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Abstract

Objective: This study aims to investigate the risk factors associated with cardiovascular readmis-
sion within one year following percutaneous coronary intervention (PCI) and to develop a compre-
hensive nomogram model that incorporates echocardiographic parameters, thereby elucidating its
clinical relevance and applicability. Methods: A retrospective analysis was conducted on the clinical
data of 7125 patients who underwent PCI at the Affiliated Hospital of Qingdao University between
January 2013 and May 2024. Multiple imputation techniques were employed to address missing
data, focusing on the outcome of readmission due to cardiovascular-related causes within one year
post-surgery. Variables were selected using LASSO regression and subsequently divided into a
training set (n = 4988) and a validation set (n = 2137) in a 7:3 ratio. A multivariate logistic regres-
sion nomogram was then developed. The model’s performance was assessed using the receiver op-
erating characteristic (ROC) curve, calibration curve, and decision curve analysis (DCA). Results:
The readmission rate was observed to be 26.0%. Multivariate analysis identified the number of hos-
pitalizations, Gensini score, number of diseased segments, moderate or greater mitral regurgitation,
total cholesterol, fasting blood glucose, and creatinine levels as independent risk factors, all with
statistical significance (P < 0.05). The area under the curve (AUC) for model validation was 0.665
(95% CI: 0.639~0.691), suggesting moderate discriminative ability. The calibration curve closely
aligned with the ideal diagonal, as indicated by the Hosmer-Lemeshow test (P = 0.178), demonstrat-
ing good calibration. Decision curve analysis (DCA) confirmed a positive net clinical benefit, with
threshold probabilities ranging from 5% to 80%. Conclusion: This study represents the inaugural
effort to integrate clinical, anatomical, metabolic, and cardiac structural parameters in the devel-
opment of a nomogram model. A key innovation of this model is the incorporation of echocardio-
graphic parameters, specifically mitral regurgitation and ventricular wall thinning, to effectively
capture cardiac structural remodeling. The model demonstrates excellent calibration performance
and holds potential as an auxiliary screening tool for identifying high-risk patients for readmission
following percutaneous coronary intervention (PCI). However, its discriminatory power is limited,
precluding precise individual predictions. Clinical application should be guided by physicians’ ex-
pertise, and multi-center prospective external validation is necessary prior to broader implemen-
tation.
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ERG, PR b i = S0 . A RS TR PCT A R BB AR . B 1 KU T 43 3 2200 5 T
B8 N B IIAE T U, 6 R B X — R A SR I TN RE A R (4] [5]. BEAh, 2 BT TR RERE &0 I 5
ZER T RESR bR S T B AL M AR (3] BRIk, AWFFCEE T RREAR GRS S, & Rl ™ i e @ sis
%, MG A B L RGE R SE TSI L, DUOY PCT AR A B3 K e 2
PR SFF

2. #EREFE
2.1. FAREIR

BN 2013 4F 1 2 2024 4 5 HTF B RFMBER 2 ESRHEZ PCLIGITI 7125 4
o NARHE: RINAT PCLIAYT HIGR TR e . HEBRAR1E: IR ZORH™ E R GIEAN A2 . DL PCT AR
Ja 1 NS R LA A O R R RN B N 28 S, FRNBE e A4 S B 2 12 . AR &5 il 2
F A NN B AR TR B4

22. BREBKSZEEEX

AR A Bt R N RS D — B RE SEEG S ARG O L e 2. SE KR Gensini PF
DREEFRSH. RO, 1) ESERAR. Y. ERREG ERREG Mk, LR AEER. BH
MR Hah =85, S, LS. PHIER C. KR, M & A M MRt AR, IR . DR
kg [ Tl 90 2 PR R L Th PR RN S A b B e A il B Bl Bk T . Gensini
By AT B R RNE R, 2) KRR VA WO PRI B BRI A L AR S A
FREY R SRR MR R R UL RS

2.3. BIEFERSRAELE
NTORECE PR, XA BT e AT B SO SRAREUE, E SRR R > 50%I1)

Logistic [A]J5, JFHe45 R AR BN IAAMER LUB D f7 . RS RIS R EUR HAA R Z , NRET
TR, AHF AL SR R M BEI SR A Rubin’s MU 7E S 4 M 2 3T & 905 0T 2 S fh
Bl R R, S IGE RN A 50 K PAEEIRH] Rubin’s SEUTE 5 AN #h Bt 8 B iEAT &
. 12 H R AR BT X Linear B 254 Rubin’s HUNHET S8k 1T

24. TEMIE, RENESEIE

ARG B ARHEANE R BEE R EAT B R T, RS SRR T AR, SR LASSO [HJH(10 47
AEXIAR)HEAT AR BRG], 1 lambda. 1se N DL RIS UG . SRS HEEEEL 7:3 ELBIBETLRI 7>
RNINGEEMIGUESE . BERR . BT UIZEMEZ R Logistic BIABAY, FELhI LK. BAKIE: 1)
X3 KA ROC B4k FHIA(AUC)IEM, 5 95% CI. 2) KHERE: 2HIRiEMZ, KM Hosmer-
Lemeshow B I PEMM AR 3) IPRIRAT: KA DCA PEALHE AL Il R 5 A 4%

25. GitFES

KM R BAF4.3.0 BTG 3T THEBOR DU 7t o, AR LLESR A 2 Kk ARIEZS
AT OB DL AL B (DY 2 (2 1] )R, 4LTE] ELBCR T Wilcoxon BRARRSS . AT A7 i B i, P <
0.05 NZERAGT R L.
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FEgIN 7125 4] PCI RJ5 B, HAhFARE4] 1848 i, KNG 5277 . WAL SR, AL
HAEZ Tt B SR EARAFMERE R R BARAREREGRE . . SEIE. WU,
FR R 20 A AR T AR A B kUS4 e % Gensini 23 34178 T R FEABE (X P <0.001). ek k22 77
T, FENBCA RN BES R R ME BN BT m . BB I & DL b i 2 & AR i ) L
S Fer, T S T R R R R R I K SRR (XY P < 0.05) (FELZE 1)

Table 1. Comparison of baseline characteristics between the readmission group and the non-readmission group

1. BABREASRBANBRESE LR

A RN = 7125) RFEABEN = 5277) FEAPBE(N = 1848) P{H
R 68.00 (60.00, 74.00)  68.00 (60.00, 74.00)  69.00 (61.00,75.00)  <0.001
{ERE R EL 5.00 (4.00, 7.00) 5.00 (4.00, 7.00) 6.00 (4.00, 8.00) <0.001
(e AY€ 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 2.00) <0.001

e 421 (3.49, 5.00) 4.19 (3.48, 4.98) 427 (3.53, 5.08) 0.022
&l AR 5.53 (4.89, 6.90) 5.49 (4.88, 6.74) 5.69 (4.93,7.38) <0.001
JULEF 79.30 (64.00, 93.60)  78.00 (63.00,92.40)  83.00 (67.00,96.90)  <0.001

BTN R 210.00 (176.0,254.0)  212.00 (176.0,256.0)  208.00 (174.0,252.0)  0.031

ks 4.11 (3.86, 4.36) 4.12 (3.87, 4.36) 4.08 (3.83, 4.34) 0.006
e S = RRDIR I R 4.31(3.75, 4.83) 4.34 (3.81, 4.86) 4.17 (3.62, 4.70) <0.001
Hh MR AT S5 bk B T e B A 2.22(1.64,3.10) 2.18 (1.62, 3.03) 2.31(1.71, 3.35) <0.001
itz Rk Wi 48 1= 28.00 (25.00, 30.00) 27.00 (25.00, 30.00) 28.00 (25.00,32.00)  <0.001
Gensini 43 51.00 (30.00, 85.00)  47.00 (28.00, 80.00)  68.00 (39.00, 101.0)  <0.001
i AT B 4.00 (2.00, 5.00) 3.00 (2.00, 5.00) 5.00 (3.00, 6.00) <0.001
Y QIR 3.00 (2.00, 4.00) 3.00 (2.00, 3.00) 3.00 (2.00, 4.00) <0.001
A, 1 (%) 2035 (28.6) 1557 (29.5) 478 (25.9) 0.003

Btk ainig, n (%) 4077 (57.2) 3072 (58.2) 1005 (54.4) 0.005
EKEFNE, 1 (%) 468 (6.6) 318 (6.0) 150 (8.1) 0.002
HHEY K, n(%) 247 (3.5) 159 (3.0) 88 (4.8) <0.001
FEEREARHE, n (%) 1252 (17.6) 865 (16.4) 387 (20.9) <0.001
TR L BRI, n (%) 572 (8.0) 356 (6.7) 216 (11.7) <0.001

T BN 2 EAANE AR IESTR R P A (U AL AR, SR Wilcoxon FRAIGNG; 73R ELL n (%)&
e KM AR, R URRAIR AL P < 0.05 FIZEE

3.2. GRS RIERD &Y

WIZREE(4988 ) SUGIELE(2137 B)ELE R ZHUEBAR & Er A, ZREGUFE L UL/ MR
THE(P = 0.039) 5 i 25 = FUIR AR R 2R (P = 0.01 A AE R ZE S, (EAP s B, ARZm AT Lh
Phe PN LI 0 26%, SEon a2 B 0 A R WK 2).
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Table 2. Comparison of variables between the training and validation sets

2. NEESHIERTELLK

s YIZREN = 4988) IBUFHE(N = 2137) P1H

R 68.00 (60.0, 74.0) 68.00 (60.0, 74.0) 0.50

{ERE R AL 5.00 (4.00, 7.00) 5.00 (4.00, 7.00) 0.50

{ERE IR 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 0.20

A JE i 4.20 (3.47, 5.00) 4.24 (3.55,5.02) 0.10

2 5 5.53 (4.90, 6.85) 5.53 (4.87,7.02) 0.80

HLEE 79.00 (64.0, 93.0) 80.37 (64.0, 94.6) 0.20

MM 5 209.0 (174, 254) 213.0 (178, 255) 0.04

iz 4.11 (3.86, 4.36) 4.11 (3.85, 4.35) 0.20

Ui B9 = B ROR R R 432 (3.77,4.84) 4.27(3.71,4.79) 0.02

Hr RN A S M A A LA 2.21(1.63,3.10) 2.23(1.66,3.11) 0.50

it ik i 4 27.0 (25.0, 30.0) 28.0 (25.0, 31.0) 0.60

Gensini 4.4} 50.75 (30.0, 84.0) 52.00 (30.0, 86.0) 0.20

AT B 4.00 (2.00, 5.00) 4.00 (2.00, 5.00) 0.30

EYraik=g 3.00 (2.00, 4.00) 3.00 (2.00, 4.00) 0.60

W, n (%) 1442 (29) 593 (28) 0.30

BIEE, n (%) 2836 (57) 1241 (58) 0.30

EREFE, n (%) 314 (6.3) 154 (7.2) 0.20

FHEYT K, n (%) 181 (3.6) 66 (3.1) 0.30

ERERH, n(%) 868 (17) 384 (18) 0.60
TR R UL R, n (%) 401 (8.0) 171 (8.0) >0.90
AR, n (%) 1295 (26) 553 (26) >0.90

T SRR (Y LI, 73R n (%); KA Wilcoxon A 5 2 k. S5 RAESEEHLR 7344

iy

3.3. ZEMFE

K LASSO [5] VA5 i 326 248 5 JE AT R 167, 10 3738 XIGIE ) R B AR 5% 22 i 22 UL 1. 35T lambda. 1se
{1 0l] (lambda. 1se = 0.02830)H- 2 J L[ FAME[FIR f5 , FeZ ML & ik 20 NMEBAR &, 750 R
ERE R ARG S, SIHE R, S B, LT, G fBn. s = BHIR IR R R . Rk
YN Sk AN LU e . ISl BKUR AR . Gensini & 4:. AR B, R EIME R UOH. H s
R HNE . SRR, AR, AR R UL B BARRRAER RBULE 3, HARERRE(R
$00.24101) A B J2 DL B S iE(0.23184) 5595 245 5 B £5(0.10140) AL E A X K % T 2 K & Logistic
[ A R G PR AR, H LASSO [RIA 0 3% H (19748 B A7 75 7[R AR 2 v 58 F OBk 7 M, Weks LASSO
e ) 20 NAS BRI L KK Logistic BT, 20 g ST SR %

3.4. ZEAE Logistic E39 4
HFLZHEGEG I E IS EUE T, WEZINEK Logistic AR, S50 NE 4. ERIELMEEE,
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A. LASSO Coefficient Paths B. 10-fold Cross-Validation
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Figure 1. Coefficient paths and 10-fold cross-validation results of the LASSO regression model. (A) Coefficient paths of
LASSO regression; (B) 10-fold cross-validation results
& 1. LASSO EVAfFiE TSR EREE K 10 IR XHIEE . (A) LASSO ZHIEEZE; (B) 10 XX IIEE

Table 3. Non-zero coefficients of the LASSO regression model

=% 3. LASSO [El)3FEF RE

R 0.00264
ATV -0.00025
GV 0.24101

A I ] ot 0.03134

% i A A 0.02791

N 0.00105
/N4 —0.00001
I -0.04929
e g = R FFOIR I IR 2R -0.03978
rh PR 5 bk A B L 0.00586
I 50 ok WA 4 e 0.00482
Gensini &5 0.00511

TR AT B 0.10140
EYSAIIR=S 0.01492
PRI -0.01439

PRk i i —0.07423

LM F 0.01090

VEYZ 5N 0.02227
R 0.02675

T rhE K LB R 0.23184

10 78 ESE; lambda.lse = 0.02830; FL§#ik 20 MR TH5 it Al
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{EBERE(OR = 1.303, 95% CI 1.226~1.385, P <0.001). s fH[E EE(OR =1.074, P=0.011). ALEF(OR =1.002,
P =0.008). ZHEIMAH#OR = 1.028, P =0.031). Gensini &4}(OR = 1.005, 95% CI 1.003~1.007, P < 0.001)+
I AR BB(OR = 1.115, 95% CI 1.047~1.187, P < 0.001). 23l & & DL _E A (OR = 1.383, 95% CI
1.085~1.762, P = 0.009)2& F ARt A7 b R 2R 1B R E(OR = 0.983, P =0.015). IfL4(OR=0.843,P
=0.044). 7B = EUIR IR F 2 BR(OR = 0.886, 95% CI 0.814~0.963, P = 0.005)5 & #% 5 ¥ (OR = 0.870, P =
0.048) J11 15 FF A\ Bt JX S B I AH 5K o

Table 4. Multivariate logistic regression analysis of risk factors for readmission

= 4. BABR%EZE Logistic [BY39 4

28 B SE OR 95% CI P

o 0.003 0.004 1.003 0.996~1.010 0.380

R R E -0.017 0.007 0.983 0.969~0.997 0.015

BRI AL 0.265 0.031 1.303 1.226~1.385 <0.001

pEVilEN N 0.071 0.028 1.074 1.016~1.135 0.011

7 Mg b 0.027 0.013 1.028 1.003~1.053 0.031

JULTF 0.002 0.001 1.002 1.000~1.003 0.008

IRANY 7R it -0.001 0.001 0.999 0.998~1.000 0.103

I -0.171 0.085 0.843 0.714~0.995 0.044

e B =R FFOIR I R 2R -0.122 0.043 0.886 0.814~0.963 0.005
F P L A b T 4 i L 0.020 0.011 1.020 0.999~1.041 0.066
it 3 ik e 4 0.004 0.006 1.004 0.993~1.016 0.436
Gensini /%) 0.005 0.001 1.005 1.003~1.007 <0.001

T AT BB 0.109 0.032 1.115 1.047~1.187 <0.001

R M 0.049 0.048 1.051 0.956~1.155 0.307

e} -0.138 0.077 0.871 0.749~1.014 0.075

B s -0.140 0.070 0.870 0.757~0.999 0.048

pry Y 7IMEH 0.096 0.137 1.101 0.842~1.439 0.482

HEBEY R 0.224 0.181 1.251 0.876~1.785 0.218
FEREAR 0.105 0.090 1111 0.932~1.326 0.241
THIerbE K DA B R 0.324 0.124 1.383 1.085~1.762 0.009

I BT ZESIMIEE, KH Logistic [FJA454 Rubin’s AT S 41T, OR, ELfEEL: CI, EEXIH.

3.5. FIZERT

HT Logistic [H AR R KT PCL ARG 1 4EFEABER ISR 2) SIZEEIDINEERE . Bt
R AEBExE S RHERE . AR LS /s AR, FT3. NLR. Fiisifkiiei . Gensini
BN AR R UGN BAR BRI B R YTOR. SRR AR R A B
SFIE 20 AR AN, R AR RVE IO N ME, RINERE S, IR0 R R % R R
AT MAFEABERER, T lm PR ARIE DAL o
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Nomogram for 1-Year Readmission After PCI
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Figure 2. Nomogram for predicting 1-year readmission risk after PCI
2. PCIRE | EBNE R TSI E
A N
3.6. B EEITEM
X 43 Logistic [IABEALERAESEF ¥ AUC A 0.665 (95% CI: 0.639~0.691) (LI 3).
A. Training B. Validation
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Figure 3. Comparison of receiver operating characteristic (ROC) curves between the training and validation sets
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WEHERE . R h 28 B R TN 28 5 S RV A 26 55 % — 3. Hosmer-Lemeshow 58 RIS UFSE P =
0.178, SRR HE RIF . IZREE 5 I0IESE AR HE Hh 2 3B sl & FAR X M 2k, $Ron TR 2 5 S bR
AR W) & RIFLIA 4).

Calibration Curves (Logistic Regression)

1.00
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2
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0.251
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Figure 4. Comparison of calibration curves between the training and validation sets

4. NEHESHIEERERMZ LR

IGRIR A : DCA HIZR IR, TERMEZR 5%~80%MIVuFE P, ff FHZAETYHE SRR PR I id 3R aa 4 s 1
CRTT B AT RIE(LIE S).

A. Training B. Validation
&
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2
0.1 0.14
001 \ 0.0 \
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Figure 5. Decision curve analysis (DCA) for the training and validation sets
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4. g

AWFTEEET 7125 4 PCL ARG B E RFEARME, MW 7 — MG IRIR. A0, S K hkidse 2 4
JE S H TN e ARG 271 28 P AR . REARUEGIEEE AUC A 0.665 (95% CI: 0.639~0.691), B IX 435 & &K
F, (HEHEHZ S5 Hosmer-Lemeshow 556 (P = 0.178) & 7 TR 5 SEBR AL IAE R = W) &, DCA ESE
HAE 5%~80% BIMEZR G FH ) B A FE IR IR 8, R & FABLX 2 R &R KB Z 445 /M. A7
(% Lo BT R AE T TN A% G A ARSI PR AR A Bt AR5 48 A 0 S IR, 2 R — R S It 25 BE AR T
AT OREE R WO I 4546 5 30 7 25 R B S SN R, Sl T GO IE S R A AR 3L
iR 1) 7 7 A W AU AR AIE 1 22 4 R R 5, A PCT ARG PN B JRURS: (R 404k VAl B At T 58 42T
HIFLAA[4] [6]-
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