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[Abstract] Objective Based on the clinical data of patients receiving subclavian artery stenting
(SAS) to establish a machine learning model used for predicting the risk of in-stent restenosis (ISR).
Methods The clinical data of 212 patients, who received SAS at the First Affiliated Hospital of Henan
University of Science and Technology of China from January 2018 to March 2023, were retrospectively
analyzed. According to whether ISR occurred within one year after SAS, the patients were divided into
ISR group and non-ISR group. The dataset was randomly divided into a training set (n = 148, used for
modeling) and a testing set (n = 64, used for validation) at a ratio of 7 : 3. Univariate analysis and
multivariate logistic regression analysis were performed on the training set to screen out the independent
predictors of ISR in SAS patients, based on which the following seven machine learning models were

established:logistic regression (LR), K-nearest neighbors (KNN), support vector machine (SVM),
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random forest (RF), decision tree (DT), backpropagation (BP) neural network, and gradient boosting
machine ( GBM). The area under the receiver operating characteristic curve ( AUC), sensitivity,
specificity,accuracy, Brier score, and calibration plots were used to evaluate the model performance.
Results Of the 212 patients receiving SAS,22 (10.37%) developed ISR within one year after treatment.
Multivariate logistic regression analysis revealed that in the training set the chronic obstructive pulmonary
disease (OR =6.43, 95%CI:1.60-25.82,P=0.009) ,preoperative stenosis length (OR =4, 04, 95%CI ;
1.18-13.90,P = 0. 027) , preoperative calcified plaque (OR = 3. 79, 95%CI:1.01-14. 23, P = 0. 049) ,and
residual stenosis (OR = 28. 67, 95% CI:2. 02-406. 61, P = 0. 013) were the independent risk factors for
ISR. In the testing set,the AUCs of LR,KNN,SVM,RF,DT,BP neural network,and GBM were 0. 929
(95%CI:0.837-0.992),0. 850 (95% CI:0. 484-1.000), 0.962 (95%CI:0.879-1.000), 0.954 (95%CI:
0.889-1.000), 0.925 (95% CI.0. 837-0. 988), 0. 929 (95% CI:0. 837-0. 992),and 0. 912 (95% CI.
0.816-0. 988) , respectively, with a satisfactory predictive performance. Del.ong’ s test showed that no
significant differences in predictive efficacy existed between each other among the seven models (all P>>
0. 05). Conclusion Machine learning models exhibit high accuracy in predicting ISR risk in patients after

receiving SAS. It is very useful for clinicians in identifying high-risk ISR patients and making timely

clinical decisions.
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Figure 1 Preoperative left subclavian artery stenosis

with calcified plaque
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Table 1 Univariate logistic regression analysis of ISR

occurrence in the training set
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Table 2 Multivariate logistic regression analysis of ISR in the training set
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R (=75 ) 1.17 0.85 1.38 0. 167 3.22(0.61~16.93)
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AR FIPAE K BEE (=2 em) 1. 40 0.63 2,22 0.027 4,04(1.18~13.90)
AR i 45 b BE B () 1.33 0.68 1.97 0. 049 3.79(1.01~14.23)
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Figure 2 ROC curves for predicting ISR within one year after SAS implantation using seven machine
learning models in the training set (D)) and the test set (@)
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In the figure, AP stands for Average Precision. A higher AP value indicates better overall performance of the model in terms of both

precision and recall
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Figure 3 Precision-Recall curves for seven machine learning models in the training set () and the test set (@)



AT 2 2% 7% 2026 4F 09 55 35 %45 09 1] ] Intervent Radiol 2026, Vol. 35,No. 09

DR 4 TR 98 4 B WA HE VR 9 R
A EIALR) (SRR ) KT AB(KNN) (3 br 5] #0)
. . 0 . ;
4ESORLM SORLM 4ESORLM SORLM
I A 25 T b 25
W3R 4 TR 98 R DR A VI 9 B
BEWLARFR(RF) (=B 50 P HER(DT) (5K b 151 50
50
40
30
#
o 20
SORLM-
10
. - 0 . "
JESORLM SORLM JESORLM SORLM
T A %5 T b 25
SCREmI AL I A VR I R BPHI 22 [ 46 3] 158 4 88 9 4
(SVM) (5 b 9] %) (MLP) (5 s 451 450
50
40
s
2 £
bl ¢ 20 ok
10
- . 0 z .
4ESORLM SORLM 4ESORLM SORLM
T b 2 T A %
B REARTHBL 0 4 IR 7 O
(GBM) (5 b 451 %)
50
40
30
20
10
. - 0
4ESORLM SORLM
T A 25

B4 PRl 7 AR YR I R R BT ]

Figure 4 Confusion matrix heatmaps for the seven models in the test set
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Table 3 Predictive performance of seven machine learning models for postoperative ISR within one year

in sas implantation patients across different datasets

TR B d gk R 5 HER AUC 95%CI
LR Il i e 0.769 0.754 0.762 0.811 0.753~0. 863
LR LIRS 1. 000 0.717 0.734 0.929 0. 837~0. 992
KNN VES 0. 408 0. 946 0.677 0.679 0. 625~0. 729
KNN IREW:S 0. 750 0.967 0.953 0. 850 0. 484~1. 000
SVM Il 448 0.769 0.892 0. 831 0.814 0.751~0. 864
SVM UURE 1. 000 0.867 0.875 0. 962 0.879~1. 000
RF NS 0.769 0. 892 0. 831 0.875 0.830~0.913
RF ik 4 1. 000 0.917 0.922 0.954 0. 889~1. 000
DT Il i ke 0.769 0. 892 0. 831 0. 875 0.830~0.914
DT IRRWE S 1. 000 0.867 0.875 0.925 0.837~0. 988
BP i 22 % 2% VIR S 0.769 0. 892 0.831 0.872 0.828~0.911
BP i 25 % 2% RS 1. 000 0.867 0.875 0.929 0. 837~0.992
GBM Il 248 0. 769 0. 892 0.831 0. 875 0.830~0.914
GBM i 4 1. 000 0.867 0.875 0.912 0.816~0. 988
L B d gk % F1 34> I = T 0 A Kappa f& Brier 43 %
LR Il i ke 0.758 0.763 0.758 0.523 0.170
LR W AR 0.190 0. 320 0.190 0. 240 0.171
KNN VE%S 0.883 0.558 0.883 0.354 0.330
KNN IREWES 0. 600 0. 667 0. 600 0. 642 0. 046
SVM VIl 448 0.877 0. 820 0.877 0. 662 0. 140
SVM W AR 0.333 0. 500 0.333 0. 448 0.109
RF Y ZrdE 0.877 0. 820 0.877 0. 662 0.131
RF HIREWS 0. 444 0.615 0. 444 0.579 0.105
DT Il 448 0.877 0. 820 0.877 0. 662 0.131
DT ik 5 0.333 0.500 0.333 0. 448 0.137
BP 22 % %% V=S 0.877 0. 820 0.877 0. 662 0.133
BP #1224 )32k 4 0.333 0.500 0.333 0. 448 0.133
GBM (kS 0.877 0. 820 0.877 0. 662 0.131
GBM M 4R 0.333 0.500 0.333 0. 448 0.192
Fz4 7RI LAY Delong K 56 45 1
Table 4 Pairwise delong test results comparing the seven models
iR 1 [ Z GitE P{H HETY RERY 2 Z gitHA P1E
5 [l 5 K- 48 0.084 0.933 S 4 ) AL Fifi L 2% Ak 0. 008 0. 994
iz A CINE| S AL 0. 035 0.972 S AL ek 0.034 0.973
8 58 [ 5 i BIL 25 AA 0.023 0.982 FHE ] AL BP b 2 [ 2% 0.030 0.976
2 B[] Y 5 W 0. 004 0.997 TR AL A6 B R T 0. 046 0.964
% 4 ] 15 BP #2544 0. 000 1. 000 Fiti ML 2% HE 55 0.024 0.981
L A= T B 5 FHHL 0.015 0.988 i BIL % b BP £ % 4% 0. 021 0. 984
K-f50 31 4 SR AL 0.120 0. 905 56 L 75 Ak e JE 45 T HL 0. 035 0.973
K-# 3 4 BRI N 0.097 0.923 SRR BP # 2 ¥ 2% 0.003 0.997
K- #3741 YR 0. 070 0.944 YL o T HL 0.010 0. 992
K-35 48 BP i1 48 X 4% 0.074 0. 941 BP #ii 25 W % RS THHL 0.014 0. 989
K- i 45 BB EE R THHL 0.058 0. 954
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Figure 5 Feature importance of independent predictors for
ISR within one year after SAS implantation as identified by

the machine learning SVM model
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