it PSR A1IRDE N /ALINES

HF HIE B
SN LU RO R

FL&®IIC

RS I R M BRI 1, USRI & AR
B2 70 <, HERE, MEEOZEIIET L7
DI (ischemic core) &, ZOHICIA
N ABREOREIMFEIK2 & 5. Ischemic penum-
bra {3 core FFICIAA %, FFERIC LD EE
W EEZL R R IRECIREE T H 5. T 7abbE
K[ R R OBERITEIE L T B A, JE
Al e T OV F — R energy failure
(ATP EELEDOFIE) MR ORI 35 -
TWiEWIRRETH 5. PET IC L AW3ETld
Joy FIT 6 ifit 3 & 12~ 22 mL /100 g/ min 75 pe-
numbra TH 5 & LT ABY. s HEIFEA
OHESTE TR 12, POIr 5 122
W IR D BENRTER T AH. T74H core
» 5D penumbra N EHLK L, HRAAHIEIC
5. A VEIARKRE I O 8B E IS R s
penumbra FIKZZW§ 5 ENEETH 5.

Jisd 2 i 2 e T D BRSO B 9IS, R
R E R R 7 S HICEILREE 22 L, 1k
VIR0 & B OWEHGEIR, #IGREICE
WMERET L LD D, TibbERIN
MREIE (%) ZHl T 5720 T3z, B’
5N 7-KEPYIC penumbra A 2Hi 45 Z & ICdH
% Wi U 7o T VR I OG0 HA I 75
Y, FHROWELREL. Lchy-> CGBEAMIK
RIMFEFICIE, 1) BENIOTELLETHESL
ICHEGRZ W 2 i T L, 2) BEICIET A 7 JE 1
A% (gE) AL, KIC3) HERREERL

W%, 2) & 3) OFEBICEE GErTHE
MAE R < EFRSEH ) 12, ischemic penumbra
DFLET AR D 5.

PEBEGORRNOFERLIZ LD, MR L
SMHMEMOZKNICICAINS X510k -
Jo. Ta—75 =ik X AIREESIE, 720
DIREED MBS AL D EOHIR A Z T 5 D
DD, 1) FEREES Z ICHEEENDORIEG
LHA[EET, 2) HMAMEMINE O MMKESE (H
fathipiE) =R cE, 3) SRERE
B DMAEPORIT I, INBERT & MR
r OZEEFEE (diffusion-perfusion mismatch)
7» B penumbra DA HEM: & R T E 5.

FEAE 24 K] LA O B L E2 T 1T 35 1 5 Bkl
B RO IR L EERIC OV T, B AEFUR B
stroke unit IZ 35 A RIKEER D R T 5.
fF R IL 1.5T #%E (MAGNETOM Vision,
Siemens) T, {E#kEBRII ALYV T a—M T
O—7/5F—%T, IKBORRERKS (b=
1000 s/mm?) % 3 #hICEI N L, isotropic im-
Hifg) T2l w5

age (trace

b B2 B 2 A (S & (F D HEEUE T DA

PRSI AB 2 NE IR 11T & % MRk A
BNt 4%, ZOIKBERE OZIZ O\WT
XTI, SE I N/chidTiEeWwn, R
REIZ I3 M a4 1 IE cytotoxic edema & I A ME
1% & vasogenic edema TiiBiINTE Y, K/
REO T & RIFICHBI T 52.

*—rJ— K diffusion imaging, hyperacute cerebral ischemia, ischemic stroke, MR
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1. AT M o I e

EFMETIEBELEET, I bV FU T T
ATP A N, Nat —K*ATPase I L A4
WA OREB I L D, Mg O Na*t O
ERFFH SN TN 5. FILKRRE TR O
ETFICED ATPEAIETL, Nat—K* @
REBE A D EIE T A7, Ml O Nat BIE
O L5 EEEE YR L, RN OILE MK
T4 5. RRICHaMRRC L 2MRsRED
BeMb, PACADIREDINHEIK TO—R &% 2
bNTWa. LaL OB CIIMENINE
g i)l A= A M U OPAS il DA R E T BN
RE (‘sick cell syndrome’) IZH%.

2. JERT e N

IEFMETIE ATP ICKRAFL T, Mk, <
FavFUT, NakIcH S Cat — Mgt —
ATPase IT & D REBIIIC M fasF~ Caz*t & HEH
L, Ml o Ca?t OREHRFI 417> T\ 5.
Il T ATP O s KT 9 % & Ca?t -
Mg?* — ATPase IZ & % Ca?* O REB) ik 23 5
1L, fiflaAno Ca2t REA LRI 5. BT
TidMfasto KT iRES L7 5 &, filalo
Ca* MEALIIL®DA. fMilaND Cat D
FEIC & ORI OBERIEE A TTAE L, AlaN O
TIFFVBEAA T —FRT7 ) =5 VN IVE
A, TR Tc B CRREER MG LS L, Ml
NEE (S Pav Py 7 RpMak) Ao
AR UMSEICES. O TIER Y
TeAfaYEEEE (lethal damage) ICE 5.

F/oRE MM TIIEEST X /B (VLR
VIR PR RAA R ORT Y T A B
FlCHhwIns®. pWhIn/icr7 vz IV
By FTADT IR I VIBZEREREET 5.
EFTIEYF T ARBO 7 IV 2 I VBRI 7 IV 2
SVEEF S VAR—=Z =L 0 7Y TR
WX, Ao Ca2t EEAFF I T
%75, REIMURAEIC 5\ Tl 7 U 7 Ml O B EE
ThBbD, ZJIVAIVEFTV/AR—Z—

IR AHRAETL, 37 ARBROBE M
T BREEN LRSS, @RIV I VR
X7 IWEIVEEA TV F v ROV BAARGEEA
TVF v VB E, flaR~D Ca?t DR A
kL, Mifan Calt OREEAA%kT. <5H
IZ H CAMRRESRIC & A IR N B OREEED
L MMED ER S, MaNOBEBE A KT
(ADCOIETF)DFERAICKES EEZDBNTW 5.

C OBRME TR EREOTTEIR e <, BAL
BB OKGEEZHML DT, Tl
HEGR CIIESE LRSI . BICRES
BEOEWVERE ALY VT a—F%D T & T
I PEIEES HR L e\ S E S L A B
3, CT X0 L ERFEHTROWBLAENS.

ERMHNE D (C & IR R O HIREH

THIREAZEE 2, FSAE N5 C L R i 5 oD
Fr s B3 2 ERNC & » THE < T, il
DRI DENC LAY, BERSRTIE, Bk
PAZES 3 #% 1D ADC O, IKEGHRFAm (%R C
BEENHELRE SN TN 5EY0 . JRER
IR AR T ORIEIC >\ Tid, Busza Hi4
Jisd i i D By Ay SEB&C, AT M 30 mL/100
g/min DU CHABORFAE G TRE DS E 5 A H
WL, 15~20mL/100 g/min T L 75
5 & ADC @ 50~80% DK, fRHHER O H
Bakd L TnaD.

B R B CIEFEAE 100 2 Hite ¢ ADC DK,
LB E R O EE B H RO TV B9, gt
BIEOBEMHE & e L ¢, FIE 48 REHLIA
TIHIRE 81%, M 100%10, H:Z 6 KffE
DI CIIREE, #HEME -4 100% G s hT
WAL ERIREI TR B ERE T IV OWmE X
D&, IREEFEOMBLE CRMAES 5. IR
B CI A A BIIRGE SR & 3R 0, BIIREE LIS
& % MAEAE O B RS HIEE S @ T O 7, %
BT O MR & RIE~BB 2 &, 1 x 23R

2004 49 H 8 HZHE

AIREERSE  T145-0065 HURESAHKHEE A 4-5-10 HUHERZERURBERCH AL LR
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DRSS EEZLNS.

BB ME IR R 1 D i K2 Wy C R HE 24 IRpfd] DA
MIZ MR 23 ffT &1, MRA % FLAIR, #&
HEVREGIC & 0 BB R S PASE S g I
K BV RE SR S o BBk 126 f1IC oW
T, PIEPRBCEREEE (KBRS EE )
CIRBEOKRKE I L/ (Table). %
DORER, FiEtRR b FIHIC MR 28 afT s hie
FAE 15 573 AP OFE Bl TR ik B % 58D x
Do 7By, FEE 30 5 TIREGR T O HBLEI 23R
7. FAE 3 KH LA T b &R ICHRHERE 2
W9 %755, 24 BREILIN TR, E THRA
BESEARE & Holgt U SRR ORI —BIZR 5
LT/ (BRECRE IR < RRfZE) . — 7
I & & DI IRAARTIZE & IRBOR T IS — 3
FTLEEREIML /2. Lo L iEmgE b g
% & FEERE D O INBOERE B £ CORFRITE
BHC LD 7 D IECEEICH /25 Z Enbh
712).

C D & D ITHRE SRR A D O FEAE R} [H]
golden standard & 4 % &, JLERHFAEGBR T
AT ROFBUREITIEGNC & Dk~ T, BRIC dif-
fusion-perfusion match #i & @ % . Mismatch
iE BTl 24 W] L6 SO T fH K 28 pe-

numbra fHIK A % & DI REBEEIC T 0 - TRE
RIS KT A Al REMED b 5. IEHUR T & IFRT
WA E &% 2 Y, IREURMAER O A T
{3 penumbra OFEMILC & An\ . B E TS
FERBEG YD OY T 5 0ELH D,

diffusion-perfusion mismatch IZ /& # #] fE 7x
treatable penumbra AfFEFES HAJREMER D 5.

AR ZR AL (C & DILAET HIRDE

J1%4 K XL A M SIS 500 2 LR s S D AR S 7
ETAHERIT L) FimEE (degree) & 2) &
MOFFFeREfH (duration) Tah 5. FFIKREFEITIE
B < F T HMPRAERE O FEBLIGF 5 RBIERFRHE T H
D, BIIREAZE DR RER A ST+ 5 & 13
L <, PABCRE BRI O & kM O ERIC
7o T\ 5.

OEMENRA T 5 O EEREIC L 5 £
W & K ERPAZECIE, MEINFT OFREN TR
T, BIMGREEA K Z N2, BRI MIL G &
LIHIMFEEPFHIET L TWA T RS,
PhECEFE R T L BT A IR A @I
»% (Fig.1). BBRHISLHEG 2D L, KA
THRAE 20~30 7 CHLBEE A HBE LB A. W

Table. Comparison of the Initial DWI Lesion Volume within 24 Hours after Onset and the Final Infarct Volume

DWI lesion negative positive
Final infarct negative positive
D>I Dx1 D<I D=1
onset (hours) total
1-3 58 3 1 11 20 11 12
3-6 27 1 2 2 15 7
6-12 17 6 10
12-18 13 1 4 5
18-24 11 1 4 6
total 126 3 2 14 27 40 40

D>1: the final infarct (FI) is smaller than the initial DWI lesion

D<I : DWI lesion is small than FI (<50%)
D<I: DWI lesion is small than FI (>50%)
D=1:DWIis equal to FI
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Fig. 1. Cardioembolic infarction (occlusion of the right middle cerebral artery (MCA), an hour
after stroke onset)
A 90-year-old man presented with sudden-onset left hemiplegia and disturbance of consciousness.
A : The initial diffusion-weighted imaging (DWI) demonstrates a bright signal in the territory
fed by the right MCA hemispheric branches. Since widely spread cytotoxic edema has already
seen an hour after onset, contraindication of thrombolytic therapy was determined.

B : Second-hospital-day CT shows severe hemorrhagic infarction and subfalcian herniation.

SEBIR S AP KB IR O ZERR M PAZE TR B EIC T
HIEAR L EICEICEE A HE L F v, L
P LA U ZERAE T & 2088 T S Bk <
WEIMTORZEDRE, ERTORKET I
K, ERTOMHWER & REA~OHEL
Y, HBEEICES £ TIEE < OERPEES-§
5.

PIENMATES DFEED BIF 727 71— Akt
PAZE (Fig. 2) <, FMEIRL VDK (5
7 FH%E) TiE, FTE & L -CHEICE
MUREE 55 <, SREIr Ao 8 & R[] 2 29
%. i EYE D% @ ENRPAZERE #1 (S 7 S HHZE)
TIRBEICIRE R OB ¢, diffusion-per-
fusion match OIRFEICDH 5.

Fidsie B ZE LA BRORIZE & i L T, PRk
REHB & CIcR 29 % (Fig. 3). K
REPHE S SRR A 2N 52 L AR
THHD, MEMIEERES NS, HEERKEKS)
MR~ ARAMENNROZ BT/ TH D, AL

T—F7 77 FOEELEWL, BIRRY ZHEHE
TAHT L. IS, IR S
SMEHNC BV T3S 3D T dAE &I L D
HEG IS ENIR D FRBE, BAE ~PAZE O 7% S
T HNEPH,

HBEAMEINC 351 2 BRI X 5 Bddt ik i3 20 ~
AL HDOT, BEFYTH AH1TE, IHORE
FAEBRIZ BT AEB5ZELS ADC DETIZH T
MTHY, MREIERZE 2 e GRE et &
BB 5 (Figs. 2, 3). PLECHEFHE G THr
RRBEETH A L, BarEIRE Mm% 7k E
WMehd 5. JLBERREBR TRER V1L L
W T, AR M E T E .

B R B R A (C & (T DHERRE Ol

JIvé Rl LA P T ds o THRBUES R IR DT &
A EEIER CTRIZEICHR S . IR T FRU8I
BEIC AR T sE DR A 288 2 TR MK T
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Fig. 2. Atherothrombotic infarct (occlusion of left MCA, 6 hours after onset)

A 85-year-old women presented with recurrent transient ischemic during a couple of days, and
right hemiplegia and dysarthria.

A : The initial DWI reveals a small lesion in left middle frontal gyrus fed by upper trunk of the
right MCA hemispheric branches (arrow).

B : Follow-up DWI obtained two days after onset shows additional bright signals in the periven-
tricular deep white matter in the territory of left striate arteries (arrow heads). In atherothrom-
botic infarction, DWI alteration appears slowly due to collateral circulation through leptomenin-
geal anastomosis compared with cardioembolic infarction.

Fig. 3. Branch atheroumatous pontine infarct (basilar artery, two hours after onset)
A 39-year-old man with sudden-onset right hemiplegia and disturbance of consciousness.

A : The initial DWI shows subtle signal change in left paramedian pontine branch (arrow).

B : Follow-up DWI obtained 3 hours latter demonstrates larger bright signal (arrows).
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L, RPN S kO RPN MR & O H 7
KTFHRRDL 5. ATP #4513 FE1E L, mikeq
fa=e 7 ) 7 OREBIITGEEI AZEIEL T 5. 20
VK T IREE D MR-t 3 A S IEn 7 fifiE - M
BEEIE, S bMEICES. JABE T HEEI
PIENIRIC & D RAEH 7 <, W, BKmE
DEIITAE T L 7=, ischemic core ThH 5. B%
JI2 168 2 M C I IR AR S o B0 = IR 28 < i
ST SR OBI R D 32D

L2 LRt E s o RIS S b, (K
BER» O OMBEIEIC L0 ] W1y 7 v et 28 B
DWW BRTIED HD, IREUE T ARl i 7
(BFFEICEDR\) Z D5, ERFOLMHE
W IE 7LV Tl 12 5 HE O MR R T, &
KISEIREAZEE 7 )L Tld 33 5416, 45 5417
DO IR C ADC K T 35 & UMk ik 38 5 5
BHEOMM, i ERoTn5. RInHE#EO
¥ > ADC OREIC >\ T Miyabe 53—
M s KB IR P ZE B £ 57 )L T 0.65 1073
mm?/s (FAE 2 REH]) %I 7 % B & #
AL T\ A, Dardzinski & i3 ifi 3 75 B o 4
O 5 5 B o Al O BB IZ D W T 0.55 X
10 3mm?/s E#|EL TWABR9., 2o ADC D
BRIEIIRIE D HOR & & B I B3 5.

H%: 126 FlOBE T 17 G IEEHU0E T 5%
D— e\ LT ARSI CHEICIHRS %
Do IER ZFRDI (K D>1 D 14§l &5
B 7 AT AR A 5RO 72 3 ) . BRICRIE 3 R
LA CHRBR T 23R S 75 i 51 ~C RIS ) 7 W R
DB rz. FERER K0 FIAT, MR o R E
IZ &0 IR 2355 <, IRBURRERIC 50 5
BEEERE VD, BUERFES (ADC OET
32 SIS TREE A B 5 (Fig.
4).

Lo L, IEBEAEREES O EA Y3
WAFZEICE %S (Table, Figs. 1~3). IMIREMR
FREOFIHIE IS 33\ TS T SRS IE r
W E BT RETH L. L - CREINE
SV OBER B INCE, SRR TR RO
BT ZRnCkam (Ramis, #EREY) %2

TLLERD .

CT (C& D RiEE B2 M EAD 2 A

o 1fin A7 5 M A D BEH{G A M i, R I
HEETHHMTCT BRE LICHfTShA I &
B, T E O T MR HAERAICHHET
TEAHTTIRHAL, CT T REImEZ M
FTRZMEICKRES S LIEETHS. NE
B2 & KIMENIR OBAZE, FrICZEMRMEPAZEIC
BT RIE 2~3 RERIRRE 20 & BB O bk
T2 S U 72 BB R UE O T 23580 b 5.
Early CT sign & {3 3 JE &% O i 5 D A~ B I
LOCQEEEFATHHE DIV F T AT
DIET (FFICBREIFEREOKT)? T, 20D
BRACIGIFIRIC X 2 MmO BEREIER, 4 ORI
ka4 L%, Q@ KNEIR M1~M2 L
NROVOERDPERIPIR L L TROON S Z &5
% % (dense MCA sign)?? . 7-73 L #hRbE AL
D3RS AIT b HER RIS M1 23 W R R 1
252 EDBHY, OUEFOORBEZMD E ZITLD
MEELFTR &0 5.

OOIFIEBIET & [k, FERTSry 7 Mk
Gt iElE) OFfREEZ 6N TED, 3K
ML D 31%1229, v REMBINREAZE 5 IRERE L
WTI8IBICHRILABETH /oL T
%20, Lo LILEomAE G - CT Ofti s
B CoORE, FrREILINEBARFAE GRS 91%,
95%1Icxt LT, CTIL61%,65%CTHV, Ik
RO PBWRERE WD, %72 CT Tl
mBEMEPTEENICLIAELDEL K E
2, FBH/ABEIV T APk

b, WBEOIMALE LS. RSN HE
2 CT O 4M12 >\ ik MELT-Japan O
BENEEIT B2,

FERAEIB 2N 3510 D IREURE O Rk
&, O early CT sign DNHEA L 72 55, %R
fE T b LB R R O CT L0 LSl
fatkFiEx e Ccx %5 (Fig.5). ZEREICH
L, HRIMRE O IEIER S 7 T E Tt
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B=l000T

B=l000T

Fig. 4. Reversible diffusion restriction following spontaneous recanalization (embolic occlusion

of right MCA, 3 hours after onset)

A : 62-year-old man presented with hemiplegia of the left upper and lower limbs.

A and B : The initial DWI shows mild (91% decrease of ADC ratio, Fig. B) and distinct high sig-
nal (75% decrease of ADC ratio, Fig. A) in the territory fed by middle trunk of the right MCA.
C and D : Follow-up CT after recanalization demonstrates final infarct that matches the initial
distinct high signal, however, the initial mild high signal is reversible and salvageable.

CT X0 &5 2T IRHRIRIER O J5 284 F C
H5H. FEHEOERE CEE R B
CT CL2WI B 5 TH A, IR
PR CRBE T 5 FEMEIIR L~V OB FEIT I\
Thd, ABEIEEOHIE I I EE I BT 23R
HE&E2%5. £/ MR TlREER*H WKL
T, FLAIR ® MRA T % LUK
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Fig. 5. The sensitivity of DWI for detection of hyperacute ishcemia compared with CT (embolic

occlusion of right MCA M1, 3 hours after onset)
A 57-year-old man presented with left hemiplegia.

A : The initial DWI reveals high signal in right MCA striate arteries (arrows) and hemispheric

branch (arrow heads) territories.

B : CT obtained before MR shows early CT sign such as obscuration of lentiform nucleus (ar-
rows) and localized loss of gray-white mater differentiation (arrow head). DWI is more sensitive
for detection of hyperacute ichemic change on an emergency basis.

B2 AN M & ORISR

SEFE 7 % MR B C To ol & TR A
D7z <, INEUE T & 2 X it 2 M %
F1ICEZ2 L. BICEEBEOMREEREH
L Tl CRESE2 L, IRAHHE G
TR R 72 USRI 2 iy, 8
SRR MO Z W 13 Te sl TR 54
237 i, JRBORMREG O AT b Z ORI
1T+45Tdh 55, Tashine-through O AJREM: 3
HhHEEINT ADC bitET 5. HEEET
13 CTIZHFfTL TMR 28 1LIC#EIREn 5 C
EDBY, WHEZMEIILAC S, MREEER
PEHINC I EE T & L < 13 Te shine-through %
ET 220 EBEEN T HNERD 5.

Jibd 48 R0 FRESIES e & SV R b BB AR I 1
TEEELFRT T L2AH 5. Creutzfeldt-Jakob
T AR BB IS & E S kT
B, RN TI A AR O AR e IS IR EE

THERTZENDD, MBEBEME & &N
LW b S (Fig. 6). @il EMERES
THRKAE 7% ¥ posterior reversible encephalo-
pathy syndrome Ci3M/EMEIFEENEAT, T2
MAE G CTEES, ADCIIITH#EL, ZMic
T2 shine-through #2452 b 5. 772L
AR E 2SR ERAL Tl ADC ME R4 52 &
b 5. EEBEHRGE CIIE» O EE FAEIC
MAF BN —F L 72\ ADC DK F A D 5 )
W S RS, IS FIEEE S
oxyhemoglobin 23 JAHBURFA B G THERE T4 2
T 5. ToElEE THLRIEBEEKL OPEES
B%, TiHAEKRTRES 2T %50 TS|
MBS TH 5. FFIZT deoxyhemoglobin (2
K L&A 5 (susceptibility) %o 5. HlRiE
P28 TR ETTAE IS X Atk fE (ADC
L) EEEIC X SMfatkEE (ADCET)

OmM A2 LES. BIRZEIC—FL AW
&, ERIREIRIA - B # IR IFEA 28 Tl (i 1
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Fig. 6. Infarct mimics (Creutzfeldt-Jakob dis-
ease, early stage)

A 7l-year-old man with unclear complaints
such as dizziness and lumbago.

DWI demonstrates cortial high signal in the
right occipital lobe, suggesting hyperacute cor-
tial infarction due to small emboli. Follow-up
CT obtained thirteen-month latter (not shown)
demonstrates widely spread bright signal in the
cortex and basal ganglia of both cerebral
hemispheres that indicates Creutzfeldt-Jakob
disease.

WS 52 ENERNNIC%.

] B

PRERE SR AB 2R I 1 & % AR A
BN 4 4. Early CT sign & L Ta
F ORESEICHTnBEC, FRICERIEICK 3 5 M
BBEREEOBGHEICLEDOERTH 5. S
5 I penumbra ORI (3 YA H ST & BET 5
WeEHOE TR T LALENHY, MR Tik
FLAIR % MRA (T & % M&FAZE O, &
FEVRBEGIC & % S H OFFHilli 23 MR I g {7 C
E 5. R OENNT 7 10— A ke A
FERL T /7 I HERZEOZMICIZCT LD D
W OPICEHRTHA. 7272 L stroke unit T 24
W R AR CREFIZMC & MR 2B x4 %
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Diffusion imaging allows for the detection of the earliest tissue damage after cerebral ischemia,
through decreased diffusion and a bright signal on diffusion-weighted images (DWI). The sensitivity
and specificity of this type of MR is superior to CT and conventional MR imaging. DWI is capable of
detecting the earliest damage, thirty minutes to one hour after embolic arterial occlusion, although
there is broad individual diversity. DWI is not more sensitive in the early detection of lacunar infarct
or brain stem infarct.

Although the iz vivo mechanism of diffusion alteration in hyper-acute ischemia is unclear, it is be-
lieved that energy depletion increases the passive influx of potassium ion, water, and calcium ion into
the cellular matrix (cytotoxic edema). In the hyper-acute stage, the initial DWTI lesion is often smaller
than the area of perfusion abnormality, and grows gradually until the final infarct volume is similar to
the initial perfusion deficit. The initial DWI lesion is virtually irreversible and is a “‘core’’ of ischemia
that has already died. Diffusion-perfusion mismatch (the area of normal on DWI but abnormal on
perfusion imaging) has been postulated to demonstrate penumbra. Absence of restricted diffusion
does not rule out hyper-acute ischemia during the hyper-acute stage. Mild restriction of diffusion is
sometimes reversible after the earlier recanalization of arterial occlusion.

Diffusion imaging is a powerful diagnostic tool for the diagnosis of hyper-acute ischemia. It is also
useful for the evaluation of treatable ischemic penumbra on an emergency basis.
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