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Abstract

Objective: Three prediction models, namely imaging model, clinical model and clinical combined
imaging, were constructed by CT cerebral perfusion water uptake quantification and clinical score,
and the best prediction model was found to evaluate the clinical prognosis of patients with acute
ischemic stroke. Methods: Retrospective collection of 193 patients with acute anterior circulation
ischemic stroke admitted for endovascular treatment and/or intravenous thrombolysis. Deter-
mine independent influencing factors for poor prognosis of acute ischemic stroke through step-
wise logistic regression with multiple factors. Build a predictive model for clinical, imaging, and
clinical joint imaging. ROC curve was used to evaluate the prediction efficiency of clinical, imaging
and clinical combined imaging models. Results: Multivariate logistic regression results showed
that among clinical factors, baseline NIHSS score (OR =1.261; 95% CI: 1.159~1.372; P < 0.001) and
NLR (OR = 1.593; 95% CI: 1.248~2.034; P < 0.001) were independent predictors of poor stroke
prognosis among clinical factors; The AUC of the clinical prediction model for prognosis was 0.917
(95% CI: 0.877~0.957), with sensitivity and specificity of 86.6% and 84.0%, respectively. Among
imaging factors, core infarction volume (OR = 1.050; 95% CI: 1.024~1.078; P < 0.001) and NWU
(OR=1.231;95% CI: 1.130~1.341; P < 0.001) are independent predictors of poor stroke prognosis;
The AUC of the imaging prediction prognosis model was 0.921 (95% CI: 0.884~0.958), with sensi-
tivity and specificity of 81.3% and 90.1%, respectively. Among clinical joint imaging factors, base-
line NIHSS score (OR =1.181, 95% CI: 1.058~1.318, P = 0.003), NLR (OR = 1.352,95% CI: 1.077~1.696,
P = 0.009), core infarction volume (OR = 1.042, 95% CI: 1.008~1.077, P = 0.014), and NWU (OR =
1.247, 95% CI: 1.15~1.393, P < 0.001) are independent predictors of poor prognosis in patients
with acute ischemic stroke; the AUC of the clinical combined imaging prediction prognosis model
is the highest, reaching 0.964 (95% CI: 0.939~0.989), with a sensitivity of 87.5% and a specificity
of 96.3%. Conclusion: The predictive model of clinical joint imaging has better predictive perfor-
mance compared to individual clinical models or imaging models for acute ischemic stroke pa-
tients undergoing intravascular therapy and/or intravenous thrombolysis.
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1. 5|8

SR BR I T 25 HF (Acute ischemic stroke, AIS)/& 53t il N 5 80 5 AR T IR 2 —[1]. IWATIR
ST R R S B K 2 B K, et B ST A B ORI ORI A [ 2], BRIRAE ALS EE
TEPT AR S L TN 45 B2 AR . V2 A AR B AT LTI X TR 4 an R 4 3 [ [E] 5L
AR 7T B A< Hh £ (National Institutes of Health Stroke Scale, NTHSS) 43 « A 4 41 it i+ %0 5 bk E2 40 g 1
# Lt {E (neutrophil to lymphocyte ratio, NLR). C-/% N % [ (C-reaction protein, CRP). F#4%5[3] [4]. BEEIL
ERBRBRM KR, 24 MR SEIAR « RIw I (8] & STAF ML . 284S CT FritAl iZ L FELX |
Sf L~ 1 7 A I SO AT AT ALS S8 B R TS [5] [6]0 1 AF R AE AWt A th — 2835 (W 528 48
PR ALS S MG IR TS 90 Wi AR 2 980 e Wik &2 1ML 78 #5145 5 {iE (Fluid-attenuated inversion recovery
vessels hyperintense, FVH) [7] [8] [9]~ L2 £ 4:f 43 (Clotburdenscore, CBS) [10]« L% &3 Ji(Thrombus
attenuation increase, TAI) [ 11155 AW H B2 2T —TUH B2 58 bR i 7K (net water update, NWU)
POFEA b, R IR AR A, SRR TR AR VAl ALS B3 TS 1S L

2. ENERE
2.1. —RR PR

R S SR R e 2020 4 3 H & 2022 4 12 H NBEAT L PR R/ B0 IO A ) 2 i A e o A
e B . A IRE S RIS T A FE RS IR 1) AIS MiZWiisiES R (b E S
SR LG A H2 ¥R 48R 2018 i) 5 2) CT P43 A& CT #EFE UL (CTP); 3) K3k M1 B ZE 535 N 3
fikize s P %€ 5 4) 3 A HJA R Rankin B8 (mRS)VFVFAE TG o HERRARIE: 1) ST CT K62 UE SN H i 5
2) BRAEMGHESE, #EEfEE; 3) CT BB FEZE, QIR ERIA TR,

W B B W ABRIR A #79K R BMIL @l i 5. e O 52 BE e 2. BEIR
VRS 0 SO T SN =Y =11 R PN =l B = ) = W 7o 11 RN el 59 v Y N1 0 - G < 7241 R
B MR R PR £ I ER A £ L (B (neutrophil to lymphocyte ratio, NLR)+ /MR 1%k
5k 40 B vH L LG f (platelet to lymphocyte ratio, PLR). bk AR A TH S B A% 40 B v 2L L A5 (lymphocyte to
monocyte ratio, LMR). A5 28 At i 1] J ik 4 36 5] [5 37, T AR R 5 B 26 Hh 3 (National Institutes of Health
Stroke Scale, NIHSS) 145« 45 H i3 3 AN H DI TS K H mRS P43 7715174l : mRS < 2 ATE R4, mRS >
2 ATEAR[12].

22.CT REFHZE

KHTEI]F 256 JZ2HAUEIETE CT 2L, A S RER A 18G ek, &M gl #3965
TRIXS E A 2 e, WA 6 mL/s, M EIEIE | mL/kg BT I UATESXT LA RS, 24T
SRFEEEZS CT S A%, i3580 Kv, 100 mAs, JEFERfIA]N 0.28' s, F3M 0] 44 s, JHFE 225
x 225, HFHEE 10mm, EHEZEEN 1.0 mm.

2.3.CT Big ot

CTP %S4 Kl eStroke [H KU IEIE T & HEA R, 3B OFEZEAARF(rCBF < 30%). (R
(Tmax > 6 s)PA AR HETE 98 FZ LU (HIR) A48 bR . NWU fR3Il & g 26 38 i iAW i 8] (TTP) A2 figi 1L %5 & (CBV)
SR A2, Ik, {81 3Dslicer (https:/www.slicer.org/)K CBV 24§ ] H % 0o F A [X 45k
LM B4 CT (NCCT) BHE I A BT #E45 21 S N RS0 kL, FadE— Dot S0 A 0 dsfe . [X oG 2 2R 1) %
[ (density of ischemic lesion, Dischemic), FF7EXH U RN - BREE A [FIFE ROT SH:I00 5 %of 0] K i > BRAH R [X 2k
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15 9 41 231 %5 5 (density of normal issue, Dnormal), i { FH 2 20Tt S8R LN 4 234K B (INWU), - i
HARI T : NWU = (1 — Dischemic/Dnormal) x 100% [13] [14]. NWU H P # & 5245 LG BE TS 5
193, AR EFHIME.

24. G FERE

B #dE RFH SPSS 26.0 Al R FAFHAT 404 . FF & IES AT 2R X +s Rox, FHE ML
FEA t f0To HL, AN E IEA G IR R EER ] M (P25~P75)3 7%, 37481 Fl Mann-Whitney U K36 L4,
THECFORIR AL (H A )RR, BT R . K ZE R A S E LRI Z H FRKIZED Logistic
[FLE 54T, B E SRR A R S A R MLm= . BT U EREAEIRR. 18, WK EG
BT . N ROC HIZVFASIRIR . 5218 IR PRI G SAG AR AL (1) T 285 g o

3. 58
3.1. — &R

TEANBE T 193 B, WiE RAF4 81 41, Tifa A R4 112 #il. PRZLLE o 52 (P = 0.005)-
e 7 R 2 I R HLAE (P = 0.001) A PR A v 25(P = 0.024) bk 2 4H 2 714 (P = 0.030) NLR (P < 0.001).
PLR (P <0.001). LMR (P <0.001). Z£%k NIHSS 3771 (P < 0.001) {KFEEAFA(P < 0.001). % OHEAEAFR
(P <0.001)« HIR (P =0.002). {F#/KEH(P < 0.001)FEFabr )27 BA G H 2 o BEAE A w0 M i [
RS RR e R gk Eom . R 4B T 305 . NLR 5. PLR & LMR K. %4k NIHSS iF5
s ARV EARTRECR . O BIFEARBIBOR . HIR BE MK 30 U i ) S MR SR L i 46 o B S 45 5 L L
WEA R RLE 1),

Table 1. Comparison of general data on good prognosis (mRS < 2) and poor prognosis (mRS > 2) in patients with AIS
1. AIS BEHE R (MRS < 2)5FHEN R(mRS > 2)H)—RL R LA

fatr 5 R (n = 81) FEARMm=112) 1ZI* P
W (X)) 61.76 £ 10.21 63.33+11.74 -1.131 0.260
PRI (5 /%) 59/22 67/45 3.515 0.061
e 141.74 +£25.70 145.35 +29.56 —1.440 0.151
#FkE 8591 +15.94 82.82 +£15.83 0.821 0.413
BMI 23.99 (21.80, 26.18) 2422 (22.15,25.94) —0.666 0.505
LS 5, n (%) 37 (45.7%) 58 (51.8%) 0.701 0.402
OISR, n (%) 7 (8.6%) 27 (24.1%) 7.746 0.005
FHEUR S, n (%) 19 (23.5%) 27 (24.1%) 0.011 0.917
BEIRIE L, n (%) 15 (18.5%) 20 (17.9%) 0.014 0.906
WAES, n (%) 24 (29.6%) 37 (33.0%) 0.252 0.615
WAL, n (%) 16 (19.8%) 21 (18.8%) 0.031 0.861
FRIMSE, n (%) 11 (13.6%) 7 (6.3%) 2.987 0.084
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e [E) B2 R R R MAE, n (%)

R A R T £ (10%/L)
WREL % (10°/0)
FUAZANAE T $(10%/L)

1R (10°/0)
NLR, M
PLR, M
LMR, M
RN [A] (h)
4% NIHSS ¥45r, M
ARV AR B (ml)
% CAESEARAR (ml)
HIR, M

NWU, M

15 (13.4%)
6.15 (4.37, 8.09)
1.29 (0.93, 1.72)
0.47 (0.35, 0.68)

194.5 (155.5, 228.5)
3.88 (3.09, 4.95)

121.1 (88.2, 171.5)
3.05 (2.16, 4.44)

5(3,7.75)

9.5 (5, 15)
121.1 (52.8, 174.8)
11.23 (3.76, 20.74)

0.35 (0.19, 0.47)

8.7 (6.45,13.3)

27 (33.3%) 9.978
7.05 (5.21, 9.00) -2.251
1.16 (0.74, 1.56) ~2.174
0.47 (0.32, 0.68) ~0.740

184.0 (149.5, 219.5) ~1.165
6.62 (5.02, 9.78) ~7.076

168.4 (131.8, 250.4) -5.015
2.02 (1.35,3.21) ~4.154

6 (4,7.88) ~1.283
17 (15, 21) -8.375

210.9 (134.4, 269.6) 2.578

43.86 (27.30,92.61) 4287
0.48 (0.33, 0.62) 1.881
18.3 (15.5,20.8) ~8.497

0.001

0.024

0.030

0.459

0.244

<0.001

<0.001

<0.001

0.199

<0.001

<0.001

<0.001

0.002

<0.001

3.2. ZEehfETREFH % TiZEE Y5

B ZEFRES T P < 0.05 FIEARENENIHER R, [EIG R 2645 58 Bon 2k NIHSS 7F455(OR =
1.261;95% CI: 1.159~1.372; P < 0.001). NLR (OR = 1.593; 95% CI: 1.248~2.034; P < 0.001) N2 H1 il J5 A~ B
IS T A T ISR R R 45 R R A% O FEAR R (OR = 1.050; 95% CI: 1.024~1.078; P < 0.001)+
NWU (OR = 1.231; 95% CI: 1.130~1.341; P < 0.001) 2 Fil 5 AN R SZ TR R 5~ o (e U i PR BB 45 5245 8
HKERHEL NIHSS ##4(OR = 1.181, 95% CI: 1.058~1.318, P = 0.003). NLR (OR = 1.352, 95% CI:
1.077~1.696, P = 0.009). 1% UFEAEAAFI(OR = 1.042, 95% CI: 1.008~1.077, P = 0.014) 2 NWU (OR = 1.247,
95% CI: 1.115~1.393, P < 0.001)35) /& PR S i 4 26 o 535 U A R IR 2 000 R (L% 2 B 1(a)~(c)-

2(a)~(c))o

Table 2. Multivariate Logistic regression analysis of parameters related to poor prognosis of AIS

% 2. AIS ARIGEHEXAS A% T Logistic [EYA5

Ei=7n B SE Wald p OR 95% CI

I RAEHR

HL4k NIHSS ¥4 0.232 0.043 29.039 <0.001 1.261 1.159~1.372

NLR 0.466 0.125 13.961 <0.001 1.593 1.248~2.034
AR AR

AW RN A 0.049 0.013 14.016 <0.001 1.050 1.024~1.078

NWU 0.208 0.044 22781 <0.001 1.231 1.130~1.341
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&R + s dahs
F4 NIHSS 5> 0.167 0.056 8.835 0.003 1.181 1.058~1.318
NLR 0.301 0.116 6.765 0.009 1.352 1.077~1.696
DR FEARAA 0.041 0.017 6.053 0.014 1.042 1.008~1.077
NWU 0.220 0.057 15.074 <0.001 1.247 1.115~1.393

@ () ©

Figure 1. A 62-year-old female with poor speech and limited movement of her left limb for 3 hours, admitted with a NIHSS
score of 7 and an mRS score of 1, and the patient had a good clinical prognosis. (a) NCCT, (b) TTP and (c) the patient had
an NWU of 7.5, a core infarct volume of 35 ml

1. &, 62 %, SIEAFIELAMBAENSZIR 3 /B, ABT NIHSS W53 A 7 47, mRS A 1 57, BEIGRKTGERF.
(a) CT . (b) TTP K (c) CBV E/REH NWU A 7.5, #Z0EFEAFA 35 ml

@ () ©

Figure 2. Male, 59 years old, confused with right limb weakness admitted to the hospital for 3.5 hours, with an NIHSS score
of 21 and an mRS score of 5, and the clinical prognosis of the patient was poor. (a) NCCT, (b) TTP and (c) the patient had an
NWU of 26.3, a core infarct volume of 98 ml

2. 8, 59%, BIREMEEMBIATS 3.5 NEIABE, ABT NIHSS #4348 21 43, mRS A5 5, BEIERAESR
K. (a) CT . (b) TTP K (c) CBV B/REZE NWU J3 26.3, #%OFEFFFE ) 98 ml
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3.3. ZFNHEE ROC 5717

ROC 43 M7 &7~ s R PR 75 A 7 ) AUC N 0.917 (95% CI: 0.877~0.957), HURK AR5 0 51N
86.6%- 84.0%; S T 5 A AL ) AUC N 0.921 (95% CI: 0.884~0.958)., HUE & AIHF 7 73 551N 81.3%.
90.1%; IIfi PREE & 525 0 T 7915 A L ) AUC Feii, 15 0.964 (95% CI: 0.939~0.989), FLBURE Hy 87.5%-
RN 96.3% (L4 3. K 3).

Table 3. ROC curve analysis of three models to predict the clinical prognosis of AIS patients
3. ZHERTN AIS BEIGKTAEHI ROC HIZE S

R AN E AUC (95% CI) U S i P

I R AR 28 0.549 0.917 (0.877~0.957) 86.6% 84.0% <0.001

AR 0.601 0.921 (0.884~0.958) 81.3% 90.1% <0.001

IR + s 0.662 0.964 (0.939~0.989) 87.5% 96.3% <0.001
100 -1

80 =

60 =
£
B
m
404
204 — IR R
— AR
I PR+ 5 AR AR Y
0-F T T T T
0 20 40 60 80 100
1R

Figure 3. Predictive performance curves for the three models

B 3. SHMER R TONRAE Hh
4. Wit
4.1. AR TMEREITE AIS BEIGRARTEFNEZIE Y

AIS BHEBILLBOL AN, W AIS B A RIEFHIZhRETE & TR SR s IR — H R
it AR S RHTF Ffe 3 R 8 TR, AP 8 3 A B S A 900 TR 38 () R A 38 I I 7 PO 9T I R BB 1
Ut I A R RIS BTN A 3R, SRR I PR R 2E K Lk 3% B 5 16 T e BT 3K

4.2. IGEKRTRMEEIR AIS BETEHERITMA

JE I AR AT T R 22 O B R b, £ HE 4R NIHSS VP43 R NLR J& AIS S35 I AR T (1
SLER R R ARG LI PR AL, ROC Z3# i R 50 93 /5 RIS 28 AUC 24 0.917 (95% CI: 0.877~0.957),
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TR FE AR S B2 43 70N 86.6% 84.0%. 5 LAFE BB FUAHALL, NIHSS V43 [t 1 AIS B85 I PRE IR (1) = =
FEFZ[15]. Zhou [16]5 NI AR MEAI. NIHSS 4> 2 52 & mRS 345 Frd s il R, AUC
4 0.823 (95% CI: 0.705~0.789). Cheng [17]% NI ABEHT & NIHSS ¥F435 115 PR TT 5 B AN KT
JEAAOE, FFEESL NIHSS W43 5 ASPECTS BX& T AL, AUC 24 0.793, W BLA X Tk M WiRyT
A DASCRTRE MG PR A5 S 1) I PR B AR 2 i 7 Hh AU B A B 2 rp it B /R A (18], Gong [19]55 A
W55 HT i NLR. LMR K& PLR ¥ {EN AIS S 2 f5 AR & Th RSB S T K 2%, FeH NLR
AT R Ja S A 4 Th e s (0 T IR 25, 9 HL NLR R8N R F B i R s 2 ThRE G . 4
HIFFEBE SRR L ZH 2o BT8R RAVE AL DR 1 S b IR, W51 R & i A s i X3k, 3 i T DL 4
H 5L T BT IR I BE B2 (201, K2 80 78— B gl R sh 2 Dhae Ry EH, H21E AIS &
F RS, R ERIEES, NLR AR, BEWEEZE. SAMAGR -8, WEARM
3% NLR R s TG RAF R .

4.3. ST ATS BEFEHERTEME

T8 I A RS TN R 1 2 e AR B A, A9 AR O BERAAFR AT NWU J2 ALS 8 I PRI 1)k
SLFERERI R . AL, ROC o #r EoR FAAZ T 5 A7 AUC 24 0.921 (95% CI: 0.884~0.958),
JRFERRE S BE 73 7°H 81.3% 90.1%. #% OoFEFEARF T ¥ 2 o ik i i PR i 4 RO 4121, CTP Rom N
FEBEAZ 1) LA A2 % 137 & (cerebral blood flow, CBF) < 30%[1) X 8[21]. i@t [ Zh4k Bk n] LA 23 #r
W OREFEARRR . SBRITP IS & HIR 58 EAGEEE NG IR IGIT IRt S % . R 250 Fuil it 2 K 3= 70 il e %
O FEARRR R TR (SR SE TN R 7, I HBEE OB FEAR AR 3G R, B8 (I R T B 22 22] [23]. Yang
SN ZAESTER, FRER. ORISR (CBF < 30%)/2& AIS A6 TR 7 T 5 2%
RS 76 & HAZOHEAEAR > 90 mL 1) AIS & A KT HE MIAR VIBR A 3k a5 [24]. Bk, CTP Xf T
G 2 2R R LA A 1) AT B T I PRI B L N TR TT I BB 14K 38 (net water update, NWU)Z Il & AIS
AR IR SE A I e B TR, B T AR ) o ) DR G = ERAE G S X I8 % BE SR AR . NWU = (1 -
Dischemic/Dnormal) x 100% [13]. NWU 0] PATIIN AIS 2235 )& i 18], IR ER 5 26 wp Bl s 1] ) 28
o, 0L RN I PR kA A B AU D7 AT IR YT . Cheng %5 N[25]140 T K L NWU Fitlll AIS AR
RAER CT K2R [A] <4.5h, AUC 4 0.837, NWU SAERIBIE N 7%; AIS iR AKAER CT K fiffi] <6
h, AUC 4 0.836, NWU BAE#WE N 9%. NWU I A] 7l AIS B3 FIGR TG, Lu 258 N [26]5 41 FE
HEARIEFH 24~48 h BT NWU B3 w5, BN G &6 7 5 I8 FHE, (52 (NWUrer-NW Uodmission)
ANWU 1588 2 FEE A R E 245 E . Broocks [27]% A 5T ASPECTS < 5 -1 AIS &3, K NWU &
H W RUIFEE RN 27.6%, 1 5 NWU B35 1) R4 RN 6.3%; MU FHE RS S o843 H NWU < 12.6%
AR A M /. SARPFAELL, TEA R EE K NWU B85 T 15 RS

4.4. IERBSRAGTAHREXS A1S BEMSHIEE

T I AR S T R (4 22 G IR DA AT, SR B A IR R TGS Y ) AUC UK S Re 57 FE 35
B, AUC N 0.964 (95% CI: 0.939~0.989), S FIKE R 405N 87.5% 96.3%. Lu 55 N [26]#F 70 & B
O ANWU TG R A R 455 AUC 24 0.682 REUEEN 71.1%. R BEN 74.0%, 24IEPK NIHSS P55
B ANWU TG R A R 45 51 AUC 14 0.762 REUEH 70.3% FEFEEH 84.2%. b PEER 14 48 i
G AR TS T R 3R A 2 0, AT 248 8 B 43t NIHSS 1745 NLR. O 5EARF K NWU
I T ER] 2 0t T KB (R 1005 PP B 4T o

AFFCRA 2 R BR I AW AN A O BB R 5T, T REAA R R m s B AT NWU R
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BT T A, RRAHED 5 N TR R ST SR UL E 25 B 23E ;s AOR AT RE & 3E4T ATHE
PRI FE R IGUE ATIF 7845 SR ¥ P 54

ER PR, i PRIBC A 52 A5 ) TS AR A S5 S B I PRASE TR SSRGSt - I8 P9 7 R/ s i v e
(O Sk SR Lk A o R A A RO TR AL RE LR A VA B BT T IR IR UG T DL, X T B iR
FJa S P B A AR R B B

SE
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