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[Abstract] Objective To screen related influencing factors for good prognosis of ischemic stroke
caused by middle cerebral artery (MCA) stenosis or occlusion. Methods A total of 109 patients with
ischemic stroke caused by MCA stenosis or occlusion were enrolled in this study. Their clinical data were
recorded, such as sex, age, time from onset to MRI, history [stroke and/or transient ischemic attack (TIA),
coronary heart disease, atrial fibrillation, smoking and drinking], systolic blood pressure (SBP), diastolic
blood pressure (DBP), serum glucose, total cholesterol (TC), triglyceride (TG), low - density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), plasma homocysteine (Hey), National
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Institutes of Health Stroke Scale (NITHSS) score on admission and discharge, modified Rankin Scale (mRS)
at 3-month follow-up. MRI and three-dimensional time-of-flight (3D-TOF) MRA were performed to get
MCA stenosis rate, FLAIR vascular hyperintensity (FVH) score, FVH - diffusion - weighted imaging (DWI)
mismatching proportion, DWI - Alberta Stroke Program Early CT Score (ASPECTS). Univariate and
multivariate forward Logistic regression analysis was used to screen related influencing factors for good
prognosis. Receiver operating characteristic (ROC) curve was used to evaluate the accuracy and best
threshold of FVH and DWI-ASPECTS scores predicting good prognosis. Results According to mRS score,
patients were divided into good prognosis group (mRS < 2, N =24) and poor prognosis group (mRS >2, N =
85). Logistic regression analysis showed that DBP (OR = 0.924, 95% CI: 0.869-0.983; P = 0.013), FVH
score (OR = 2.008, 95% Cl: 1.404-2.873; P = 0.000) and DWI- ASPECTS score (OR = 1.955, 95% CI:
1.336-2.862; P =0.001) were independent influencing factors for good prognosis. ROC curve showed that
area under the curve (AUC) of FVH score was 0.768 (95% CI: 0.656-0.880, P = 0.000), AUC of DWI-
ASPECTS score was 0.721 (95%CIl: 0.608-0.834, P = 0.001). The best threshold of FVH score was 4.50,
sensitivity was 0.625, specificity was 0.824, Youden index was 0.449. The best threshold of DWI -
ASPECTS score was 6.50, sensitivity was 0.750, specificity was 0.671, Youden index was 0.421.
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Conclusions  For ischemic stroke caused by MCA stenosis or occlusion, the related prognostic factors
include DBP, FVH score and DWI-ASPECTS score, whereas FVH score has higher accuracy.
[Key words] Stroke; Brain ischemia; Middle cerebral artery; Prognosis; Logistic models
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Figure 1 FVH-positive signs in head MRI ~ Axial FLAIR showed multiple strip hyperintensities in left temporal lobe surface
and sulci (arrows indicate, Panel la). T,WI in the corresponding level showed flow voids (arrows indicate, Panel 1b). Figure
2 FVH-DWI mismatching signs in head MRI  Axial FLAIR showed multiple FVH-positive signs around the lesion located in
right temporal lobe and lateral fissure (arrows indicate, Panel 2a). Axial DWI did not show FVH-positive signs (Panel 2b).
Figure 3 FVH-DWI matching signs in head MRI  Axial FLAIR showed multiple FVH-positive signs in right temporal lobe
surface and sulci (arrows indicate, Panel 3a). Axial DWI showed multiple FVH-positive signs within the lesion (Panel 3b).
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Table 1. Comparison of general data between poor prognosis group (mRS>2) and good prognosis group (mRS < 2)

Ttem mRS>2 mRS <2  Statistic P value || Tem mRS>2 mRS <2 Statistic P value
’ (N=85) (N=24) value " ’ (N=85) (N=24) value vaiue
Sex [case (%)] 0.049  0.825 || Serum glucose (x +s, mmol/L) 7.63 £3.83 6.11+£2.00 1.870  0.025
Male 51 (60.00) 15 (62.50) TC (x +5, mmol/L) 4.62+1.19 4.69+1.30 -0.250  0.803
Female 34 (40.00) 9 (37.50) TG [M (P2, P7s), mmol/L] 1.72 (1.14,2.03) 1.63(1.14,1.99) -0.212  0.832
Age (v 5, year) 64.98+12.80 62.21+14.51 0908  0.366 || LDL-C (x +s, mmol/L) 2.65+0.97 2.77+1.05 -0.492  0.624
Time from onset to MRI [case (%)] 8.102  0.044 || HDL-C (x s, mmol/L) 1.25+0.31 1.25+0.37 0.070  0.945
<ld 4(4.71) 5(20.83) Hey (x £s, pmol/L) 17.53+7.01 17.26 £6.41 0.170  0.865
1-4d 52 (61.18) 9(37.50) Stenosis rate [case (%)) 0331 0.955
5-9d 19 (22.35) 6 (25.00) 15 (17.65) 4 (16.67)
=10d 10 (11.76) 4 (16.67) 30%-69% 6( 7.06) 1(4.17)
Stroke/TIA [case (%)] 16 (18.82) 4(16.67)  0.000  1.000 70%-99% 22 (25.88) 7(29.17)
Coronary heart 16 (18.82) 2(833)  0.830 0362 42 (49.41) 12 (50.00)
disease [case (%)]
Atrial fibrillation 21(24.71) 4(16.67)  0.684  0.408 || Initial NIHSS 18.00 17.00 0.724  0.455
[case (%)] [M (P2, Pr), score] (16.00, 22.00)  (15.25,22.00)
Smoking [case (%)] 34 (40.00) 11(45.83)  0.263  0.608 [ FVH [M (P2, Ps), score] 3.00 5.00 -4.301  0.000
(2.00, 4.00) ( 3.00, 6.00)
Drinking [case (%)] 27 (31.76) 7(29.17)  0.059  0.808 || FVH-DWI mismatch [case (%)] 47 (55.29) 19 (79.17) 4465  0.035
SBP (x 5, mm Hg) 150.60+20.82 143.83+18.91 1.433  0.155 [ DWI-ASPECTS 6.00 7.00 -4.151  0.000
[M (P2, P7), score] (4.00, 7.00) ( 6.75, 9.00)
DBP (x +£s5, mm Hg) 88.29+13.30 81.88+ 895 2.224  0.028 |[ Discharge NIHSS 16.00 15.50 0.981  0.311
[M (P2, Pr), score] (14.00, 20.00)  (14.25, 18.50)

X’ test for comparison of sex, atrial fibrillation, smoking, drinking and FVH-DWI mismatch, adjusted X’ test for comparison of stroke/TIA and
coronary heart disease, rank sum test for comparison of time from onset to MRI and stenosis rate, Mann- Whitney U test for comparison of TG,
initial NIHSS, FVH, DWI-ASPECTS and discharge NIHSS, and two-independent-sample ¢ test for comparison of otherss mRS, modified Rankin
Scale, B 2 Rankin #if # 5 TIA, transient ischemic attack, % 8 1% i B 1l & F ; SBP, systolic blood pressure, I 4 J& ; DBP, diastolic blood
pressure , & 7K J ; TC , total cholesterol , & I [ % ; TG , triglyceride, H il = ; LDL-C, low-density lipoprotein cholesterol , {1 %5 & g 2 11 IR [ B3 5
HDL-C, high-density lipoprotein cholesterol, (& % & Jif Z& [1 I [# B% ; Hey , homocysteine , [7] % 2 it % 2 ; NIHSS, National Institutes of Health
Stroke Scale, 3¢ [ [# 37, T3 A= B 5% B 4 tP i 6 s FVH, FLAIR vascular hyperintensity, FLAIR & 1L 45 = 5 5 ; DWI, diffusion-weighted imaging,
P HUMBUR AL ; ASPECTS, Alberta Stroke Program Early CT Score, Alberta i 2 H1 3151 538 €T 3% 4>
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(4.17% ) , 70% ~ 99% 7 B (29.17% ) , 1] %€ 12 {4
(50%) ; A Bt NIHSS P43 8 ~ 26 43, 143 17.00
(15.25,22.00) 73 s FVH P73 2 ~ 8 73, AL PE 43 5(3,
6) 4y ; FVH-DWI /A U fit 19 441 (79.17% ) , VE fic. 5 4]
(20.83% ) ; DWI-ASPECTS ¥F 43 4 ~ 9 4%, W v ¥F 43
7.00(6.75,9.00) 43 5 i B B NTHSS P43 4 ~ 23 43,
i PF4r 15.50(14.25,18.50) 47 . F 1 45 BoR, idl
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Table 2. Variable assignment of influencing factors for favorable prognosis (mRS score < 2) of ischemic stroke caused by
MCA stenosis or occlusion
Assignment (score) Assignment (score)
Variable Variable
0 1 0 |

Sex Male Female Smoking No Yes

Time from onset to MRI (d) <4 >4 Drinking No Yes

Stroke/TTA No Yes Stenosis rate (%) <70 >70

Coronary heart disease No Yes FVH-DWI mismatch No Yes

Atrial fibrillation No Yes

TIA, transient ischemic attack, 38 & ¥ B G M 5 4 ; FYH, FLAIR vascular hyperintensity, FLAIR B ff M & & 12 S ; DWI, diffusion-weighted
imaging, " HCI0 T L 1R

RI RERHBBEERAZRROMEEPHERF(mRSIFHS = 25 )BEE Logistic M3 417

Table 3. Univariate Logistic regression analysis of favorable prognosis (mRS score = 2) of ischemic stroke caused by MCA
stenosis or occlusion

Variable b SE  Waldx’ Pvalue ORvalue OR95%CI | Variable b SE  Wald x* P value OR value OR 95%CI

Sex -0.105 0.476 0.049 0.825  0.900 0.354-2.289 | TC 0.048 0.191 0.064 0.801 1.049 0.722-1.525
Age -0.016 0.018 0.828 0.363  0.984 0.950-1.019 || TG -0.058 0.260 0.050 0.823  0.944 0.567-1.569
Time from onset to MRI  0.322 0.473 0.462 0497 1379 0.546-3.486 || LDL-C 0.116 0.234  0.246  0.620  1.123 0.710-1.777
Stroke/TIA -0.148 0.614 0.058 0.810  0.863  0.259-2.873 || HDL-C -0.054 0.767 0.005 0944 0948 0.211-4.261
Coronary heart disease -0.936 0.789  1.409  0.235  0.392  0.084-1.840 || Hey -0.006 0.035 0.030 0.864 0.994 0.929-1.064
Atrial fibrillation -0.496 0.603 0.675  0.411 0.610  0.187-1.986 | Stenosis rate 0.221 0.562  0.154 0.695 1.247 0.414-3.752
Smoking 0.238 2.466 0.262  0.609 1.269  0.510-3.162 | Initial NIHSS -0.038 0.051 0.566 0.452  0.963 0.872-1.063
Drinking -0.123 0.506  0.509  0.808  0.885 0.328-2.384 || FVH 0.603 0.157 14.720 0.000  1.827 1.343-2.485
SBP -0.016 0.012 2.010 0.156  0.984  0.962-1.006 | FVH-DWI mismatch  1.122 0.548  4.196 0.041  3.072 1.050-8.922
DBP -0.042 0.020 4.537  0.033  0.959 0.922-0.997 | DWI-ASPECTS 0.449 0.144  9.659 0.002  1.567 1.180-2.079
Serum glucose -0.220 0.120 3.349  0.067  0.802 0.634-1.016 || Discharge NIHSS -0.052 0.051 1.034 0309 0.949 0.858-1.050

TIA, transient ischemic attack, %5 2 14 I it il % {F ; SBP, systolic blood pressure, I 4 J& ; DBP, diastolic blood pressure, & 5K J& ; TC, total
cholesterol , & I [# B ; TG, triglyceride, H il = M ; LDL-C, low-density lipoprotein cholesterol, {ik % & i 2 [1 I [#] B ; HDL-C, high - density
lipoprotein cholesterol , i %% & Jift & 11 L[ % ; Hey , homocysteine , [7] 12 it 2 iR ; NTHSS , National Institutes of Health Stroke Scale , 3% %] [ 37 2
HEBFSEBE A L% 5 FVH, FLAIR vascular hyperintensity , FLATR 84 L4 %5 /5 5 s DWI, diffusion-weighted imaging, " BUMA R A% ; ASPECTS,
Alberta Stroke Program Early CT Score, Alberta i 25 H X 74 C T ¥4

BBH R E MR Ky A B | &7 5k R FVH T
53 JFVH-DWI /A VE fi Eb 5] F1 DWI-ASPECTS P 43 22
SA G E R L (Y P<0.05) , H A& 045 x4 1) 22
SIS FE L (¥ P>0.05),

T R R Bl B Ope A B P S SR il M A o S
KA1 52 ) IR R 4 BT

M 22,3 A UL, B[ &K Logistic 1IH 43 B @K,
&5k (P =0.033) FVH #F43 (P = 0.000) .FVH-DWI
AN VEfig (P = 0.041) fl DWI - ASPECTS ¥ 43 (P =
0.002) J2& K o 5l Jikope 7 55 P 2E S0 il P A< o S
KA (mRSPE4r < 240) 52 mi R 3 5 b b 5 i [
RRAZHE R Logistic MIH I #, & 4 25 R B, &F
ik (OR = 0.924,95%C1:0.869 ~ 0.983; P =0.013) .
FVH ¥ 4 (OR = 2.008, 95% CI: 1.404 ~ 2.873; P =

0.000) Al DWI-ASPECTS # 43 (OR = 1.955,95%CI:
1.336 ~ 2.862; P = 0.001) J& K fiki v 3 Jok % 7 a8l 4] %€
ke o M2 S R4 (mRS PEAr < 243) kST
A ]S g

= \FVH ¥4 1 DWI-ASPECTS ¥ 43 X K figi o
B ik B 78 B8 P4 2 SOk i M A b TS R4 Y TR0 AN
{E

FR A W 4 3 FVH PF 4> fl DWI-ASPECTS ¥ 4
B AN [ i 3, AR AT — 3R 41 5 0% ARy 5 2 DA
R I AR, 1R 5 O R A bR 25 ROC
o ZINE T IAL(AUC) Sz W 6 3, B0(E B Bz i
1,8 FVH 43 A1 DWI-ASPECTS #4315 I i 5 1
YA AfR R R T SRR R R S R AR A B 43 Bt
SEDE MG FE . 4 ROC IR 2R, FVH P43 il
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Table 4. The multivariate forward Logistic regression
analysis of good prognosis (mRS < 2) of ischemic stroke
caused by MCA stenosis or occlusion

Variable b SE  Wald x* P value OR value OR 95%Cl
DBP -0.076 0.032 6.213 0.013 0.924 0.869-0.983
FVH 0.697 0.183 14.585 0.000 2.008 1.404-2.873

FVH-DWI mismatch -0.978 0.994  0.967 0.325 0.376 0.054-2.640
DWI-ASPECTS 0.670 1.194 11.894 0.001 1.955 1.336-2.862
-1.673 2.658 0.396 0.529

Constant

DBP, diastolic blood pressure, &F 5K J& ; FVH, FLAIR vascular
hyperintensity, FLAIR B 1% Ifil. % = 5 %5 s DWI, diffusion-weighted
imaging, ¥ BN AL (% ; ASPECTS, Alberta Stroke Program Early
CT Score, Alberta Ji5i 4 1 3% B 40) T 1 43

28 T AU 0.768(95%C1:0.656 ~ 0.880, P = 0.000) ,
DWI-ASPECTS ¥ 73 il & & 1 X °4 0.721 (95%CI:
0.608 ~ 0.834,P =0.001) ; FVH ¥4 H F il il Jj5 &
I (mRS W4 < 243) WG SFH1E hy 4.50 43, R U
4 0.625  FE 5 E R 0.824 . Youden $8 U4 0.449, 1
DWI-ASPECTS ¥ 43 H1 F %l ] 1 J5 R 4 (mRS ¥
Ay < 240) I FAE R 6.50 43, R R 0.750 4%
S H0.671 . Youden 5850 0.421 .

5] it

WF ST o, K 2l Jok B 48 B P 2 B0k i P A<
2 A e I P 2R R 609 LA 1 R g
PEA e 1P AR e 1505, 6k LI PR G T RN S e ) 2
AEER X, mRS &R AN B A b
Ja W FE bR LA BT R A5 RO . AR BE AN A
4 Sk I P 2 e BB X S R e Bl bk b A B A SE i
o, 45 R BoR, #F5K E FVH ¥4 fl DWI-ASPECTS
TE 43 2 K o 3y ok e 7 5 A 2 S5k il P 25 o B s
KL B ik 7 R i [ 25 ROC 2R R, FVH P43 i
2 T FLH 0.768(95%C1:0.656 ~ 0.880, P = 0.000) ,
DWI-ASPECTS ¥ 43 it 26 & 1 #1 & 0.721 (95% CI:
0.608 ~0.834,P =0.001) ; FVH ¥ 43 $Ull ¥l J5 B 47 1
Il FAE N 4.50 43, REE R 0.625 45 5 8 4 0.824
Youden #8540 4 0.449, DWI-ASPECTS ¥ 43 Tl Il 14 f
KL (4 I 18 R 6.50 43, RAEEE N 0.750 55 5
0.671.Youden 1640} 0.421,

A58 7, e I R A AR i H L LA E
FER R ™ AR WG K418 5k AR T BS
ARAHZESFAHSIFE X BRAER BN, &k

J£ <70 mm Hg 4 .70 ~79 mm Hg Z1 .80 ~ 89 mm Hg
HH = 90 mm Hggﬂ,%jé‘ﬂﬁl‘$¢7iﬁ$§j\%ljjﬂ
9.9% .6.8% .8.5% 1 10.8% , 3+ &F 5K F& Al LA 52 1l i
R EBRE UG A

WE A A7 2 Wk 5% 2k A FVH P43 PF o 2 sk i
PE A B3 U, Olindo 55 '0F 5% 7R , K H 2h ik
i FVH P40 5 WS RAF A MY FVHIF 7 =
4 4y HECH B AE KL AR BLAN NTHSS $F 4> 2K F FVH 3F
gy <Ay BE B BT SR R . A5 TG
RIFHABHEFVHIE & THEARAHZEZR A5
TR X, 5 BRI A — . BE A 5T R
FVH-DWI AV Ft 5 A8 7 % (PWI-DWI AR DERL,
DA Rz Wl off e 1 Al DX, O T 4R S5 ik A o )
WEFEIR YT, NI B KA RIP WL 0 AW oE 1
J& KT 4 B E FVH-DWI A VT I Fe 1) & T fils A R
HHZERAGI2E L, R FVH-DWI A ILEL AT DA
[i) 22 5 e ke 1 M A vh B TS, B DWI-ASPECTS
PE4r 0l DL A 5 b R A5 B0 S AL AR B A 5
8, ASPECTS ¥ 43 > 7 43 8 & I K #L 5 f T
ASPECTS ¥-73 < 773 8%, H ASPECTS P4 < 441
BEGKBUG AR ", AFRBUG R4 85
DWI-ASPECTS ¥ 43 = F e A R4 H 2 54 4t
R N5 AR A R A — B

ROC I £k 1 43 Bt 2 0 36 R BOZ FIRs 5 52 i
i £ T B S BV A L Youden 8 X B2 W ]
fH, Youden 5 % KA I 25 6 R BUE VR 5 8 10 B
FERRWT o, AR B, B S0 7 i
R 0.50 ~0.70 A2 Wi M L #2415 0.70 ~ 0.90 212 Wi
WAE 5 5> 0.90 M2 Wi (4 m 'Y, AWF5E ROC
HH 2k 2 78 , FVH PE 43 Youden #5 U H 0.449, %F v 1)
FVH P53 4 4.50 53, 2 Bl FVH PF40 4 4 ~ 5 43 B 15 0
i KA A {5 5, 5 Olindo 58 98 45 1 — 24
DWI-ASPECTS ¥ 43 Youden 5§ % K 0.421, XF Jif [
DWI-ASPECTS ¥ 43 4 6.50 43, % Bl DWI-ASPECTS
PEAY N 6 ~ 7 43 BF F0 101 /5 B 48 189 12 W A0 {8 45 s, e
5 ESMF GRS R A3 S A FVH TS
I DWI-ASPECTS P73 it 261 i B, /i & K T 5 4
(0.768 XF 0.721) , & W FVH 343 X K i v 50 fik Bk 7%
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DWI, diffusion - weighted imaging, #" # Jil £ % 1% ; ASPECTS,
Alberta Stroke Program Early CT Score, Alberta I A< H1 11 % 5
B eT sy

B4 FVHIF5 I DWI-ASPECTS i 43 WUl K i o 3l fik 5 4% 5%
P 9 Bk i M A T UG R4F (mRS IF4F < 243) 9 ROC i 28
(FVH ¥ 43 il 26 '~ i 714 0.768, 95% CI: 0.656 ~ 0.880, P =
0.000; DWI-ASPECTS 43 i £ F 1 #14 0.721,95%CI: 0.608 ~
0.834,P=0.001)

Figure 4 ROC curve of FVH score and DWI-ASPECTS score
to predict good prognosis (mRS < 2) of ischemic stroke caused
by MCA stenosis or occlusion (AUC of FVH score was 0.768,
95% CI: 0.656-0.880, P = 0.000; AUC of DWI-ASPECTS score
was 0.721, 95%CI: 0.608-0.834, P=0.001).
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R R &R (=)

R 2R G AE paraneoplastic neurological syndrome(PNS)

R Gomori =8 modified Gomori trichrome(MGT)
THZE -y interferon-y(IFN-y)
HIM =N wiglyceride(TG)
JRE A 2 A% T T

sensory nerve conduction velocity(SNCV)
JEAEIE S T sensorimotor cortex(SMC)
FLER -2 K periodic acid-Schiff(PAS)
NG high density lipoprotein(HDL)

o i A 1 [
high-density lipoprotein cholesterol( HDL-C)

5IEH toxoplasma(TOX)
et I R %

functional magnetic resonance imaging(fMRI)

i

I

I

g

YIREIEHE  functional connectivity(FC)
FBEX A oligoclonal bands(OB)
HEERE  perfusion-weighted imaging( PWI)
1o 4 A 0 T 4 L O 2 MRy

peroxisome proliferator-activated receptor y(PPARY)

PUE R4 5% Hamilton Anxiety Rating Scale( HAMA)

DU R TR R

Hamilton Depression Rating Scale(HAMD)
PRI MIRFR  substantia nigra pars reticulata(SNr)
MFHE S substantia nigra pars compacta( SNe)
2% red nucleus(RN)
LA MIUTRE % erythrocyte sedimentation rate( ESR)
BEHABR L 2 succinate dehydrogenase(SDH)
I F B A 1 0 S S 5

NADH-tetrazolium reductase(NADH-TR)
HIRIFER  cyclic adenosine monophosphate(cAMP)
5] % - T8 812 echo planar imaging( EPT)
[ P E) echo time(TE)
WX R 174 B 2 JiT rostral anterior cingulate cortex(rACC)
Glasgow B #£it#  Glasgow Coma Scale(GCS)
LB myo-inositol (mI)
LI creatinine(Cr)

WUR 4G creatine kinase(CK)

UL 2 P AT Al e 21 27 4
myoclonic epilepsy with ragged-red fibers(MERRF)

HFERRMILEZEDHT voxel-based morphometry(VBM)
R4 JEE AN matrix metalloproteinases( MMPs)
FEL  number of excitation(NEX)

WAL NG EE 1 very low density lipoprotein( VLDL)
BHEENIZESRAE  spinal muscular atrophy(SMA)

VIE SN VNG =Y A

Montreal Neurological Institute( MNT)
LA T-metaiodobenzylguanidine ('*I-MIBG )
B A ATIR  splice-switching oligonucleotides(SSOs)
] 2 8 AR A A A R

Mini-Mental State Examination( MMSE)
ATPEi & B ia T Al

ATP-binding cassette transporter A1(ABCA1)
ATPE B Fe iz 1 Gl

ATP-binding cassette transporter G1(ABCG1)
5B Mycobacterium tuberculosis(MTB)
SRERMEANEY

purified protein derivative of tuberculin(PPD)
LM R tuberculous meningitis(TBM)
AT AERRIE  progressive supranuclear palsy(PSP)
PEATPELEZEYE R progressive myoclonic epilepsy(PME)
iR T RE R LR LR

resting-state functional magnetic resonance imaging

(rs-fMRI)
E M5 cytomegalovirus(CMV)
RAEBFEE R polymerase chain reaction(PCR)
S5 WaBE S - R i B B 2 3 1

polymerase chain reaction-restriction fragment length
polymorphism(PCR-RFLP)

PUBIZ5 Y antiepileptic drugs(AEDs)
PUEBIE  anti-nuclear antibody(ANA)

0 Ao 2 M i S e 1A
anti-neutrophil cytoplasmic antibody(ANCA)

Al PEHUCHERZ PR extractable nuclear antigen(ENA)



