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Progress in imaging evaluation of ischemic penumbra in acute ischemic stroke
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[Abstract]

Acute ischemic stroke (AIS) is the most common cerebrovascular disease with high morbidity, mortality

and disability. The imaging evaluation of ischemic penumbra has great clinical implication for early diagnosis and reperfusion

therapy of AIS. Here, we reviewed the evaluation methods, advangtages and disadvangtages of computed tomography (CT)

and magnetic resonance imaging for ischemic penumbra, and discussed the advantages of one-stop multi-modal CT.
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2 MGk o M g 22 % (acute ischemic stroke,
AIS) #¥, BAM AL FAEM DT E (cerebral
blood flow, CBF ) &k X3, #R K 6 fn 2 w5 47
(penumbra ) M, 3% X3 0 41 4 o fk % 4R, (E A0 1R
HEMhTERE, HANETARTSRT, MEL
Tohae “RIR” 2 “HRIR CRA FRIP B B
WHAETAATREWAG AR EMRE, B
o P 2E T A Y B K B

1 GRS AT RIG RS S TR

“Bf |8 7t £ AN (time is brain) 7, Kb
TAIS WREZREREEH LM, FHET. B
A B 4 4 4 AL 4 75 B JR 3578 7| (recombinant tissue
plasminogen activator, rt-PA ) & — i 3t B K & &
Wi B EE RN ARG, EE A 1t-PA i
FEEEE (45h W), R ERARETRNES
BROARBTWEERD, KEZELTHEF, B
WIE R LB AL, X5 6 h W RTHEIRA KA
Jic ) 28 3 o A8 70 69T AR TR i a1
AXREREEREPETERFTELHEEL
HER, AP LIRS F T HRFRERTERL
Mol KA/ AT Bk ot A B A BE A I X AR
Uy B g T AT R
£ J& 0 %8 R 6 97 o M 25 ( The Endovascular
Therapy Following Imaging Evaluation for Ischemic
Stroke, DEFUSE 3) #F %" R i il 2 34k 70 #i
Ak % (diffusion weighted imaging, DWI) 2
THE WL E A 48 i i 1% ( computed tomography
perfusion, CTP) Il /K 8 21 ot B 2 o
FeaR & A ZE o R ] Trevo %% B B 437 (DWI or
CTP Assessment with Clinical Mismatch in the Triage
of Wake-Up and Late Presenting Strokes Undergoing
Neurointervention with Trevo, DAWN ) #f 52 & 32
AR 6~16 h B 6~24 h JF 77 42 B i ¢ 5 7 8y
BT M NI ARy RaE, RO
L WY B E BRI, KR EENE
Bt — S RB BT RFITENEE S,
B, Y FEELAIS BT AIRE, 21, 7K
o B Sk - B A BRI, AT IR T R SR

2 AIS BERFITEY

BRTlE R EWPfRE o T ER ¥

AT EAHLE &34 (computed tomography,
CT) ¥4 (non-contrast computed tomography,
NCCT) . &ML & A % K% (computed
tomography angiography, CTA ) . CTP, # 4k
1% (magnetic resonance imaging, MRI) &&=
R #5 W Z (fluid attenuated inversion recovery,
FLAIR) 77| . # 4k fu % %1% ( magnetic
resonance angiography, MRA ) . DWI DL & A
Bk [perfusion weighted imaging, PWI; Wz A
A BORR X L 3 58 A 3R 4R i % ( dynamic susceptibility
contrast-magnetic resonance imaging, DSC-MRI )
A0 5 Jik B e ARIEEE 25k MR f% (arterial spin labeling-
magnetic resonance imaging, ASL-MRI) ] %,

2.1 AISCT #5314

2.1.1 NCCT A 2adesel . X7 i S H Al
P NCCT 24 il Joi 28 o 8 3 NI i o 56 56 At
fregte g, T DAHERR B0 W K AR RAE ST 4
Jik A 25 RE DA R At 5 Btk 2 o Ak SR AR B R
AMEHHF WAL, (1) B EE, AT
K sh k. BEREK, shikEEEES BN LA
Hx, BREFRRENMEL, EE85Z e,
(2) RahaREM, RFLTKAREE3~6h, F
RIAK H et B ERT KRR, & ERIK.
(3) MEMEK, MAHBL, KEARFRE 12~
24 ho NCCT 7FH — R T R M A th 2 AE
R (RBE N 30%~60%) ", ETF NCCT #
Alberta fif 2= o 5 3 1+ S AL T & 33 3517 4 (Alberta
stroke program early computed tomograghy score,
ASPECTS) Wil & MW FRIX . % Tl KA
7, ASPECTS<6 %W # 2 ty I JK H s "1,
2.1.2 CTP AVERCE K I FAL B~ h5H - CTP
AEREIE 30 min A RESHMHEL, BH
B, EFH . TRIMNGRE, £AD AIS P HURM
oz iR,

(1) AICE % (CBF-CBV mismatch ) . #t i1
54 5 CTP Fi#% CBF 1K T i & ( cerebral
blood volume, CBV ) IE % 3 jnty X 38, Murphy
S VOISR 52 1 6 B2 3% 5 W J Bk ot ¢ B A B9 R BUE b
90.6%, 4% 4 93.3%, Eit, CBF. CBV ¥ U
B WA T R X35k B ko 2 A

(2) BEE (Viass o/ Vicerason) o #REE
] P AR gk [ = 3 I & 5k B9 L8 036 97 i IR SE R )
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JA CTP b 3 3 A ke 2 08 47 5 4% SAZ 0 RO
CTP Tk o [X 385 Wr 19 RBZ 7 & 80%~90%,
WL 95%" ", & # i DEFUSE 3 #F %K
%X A CTP iFfEsk w54, ZH % XA M
i & (regional cerebral blood flow, rCBF) <
30% 1E N AEFAZ S KB B (8, KB (time to
maximum, T,, ) >6 s 1 ¥ &k oo i E X 35 6y
B, ko 2 B A B O B 3o AF F0AZ G X B ok o K
Xk FF KA A% 0 RARAR <70 mL, kit
TREE RER (Vipasss) 5 WHEE LG K EAR
(Viepreson) BT (Vg o Viewreson ) =1.8, 3
LBk i 2 15 A7 A 45 3R AR =15 mL,

CTP % W 3# % % % ( permeability surface,
PS) RurT & WK Aol T2t . A E 8 G
o 8 BE B 38 M DL R B R B R R UL AR A
% W@ % Z# (relative permeability surface, rPS)
EmEdby Rt FEEGEMAXE (r=
0.821, P<<0.01) , Hft#fak d f 4 rPS & 45
# 2.76+0.78 F1 1.354+0.19%"

B Yassi PR A T, >14s &5 s
.5 R & FIH CTP 54, Campbell %41 3F 52
T T >14 s 2T AIS B B IERIEIT B R £
%% fb el ot B R
2.1.3  CTA PPAb 48P fe B S M SR #R. - CTA
XA A ot A ] 2R AR g R AR T RBME
A EAMA AR (A, KR 3
fk. EERF ) RERAENIBERFEREY
K F 90%~100%, I HAREDM, B, Sa
4 CTA ( XAk 4D-CTA ) it 47 337 ol B 3R
W, AFTHRZEEASMDE N GTHEHF TN
J& o E R R H CTA M A8 BRF 07 3 o U 3 1
34 (collateral score, CS) .

2.2 AIS MRI #1& 31 4%

2.2.1 VEFE-PHONICH (perfusion-diffusion
mismatch, PDM ) HAIPEALBRIM2EREH  PDM By
EXMBFAEE—EEV: (1) HRETRHEERZ
TR (2) BEME AL X, ot s A X
fy 5% 2 DWI, PWI £ 30 & 3k i R,

(1) DWI & EEAAZ QX . PWI & i
. WEIAN DWI F A EE 5 KE N FE L
ol X, PWI U R B BT A & A ot 37 E 3 8 1R X
B, U, kamdmEFRItEd £ 2N PWI R

X P £ DWI G & K3, By 8kofn 2 w5 A
BT DWI 7% K3 (BEANNERZOK ) &
WA — Wb B, P I KRR R T
WK ABKE, W PWI 2% KB (FEF AN
W FEY ) AESHoRRREER, 5T
i YA X Rk fL e B, 54 PDM A AT
e it 2 57 B o A R B AR

(2) PDM {tft.. Purushotham %P % %
A, F Wk % % (apparent diffusion coefficient,
ADC) <6.20X 107" mm?/s 2% DWI F % K
HEAEWEREOR 0% E k& E,
Oppenheim 27 % FL 6k i 2 8 4 Fn B MK 0 K 3¢
St ADC 451 & (7.82+0.82) X10™* mm’/s #n
(8.23+0.41) X10~* mm’/s, T Rehl 28530
A rCBF<<0.59 #n A % F 34 3@ ¢ Bt [8] ( relative mean
transit time, rMTT ) >1.63 ] 4 2% X 4k fn 2 g &7
o R MEROE E X, X HF R A A Fl T PDM B A Yy
s

¥ DEFUSE 3 #F % "4 PDM # & X A
ADC<6.00X 10~* mm?/s 1€ 1 7% 0 X 6y 18,
T >6 s 4 B MARTEE R0 ME, T 5HREHE
AR, KT —THAREH, CTP fr PWI
HREA Tow A XBER, AHEAFEWN T, &
AHRERZRF LA TFEREND, xR UAMY
¥ Tt % B CTP % 2 PWI, 7 1% 5 3347 77
Ja 5t Ho
2.2.2 FASR MR VAL 5 PWI SR
% Fl 2 DSC-MRI., 5 # #, DSC-MRI #
ASL-MRI # ## F4L7, TR TEHET RS A
# . 18 ASL-MRI # %t X AR EE L~ 4 5
Bk B, IXEEAR A CBF W — 5%, HibA
BV BT AR AL 0 X B 3R f i DWI A2 CTP,
% B & ASL-MRI CBF <<l 40%/DWI 4 Bt A%
A48 % F DSC-MRI T, >6 s/DWI 4 B 42 & & CTP
HEEA, RN RS AEREDY, (iR
H R KA ARH AL L
23 —3EXSEAECT LT mEmzE by
HEELEH (240 W), BEFTHELZET
W ERH RGBT AT %, HAF NCCT,
DWI, CTP % i f% (CTA 2 MRA ) . &=
—W AL, BEHEHLETUREZEILERE
RGFATE IR BB IR B B . BRIEE ., v
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EXR . AR T FE R AT 8RR,
ZREEMALESMNA —EREHES CT
xR 2 B AT D BT RAE . B 5 AR KT R R KA
T An 2 B B U v R R S % Btk i S
ACTHENAISIFRHH ERBHFITE,

—3 R LHEA CT 7 % NCCT, CTP 5§ CTA
ok, BEHAE S5~T min F—3 R CT H &,
15 min W{EF Tk CTP FH A HE, BH L FEE
LT %H A MRI KB E 42, JFHE AIS &
ﬁ%ﬂﬁ%iﬁﬁ&ﬁzﬁﬁ%ﬁﬁocrwﬁﬁ
FEET: (1) BAMRHEFERTATEREE
%%,@@xﬁﬁkﬂﬁﬁ%,@%ﬁ@%%%
KIE#8Z; (2)CT EHAPst e FRE
ECTHEEFEAMXAR (ML PWIL) , mzH
75 By B 1] o 9 ] LOE A B A R 3 S8

(3)CT He W= 2%% (CT: 0.3~0.5 mm,
MRI: | mm) & By REEE LR AHKX; (4) 3t
THREBRABENYEFZ R Y4,

— R ESMA CT e ek HER 2 B3
%@ E &% % (CBF, CBV, ?%Lﬁﬁ@
Toox~ PS %) T8 f ¥ 65747 2L ( W CBF/

CBV, ®&: A& VTmax>()s/VrCBF<3O%) . E &
ML H TR E AR R X AEER, 850 R R

A8 P 37 R B
3 AERMEE

I KR 30 Fr 4 o 4 5 48 B IR T Rr # 3F AIS, T
ERAMLEANETHFRELENRLE, FERK
FRE FH, B t-PA BROAREZRE B
PRt P 025 o B AT 7 F, 1B rt-PA B A

BB EE (45h W), ExFE KK A
0 M 2 7] A Y SR Y RO . R R B

w/r%ﬁwm%%m&m%ﬁa%%ﬁ% %ﬁ

697 B 1B B T A Pb R Bt A 3R AR R,

B BT EL R g 6 57 B 1] % A B B AR, me‘
FLRBRFWRFERIRIEE,

KT HMERN CTP & fmELEF &
FEBRAKZR, I CTP 58 A EFEEE
LA, U T AR T ER %,
RAPID J& 4 38 8 9t 2 b A T % 3 B b i 2 o
IR B, MEEBARARD ., HHEFEHF
K CTP B g s ATtk tr, UAETR B &

ﬁ%%ﬁ% Bl E R A S AR, A
iR
AIS BT HMWRN T Efes . EHKMLEFH
HEAMERE, MEZES CTRETL2TWNET
WHGF T, EEMGRRDEEN BT T ER
TEATYEAR, MEFERBKER, B, 5F
HFETEANRNAENRF R DTN SF
FERARMERER P, EHAKEEHHBIE
BT o
[ % X #]
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