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Establishment and validation of a prediction model for early neurological deterioration
in middle-aged and elderly patients withacute ischaemic stroke:
a single-centre retrospective study
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[Abstract] Objective To initially establish a prediction model for the occurrence of early
neurological deterioration (END) in middle-aged and elderly patients with acute ischemic stroke
(AIS) based on single-centre clinical data, and to validate its performance. Methods The clinical

data of 318 AIS patients treated in the First Hospital of Harbin Medical University {from January
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2020 to December 2023 were retrospectively collected and divided into the END group (2 =80,
25.16 %) and the non-END group (n =238,74.84%) according to the occurrence of END within
7 d of thrombolysis. The risk factors of END were screened using binary logistic regression, and
a prediction model was established based on the results of logistic regression. Finally, the
performance of the model in identifying END was evaluated using the receiver operating
characteristic (ROC) curve, and the evaluation indexes were AUC, accuracy, sensitivity, and
specificity. Results Multivariate logistic regression analysis showed that age (OR=1.247, 95%
CI: 1.030—1.510), National Institute of Health stroke scale(NIHSS) score (OR=1.872, 95%
CI: 1.325—2.645), hypersensitive C-reactive protein(hs-CRP) (OR=1.430, 95%CI: 1.091 —
1.876), hyperglycaemia (OR=1.372, 95%CI.: 1.109—1.697), and fibrinogen to albumin ratio
(FAR) (OR=1.537, 95% CI. 1.184 — 1.996) were the independent risk factors for the
development of END in middle-aged and elderly AIS patients. An END prediction model was
established based on the five parameters screened by logistic regression analysis, and the are
under the curve (AUC) of the model for predicting the occurrence of END in middle-aged and
elderly AIS patients was 0.879 (95% CI: 0.831 — 0.927), with an accuracy of 82.71%, a
sensitivity of 78.75%, and a specificity of 84.03% , as validated by the ROC curve. Conclusion

Age, NIHSS score, hs-CRP, blood glucose, and FAR are independent risk factors for END in

middle-aged and elderly patients with AIS, and the model established accordingly has good
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predictive value for END,
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Table 1 Clinical data analysis of the two groups
g1 s P CBIEL Y0 AR CBITEL, V60> % A R =y (A
5 Ltk >60 % <60 % %L, Y0 %L V0> %L, Vo)
END 4 80 58(72.50) 22(27.50) 51(63.75) 29(26.25) 49(61.25) 53(66.25) 43(53.75)
JF END 4 238 160(67.23) 78(32.77) 96(40.34) 142(59.66) 153(64.29) 149(62.61) 115(48.32)
X2/t 8 0.773 13.205 0.238 0.343 0.706
P 1 0.380 <20.001 0.626 0.558 0.401
15 % W DR s s 1 1 B JOE 9 s A - T()SAT ﬁﬂ({ﬁﬂﬁ»%?
L) L) %, %) RS kot B i Ak 2 LAY /B ik A HoAl
END 4 80 28(35.00) 25(31.25) 14(17.50) 44(55.00) 21(26.25) 9(11.25) 6(7.50)
4 END #H 238 57(23.95) 38(15.97) 33(13.87) 122(51.26) 72(30.25) 20(8.40) 24(10.08)
X2/t 3.733 8.804 0.628 1.444
P {8 0.053 0.003 0.428 0.695
a3 i ABEHT NTHSS PF4> 4290 28 95 ] W 4 IS e [N
(x £5.47) (x £5,min) (xr £s.mmHg) (r=+s,mmHg) (z=+s,%/min) (F+s,x10°/L)
END 4 80 8.35+1.76 203425 156.31+£12.38 92.15+8.56 77.21+£10.62 219.434+37.18
4E END #H 238 7.1241.59 197434 150.59+13.43 90.56£7.11 76.3248.93 212.05443.97
X2/t 8 5.823 1.451 3.359 1.641 0.734 1.348
P 1A <20.001 0.148 <20.001 0.102 0.463 0.179
SE il S ] = H b I WLEF JRR hs-CRP
251 151l %%
(xr+5,X10°/L) (& £s,mmol/L) (& £s,mmol/L) (z=Ls,mmol/L) (&=£s,pmol/L) (x £s,mg/L)
END 2 80 7.32+1.85 5.26+1.17 1.3440.49 98.59+21.32 312.88465.40 21.59+5.66
9 END 4 238 7.16+1.62 5.15+1.22 1.2940.37 94.81422.58 294.32450.41 18.974+4.03
X2/t {8 0.737 0.705 0.959 1.313 2.633 4.512
P 1 0.462 0.482 0.338 0.190 0.009 <20.001
A - R DR B I R ) D-ZRIEK NLR TR I FAR MHR
(x +s,pmol/L) (r*ts,s) (xr +5,mg/L) (r+s) (%, %O (z=£s) (r+s)
END 4 80 18.39+4.10 12.3842.97 0.43+0.12 3.8940.96 53(66.25) 0.124+0.10 0.5340.14
4 END 4 238 17.58+4.19 11.76+3.12 0.41+0.13 3.55+0.92 98(41.18) 0.09-+0.08 0.50+0.10
X2/ 8 1.504 1.556 1.213 2.828 15.095 2.717 2.085
P {H 0.134 0.121 0.226 0.005 <20.001 0.007 0.038

1 mmHg=0.133 kPa
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Logistic #F— 4 i & END 4 f& & I8 £, 99 A 4 B

A B P<<0. 10 B350 0 A4S &, 2R & END
HAEE, A EWMMEWNE 2, £ZHE Logistic 8174
Wi, 45 8  NIHSS $F4) . hs-CRP. & Ifil 8% . FAR
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Table 2 List of variable assignment instructions for

multivariate analysis

AR WA 152 B

B, C-index= —1.589+0.221 X (4E#) +0.316 X
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CRP)+0.430 X (FAR) ., BRIV S50 R — 53 2%
AR A B AE 0 B 13K 2) . #f C-index 4 A ROC
M2k 5 7R, C-index B H & 4F AIS B35 &4
END £k F mi f2 (area under the curve, AUC) i

i A% END=0, £ END=1 0.879(95% CI:0.831~0.927) , WK N 82.71%,
FAZ i ) R . .
i <60 0,60 % —1 BRIRRIE O 78.75 00  FF 5 Ol 84. 0320, CUT-OFF {H
IR =0, =1 #0.453, WA 1,
A FF s #=0,2=1 24 ARACTRM  FRHE L ARE Logistic BIH
ER w—0.22—1
= — : R A
NIHSS 343 <8/4r=0,>8/4r=1 %%Efﬂ»P 1/(1+€ Lmdex),ﬂzﬁﬁmiﬂ[ | 'fZIS
W 45 Fe <155 mmHg=0.>>155 mmHg=1 Jrins ‘ S T 0, H i AL ]
L BRE R END XUES T, b an B AL LB 1 1] AIS
JR R <310 pmol/L=0,>>310 pmol/L=1 ‘%%"ﬁiﬁuﬁgm 76 ; , Iﬂlfb% 7.56 rnmol/L, NIHSS
hs-CRP <20 mg/L=0,>20 mg/L=1 S A y A N .
NLR <3.67=0,>3.67=1 P4k 9 43, hs-CRP H 23.2 mg/L,FAR 5 0.11,
FAR <0.10=0.>>0.10=1 AR R g 47 &, ] A P=0.535, K F CUT-
MHR <.0.55=0,>0.55=1 ()FF{EO.ZISS,T'{WEEE%E 8271%5@‘f§ﬁ?ﬂ}ﬂjﬂjﬁt

2.3 WAL Rk AR ALS B &4 END
MU $8 B0 R C-index, # 3 2 R &£ Logistic 43 ¥r 4%

HES KL END,

%3 ZEX Logistic 441 END Mg H &
Table 3 Risk factors for END by multivariate Logistic analysis

AF VEES 4 b 15 Wald X2 fi P OR {4 95%CI

W —1.589 0.410 15.036 <<0.001 — —

AR 0.221 0.097 5.143 0.023 1.247 1.030~1.510
o 1B 0.316 0.109 8.456 0.004 1.372 1.109~1.697
NIHSS -4 0.627 0.176 12.626 <<0.001 1.872 1.325~2.645
hs-CRP 0.358 0.138 6.694 0.010 1.430 1.091~1.876
FAR 0.430 0.133 10.435 0.001 1.537 1.184~1.996

1.0 — I7 5k © A BN E N AME R IZ AR X TR A
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0.0 0.2 04 0.6 0.8 10
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1 BTN AREZE AIS BEXE END By ROC i £
Figure 1 ROC curves of the model for the prediction of END
in middle-aged and elderly AIS patients
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NIHSS ¥ 538 = £ 7% 55 K 1 Fil 458 28 44 R B ™
1) #f 25 D) BE B8t . END & A i KUBS B K . k4,
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AUC 2 0,71, $&78 B A X 26 NTHSS 11 45 34 5
AIS BE RS, Hoh END A XU A BE,
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2.780, 95% CI: 1. 067 ~ 7. 240, P= 0.036),
Kitagawa 21 58 i 132 75 . hs-CRP T & Al #2718
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25 BT R, AR % L NTHSS 343 . hs-CRP., Ifil 4
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AW TR G 4 ok [ Bt BE YT LAY L DR R AR ) 3
T AR T i — 25 R E
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