and 1000 sfmm’
=3 directions
Parallel imaging Up to 2x Up to 2x Up to 2x Up to 2x Up to 2x
Scan time {approx) 5-Bmin 4—5 min 3-5min 3-5min 5-8 min
Table 3. Recommended 1.5T protocol
3D T1w Pre Ax 2D FLAIR Ax 20 DWI1 Ax 2D T2w 30 T1w Post®
Sequence IR-GRE™® TSES Ept’ TSES IR-GRE™®
Plane Sogittal/oxial Axial Axial Axial Sagittal/oxiol
Mode 3D 20 2D 2D D
TR [ms] 2100° =6000 =5000 =>3500 2100%
TE [ms] Min 100-140 Min 100-120 Min
1 [ms] 1100" 2200 % 1100
Flip angle 10°-15° 90%/ = 160F 90°f180° B 90° = 1607 10°-15°
Frequency =172 »256 128 = >256 >172
Phaze =172 =256 128 W =256 =172
NEX >1 =1 =1 £ 2t 1
FOV 256 mm 240 mm 240 mm = 240 mm 256 mm
Slice thickness =1.5mm =4 mm =4 mm =4 mm =1.5mm
Gop/spacing 0 o o o 8]
Diffusion options' b=0, 500, and 1000 simm?*
=3 directions
Parallel imaging Mo Up to 2x Up to 2x Up to 2x Mo
Scan time (opproxmate) 5-10 rmin 4-5min 3-5 min 3-5min 5-10 min
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