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Construction and validation of a predictive model for postoperative stroke risk
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[ ABSTRACT] Aim To construct and validate a predictive nomogram model for the risk of postoperative stroke.
Methods We retrospectively enrolled 358 surgical patients who developed stroke between July 2017 and August 2023 at
the Affiliated Hospital of Jining Medical University, and matched them 1 : 2 with 714 contemporaneous surgical patients
without postoperative stroke.  Using R software, the cohort was randomly split into a training set (n=751) and a valida-
tion set (n=321) ina7 : 3 ratio.  Significant variables in univariate Logistic regression were included in Lasso regression
to determine independent predictors, which were then used to build a nomogram model for postoperative stroke risk.  Dis-
crimination and calibration were assessed with ROC curves and calibration plots, respectively; decision-curve analysis was
used to evaluate clinical utility and net benefit. Results Except for age and total bilirubin, baseline clinical data were
comparable between the training and validation sets (P>0.05). Lasso regression revealed history of cerebral infarction,
preoperative VTE score, serum albumin and plasma fibrinogen as independent predictors of postoperative stroke. A nomo-
gram model incorporating these factors was constructed.  The area under the ROC curve was 0. 651 in the training set and

0. 683 in the validation set.  Calibration plots demonstrated high agreement between predicted and observed probabilities.
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Decision-curve analysis indicated favorable net benefit within a risk threshold probability range of 0 ~ 0.61.

Conclusion History of cerebral infarction, high risk of preoperative VTE score, decreased albumin, and increased plasma

fibrinogen are related to the risk of postoperative stroke.
nosis of patients.
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Table 1. Comparison of baseline characteristics between the training and validation cohorts

LE| W (n=751) IRUFHE (n=321) p

B[ (%) ] 404(53.8) 168(52.3) 0.661
RS % 62.0+11.4 63.5+11.2 0.041
BMI/ (kg/m?) 25.0+3.8 25.0+4.0 0.984
W KR /[ (% ) ] 250(33.3) 90(28) 0.091
RIS/ B % ) ] 163(21.7) 72(22.4) 0.793
MRS/ LB (% ) ] 374(49.8) 157(48.9) 0.789
BEIRI /[ (% ) ] 141(18.8) 62(19.3) 0.836
G IMAE S/ [ (% ) 11(1.5) 4(1.2) 1

FEOIR L/ [ B(%) ] 183(24.4) 93(29) 0.114
LB Esh L/ [ % ) ] 23(3.1) 12(3.7) 0.569
I HESE S/ [ (% ) ] 109(14.5) 51(15.9) 0.563
Fii H 1l 5B/ LB (% ) ] 41(5.5) 21(6.5) 0.487
gEar AL/ [ F1(% ) ] 18(2.4) 11(3.4) 0.341
Jiegeg PR L/ [ (% ) ] 39(5.2) 9(2.8) 0.083
T T IR IR TR B iAs S s/ [ 6 (% ) ] 16(2.1) 5(1.6) 0.535
P B ZE P i s B0/ [ (% ) ] 10(1.3) 1(0.3) 0.189
fiti e s/ [ (% ) ] 36(4.8) 22(6.9) 0.172
MR AP 25 B RS/ [ (% ) ] 69(9.2) 24(7.5) 0.362
RHETAIR VTE 345/ [ 41 (% ) ] 0.159

Kf& 615(81.9) 251(78.2)
[53 136(18.1) 70(21.8)

HAM 8 (x10° L) 7.7+3.4 7.7+3.5 0.912
Lram g (x102 L) 4.4x1.5 4.3+0.7 0.498
MLEFA/ (g/L) 131.4221.4 132.3+25.4 0.559
Rk 40 -5 (x10° L) 4.3(3.2,6.3) 4.3(3.3,6.9) 0.576




664 ISSN 1007-3949 Chin J Arterioscler, Vol. 34, No. 7,2026
2k

i YNGREE (n=751) R4 (n=321) P
WA (x10° L) 1.7+0.7 1.6+0.6 0.074
T/ (x10° 171 231.4+75.8 225.8+68.6 0.259
SN AR AR/ L 10.0+1.2 10.1+1.1 0.314
I/ FE 2/ % 0.2+0.1 0.2+0.1 0.148
MR 53A7 FE BE/ % 12.4%2.9 12.543.0 0.455
C RN/ (mg/L) 5.2(1.3,30.5) 6.9(1.6,32.1) 0.313
HNEEM/ (U/L) 17.7(12.7,26.7) 18.1(12.1,29.8) 0.95
A EEEE R/ (U/L) 19.0(15.0,27.0) 19.0(15.0,28.0) 0.984
BEA/ (L) 65.1£8.6 65.7+8.0 0.28
H&EMA/ (/L) 40.126.1 40.4+5.7 0.485
HIEML R/ (wmol/L) 3.9(2.8,5.4) 4.0(3.0,5.7) 0.059
BHELT 2/ (wmol/L) 13.9(10.5,18.3) 14.7(11.4,19.3) 0.033
v AR EIEE RSB (U/L) 23.0(15.0,38.0) 23.0(15.0,34.0) 0.668
T PEBE IR/ (U/L) 75.0(61.0,92.0) 73.0(60.0,90.0) 0.265
WLEF/ ( wmol/L) 62.3(51.2,73.7) 62.6(50.4,73.9) 0.815
JRZ A/ (mmol/L) 5.1(4.1,6.2) 5.0(4.2,6.2) 0.89
SRR/ ( wmol/L) 270.7+99.0 268.0+95.5 0.68
FE Pras Ak AR 1.0+0.2 1.120.6 0.052
TR I PS5 ST ) /' 12.0+2.5 12.1£2.2 0.424
T AL 3 L T35 T EF ]/ 30.76. 4 31.0+8.9 0.53
B AL A/ s 15.9+6.4 15.7+2.8 0.629
A4 AR/ (g/L) 3.3+1.1 3.3£1.0 0.508
D-T K/ (mg/L) 0.4(0.3,1.1) 0.5(0.3,1.1) 0.504
SB[ E/ (mmol/L) 4.1(3.4,4.9) 4.0(3.3,4.8) 0.34
Hih =g/ (mmol/L) 1.2(0.8,1.6) 1.1(0.8,1.6) 0.228
PR 4% B IR 26 A AR 5/ ( mmol/ L) 2.6+0.9 2.5%0.9 0.106
T2 % B N 2 P AR 8/ ( mmol /1) 1.1(0.9,1.4) 1.2(1.0,1.4) 0.083
EHEH/ (mg/L) 185.0(95.0,352.0) 197.0(102.0,338.0) 0.675
25 I8 1L K%/ (mmol /L) 6.3+2.5 6.4+2.7 0.62
FARFRLEE I ]/ min 90.0(46.0,180.0) 87.0(48.0,180.0) 0.833
2.2 FBMERFIEER SR Lasso [l =558 H X6 A S5 i 4 Hb 2 52 i 55K

PARBE AR A AN As PO AR (7 =0, 02 =1),
D E PN R (I e (e WS =t O N
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Table 2. Logistic regression analysis of influencing factors for postoperative stroke

AR R 25, Y B AL lambda A 0. 069 I figi 4 4
B 7 NG 1T N OIS 2 5 o=/ T = s o= 2 1 4 2 =
JETt ARG A AP R EE RS R R (K1)

gE| OR(95% CI) P 1 H OR(95% CI) P

e I B 0.008 || Zr4iiEitH 0.74(0.58 ~0.95)  0.019
7 1( Reference) JiEARE A= 0.99(0.99 ~1) 0. 046
b= 1.51(1.11 ~2.05) e r 200 it T4 1.04(1.01 ~1.07)  0.016

A5 5E <0.001 || ¥k E 4t 144 0.71(0.56 ~0.89)  0.003
i 1 ( Reference) C R 1.01(1~1.01) 0.034
£ 2.09(1.39 ~3.16) MEH 0.97(0.95~0.98)  <0.001
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TiH OR(95% CI) P it H OR(95% CI) P
G 14 o 58 0.014 || H&EH 0.93(0.91 ~0.96) <0.001
% 1( Reference) REA 1.05(1~1.09)  0.037
2 0.33(0.14 ~0.8) [ B Ak HOAE 4.29(1.6 ~11.5)  0.004
AHT VTE $E43 <0.001 || #E il i s ) 1.08(1.01 ~1.15) 0.024
e 1( Reference) M3 A 2 7 1.38(1.2~1.59) <0.001
=3[0 2.02(1.38 ~2.95) D-T Rk 1.06(1.01 ~1.11) 0.028
14t B4 1.06(1.02 ~1.11)  0.005 || 5% BE i 28 1 BE 1 0.56(0.33~0.95) 0.03
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Figure 1. Screening of risk factors for postoperative stroke

S3ECh & R TP o3 A I RIS AR S AR B O

(ELTERE A< P00 b Xk 107 ) B ML 7 B R 5 A8 3 I A

RARGA AR, AR 9 4 I A AR X R S R 2),
ik 7 v e A 14 S e S S B 4% 1 B AT R DR B 1Y
0 10 20 30 40 50 60 70 80 90 100
S L | | 1 | | | 1 1 |
1
fEtEIE S —
0 =
[S)A
RETERAK A2 ZEIE S —
1KfE
E EE/(Q/L) L | | | | | | | | | |
55 50 45 40 35 30 20 15 10 5 0
i FEEERE/ (/L) | ] ] | | | | | | | ]
0 1 2 3 4 5 7 8 9 10 11
E'\ﬁ L 1 | 1 | | 1 | ]
0 20 40 60 80 100 120 140 160
L | | 1 | 1 1 |
LAEm 20 15 1.0 ~05 0 0.5 1.0 15
| 1 1 1 1 |
REERE 0.2 0.3 0.4 0.5 0.6 0.7 0.8

B 2. RIFEE LS MEE AR 5] 2

Figure 2. Nomogram for predicting the risk of postoperative stroke
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Figure 3. Evaluation of predictive models
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