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[Abstract] Objective: To investigate the value of MRI and clinical features-based nomogram for
predicting short-term brain functional outcomes in patients with acute ischemic stroke ( AIS).
Methods: The clinical and imaging data of 160 patients with anterior circulation AIS diagnosed and met
the requirements of this study in our hospital from January 2018 to December 2020 were retrospective-
ly analyzed.Based on the modified Rankin scale (mRS) 90days after AIS, the patients were divided into
good prognosis group (mRS score<<2) and poor prognosis group (mRS score>>2).The baseline clinical
data (blood pressure,blood glucose,cigarette smoking,stroke history,atrial fibrillation history,admis-
sion NIHSS score, admission mRS score) and MRI features of infarction areas including margin, he-
morrhage,ratio of bleeding area,infarct volume, signal heterogeneity on DWI and ADC value were e-
valuated by two radiologists with double-blind method. The imaging and clinical features were com-
bined to establish a clinical-image nomogram using multiple logistic regression method. Area under re-
ceiver operating characteristic curve (ROC) and Hosmer-Lemeshow test were used to evaluate the
predictive efficiency and calibration of nomogram, respectively. Decision curve analysis (DCA) was

used to evaluate the clinical usefulness of the nomogram.Results: The results of multivariate regression
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analysis showed that MRI features including blurred edge,infarction volume,signal heterogeneous on
DWI and average ADC value,and baseline clinical findings including mRS score and atrial fibrillation
were independent predictors of function prognosis 90 days after AIS in patients with anterior circula-
tion AIS (OR=3.54,1.80,4.13,0.46,3.16 and 2.03, respectively). The AUC of clinical-image nomo-
gram was 0.94 (95%CI1:0.90~0.98) in the training cohort and 0.92 (95%CI:0.83~1.00) in the vali-
dation cohort.The good calibration was confirmed in the training and validation cohort (P =0.36 and
0.25).When the threshold probability was about 0.10 to 0.98,nomogram’s net benefit level was signifi-
cantly higher.Conclusion: Clinical-imaging nomogram shows good performance for prediction of short-
term brain functional outcome of patients with anterior circulation AIS,and can provide certain help
for clinical decision-making.

[Key words] Acute ischemic stroke; Anterior circulation; Nomogram; Magnetic resonance ima-

ging; Function prognosis

i 7 H 2 SRS TR PR B AT N BOPE N Bk 1 32
Z =0 Horp Z0pk Bl i P i 25 Cacute ischemic
stroke, AIS) 76 & [ 5 % 0L, 29 (5 i A b iy 7026,
PRI, R A 200 1Ay 39 6 ke 5E A3l B3R T R
T AR E B B EE

Tl e % ) BB AR AN A AT LA B A8 OB 25 2 1) B
A5 R R AR AR AR T REF A5 B . DWI R A AL
1% (perfusion-weighted imaging, PWID) 1] H T 3
Bl ifi 2 15 4 L 38 5 DWI/PWI AR DE g 1% i ok 48 &
I PR # AR YR Y7 . A W98 3 8 A R B R 8K
(ADC) SR V- il 2= 8 & 1 T, A& A% FE A% 0> (infarct
core, 1C) ARG HF 19 ADC {E A Bh T PF Ak A vh Wi 5
B R HIT 3897 &S . Ji 4, T.-FLAIR ElE L
Sk 15 S g 5 R S T Re g kA O . A BT
FEERRW CT S AR A 2E R IR A B T 5 v KU PFAl
IRIT TSRS WO SR, D 2R R 2R
MRI(T,-FLAIR .DWI K ADC %) 45 4 Il J 5 1F 5k &
PG AT IR ATS M E B ThRETS .

AT 5 38 3 1] Jo0 1 3 A A 5 ALS B 9 MRI
FNIG PRAFFAE , E 37 BE T 5245 R0 im PR A7 AE 09 5T 0 26 ATS
Ige4s Jm WO LR, B 7 R i R 6 T7 R & 5 48 1 il
ITHRALHE B,

MHEFE

L FRXT 4

B4 M 2018 4F 1 H —2020 4 12 H FEABE
M N RHIOIR AY 446 B HTIE 3 ATS 8825 5999 1] 55kt
PARRE : DA =18 % 5 O A B I & 95 B 4] i 6
ANBFENT 4 T QA i il M A S8 S B B2 ) g 2
BRAE AR s DA 58 8 IR YT R MRI A A 55k, HEBR bR
1 DI R S AR 2 BERMAS 58 5 5 O FF /5 5 437 9% 722 5
Q@MR EHMRAFAEN T , TCIL Tl 12 Wi 225K s @ ki 12
SIS YR 9T A s © J5 18 20 B 0l PR AR, 286 41 iR

(R YT 88 9], I N YARYT 158 1l , s AR BTk
A 12 B, GG 28 6D Bk 5 B, B A A4 160
B, RHAZIEEE O A B E 7.3 (1 L FBE L
SrBEEYNLRAL (113 ) M UELL (47 f)

2. 3L MRI $14 7 %

] GE Excite HD 1.5T # 5 MR i1 F1 16
RS G S RN PSE K= N RV N & O E E ]
FA4345 T, WL, T,-FLAIR #1 DWI, 14 2 )8 & 2 6]
FE4% 50k 5.0 F1 1.5 mm, 4 5 51 H & 4 S 50
T. O#HE T, WI: TR 2259.0 ms, TE 25.4 ms., 4}y
56 244 Hz/Px, P 240 mm X 240 mm; @ T,-FLAIR:
TR 8589.0 ms, TE 88.8 ms, iy ¢ 244 Hz/Px, i B
240 mm X 240 mm; @ DWI. TR 3203. 0 ms, TE
83.9 ms, i Bt 3906 Hz/Px, LB 240 mm X 240 mm, b
EH 0 F1 800 s/mm* .3 AN ¥ Blks BE 71 ,

3. BRZm R Bk X gy

A FRCE I SR LRI PR PR, A4S Il Hs | I B | AR
s N TR R TIN5 23 1) I NN e S S S I S VA ERA R
5T B 20 F == 3¢ (National Institute of Health Stroke
Scale, NTHSS) 3 43 (NIHSS ) F1 2 B Rankin %
(modified Rankin scale, mRS) #E43r (mRSys ). TE X
I 90 KX H#EAT 112 8 HL 3G Bl VT . OF 517 mRS
W (mRSyy ). BL mRSyy, 1F b Fil J5 HI W 48 45,
mR Sy <2 43 A WUF B, mRSyy > 2 43 A W5 AR
RO

4. AR GORHE A 1K 5 A

JT A AR GERE R PO 4 B B AT 7 AR RN 15 AR A 4
MRI 12 Wi 2 55 1) 7505 Bk B2 0 R U % 3647 20 A
VEAR , PP 45 A — ST 2 i ik A — B0 I 2T
fiNANT . ODWIFS #5145, DWIJF4
g A8 DR A — B R R S R WA B 5 X A1
51, DWI 741 b3 48 X &5 15 5 4 T L 45 5K {5 5 X
B . @ ADCE : Z B DWIE % . % BURE 3L X % K )2



T F 52 B 2023 4F 4 A4 38 %45 4 ] Radiol Practice, Apr 2023, Vol 38, No.4 391

I, 75 ADC &l b kb 30 2 T 2 2) ) ROT, 34495 4L
(372 /K ADC . OFFFE X KB, 78 DWI
G 0 A S AR B8 X R AL, A0 V=AXBX
C/2, Hor A g HEFE X K2 i K2 .B S A
e A9 A E X I i 1 A%, C 2R A A8 X3 B (2 40 X
SRR . OFEFE X S0 P RO 52D . OFSE X 2
AP I i AR SN DWIChb=0 s/mm”) J¥ 4]
R BE B X 35k N B AR T DX © T o T AR B
e K2 10 L ARAT 5 DX 3t ) 4 T AR 5 48 B X 3 e K
J T ARG AR A LU AED . DB SE X Bk i, 7 DWI
(b=2800 s/mm®) F | |- WA SE X Ay & im . @M &
A T, WI M T,-FLAIR E4& A 5EIX 5 A X5 5
oh & (relative signal intensity, rSI) 1 SI ) F5 i 22
(SDs) » rST [ 5E SCN AR BE IX [ ST 5[] 2 i 2 F R i
SI Byt fl ., © W & £ %6 X 1 CT {H M H bR i 22
(SDerg) o rCT {H M HEFE X 1 CT {E 5 % K il 2 Bk
BAR X CT M . B2 AR i 2 K,
BT A d5e 2B Ay 19 407 W0 5 0 8 8000 140 SF- 3411

5. Giil2 A

f# il R3.5.1Chttps://www.r-project.org) #ll IBM
SPSS26.0 3 AF#EATSE i1 2% 43 B . I AN IE 25 43 A 1 1
R A AR bR o 22 O L A [R) BL A SR Rl ST A
A ¢ A5 s AN IR O IE 2 43 A A T R D rp 7 5T Y
SHLEL [M(P25,P75) 137 , 41 ) bb A SR FH Bk RAS: 36

THECPERE LB (23 L) AT U 3A L 21 18] e R H
RIOTR S, KRR 3 Hr b P<<0.05 BFR AR A lo-
gistic Z2 A R 115 534 3 2 57 i PRS2 AR R A S 2 14
K HIZARH TAEFRAE i 2 (ROC) B CAUC) 3 fr
B £ &1 R T R RE R AU A O B2 A 55 (Hosmer-
Lemesshow) P 71 26 ] (4% 1 B L 511 F D3 il £
Br (decision curve analysis, DCA) ¥4k 51 £k & ) 1l R
AN

R

1. — ekt

160 4 /i 76 2 AIS 9% 9 v, Tl J5 R 4F 85 i
(53.13%0) , G AN R 75 i1 (46.87 %) . I ZR4E 113 fi
o UG R RS AN R 4B AR I R 9 kL K R 15
FRAFM ELAE UL 1, WidlZ (8] DWI g k{5 5 AR
AR AT A B A ot o AR e R RE X A 3
W ADC 8 CF ¥, /b Mo e KO IR AR, T, WI-
SDg; b5 Bt 52 A NTHSS e Fl mRSus 19 22 52 ¥4 52 11
2 X (P<C0.05)

2. Logistic £ [H % [0 15 4347

B 2R A T AL ) 22 S A Ge it or S AR BN
AZHZEBIE T, 258 0LFE 2, DWI BREAAE S A
15 B i G A SEAR T F- 3 ADCAE . mRSyeq, F

1 NGEFTRRFALLERTHAY REREN LR

G R AT

B R R A

B AE /35 AR o 00> o t/X M PA

1% R FH
7 h /4 41(68.3%) 29(54.7%) 1.673 0.196
F¥/ Y 66.34+12.5 68.2+13.6 —0.763  0.446
rCT 14 0.61+0.11 0.6140.10 0.309 0.757
SDers /HU 4.24+1.9 4.8+2.6 —1.551 0.121
& f JE /45 23(38.3%) 18(34.0%) 0.082 0.775
¥ ik I% /) 15(25.0%) 11(20.8%) 0.097 0.756
R A & /4 23(38.3%) 16(30.2%) 0.505 0.477
B8 & /4 3(5.0%) 13(24.5%) 7.296 0.007
9 /) 8(8.3%) 10(18.9%) 1.875 0.171
NIHSS; « 4(3,6) 9(6,11) —6.434  0.000
mRSy 3(2,3) 3(3,4) —5.585  0.000

MRI £ 3
% K A8 5/ B 28(46.7%) 23(43.4%) 0.025 0.873
155 R34 /4 8(13.3%) 35(66.0%) 30.963 0.000
A e ARAR/ mL 12.1(7.3,22.6) 42.0(16.1,74.9) —5.991  0.000
i G A/ H) 14(23.3%) 33(62.3%) 15.991 0.000
i Ao /451 8(13.3%) 23(43.4%) 11.310 0.001
o B AR L 0.3420.18 0.4020.16 —3.628  0.000
SI-T, WI 0.274+0.06 0.260.07 0.841 0.228
SDg-T, WI 9.7(7.7,10.8) 11.3(8.9,13.7) —2.196  0.028
SI-T,-FLAIR 0.52(0.47,0.61) 0.55(0.45,0.62) 0.006 0.995
SDg-T,-FLAIR 9.2(7.4,10.4) 9.7(8.1,13.6) —1.373  0.170
35 ADCHA™ 0.3740.06 0.321+0.06 3.978 0.000
% ADC 187 0.32£0.07 0.2820.08 2.837 0.005
%Kk ADC 15~ 0.41(0.37,0.45) 0.37(0.31,0.42) 2.012 0.044

EL R 31 41,7 ADC AR #4514 X 10 *mm? /s,



392 WO F 92 2023 4F 4 45 38 %5 4 ] Radiol Practice, Apr 2023, Vol 38,No.4

P BTG ATS 3 TS AS KA <7 700 [ 2%
%2 WNAGETAISTHES L8 5 EZ logistic BT 244 F

AR/ 36 AR OR 1& 95% CI P 1a
DWIfE 5 R3¥44 3.54 1.86~7.54 0.000
DWI i 444 1.80 0.97~3.47 0.065
A2 T AR AR 4.13 1.78~12.04 0.003
35 ADC 14 0.46 0.23~0.86 0.018
mRSy 3.16 1.54~7.50 0.004
3k d 2.03 1.08~4.15 0.037

7E:OR A4 # 1t (odds ratio, OR);CI # & 42 K [ (confidence in-
terval,CD .

3. I R -5 A5 5 2 el ) g s R LA fig

HEAE MR 52 A5RF AE Rl PR 5 42 5 i 4 2 i PR 52
B3 L B (K 1), FE2R F ROC il 843 4 W4 51 2k 18]
AIS BH A B U RR 4 7 1) B0 &4 BE (1B 2.3 3) . Il
FRAERBUELE . AUC 43 5124 0.94(95% CI:0.90 ~
0.98) 1 0.92(95% CI1:0.83~1.00) , % # il £ B 7R %1
2RI A T B 2 800 (P =0.36,0.255 81 3), B & &
e SR M4 o0 A LD 4,24 ATS B TS 1 9 (E A R
AT 0.10~0.98 B, W 21 26 1 4 0 2 7K B I 4%

%3 FILEMHET AISEADRTET R FNH #

N2 . . . :
2131 (re L HAR MR S PSR GE
WHE 0.90(0.83~0.95) 0.90  0.90 0.89 0.92
4EE 0.83(0.69~0.92) 0.75  0.95 0.95 0.72

it i

AIS U2 R 5 Z R FZ MG, AF5GE T MR
AR FRAE 5 16 IRFFAE A 25 A, 4 2 I R-52 152 51) £k 1B Tl
W FGIE R AIS B2 &0 90 K i I BE TS BUig
B B A T A5 2R

DWI J& H i Jo il fz e 36 AR 41K 73 F 9 8 1) MRI
BAR.CT ZMNHET AIS 2K, DWI o] 5 IC,
i HH S e A PE AR B B A e D iR oY R
HIRE AR T P iE ATS E IR IR DI RE WS . A
5% B R FEBEAZ LR 2 (infarct core volume, ICV) &
L PN B0 Ik S S PR 2E T B0 ALS BB T 6 TS 4 40 N7 T
M F L FAMICV WP ATS LA IR I7 AR
R EEA 2 —" ) RIFRERER, SRR A
AHE TR R 28 B0 S0 AR B /N L i 38 A O A 3 e ol
4.13(95%CI1:1.78~12.04) , 5 Z 1 BB 5% 45 16 e AR 75

1=}
=] o AUU
= o
pos 0 10 20 30 40 50 60 70 80 90 100
DWIESHH4 é
0 y—l
DWIB SR} '—1‘ ° <]
0
SFiJADCE o | ©
065 06 055 0.5 045 04 035 03 025 0.2 m = % :
R 2 B
0 20 4 60 8 10 120 140 160 180 200 < <
1 ° AUC:0. 94 (0. 90~0. 98) = AUC:0.92(0. 83~1. 00)
BE 0'—'
1 3 5 S S
mRSz2 0 2 4
£ 2 s [
0 20 40 60 80 100 120 140 160 130 200 220 240 260 r : . . ; . : : : . T T
s 00 0.2 04 06 08 10 00 0.2 04 06 08 10
= 01 04 09 @ 1- 455 @ 1- RE5R L @
100% A ’ 100 % A | ° — nam
“ -~
/ 4 3
75% & 75% A .
Jéf{‘r % 4 &
% - / t{i ~ e s
£ 50%+ 1 § 50% /7 =
h s 3 J E.
L 4 P yA b
/ L) Vd -
25% - 5% ,7 n \
< s \
e J \
o), o s \
0% r T T T 1 02 2 J ' i ! Rl 00 02 04 08 08 10
0% 25% 50% 75% 100% 0% 25% 50% 75% 100% sty ; i . ;
TR @ i 1100 T4 23 a2 1 wm@
1 Fmar7ase AIS B e meE ik R- SRR &l B2 kR-$%70 &8N 78 R

AIS & F G ¢ ROC W&, )AL ;b B,

3 BAR-BHRINAAGKREBXR, 2T LXHE

WL (KEEL ) BHEEABETAL ANNEZBLARFOREE, OWNEE;DRIEE,
4 EAFEAR-BHINEBHEREE, ST BEMABELT 0.10~0.98 i, & A 5] & B ¢ 40K 5 K F &

I

o



TS 22 52k 2023 4F 4 A58 38 %% 4 ) Radiol Practice, Apr 2023, Vol 38,No.4

ADC fH1E R DWI B & & 280, 29z W T
% 2 G0 PR W I R BF 55 . Drier 45770 B9 BF 5% W R
ADC {8 AT T 357 4 W0 2 30948 8 Ak 19 4R B e H AR Ak
(AUC=0.698), AW = DWI i I #1518 ¥ AIS
BE R EETT 45 1 ok DWI EMESEAL(E 5 R4
PR AR MR RS HE N 3.54 5, IR R 2
AIS BHEIIRE TG A R L [ R 2 —. DWI
AR N AT AN I AT 4 02 R 9 kE YA T
I T A AR AR S5 1 10 5 A S — A A2 TR Y 22 i R R B
F1R) &35 SR 4 0 5 i i 20 280 0% It 3 VR 9 SR 3 1 T RE K
S NIHSS #4053 4 ADC {E /) T BEREJE 5
28 L 5 7K b 2 T A G ADC ) J2 ] 95 2 e A BF 1X 3,
P2 ] 2 I IR AU AR B R AR 2 — 1. AR A R
R 2 A BORIT R Bl X S 2 ADC {5 ] B g 4R
U RIS B, S TUE R4 L, TS A
R 17 ¥ ADC (B S/, X 5 BEAE 19 BF 58 45 2R BE A
—

AW T DWI Fl ADC B4 345 AIS 53 I
FEFE DX 35k 1 T8 25 2 D RE 2 T 1 S0, 45 A I R FRAE
P T I K-S 18 e i 51 2k R, 78 U1 25 46 LI T 46 v
HBM UG A KA AUC 43518 0.94(0.90~0.98) Al
0.92(0.83~1.00) , 3 I iz A5 84 % 17 7 BF AIS BB # 1Y
UIRE T 5 HLAT B 4 0% T A1 4

AW FEAEAE — E 1 Ry B« B 5 FEA A TR Y
I B HEBR T — 50 43 32 WA PYIR T ORI KO R Y
B IR LA 160 1 58, J5 PR i — 2D RAEA
I HEAT 2 0 AR B IE s LUK, A B Y Sk [l i
5. A REAFEAE — € MR B A7 5 73 Ab . R 58 X DWI
AR AE A KA S AR A B — i A, ]
e 2w AL I I2 W AL RE 45 T Ok S R BU AR 41 22 5
I 58 w2 B R AE BE— 20 8 S 43 BT 5 B, AR F 5 v T A5
R R F I F DWIL BAR A — @ s k.8
Ay 7 AR B — | J5 S RIS PR AR ] MR 36k e
Fricd \DTT Je CT FETE AR 55 H B R B R k47 2 4%
BT,

25 B RTIR , MRI ARG 45 6 I R A AIE 1) 51) £k 1 A 7Y
XFHIE R ATS [ 1Y 01 D0 e 05 HL AT R 4F 1 70
A BT Ay I PR R 3 2t — 2 i 35 Bl
5% 3Tk
[1] Zhao HL,Huang Y.Lifetime risk of stroke in the global burden of

disease study[J].New Engl ] Med,2019,380(14):1377-1378.

[2] Mei YX.Zhang ZX,Wu H,et al. Health-related quality of life and

its related factors in survivors of stroke in rural China: a large-

scale cross-sectional study[]J/OLJ.Front Public Health,2022,10;

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

393

€810185.DOI1:10.3389/fpubh.2022.810185.
HPELAER R TR AR 2 CT MU A ik Bl i P % b j 38 TS
WEIELT] RSt 2 52 . 2022,37(6) . 769-772.
SR R A AT RO A SAG T I B0 A i A P R0
A UG B A LT 58 SO 24 25 75, 2021, 37(12) : 1941-1945.,
AU, S SR F L 45 22 B MR A8 2k i i 4 il 45 o i 42
M F e LT 1. 55 AT 2 2 35 2020, 36 (1) : 5-8.
LI, FEAM B AR N SEIE H R 7R X ADC 22 (i % H i P
Al KU B VR A ). sF B CT A1 MRI 2875 ,2017,15(10) ; 27-
29.
Zhou Z, Malavera A, Yoshimura S, et al. Clinical prognosis of
FLAIR hyperintense arteries in ischaemic stroke patients:a sys-
tematic review and meta-analysis[ ]J].]J Neurol Neurosurg Psyc-
hiat,2020,91(5) :475-482.
L IRITE LI 4 RSNA2021 sl i 2 5 4% 2 () ] i 2 52
#,2022,37(1):11-19.
Powers W], Rabinstein AA, Ackerson T,et al.2018 guidelines for
the early management of patients with acute ischemic stroke: a
guideline for healthcare professionals from the American Heart
Association/ American Stroke Association [ ] . Stroke, 2018, 49
(3):46-110.
Wheeler HM, Mlynash M, Inoue M, et al.Early diffusion-weigh-
ted imaging and perfusion-weighted imaging lesion volumes fore-
cast final infarct size in DEFUSE 2[]].Stroke,2013,44(3);681-
685.
Yoo AJ,Chaudhry ZA, Nogueira RG, et al.Infarct volume is a
pivotal biomarker after intra-arterial stroke therapy[]].Stroke,
2012,43(5):1323-1330.
Xie Y, Oppenheim C, Guillemin F, et al. Pretreatment lesional
volume impacts clinical outcome and thrombectomy efficacy[ ] ].
Ann Neurol,2018,83(1):178-185.
R 7R R R R - R £ 373 | K L iN- - N T N ()7 g S0
B ) T 45 JR A T ASE A g Sy [] ). S Y BR 2 2K 2020, 36
(13):1797-1802.
Brito-Filho SB, Moura EG,Santos O], et al.Effect of Chronic In-
gestion of wine on the glycemic,lipid and body weight homeosta-
sis in mice[ J].Arq Bras Cir Dig,2016,29(3) ;146-150.
Drier A, Tourdias T, Attal Y,et al.Prediction of subacute infarct
size in acute middle cerebral artery stroke:comparison of perfu-
sion-weighted imaging and apparent diffusion coefficient maps
[J].Radiology.2012,265(2) :511-517.
FRE SRR L B S SWT IS I Bl 1 it % 5k i i A v I R
WA V7 O L S L0 )0 4 52 ., 2020, 35(7) :834-839.
FEUTE AR B L s A LR AR B i I A (R At R
T FR e a2 M 4 b ot A AL TR0 g o AR (B L . o B S A
ZPIR AR ,2018,21(20) :2205-2211.
Brown TA,Luby M, Shah J,et al. Magnetic resonance imaging in
acute ischemic stroke patients with mild symptoms:an opportu-
nity to standardize intravenous thrombolysis[J].] Stroke Cere-
brovasc Dis,2015,24(8) :1832-1840.

s B 1 :2022-06-01 & 18] H 11 :2022-10-07)



