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Risk prediction model of in-hospital heart failure in patients with coronary heart

disease after percutaneous coronary intervention: development and validation
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Affiliated Hospital of University of Science and Technology of China ( Anhui Provincial Hospital ), Hefei, Anhui
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[ Abstract | Objective To analyze the risk factors for heart failure in hospitalized patients with
coronary heart disease ( CHD) after percutaneous coronary intervention ( PCI) and establish a personalized
risk prediction model for heart failure after PCI. Methods The clinical data of 640 patients with CHD who
were hospitalized and underwent PCI in our department from January 2017 to December 2018 were collected
and retrospectively analyzed. The subjects were divided into heart failure group (n=44) and non-heart failure
group (n=1596) according to the occurrence of postoperative heart failure. Logistic multivariate regression
analysis and R software were used respectively to screen the independent predictors and plot the nomogram
prediction model of heart failure risk. Then, consistency index ( C-index), area under the receiver operating
characteristic ( ROC) curve and calibration curve were subsequently adopted to evaluate the prediction

efficiency of the model. Results Multivariate analysis showed that left ventricular ejection fraction (LVEF) ,
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age, contrast agent dosage, concomitant cerebral infarction, and grade of New York Heart Association

(NYHA) functional classification were independent predictors of heart failure after PCI ( P<0. 05). The
C-index of the nomogram for predicting heart failure risk was 0.796 (95%CI. 0.723~0.869) , and the area
under the ROC curve was 0. 797 after internal validation (95%CI. 0. 726 ~0. 861 ). Hosmer-Lemeshow test

and calibration curves indicated that the nomogram had good prediction consistency ( Chi-square = 12. 360,

P=0.135). Conclusion The nomogram model for predicting heart failure risk is successfully constructed,

which can assist the medical staff to screen out the population with high risk of heart failure after PCI, and

then to implement targeted intervention measures.
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Fz1 640 ] CHD #& PCI RJg HF K =X BEEEDM [M(Py, Pys), xxs, #1(%) ]
A it (n=640) 3k HF 4 (n=596) HF 4] (n=44) X2/t/7 P
e 2.415° 0. 120
g 458 (71.56) 431 (72.32) 27 (61.36)
ik 182 (28.44) 165 (27.68) 17 (38.64)
TN 2 64.09+11.45 63.74%11.37 68.89+11. 51 -2.897" 0. 004
At H 7]/ mL 123.48+16.77 122. 68+16. 49 134.20+17. 07 -4.460" <0. 001
AR 4 ./ mmHg 128.38+19.98 128. 77+20. 14 123. 11%16. 99 1.815" 0.070
AR HT4F K/ mmHg 79.18+12.15 79.48+12. 11 74.98+11.99 2.384" 0.017
RFTZS B IS/ mmol - L7 6.92(5.68,9.03) 6.90(5.65,8.90) 7.25 (5.98,9.69) -1.703¢ 0. 089
PCI R If K AE 9.413 0.002
5 604(94.38) 567(95.13) 37(84.09)
B2 36(5.62) 29(4.87) 7(15.91)
S WA - 0. 727"
25 622 (97.19) 579 (97.15) 43 (97.73)
5 2 (0.31) 2 (0.34) 0
e 12 (1.88) 11 (1.85) 1(2.27)
FA5 4 (0.62) 4 (0.67) 0
SCALFR 0. 003" 0. 960
W XL 424 (66.25) 395 (66.28) 29 (65.91)
%}n}:xzui 216 (33.75) 201 (33.72) 15 (34.09)
S BRA 2(1,3) 2(1,3) 2(1,3) 1.243° 0.214
EH A/ It
<3 000 310 (48.44) 292 (48.99) 18 (40.91) 1.102° 0.577
3 000~5 000 295 (46.09) 272 (45.64) 23 (52.27)
>5 000 35 (5.47) 32 (5.37) 3(6.82)
Bey7 A U5 3.174° 0. 366
EE 54 (8.44) 52 (8.72) 2 (4.55)
AT R 242 (37.81) 221 (37.08) 21 (47.73)
R/ B 314 (49.06) 296 (49.66) 18 (40.91)
B 30 (4.69) 27 (4.53) 3 (6.82)
WA /g - mL™! 0.64 (0.01, 10.73) 0.59 (0.01, 10.73) 3.11 (0.06, 11.05) -2.297° 0.022
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A B3t (n=640) Ik HF 41 (n=596) HF 4] (n=44) X2/1/Z P
D-D —{A/ng - mL™' 0.58(0.29,1.86) 14.85 (5.00, 24.08) 24.08 (5.00, 37.90) -3.792° <0. 001
CRP/mg - L™ 16. 15 (5.00, 24.08) 14.85 (5.00, 24.08) 24.08 (5.00, 37.35) -1.973° 0.049
NT-proBNP/pg + mL™! 1113.5 (209.5, 1782.5) 992.5 (167, 1 756) 1756 (1146.25, 3 218.75) -4.215° <0. 001
LVEF (%) 64(51.0,67.0) 64 (53.0, 67.0) 50 (42.5, 67.0) 3. 420° <0. 001
LVEDd/mm 55 (52.00, 57.00) 55 (52.00, 57.00) 55.5 (55.00, 60.75) -3.123° 0.002
NYHA I HE4r % 28. 806 <0. 001
I %% 558(87.19) 531(89.09) 27(61.36)
1% 57(8.91) 46(7.72) 11(25.00)
4% 25(3.91) 19(3.19) 6(13.64)
A I i il 5.492° 0.019
& 220 (34.38) 212 (35.57) 8 (18.18)
2 420 (65.62) 384 (64.43) 36 (81.82)
B I HERRR 5.428° 0. 020
& 461 (72.03) 436 (73.15) 25 (56.82)
2 179 (27.97) 160 (26.85) 19 (43.18)
& I Mgt 10. 491° 0.001
& 513 (80.16) 486 (81.54) 27 (61.36)
2 127 (19.84) 110 (18.46) 17 (38.64)
eIk 8 S HL 0. 368" 0.832
1 211 (32.97) 198 (33.22) 13 (29.55)
2 220 (34.38) 205 (34.4) 15 (34.09)
3 209 (32.66) 193 (32.38) 16 (36.36)
BMI/kg - m™? 5.326" 0.070
<18.5 19 (2.97) 16 (2.68) 3 (6.82)
18.5~23.9 239 (37.34) 218 (36.58) 21 (47.73)
>23.9 382 (59.69) 362 (60.74) 20 (45.45)
A 0. 887" 0.346
& 424 (66.25) 392 (65.77) 32 (72.73)
B 216 (33.75) 204 (34.23) 12 (27.27)
v eli] 3.283" 0.070
% 497 (77.66) 458 (76.85) 39 (88.64)
B2 143 (22.34) 138 (23.15) 5 (11.36)

a:Pearson T 4% ; b M LA K ¢ #35; c:Mann-Whitney U #-3; d; Fisher 45 8%t %
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58T o A8 SRR A < A 0% O EL AT B ORI A T 5K
JE LS 8 (. D-D 2K CRP , NT-proBNP | LVEF |
LVEDd j% 9 A2V i fH S A NYHA LG I RE S
R 1H=1, DM %=2, W =3;5IF %M E AR ik
RESE S PCT AR I RAE R K A OLIX 4 4> Z0r 2 i
WA, 2= 1,5 =0, A2 18 7 2R B AP 1] ik
(AFRHE: =0.05) . Z5RRH] AR B IF IS

NYHA .0 J) 68 70 G SR i XF B3 T 48 & CHD f8 3%
PCIARJGBEN HF K AR fE R R (P #<0.05)
LVEF J& CHD 8# ARJ5BEA HEF %28 (s R4 R
(P<0.05), 3 2,
2.3 HF R ARKF] & B TR 424 o) 5 5

Fi Z K Logistic [a1EBLR ip BA GitoA T )
5 AU PR 2R 0 A AT A 91 T S0 ASE Y e S,
FEAEWY A I IRAIZE  NYHA O I RE > 9% AR rfox Fe 74
JiEE K LVEF, UL 1o Fl R &0 S ey sl nl iR Ae 51 26
PTG 3~ 4 i PR A5 A A [R] A P20, AR 40
Sy Al Wi CHD 35 PCLARJEBE N HE A4z XUES o
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%2 CHD R/FBH HF & £ XK #) % B X Logistic B3 5347

A hE B SE Wald X* P OR 95%CI

R -11. 147 2.150 26. 880 <0. 001 - -
AR 0. 041 0.018 5.054 0.025 1.042 1.005-1. 080
LVEF 0. 044 0.013 11.715 0. 001 0.957 0.933-0. 981
A I M AT 0.776 0.369 4.438 0.035 2.174 1.056-4.476
NYHA LIRS % 1.249 0.256 23. 807 <0. 001 3.487 2.111-5.760
A X E 5 0.050 0.011 20.738 <0.001 1.051 1.029-1.074
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LR E 8 o7 8 =5 -4 =3 2 - 0 1 2 l | | m 0
CHD f# %L HF ) 1 03 05 07 0 0.2 0.4 0.6 0.8 1.0
T
E 1 i CHD £ PCI R/gEA HF £ £ XK
: 3 H B s i
51| £ [ A & 1) &% B AR BY B4 o ph 2%
3 it

2.4 3K A HF A 65330 & 1 3R 5HE

GBI PCT AR BEN HE A4z KU Y C-index
4 0.796(95%CI:0. 723 ~0. 869) , N BT J5 1) AUC
{84 0. 797 (95%CI:0. 726 ~ 0. 861) , /R 1% 5 £k [4 (1)
DX 43 BE K H I Re 0 e, WL 20 v il 4R R 81 4%
PEITIIN HE 24 U 55 BROUAEL 22 18] B A B0 1 — Sk
(& 3) . Hosmer-Lemeshow fLL5 DI & 45 56 372 75 1) 26 14
ST F T (15 B0 {1 =2 ] ) 0 s 2 A8 LA e it
=X (X*=12.360,P=0.135),

AUC: 0.797(0.726~0.861)

T T
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2 FLERBE N ERIIEFA ROC figk

PCI & HETR YT e O A 3 F Bz —, 4
K, 3% PCLIRYT A5t Lo a3 i, A AR J5 .0
MR R & AR bl 2 1w, Hodh HF [ % AR 3%
A3k 16% ~30% , f“HE T4 T B E ARG AT, F
HURE R AL FZETD 0 & XE CHD 2 PCT A
Je HF A 0 XU P2 R TF o A L3 il i/ HF &4 R
RN %z A, ZWE N CHD 8% ARG HF KUK
FERBFFEHE A M B O AR ML R 2 3
PIBSERE S HF LA RIBETIAE ) Rk
FE RN HE XU Al A 2T 1, 7T RE A —
FE MR R . HERRN HE RS 798G B 2 A7
(1R USRI 28, A 56 I PR 9 Ak | S 6 5 A At 45 S S 2
AR IR BERENE 5 . TEAFFE Y, 24 6. 88% ) CHD
HE PCI ARG BB N HE Fi 4, itk AR+
PCI AR J5 HF & A4 0 Z R i 7 0 B 2, 4 4 1 F0
CHD J#F ARG HF %A XU ) 51 £ T A 780 D fef
THEMER B S5 5 HE & A KU B3, S ol i 1
DA B0 1) TOUE i % f B o

ARG 0 1 S A AF- S \LVEF (& I A8 58 \NYHA
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R 37 5 R 2 L LA 5T HIESE 5 HF 1 &R
RIBAEAEBEVIN R o b R RN < B A 8 (15
BRI RIS RRAK o0 77 52 e A XU, 9 15
P UG 28, HE S &1 2 FeFET- % 0
TR AR M AL S I R MR
LVEF {£8 HF &4 R RSB Wi i b, 5 600
BEARE VAEET WG & B 2 4E R B FS
A R A R A 5 . IR AT 0 ) R K
A6 ZR B SRR 2T 40 M 40 A 9 (RDW) Jy T, 41
20 A T R SR W IV B b A ] it 20 B ) A
b, 50 R A SRR EY) . A A MEFE L &
AVEWIRE A RDW K48 £ %A Ak 70 J1 580
FG R D S 38 v . NYHA 20 R A AT DA B o0
B E D DI RBIRAS , 38 T FH S W e b sl fikofs A2 1)
TR AR R RES h.0 ) TR A2 K IRYT TS
FEI R AR L X 2 v T T R Y — A X
104 {5 2 kS k25 A R 3 PCL AR S5 0 1 3 8 i fa A
ROHTHIIFIE R B O 7 T 0 20 05 %o R 2 %oF L 790 P
HH 3 22 0 LA BE BL 23 B S 300 0, 3K 5 AR AT 7 A 2 S
—3.

51 2% ] ( nomogram ) f&—F 3 F Z AN RFE AT L
SEAEZ R R BA 4 B JE b _E R 90— 52 A i R
5RO RS R AR A BRI BE i EDE
TG KU 7 T o RT3 R A RN E A S
TIE S5 2 (17 10000 e ik 245 R85 B 390 (R0 8T 2 s it
A=V U NN b= 33 ) - B o bR Uk = 1 L1 LN AN
SME ST Brdh v A0 WU BE BB 5 & A A Kk 10 7 R
W R0 A O 0 B B Eh B E PCT R JE K
WP A7 T LA R AR . (H2 54T CHD M
H PCI ARG HF %Az R 51 2 P A6 8 1 B A 5 4138
b AT S £ N & Logistic Bl AL H T 5 4
PCL B35 AR5 HF J A XU 7 2 S 0 B 2%, FF K i
FEE T AR I HE 2 AU 51 28 [l A AR 27485 D 11
C-index 2 0.796(95%CI:0. 723 ~0. 869) , N #R ¥ 3IF )5
B9 AUC {HM 0.797(95%CI ;0. 726 ~0. 861) , # /R 1% %)
LRI DX 43 B R e i # vm o RSHE il 2k S Hosmer-
Lemeshow 00500 A6 36 35 B« 51 & BTN HE & 2E X
5z 5 IO 22 (B ELAT A 1 — S L =2 [ 1 T
TWMZEANBAG G L (X =12.360,P=0.135) ,#&/R
B 2R RIS TR ELAT 0y T — B0 o [ B A 8] 2k ]
T JT i 1) TR PR 2 Mok 1 SR 1 B SR 1 R 9%
HE, FE AR T8 5 15, 72 AR HE UGBy T Jo i & 24 1)
TR AR AR 5 T TSR f I PR S A o

AT SR R : AR5 Ay O [l PR AR 53, A
ARG FEA I R, [ AS BT HERR T 1 A D
RPN 4 AR ™ 5 A AR Ao 4500 | 3k T R
BT BT A FRAEAE— & R A v, 1 e 2 vl R
AP ATF 20 X6 1 e AR 00 74 o A e 0 AR 4035
PSR A3 B s QAT FE AR 4 8 1) 571 2k 6] A 7 s
157 PIEBERUE , 3 i A5 1 SN PE AT A T R IR
WOATY 5 FE I B PRAFF 5 L 1 SR SR X 51 2 151 7y
TR AT YGAE ; @A YK 55 40 A B WF 55 45 45 5 7l
TSRS o TN s 340 A B 3 1 471 2 P60 A 7R g T
AN #E— 3R m i AT BE, i — 2D g0 A 22 T
e P XU TP i s o) T e A 7R S 5 R A E Y
A

ARPFFRIET LIRIRVT A AR S \LVEF (5 I fsi A
FE K EGF T NYHA S DIRE 94 5 150 RURS: T H
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A DA TR A 8 v ) 000 o e e, L 30 4 el O ¢
R EDW AN, AT s i s AR A B

S Xk
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