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Abstract

Objective: To investigate the predictive value of ASL and CTA in recurrence of acute ischemic
stroke with anterior circulation great artery stenosis. Methods: A total of 163 AIS patients with
anterior circulation great artery stenosis in our hospital were selected for dual phase ASL, CTA
and MRI examination respectively. The patients were followed up one year later and divided into
the recurrence group (33 cases) and the control group (130 cases) according to the MRI results of
the patients one year later. The results of ASL and CTA were compared between the two groups to
analyze their predictive value for AIS recurrence. Results: Compared with the control group, rLMC
score, Tan score, affected side CBF (PLD = 1.5 s) and affected side CBF (PLD = 2.5 s) in the recur-
rence group were significantly lower than those in the control group. Multivariate Logistic regres-
sion analysis showed that affected side CBF (PLD = 2.5 s) and rLMC score were independently cor-
related with the recurrence of acute ischemic stroke (P < 0.05), both of them have certain predic-
tive value for the recurrence of acute ischemic stroke with anterior circulation artery stenosis, and
the combination of the two has the highest predictive value. The area under the ROC curve was 0.862
(95% CI: 0.785~0.940, P < 0.05). Conclusion: The combination of ASL and CTA has certain predictive
value for the recurrence of acute ischemic stroke with anterior circulation great artery stenosis.
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1. 5|18

SV G I A i 2R rp R R 2 N R R LI IRIR 2, AT 4 N B PR N BRI (Transient Ischemic Attack,
TIA) A2 % i i JE(Acute Cerebral Infarction, ACI), HIZHATUSZHR . M. MAR. BHEE 2RI EZ
(1] BEEEITAKPFRIARIKRE, sl hSOER CBE TR, HHERENE FAER, BFEER
I 5%~20%. PRk, WK S i N FEIEAT A R g A R I TGRS W RCA T e ALS TS B B S
Jiti. JT4FEK, ASL (arterial spin labeling, ASL)#E{F: BUGAE 26 H ML 30 77 22 AN S A IR ARZS VP4 77 A5 21 1
ot R R, CT M MUZ(CT angiography)if i TG A1 3R 15 56 5 1R 20080 Ik RH i I8 RS, B I BH AT A 28007
1l B E M G EIRAS[2] [3]e ASCBTESHT ASL A CTA X S Pl ifn 14 26 v 82 & i T A 4E

2. IR
2.1. ARIMR

JEHL 2017 4F 6 A & 2020 4F 12 H 115 5 K 2% B B2 Beiscis st i 12 i 25 rp i3, 3 BUEE — J& N 8
B LIRS AF (MR 5 B T1 INBURAZ(TIWI) . T2 JIAUSAR(T2WI) AR 2085 5% % & (FLAIR) K R R
IBURZ(DWI). CT MAFIEF(CTA). ASL HAKENEE . JET 1 Faxt BTy . RANAS
HAL 163 1, MRHE 1 ARG MUK MRI S AT 1) 25 S0k - oy i 4 33 ), KHHRZE 130 . S i Ik
WEPRIF AR BN KR R R AV Co I o IR TIURE 5 A8 2 Y AT VR 7 ANl . B AL IRl PR AR 72, 3RS
HEHKERBERCHE T AR DS, FEIEEEFBRERR.
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2.2. PNFRHE

1) i 1 i 25 b /5 2 4 1 28 DY Jim A I3 22 R 2 3GE s g Wiks v, 4 CT 8 MRI HERRMN H L. 2)
B T L MR TR SR A AR SE R Lo 3) KBS CTA AYBHIESCA MR RZIK M1,
M2 Bl iy 3 ik 25 e A% Bl PR S 2 (PR A R >50%) . 4) [FIRFEAT T M + # CTA. ASL K fifili MRI
Kts, THREA BRI VR

2.3. HERRARE

1) X5 CTA K ASL fs & W1 AT, DLRARESANERC & 58 B BB . 2) BB D IRIER
AR P BRI e 2 B B A D BE B A SR ) R . 3) BT R L TEM AR S AR L
MBI B - 4) AFE L FF Bl B ThREA S s R GO # o 5) XK Hh 2l bk =35 A 3l fik
Hh A A E

2.4. — R EE

AR R AN B AR« R BRAEI SR s 0o BEIRIE . DS EAE). SR E E AL P A
WHFE B 2 h B R (NIHSS 1E73). (EBE A AR — RIS I MAT IR R e . SRR . A
Bi. DR, KRAESIEIEE. =8, BHERE., SEERES. KEERES. RREER,
PR 3645 th 75 15 K FY s R e s 36 3 58 Al o

2.5. GBIRULER

Fr A BN A GE Signa3.0 T S AURESR AR, FEFRTHE 8 JHIE 2k Bl N 58 i dl . T E R S8
1) BE%TH TIWI: TR 1750 ms, TE24 ms; T2WI: TR 3280 ms, TE 110 ms; 2) ZiR{Z FLAIR: TR 9000
ms, TE 150 ms; 3) DWI: TR 5300 ms, TE 81.4ms; 4) ASL: TR 1400 ms, TE 15 ms. {3#i/Z/% 5 mm,
JZIEEE 1.5 mm, FOV 240 mm x 240 mm, HifEA 320 x 256. ASL #E47 XU AH(PLD = 1.5 s & 2.5 s)$4#,
JEXSHR X (region of interest, ROT)IZ 3 fixi A 0555 kb 55 K2 THI ) RO 3007 K CBF BIEVESSSIAL, HUR ] Rkt
Fris, &4 CBF I &E = KHCFISE R . X EEEAR S FIEAER Lk, BURFEREE X CBF A 1F1
fHo BT BH IR CTA BB N A KR AR 64 Fi8lE CT, & HJE 120 Kv/200mAs, 42 s T 26
AR, SR 312 FKIE )y, e 5 s R T =4E s .
2.6. PESTERAE

BT A B Y 5e il T CTA ) rLMC Al Tan ¥4 . rLMC $£43 750 H 0~20 4, J T 50 i sh ik A
SEEK, 0 e RWBEINKER; 1 40 SiKERESIMA; 2 55 SRR AR X 38, PPA I X
AT 6 4 Alberta 227 I H 4 CT 1'F43(Alberta stroke program early CT scale, ASPECTS #¥4))IX 3%
(M1~M6) B K i 115 2 ik DX A AL JR T X o ML DX R 3R i B B B VP40 A%, 7390128 04 24 4. Tan 55
AR P 2 100 A A48 . DX PR 00 S I 98 76 288 Y0 BBURH O SCAG R EAT VF 43, 43E 0~3 43 o i A8 Je i S ML isi A 0 43
) S 11 37 76 8 ¥ FLAE A O A R DX 0~<50% A 1 4, (0 SZ I3 78 4% 3 A P 2 I A3 I [X
50~<100%A 2 43, MSZ I 78 28 Y L 76 P ZE A (i X Y 100%4 3 3. 2 FiEa ¥ N E W, | 2
DT BB 23 53 SE 8 3 LA — S5 3 ] P Sk

2.7. BEIS

H 2 AR T I W RHE TN S AT T TS s VT . G R ANHBFREAFR . B, 56
FRE A NIHSS VPS5 ImR TR DURAF A T IB DL, BIE BT ke, Ui/, pike. JAE.
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FEPERI R IR VR IT 4, RIBREFHFBEMARR, FEUREEIER] 2020 £ 12 A.
2.8. EX7FH

1) REESLREE E AW 1 N EE MR IR RAR A B AL, 2) TIA B3 f IO M2 T)
BERRAT 24 /NI R R IE H B AR A A0 B R BIUHT (R AU (LA O R R ST - Bk 1k Fo 28 2 o B 15
e s, JF HARRR AL RPN SR A AT . SRS, IR 2 L T A SR PR A rh R

2.9. GEtFESE
KM SSPS21.0 #ATHE T, THEBURIA x =5 Fo, KA t4de: tHEBRIN A0 R8s, R

XK. 2R TAESFIE(ROC) M2 M ASL FIZET CTA A rLMC 43 Tan PF43 5%t 2 e fn 4 fixg 26 o
BEERKTINE . Fra RS, P<0.05 NZERAG SR L.

3. &R
3.1. ERESHIRAIGKITRIELR

163 5 v, 53 9 TIA, Hh A 4 BI7E 1 4F A A8 5% K BUHT IR . 110 1 9w iE 58 8.2
29 GIFEAE 1 AE N HH BB AR ZEAL . SRR 1R i 2 U S R RN 20.24% . SR 550 IRALAERE L 100
MpE. Mg JRER. M ESE— MR ZERIC B Z 5, AFE 24 /N NIHSS $F538(6.150 + 3.964 VS 3.345
+3.527), ERAGIFEEXP<0.05, % 1),

Table 1. Comparison of clinical data between recurrence group and control group

= 1. ERA S RAIRKZTR LR

A HRM(n=33) HHE A (n = 130) P A
A i PR 3

() 63.879 +9.691 63.554 + 10.241 0.870

2 18 1L H% (mmol/L) 6.214+2.312 6.015 +1.928 0.613

Hith = H(mmol/L) 1.414+0.815 1.693 + 1.696 0.360

A JH [ B (mmol/L) 3.944 +1.021 4.105 +1.307 0.512

HDL (mmol/L) 1.162+0.516 1.248 +0.679 0.499

LDL (mmol/L) 2.418+0.915 2.450 +0.981 0.086

AREH a (ug/L) 5.498 +£2.039 5.498 +1.313 0.850

JRER (umol/L) 311.061 +112.071 311.646 + 83.128 0.973

SR A (ugl/L) 5.498 £ 1.313 5.569 +2.039 0.370

B4 i (mmHg) 149.697 +22.024 142.115 + 19.634 0.055

A Bt &7 5K K (mmHg) 83.576 + 13.921 79.292 +11.773 0.074

R s 6.06% 14.6% 0.128

WA s 6.06% 15.3% 0.171

TR 28.4% 21.2% 0.224

APBE 24 h B3 NIHSS W45 6.150 +3.964 3.345 +3.527 0.002
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3.2. ERESHWRARGFRELR

THBFIEHM CBF /£ PLD 1.5 s 8{ PLD = 2.5 s LB 25, &l CBF (PLD = 1.5 s)/&{l] CBF
(PLD =2.5s) " LHIEZ R, MEXAMI, ZKRHALE 1.5s CBF. 2.5 s CBF & r(LMC #7 % 57H 4t

HHEEE (P <0.05, % 2),

Table 2. Comparison of imaging parameters between the relapse group and the control group

F 2. ERESHBEZEGFSHELE

e

I CBF (PLD = 1.5 s)
[mL/(100 g-min)]

1E%{ll CBF (PLD = 1.5's)
[mL/(100 g'min)]

I CBF (PLD = 2.5 s)
[mL/(100 g-min)]

1E%{ll CBF (PLD =2.5s)
[mL/(100 g'min)]

£ CBF (PLD = 1.5 s)/
£ CBF (PLD =2.55)

Tan P43
rLMC 43

B RH(M=33)

22.879 +£9.607

43.354 £11.769

32.484 £10.770

45.443 £9.975

0.748 £ 0.262

1.708 +0.7308
11.377 £3.283

SR ZH(n = 130)

30.016 +12.496

43.545 +£12.288

40.019 £ 13.191

42.727 +7.575

0.771 £ 0.224

0.970 £ 0.728
7.030 +£3.377

0.002

0.934

0.003

0.146

0.650

0.048

<<0.001

3.3. BEEMEZEE Logistic B34S

LR Logistic [8] V47347 &7 B il CBF (PLD = 1.5 s). &{lll CBF (PLD =2.5s). Tan 4. rLMC ¥
73~ NIHSS 17535 S 2 R (P < 0.05). Kz AR Z AR Logistic [F1JH 43 H7 &7 AN
CBF (PLD =2.5 s). rLMC P73 5 SR 28 Hp 2 R ST AR (P < 0.05, 4 3).

Table 3. Regression analysis of various influencing factors of recurrent acute stroke

3. RMRERE R ZIME M ERE VA

TiH OR & 95% CI P14
LS e

£ CBF (PLD = 1.5 s) 0.941 0.903~0.981 0.004
Il CBF (PLD = 2.5 s) 0.910 0.871~0.951 <0.001
Tan V¥4 0.120 0.047~0.303 <0.001
ILMC ¥4 0.671 0.575~0.783 <0.001

B NIHSS 34> 1.155 1.045~1.276 0.005
11k 1.048 1.875~1.255 0.611

Hh =5 0.853 0.601~1.209 0.372

% R 0.735 0.299~1.808 0.503
IR RE A 0.965 0.583~1.396 0.902
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Continued

R 1.006 0.969~1.045 0.749
W4 1.018 0.999~1.037 0.058
#FikE 1.028 0.997~1.060 0.077
JRIB 1.000 0.996~1.004 0.973
RER 0.989 0.798~1.227 0.923
fREH a 1.001 0.999~1.003 0.359
% 1.372 0.148~2.448 0.478
T} 1.193 0.286~4.980 0.809
5 1.372 0.508~3.705 0.532

EASE i
Il CBF (PLD = 1.5 5) 1.043 0.976~1.115 0.216
£l CBF (PLD =2.55) 0.897 0.838~0.960 0.002
Tan 34> 0.120 0.047~0.303 <0.001
rLMC 5> 0.671 0.575~0.783 <0.001
Bt NIHSS $£53 1.155 1.045~1.276 0.005

3.4. WAEN AR S e MR RZE 2 % EX SR 54

PLAZ AR TAEHRFAE #h 2% (Receiver Operating Characteristic Curve, ROC fh 2&)H T 38 &1 CBF (PLD =
2.5 8) S rTLMC 143 % S B 96 1 K 2l ik 72 2 40 7 s P 2 170 Sl i e i 24 v 28 190 90 () s AR A . ROC
ST R IR tILMC P4y B 2.5 s CBF #IZe T AR K FI/N A 0.824. 0.751, 275 3 [LMC 35
ol e il P i 2 8 O B TRINAA B K T 58l CBE (PLD = 2.5 s). PA - FBEA Al — iR s W ke, mhsk
TN 0.862 (£ 4, 1),
4. Vg

AR R PR ] S B i A o R R R R R IR . AR, RIE W OR Ak
PR AR ERFE 3 AN 6 ML VEMERESNEE] T 10.9%. 13.4%. 14.7% [4], HE KL
PRI A R B E AT 2, MEERNEE A BEAAFENAERE. BT, 2 224%KEREN
50%~99%2 A Bk Bk 4% F 3%, 751 IRER I S R AR B 72 h PFRCOR ARG A6 R, X2 BB T VR T A
AT LK B 45 T 2050 ik P9 BRI AR (CEA) B3 3 ik S 52 BN AR (CAS)BEATIRIT o T AR L8 B A Ui 4~k
SRR R, AT AR 257 MU IR YT B GA T AWiE YT [5]. BRI, Gl RO R I ATS TR
AR, A TERTERIEYT . Bt i, &2 BIRHIE AT G .

Table 4. Analysis of the association between two assessment methods and acute ischemic stroke

4. WMITE SRS SRR I MR ZE AR K MR 4

ZH ith 22 R T AR 95% CI P 1A

£ CBF (PLD =2.5s) 0.751 0.659~0.843 <0.05
tLMC ¥4y 0.824 0.740~0.909 <0.05

& 2.5 s CBF B4 rLMC V14 0.862 0.785~0.940 <0.05
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Figure 1. ROC analysis of the overall prognostic value of the two evaluation methods for ischemic stroke patients with acute
anterior circulation artery severe stenosis or occlusion

1. ROC 53t A HMIEMN 75 3N U AT B IR R BBk ™ 3R 2 H 2 A BRI 4 B 28 o B 3 TR FUM B 248 B

) S A9 P AR A A2 S I i 2 v 1 R 2 B B T I RO S T IR 25, 3 OS2 1 3 T (el P 2EL 1 ) O
MR, AN MR AE BRSO SZ I [A], Rk sty , @k e BiseiE— 0k Jg 6] #Fay
MG 52 (DSA) T 23 WA 9 PP-Aii i I8 A5 5 M0 S A B 9 b v, ST 8% 202 i 100 5 e 1) 02 5075 A VA
SR 12 HURS 2 RS AR N B v, A s ot A ARG R S F s A7 AE JRIBR 12 [ 7] [8]+ ASL (arterial spin labeling)
R Eh ik B BEbric B R S, 2 —ITa] . R, A AP R R G R, TR IR
b S L SR B LA RS, HAT LA 2 (9] IR, IREVF 23T CTA IS V4G B,
Fort Tan ¥4 & rLMC VPRI IR 3O L, COAIE B mT HERA 10 V7 fh B8 I SCIE RS

AWFERVT T ASL A CTA XFR M 28 oh B R TN (E, 45 SRR B B CBF (PLD = 2.5 s). rLMC
o5 SR A s B RO AR DG (P < 0.05), A X SR B M i A op 2R A — & TN B . ROC
AR 7N 0.862,

CTA A RPN — B M SCAGFR, IR TR M k- A i B 2 U [10] [11], MHEBRINA, £
BT CTA (LRI PE53 1 rLMC A5 BERIBORE S ey, X0 SR R PPl B R LS T 52 12]0 AEARTRBE T,
rLMC I T 6 Bl P 25 o 2k — e TN RE 77, 1X AT eSS BRI tTLMC P43 A 2245 T ASPECT 43 [X
I M1~M6 [X . KAIRTEDAKAEIL X . FERATHEM X . AMUZE AL X, 3 L0 A ] DX 35 i OB i A QR A
i Tan PEAMXUACKMSZIGIA 028 0~3 S, ST EARAT G . TLMC VEo Bk fURIERC E 2%, H
X CTA BE R B E RN . 5T CTA JUF P 2 Mt %5, HEl a4, IGR B Ak 2 3L,
IeAh, AR RE LSRR A CTA BAA B IR EA 38, o] DLE RS My B, (HoR
REEE RS MRHEEE, DAE TSk S R i T S IR s . Bl 24 CT 1EA
— M TR AR R, B AT — 3k CTA K& CTP AR Sy . b 352 e v
FE, AMIVEARE SRR, Nfa S MEIRIT f3 5 ST RI[13]. 52T 288 CT 1 rILMC V5 R 1EA
4t CTA Jemfh b, HIEREmAE, w7 %t k. S bk S ks BT 2 i, e i 4 s i /87
(10 Tt S B0 V7 7 100 I I 57 A5 X O P P P56 s 00 8 L 75 R {8 0 5 e 0 1 19 S 305 F )
BAGH AT 7 HEAL, AT B Tk — DG RIS, F8 36 97 7 R 14].

CBF HJl cerebral blood flow #% TA & VAN i v 1S AR k[ 15], 1% AiZH 21 CBF 7£ 50 ml/(min-100 g)
KA, FHEEEEMT 10 ml/(min-100 g), WG ZH 23778 250080 9 & O AT B . ASL ] Sk B4 [X
CBF, CAWITEY] ASL £E LM M3 CBF E R % TIA 98 A& LA R SR SE (0 10 347 T 16]
[17]. 7R 5T 2 IH VA 28 S U453 (4 CBF Bt 5 ik A Hp S ARG, IX AT B2 BRI A e e 9 i I 97 A A
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BB RO R[] (HEARTU L, N H ASL [ EM CBF X 4 4% & & 347 1,
M2 T IR 0.751, X ] RS2 RN AT 78 B K H 1K) CBF B 32 A 80U FHEE M it BUBOER IX AT 3R45, 6
AL M R G BREE AR . AR, FEAE BRI AHEAT ASL Ay, U SO & I e IR 5 5L
ASL 5 5 5K, v SEC CBF WA R TG 18]. R AT FL R A 1 XU AR ASL X ifn 4 figg 25 o iR
IO SAE A RS AGHUHEAT VAL . B R, IR N 4421 CBF (PLD = 1.5 )5 CBF (PLD = 2.5 s) i
BER, X5 Ye FHEARBFE RANEL. FIR, AT, &3 80 1.5 s 1) CBF ZE AT 0 2.5 s
() CBF, H.&M 2.5 s (¥ CBF X HRIMLEZEh 2R TN 5, X AT ReR Ry, B g et A 2
Jei, IR B IA T AR I A i X Pt a2, B0 ik L I8 i B [B] (Arrterial Transit Time, ATT)ZEK:, 1.5 s f] PLD
/N ATT, #§ ASL (PLD = 1.5 s)i& e R AR 2 BB brid M sh ik i o+, PRI RHE: . T24 PLD 14
K 2.5s JG, PLD W HT T ATT, S AEILSLH S Mz AL ik 2 2L A A5 [ 19]. BEAk Lyu 52438 ¥
SR AEAS [F] I AH B CBF BB € XN HVR (Hypoperfusion volume ratio), F- 3N T-Hh ik 245 vp & K&
FITE20], TRABEFLE N HVR B TSk s i v 26 o B D) R4, (HEART S, SR AN
XTHRZH ) HVR JoBH & 22 5% [21].

JUE O IR RS SR MAR. JRER LA S I 55 R 2 2 R FERE AL I R, B S ki
PERIZE PS5 B R R B . (BEEARRBTFE, WA 50 BAAR SR LR #EER, &)
RESE T REAR R D, B e A1 A 55 i i 1 i i 7 98 B R R L R [22] [23] [24].

L PR, ASL 5 CTA A il i 14 i 25 b 52 A B0 TN A 8, T % s i A4 4 o 52 R Fi 58
FEHERTIONF B, WA Rt — 0 2l s RREARIOWEIT, [R5 A T AR I R BRI N 72 R 25

AW RAFAEE LR 2 4b, 1) A7 ASL (] ROIATFENER, fA7E—EMiRE. 2) AL
FONE A I BERT 7T, RILTEIG R 2RI £ TR — e i . 3) T CTA HIMISCIEIRVTE
RN %, R LAMAE — i, RE AR SRR B4 % B K rLMC 353 A Tan 377>
1ER CTA WS SCAEIRIIVF 2 RS0, ABATI T RETEIE5E 2R3 CTA St 25 v & & S0 () s 1«

SE
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