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Advances in iconography of wake—up stroke
Hu Mengting , Yang Hualan,Li Chao,Tu Zhilan,Zhang Zengyu, Jin Pengpeng,Hou Shuangxing
(Department of Neurology , Pudong Hospital Affiliated to Fudan University )
[ Abstract] According to the latest survey report on disability and death of residents in our country, the incidence of stroke ranks first.
Although the probability of death from stroke has decreased in recent years, the disability of the disease and the huge social expendi-
tures caused by subsequent rehabilitation make the exploration and related research of the stroke still urgent. Acute ischemic stroke
(AIS) accounts for 85% of all strokes, and wake—up(WUS) strokes account for about 20% of them. Because of the onset during sleep,
the specific time of onset is unknown. In fact, many patients have the onset within a short period of time before waking up, and they
have missed opportunities for thrombolysis or endovascular treatment, which ultimately leads to a poor prognosis. At present, there are
more and more researches on the onset time of WUS, among which, imaging methods to predict the onset time of stroke after waking up
to guide the treatment of WUS are particularly popular. This article is a review of recent advances in iconography of WUS.

[Key words Jwake—up stroke ;iconography ; computed tomography ; nuclear magnetic resonance

P& Ji5 4t (wake—up stroke, WUS) J2& 4§ £ 5 A Bl B G
AR R JE AR N A & BRAG AR R SERER ) e e a4 A
1 (acute ischemic stroke, AIS) . WUS 5 AIS 4 20% Z& 451,

FUR A 1k, AT R 2 b o A7 IF 5 3 WD i [R5 45 4

(body mass index , BMI)>24 kg/m? |, 7 Bl Al = 1L A WUS F
a7 fa ke R, T WUS RJRBT AR, B B H e B
AR E 7 A I PR AR Sy 2 v g SRS ), TOIS 4 s BV A s
[A] (onset—to—needle time , ONT) — it i H HiF [ Fr 22 1A 14 1l
PR AT (AR /IR ) IR B ——4.5 ho RS RAAR = A
FRAMIFFE LA e — 2 ZREAGEAG A B R A I RIS R 7R R
2 WUS H# RO I B 7R 7 R GEBERT , BRI AR IR YT Y I (8]

EENE . 3545  Email : 20211330014@fudan.edu.cn,
BRI ) A E S,
BIE1EH AZ X 24, Email : housx021@163.com

HEETB: AR EZALER A MF Y B IRER AT A (%45
GN-2018R0008) ; L34 7 i# R EFe &5 F AT B A A (4
5 : Zdxk2020-09) ; 36 7 F 5 4 e F b KR KA 8RR
(%% :XXCY2018-011),

15 B /R : hitps://kns.cnki.net/kems/detail/50.1046.R.20220628.1631.008.html
(2022-06-30)

ENP XKW WUS iR T2 A H a7 i, 2 ik —
AR RETRTT AR 1045175 D0 AR BRAE BORPUE , A ™ 4%
FRy s ] 7



BERERKFZR 2022 £55 47 £5 7 #3 (Journal of Chongging Medical University 2022.Vol.47 No.7 )

— 759 —

1 WUSHIEGZIFHFARIK

T WUS M E AR £ 58 32 A 3k i el 135 LB
JZ 1 H (computed tomography, CT) 1 1 3 97 A 4% (magnetic
resonance imaging, MRT)2 K&, o 5 7 H % . £ 2
BB R AGEARF AR BB KRB o, 3k
CT 4 . CT #3434 (CT perfusion, CTP) . CT IfiL 4 B % (CT
angiography , CTA ) , B 2412 AR b (A3 TE AU AR (perfusion
weighted imaging, PW1) RIS 4 (diffusion weighted im-
aging, DWI) , LK fi 2 15 v 0 A4 S il S e Wk 52 (fluid
attenuated inversion recovery, FLATR) JF51) | % H: 4% 1M 45 & 5%
(MR angiography, MRA) .PWI-DWT /R UL i \DWI-FLAIR K
VE g 45 2R AR 2 BOR BRAS St & B WUSS B35 14 5 P
AR, AT EE 22 20 4B i A 0B | UM R WUS
(AR BEAZ 0 X L K J] 340 049 B 1t > 5 77 (ischemic penumbra)
T, A —H85r WUS BE BRI B IAYT , DRI AR 15 0%
FERYIBIT R & RAFHUR o 2021 4F % Aii 76 b FE 4 208G ol
PRI A AR I v T P A E 5 L > B T AR A R
TRYT P KAL) ], N TR B B 23 BT AR (RAPID
F-STROKE . E-STROKE % ) g % 5L 391 ok off 1 35 A AL AZ 0
e i 2 AR LG | A B A AR B R kb T 0
F 52 (BB, i I F-STROKE #( 4 5 RAPID 4301 T 546 #%
SCMFEFE DX AN I i 0 kP BT R — BT, RAPID
F-STROKE , E-STROKE 4§ = 2 & fig %% 4 7T LA PR 43 7 1F
i, R R E— 25 G B2 it 48 5, A2y R AR
ZAKIEAE

2 CTRMEXFEAREWUS BRI A

i 5T ATS 3 i CT 2 BRI Bl it 453 26 AF 42 A0 s ik
PHFEAE G2, LA R KR AR AIF 52 HH B A i) 2 g o 0 Vo e o, 2, 5
HE— 25 IR R REAT I ARVA YT . H AT SCHR P 2 A
WUS B35 F1EL 0 & AR s Ta] A A T £ 38 8 1 R TS 2 R AT
(14 BIF 5% T AT 2 30 A o e o R ol A0 Bl o 1k 1 E Cearly
ischemic changes, EIC) i) T K 22 53, [ b F— 25 #E B WUS
A RE R AR AR T K 22 Bl T ke 2 AR T A AR P . AR
XS R RETE R SR S AT T RE LA VAR IR YT I BT
o BRI A T MRS 1 e 4t CT 3R 1Y EIC 767
s 9 1 S P o AR R AR A A EICSE [/ T 1/3
IR 3 ik (middle cerebral artery , MCA ) ik IfiL I 14 5 2 1
TR YT TR 25 K HL S I KUK 1K 5 24 EIC>1/3 MCA it 1fi [X
B R VR I AU BRI IR , B 2338 /8 U P L8 i g XL

B B XF EIC 19 I, 2000 4F 1 B T Alberta B39 CT 3F-43
(ASPECTS 143 ) , 3% J& — 2 2 = 77 MCA fit 1fil X EIC 1)
Ty ko X TR T AR i A Ay T B AT AR e UK
PE TSR BRI . A RSB, A 4 h IRIZ i X
fBH ASPECTS W43 5 8 B h KUR 3 1Y ASPECTS 1140
W@ 22 %, HET ASPECTS ¥E4 AR BR T CT, the af jij I F
MRI, (H& S BRR P& I G122 25 5 . [ ASPECTS
PEA3XFF WUS H R 3 kA3 i DX 45 9 LB PP At A

3 MRIKMEEEFEARTE WUS R LA

WUS 1 3k £ i e 41 467 5 E Sk 90 CT RE 4 43 5 22 K fii A
PEDC A G AR B B . — LT DWLLPWIH FLAIR
J¥ 51 (¥ BF 5% & B WUS FITE B 1 71 XL (awake onset stroke,
AOS) VA5 A AR ZOR!

3.1 PWI-DWI R IE &t

B SCT B 2w B A P QAR ) 1A R0h
I7 XS S T B[] 4 2 Ah o AE MRTHF, DWIAR SR FEAEAZ 0 5
PWIAR ™ BRI I X 35 FLAIR AR R BN R A BE s Y
ARSIk, B R E R A R v i
VAR IETE AR BE AR T Bl A0, PWLE R F DWI, B PWI-
DWIAUCAL , 415 R BUR A 8 I6 YT L 7T LA 52 6 1 o
Zu I RERR Y, BEAE A 5% AOS MR 141 35 PWI-DWI
AN E R i 2 T PR VR VAT BN I T SR 3R AN IC AR
R, NFEFETR YT T AR A B K . e m AT AP S TIE 5K,
PWI-DWI A VEHELLE AOS f8 35 H A WAl (8 W] 7T Rz
WUS F 5[] 17 1 ATAR
32 DWI-FLAIR 7 T &

PEARIR AT B0 B ], BV R SR o B W] 7 o Wi & v
AR SR, DWIR B R Bl ify X 38k 55 155, 1 FLAIR 3 & H 31
SHAES %, B DWI-FLAIR AVCH . Huisa BN 2" iF 5%
SRR AR KHFI ) WUS B4 DWI-FLAIR APLRL, 5
B & A T A, 5 PWIKR A ARSI 7, FLAIR (AR 347
Tk S R, v LATE— SRR oA AT
B o 2020 4F & FAEMINT T 0 LRSS AT T X
T DWI-FLAIR ANULL () WUS 3, 5 225 sl bs e 34 77 A0
Vb, AT i Ik o 2 20 21 £F 15 Wl )i 005 77 (intravenous recombi-
nant tissue plasminogen activator, IV rt—PA) V&7 7E 90 d i} 7]
PGP R DI RE A AL . A RE AR A H I XU i (LR
HUIRes R EN G 45 o A8 N B B (1t-PA) YA
IYHIPE T N B Z T 22 SRt ), A8 ™ T 38 958 sl A8 T 1 s 191 A
ARSI AR, # DWI-FLAIR R VC LR 6 £ WUS ¥ 4 (8 8 B



— 760 —

BERERKFZR 2022 £55 47 5 7 #3 (Journal of Chongging Medical University 2022.Vol.47 No.7 )

A —E WY JR IR, a0 MRIAS 25 2 PE i AS 8 55 2 URR PR AR
e Z 77K 5 W BR IR PP AN DL i LA o

HRAE 2021 422 7 19 H & A6 T European Stroke Journal 1)
FoprE A —— (O A TR ZH 2L (ESO) 2t B i M A< i Dk s
M A E ), 6T WUS B, SR e B0 %0 81 4 5 15 % A s
fe] # 1k 4.5 h, @EILYRAE /R DWI-FLAIR RVCHED , 35 i 47 0
rt—PA A ; WUS S5 0 AR 1 25 IR H5 1 9 b iy
HH B Sk CT s A 4 A% 0o TR R VE L, R 8 LA vt—
PA # ik
33 BEERITEMMIHEAK

UEAE A R AR A DB AR i PR R -DWI AR L
B K MRA-DWIASDE L2 4 S 58 . MRA-DWIAS
JEHC & DEFUSE 2 B PWI-DWI A JC S A4 7 BB 7 %%,
FH T A 9 A v g v Y R R, L3R 2 R T B
RYHT WUS I RIS (L EFTHE 7 & Geht 8l 2 A BRI, A
T BT A T 28 1 A W B A 4.5~6 h HM A IR AR IR T
ML WUS #3 .

4 HEftbGF

T3 A SCHRRGE T — 2 S BRI AR T 5P T A W)
HE AR YT TR 25 19 WUS 835 , il in it £k T2 /551 . T1rho
JEH LK MRL, Siemonsen % 1 1 U5 20804 H 2 £ T2
J 1 S T F XL R AR IR 5 T rho 7 37004 46 R B AP XURRE TR e
B E B AT BB A BY T FLAIR BA P 42040 00 200 A o ) 4 5
P 7E— e 4R AR R KB T, 5 MRS R AF B A
I ) F19 B4, B MR 470 (19 1805 S 1 K oA AHEI , 4
AR S f /M R T DL A B2 PR TR o (R XUL
AR IT A WS i AL T S o B, IR R T AR
e o 1 2 e AR A

5 IN H

L5 LR, WUS & AIS o 8 H A R — 2 A ep AT
BT i S Y a5 A AOS MG 45 SR L AR
AT, WUS 5 AOS BR T FE B0 fa b P F LI K2 0554 A1
AVEST , 1525 5 KA A IR T WUS BRI LR B 3t ik —
LT ABCRE T BRI R . HATE X ALS
BFAT IV n-PAIRYT IR R L I TR IR A iRTR YT 2
[a] g Fsa] . X EUEE AR IS 4.5 h Y H B ATS B9 H s, il
IV 1-PAPY ., AOS g5 AT DAMR 8 B i 1) & 5 ) 1 5
JB 5T F DKV AR TR (0 B ) 2 P, WUS £8 2 U 8 TR A
AL 1) 2 9 ) I o e O e i pa HEBRAE AL . Ol T T A

S 1) 0 (A B, S B 2 AR 2 S T RE R A (AL 2% L A ORIk
ARBITF S AAE AT o 2 HT WUS AR A AR SR 58 B 7618
ok A 2582 A5 B T b XU AR S T) DA I 2F-Ak 72
WUS B AT IV t-PA JRYT 1Y% P RUA RO, i £
B ARHA , JHUE DWI-FLAIR S DL Al PWI-DWI A JL
LA H A, R B ALS F8 A Hh (Bl 2 i iy 21 SUR SR b i
AT SE TR A SR 2 2 ) 7 X — M AR A e b
[ %, TR 4.5~6 h BYRERE , Xt WUS SB35 B8 97 07 kB
SR . WUS K9 1 B 1) AR 24 X e W, FE ML L0 55 11
TR AR B B A VR (O B i T, R B 30 v il
F18 FsF 220 00 3 A 1o 7 SR A AR 3 43 WUS JR 5 5 R A rt—PA e
Wk BRI ik 25 . B R AR AN R R, 2825 MRI 5¢
CTHH T BB S AE A WUS B IR B ) Je vk 45 Rk i 5
D7 B, A TR AT TR AL T B R v R
M BT S ML . R B R SR B ARANE AT
BRy7 TH, R WUS SRR HE T — Ak nl ™ e i 4 ik
o N BRI B A MT KA 246 ol AT TR AR ZEAZ 0 Al
S > B P ORI LD LR AR i 2, AR A
BTN L RIS, BT RAER B A2
e BEERRAHOAR MR R 5 R, BT 5N TR BRI 25 35
BT AR T NS BRI KO R 2 2E Ay
YEH BTk

£ % X M

[1] Biggs D, Silverman ME, Chen F, et al. How should we treat pa-
tients who wake up with a stroke? A review of recent advances in man-
agement of acute ischemic stroke[J]. Am ] Emerg Med, 2019, 37(5) :
954-959.

[2] Zhang WY, Li Q, Zou N, et al. Clinical characteristics and func-
tional outcomes of wake—up stroke in the Chinese population[J]. Eur
Neurol ,2020,83(2) : 138-146.

[3] Jung S, Gralla J, Fischer U, et al. Safety of endovascular treatment
beyond the 6-h time window in 205 patients[J]. Eur J Neurol, 2013, 20
(6):865-871.

[4] PuigJ,Shankar J, Liebeskind D, et al. From “time is brain” to “im-
aging is brain” : a paradigm shift in the management of acute ischemic
stroke[J]. J Neuroimaging,2020,30(5) : 562-571.

[5] Ma H, Campbell BCV, Parsons MW , et al. Thrombolysis guided by
perfusion imaging up to 9 hours after onset of stroke[J]. N Engl ] Med,
2019,380(19):1795-1803.

[6] 3¢ B, U RIGDE, A SRR AE B I WA I PR AG
HAR YT L LR b IR R 28R o0 2% 3, 2021, 47 (6)
324-335.



BERERKFZR 2022 £55 47 £5 7 #3 (Journal of Chongging Medical University 2022.Vol.47 No.7 )

— 761 —

Dang C, Lu J, Song HQ, et al. Chinese expert consensus on clinical
evaluation and treatment of ischemic penumbra in acute cerebral infarc-
tion[J]. Chin J Nerv Ment Dis,2021,47(6) :324-335.

[7] Shi Z,LiJ,Zhao M, et al. Baseline cerebral ischemic core quanti-
fied by different automatic software and its predictive value for clinical
outcomelJ]. Front Neurosci, 2021, 15:608799.

[8] Roveri L,la Gioia S, Ghidinelli C, et al. Wake—up stroke within 3
hours of symptom awareness : imaging and clinical features compared to
standard recombinant tissue plasminogen activator treated stroke[J]. J
Stroke Cerebrovasc Dis,2013,22(6):703-708.

[9] Hacke W, Kaste M, Fieschi C, et al. Intravenous thrombolysis with
recombinant tissue plasminogen activator for acute hemispheric stroke.
The European Cooperative Acute Stroke Study (ECASS) [J]. JAMA,
1995,274(13):1017-1025.

[10] Huisa BN, Raman R, Ernstrom K, et al. Alberta stroke program
early CT score (ASPECTS) in patients with wake—up stroke[J]. J Stroke
Cerebrovasc Dis,2010,19(6) :475-479.

[11] Breuer L, Huttner HB, Dérfler A, et al. Wake up stroke: overview
on diagnostic and therapeutic options for ischemic stroke on awakening
[J]. Fortschr Neurol Psychiatr,2010,78(2) : 101-106.

[12] Reid E, Graham D, Lopez—Gonzalez MR, et al. Penumbra detec-
tion using PWI/DWI mismatch MRI in a rat stroke model with and with-
out comorbidity : comparison of methods[J]. J Cereb Blood Flow Metab,
2012,32(9):1765-1777.

[13] Manawadu D, Bodla S, Keep J, et al. An observational study of
thrombolysis outcomes in wake—up ischemic stroke patients|J]. Stroke,
2013,44(2) :427-431.

[14] Huisa BN, Liebeskind DS, Raman R, et al. Diffusion-weighted
imaging—fluid attenuated inversion recovery mismatch in nocturnal
stroke patients with unknown time of onset[J]. J Stroke Cerebrovasc Dis,
2013,22(7):972-977.

[15] Thomalla G, Boutitie F, Ma H, et al. Intravenous alteplase for
stroke with unknown time of onset guided by advanced imaging: system-
atic review and meta—analysis of individual patient datalJ]. Lancet,
2020,396(10262) : 1574-1584.

[16] Thomalla G, Cheng B, Ebinger M, et al. DWI-FLAIR mismatch
for the identification of patients with acute ischaemic stroke within 4.5 h
of symptom onset (PRE-FLAIR) : a multicentre observational study[J].
Lancet Neurol ,2011,10(11) :978-986.

[17] Berge E, Whiteley W, Audebert H, et al. European Stroke Organi-

sation (ESO) guidelines on intravenous thrombolysis for acute isch-

aemic stroke[J]. Eur Stroke J,2021,6(1) : I-LXII.
[18] Deguchi I, Takeda H, Furuya D, et al. Significance of clinical—
diffusion mismatch in hyperacute cerebral infarction[J]. J Stroke Cere-
brovasc Dis,2011,20(1):62-67.
[19] Nogueira RG, Kemmling A, Souza LM, et al. Clinical diffusion
mismatch better discriminates infarct growth than mean transit time—
diffusion weighted imaging mismatch in patients with middle cerebral
artery—M1 occlusion and limited infarct core[J]. J Neurointerv Surg,
2017,9(2): 127-130.
[20] Lansberg MG, Thijs VN, Bammer R, et al. The MRA-DWI mis-
match identifies patients with stroke who are likely to benefit from reper-
fusion[J]. Stroke,2008,39(9) :2491-2496.
[21] Deguchi I, Takeda H, Furuya D, et al. Significance of magnetic
resonance angiography—diffusion weighted imaging mismatch in hyper-
acute cerebral infarction[J]. J Stroke Cerebrovasc Dis, 2012, 21 (2) :
108-113.
[22]  Deguchi I, Dembo T, Yoshimura S, et al. Relationship between
magnetic resonance angiography—diffusion—-weighted imaging mismatch
and clinical outcome in endovascular treatment for acute ischemic
stroke : subgroup analysis of the Recovery by Endovascular Salvage for
Cerebral Ultra—acute Embolism: Japan Registry[J]. J Stroke Cerebrovasc
Dis,2014,23(6) : 1471-1476.
[23] Mishra NK, Albers GW, Christensen S, et al. Comparison of mag-
netic resonance imaging mismatch criteria to select patients for endovas-
cular stroke therapylJ]. Stroke,2014,45(5) : 1369-1374.
[24] Wu O, Schwamm LH, Sorensen AG. Imaging stroke patients with
unclear onset times|J]. Neuroimaging Clin N Am, 2011, 21(2) : 327-
344 ,xi.
[25] Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alteplase
3 to 4.5 hours after acute ischemic stroke[J]. N Engl J Med, 2008, 359
(13):1317-1329.
[26] Elfil M, Eldokmak M, Baratloo A, et al. Pathophysiologic mecha-
nisms, neuroimaging and treatment in wake—up stroke[J]. CNS Spectr,
2020,25(4) :460-467.
[27] Peter-Derex L, Derex L. Wake-up stroke: from pathophysiology
to management[J]. Sleep Med Rev,2019,48:101212.
[28] Zhang YL, Zhang JF, Wang XX, et al. Wake—up stroke : imaging—
based diagnosis and recanalization therapy[J]. J Neurol,2021,268(11):
4002-4012.

(TR AAR)



