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[ ABSTRACT ] Aim To investigate the risk factors of restenosis after stent implantation in patients with vertebral ar-
tery stenosis and construct the prediction model of nomogram. Methods The clinical data of 272 patients with digital
subtraction angiography ( DSA) confirmed vertebral artery stenosis and stent implantation admitted to the First Affiliated
Hospital of Xinjiang Medical University from January 2016 to June 2023 were collected and retrospectively studied.  Ac-
cording to the time of stent implantation, 272 patients were divided into modeling group (from January 2016 to December
2021, 220 cases) and verification group (from January 2022 to June 2023, 52 cases). In the modeling group, patients
were divided into in-stent restenosis (ISR) group (50 cases) and non-ISR group (170 cases) according to CT angiography
(CTA) or DSA results. Based on the independent risk factors of ISR analyzed by LASSO regression and multiple Logistic

regression, a nomogram prediction model was constructed.  The predictive ability of the prediction model was evaluated by
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the area under the receiver operating characteristic curve (AUC).  The clinical application value of the prediction model

was evaluated by clinical decision curve. Results In the modeling group, ISR occurred in 50 of 220 patients undergo-
ing vertebral artery stenting, and the incidence of ISR was 22.72% . LASSO regression and multivariate Logistic regres-
sion analysis suggested that high ESSEN stroke risk score ( ESRS) , hyperhomocysteinemia ( HHey ), moderate or higher
stenosis of internal carotid artery and/or contralateral vertebral artery, low density lipoprotein cholesterol (LDLC) =1.8
mmol/L, low postoperative peak systolic velocity (PSV) of vertebral artery and small stent diameter were risk factors for
ISR. A nomogram prediction model was built based on the above six variable factors.  The nomogram predicted that the
AUC of ISR after vertebral artery stenting was 0. 857(95% CI; 0. 799 ~0.915) in the modeling group, and the AUC of the
verification group was 0. 847(95% CI; 0.732 ~0.961) , which suggested that the model had a good degree of differentia-
tion. Conclusion The prediction model established in this study can better predict the risk degree of ISR in patients
with metal stent implantation of vertebral artery, which is helpful for clinicians to find high-risk patients with ISR and make

timely intervention, so that patients can get greater benefits.
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#1. ISR A54E ISR HEEZEH L ERILE

Table 1. Comparison of baseline data between ISR group and non-ISR group

iH JE ISR 1 (n=170) ISR #H(n=50) X /Z/t P

B HI(%) ] 148(87.1) 45(90.0) 0.310 0.577
38787 62.85+9.91 64.56+8. 19 -1.12 0.266
BMI/ (kg/m*) 25.38+3.22 25.37+3.05 0.019 0.985
PR S/ [/ (% ) ] 134(78.8) 38(76.0) 0.181 0.671
BRI /[ B/ (% ) ] 64(37.6) 26(52.0) 3.293 0.070
TG S/ [/ (% ) ] 37(21.8) 10(20.0) 0.078 0.789
AR S/ [ 61/ (% ) ] 75(44.1) 34(68.0) 8.815 0.003
RS/ [l (%) ] 52(30.6) 23(46.0) 3.084 0.063
B st/ [/ (% ) ] 70(41.2) 31(62.0) 6.747 0.009
iR 254/ [ 1/ (% ) ] 145(85.3) 41(82.0) 0.328 0.836
FNR254/ [0/ (% ) ] 165(97.1) 47(94.0) 1.032 0.310
ARJG ESRS/ 43 3(2,4) 4.5(4,5) 5.029 0.001
LA (x10” L) 4.5910.57 4.55+0.58 0.310 0.577
WBC 3148/ (x10° L™) 6.76(5.96,7.81) 6.40(5.53,7.82) -1.419 0.156
PLT 4%/ (x10° L™) 210.0(176.8,255.0) 206.0(170.8,264.0) -0.063 0.950
NLR 2.31(1.74,3.11) 2.20(1.66,3.45) -0.282 0.778
PLR 117.7(94.4,154.7) 129.7(103.1,157.9) 1.050 0.294
RDW/ % 12.85(12.30,13.40) 13.20(12.78,13.50) 2.424 0.015
PDW/% 12.40(10.90,15.36) 13.65(10.88,17.03) 1.418 0.156
FEk L 1.53(1.29,1.70) 1.65(1.40,1.86) 1.718 0.086
ApoB/ApoA 0.71(0.55,0.90) 0.81(0.65,1.01) 2.834 0.005
SRR/ ( wmol/L) 303.1(251.1,372.5) 325.2(277.5,360.0) 1.174 0.240
HbAlc/% 6.37(5.80,7.60) 6.40(5.75,8.35) 0.682 0.495
TG 7.17(6.69,7.71) 7.25(6.94,7.92) 1.467 0.142
TSH/(mU/L) 2.03(1.43,3.08) 2.02(1.47,3.27) 0.418 0.676
4 LDLC=1.8 mmol/L/[ 11/ (% ) ] 77(45.3) 41(82.0) 20.933 <0.001
B4 Hey=15 pmol/L/[ /(% ) ] 34(20.0) 23(40.0) 13. 606 <0.001
TR/ mm 15.0(12.0,15.0) 15.0(13.0,16.5) 2.592 0.010
I EA/mm 4.0(4.0,5.0) 4.0(3.5,4.5) -2.355 0.019
SR EEY /[ /(%) ] 80(47.1) 28(56.0) 1.236 0.266
G/ [/ (%) ] 134(78.8) 45(90.0) 10. 156 0.002
IR 1/ kPa 12.0(11.3,14.0) 12.0(12.0,14.0) -0.226 0.821
ARHIHESN K42/ mm 3.3(3.1,3.6) 3.2(3.1,3.5) -1.531 0.126
RIGHES K PSV/ (em/s) 47.0(43.5,55.0) 44.5(32.0,48.3) -2.533 0.011

2.2 ISR & & RBE FH =& i ik

(Hey=15 pmol/L) &84 . LDLC =1. 8 mmol/L .

AN BN R I L, H B ISR 455
MR 5 BRI R AR 22 0] AT REAELEAROCHE,
IR LASSO [R1AX} 34 A8 PR 3R A TR AL I, DA
T 158 H BEAE HERR T ISR & A it JRURS: IR 25, B 5
FEAE SCIRIEFEA T N Bk, 198 /)y Lambda A+, A
M e LASSO [l 2 A 0 1248 5, M %8
th 8 AR W REAE 25 s s RS ESRS
[F] 74 2 Bl & B8 1L AiE ( hyperhomocysteinemia, HHey )

ARIGHESIK PSV KA H AR, 3X 8 M2 R AT REEHED)
K SZ A ARG &4 1SR WIfaR 2 (E 1 FIE 2)
2.3 K% ISR WL EE Logistic B35S
P2 & A ISR AE MR AR 5 B LASSO [l )5 i
e AR AR A AR S AT 2 I 3R Logistic [B11H 43
Br, 2RI A I 6 AN 4845, R 4R . ESRS R
JEHESN K PSV . LDLC>1. 8 mmol/L & HHey . &7
g HEER(F2), GRPER ESRS HH .
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LDLC>1. 8 mmol/L & 7f HHey (&I 8%8 StE 4%
BN ARJGHESH Bk PSV /N2 ISR & A= 11 16 I A

1
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1. LASSO [E/3 R # k12 E
Figure 1. LASSO regression coefficient path diagram

% Hp ESRS #iil| ISR % 4= i ROC fh £k F 1 FX
K (AUC=0.729,K3),
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Figure 2. LASSO regression cross validation diagram

% 2. ISR £ 4% F & Logistic [@3 57347

Table 2. Multivariate Logistic analysis of ISR occurrence

e EVEEY 3 FrifEiR Wald x* P OR 95%ClI

AR J5 ESRS 0.569 0.153 15.138 <0.001 1.815 1.344 ~2.452
ARIEHES K PSV -0. 029 0.014 4.428 0.035 0.970 0.946 ~0.998
IR EAR -0.563 0.245 5.283 0.022 0.569 0.352 ~0.920
G P 1.288 0.648 3.952 0.047 3.626 1.018 ~12.911
LDLC=1.8 mmol/L 1.636 0.453 13.051 <0.001 5.136 2.114 ~12.477
43t HHey 1.292 0.411 9.882 0.002 3.640 1.627 ~8. 146
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Figure 3. ROC curve of risk prediction of vertebral
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2.4 HEBBKZEEANRESE ISR ZEMTIZLE TR
Ik Eid]

W ZHE Logistic MIHHG = LK 6 M2 REIYH
A ISR KA RN Z I TR RL (18] 4) | 43 Brds 325
ETIALAL R ROC #14E T ALK 0. 857 (95% CI .
0.799 ~0.915) , RELEF N 0. 80, 45 FHE K 0. 77 , H /st

RIHA R X 53, Hosmer-Lemeshow i 55 42 71 i
TR A8 FE K ( Hosmer-Lemeshow x° =5. 053,
P=0.752>0.05) , KH Bootstrap Lk, A KAE
1 000 YA TR TR Phy 56531 A S0 AR 7Y (19 B2 M, filRe
Ja ) ROC 2R T m AL~ 0. 808 (95% CI:0. 768 ~
0. 848) , If-2z il A% o i £, T 000 455 784 pAy 35 45 i 9 ~F-
PIAa R ZZ RN B TS R EL A A ) A o
(FE5) o TR AL Y Il PR P 3 th Ze s, 78 T [
fHAE 0. 1 ~0.9 ZIHH IR I R YL SR it £k 5 4
T B AT TR SR AR it 2 AN A BE, 1S T 300 A A
BABEF IR A E(E 6) .
2.5 TRMAEE S ERIEE

2 i BT 2 1 £ AR Y %) ROC il £k, it
2R T AR 0. 847 (95% CI:0. 732 ~ 0. 961 ) , R A
9 87.5% SRR 77.3% | 32 I WE 2H 5B 1
R M2, B BIE 21 19 J 4 il 4 5 e 0 i 26 3 7
TR £ BT 30T, o X O 2058 25 BN, RS BE R AT
2T ek A A I R D SR it 2 B Y A R 7E 0. 1 ~
0.7 ZIHJ B, 56 Uk 41 P A A8 g e DR ke 3R it 4k 5
St M ZAAHZE IR AT et RAF (B 7)
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Figure 4. Nomogram of ISR risk in patients with vertebral artery stenting
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Figure 7. Correlation curve for external validation of the prediction model
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