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[ Abstract] Objective To construct a nomogram model for predicting the mortality risk of postoperative in
children with complex congenital heart disease (CCHD) and validate its predictive potence. Methods From
January 2018 to December 2019, a retrospective review was conducted for 354 CCHD children undergoing cardiop-
ulmonary bypass (CPB) thoracotomy. And independent risk factors for postoperative mortality were screened by
univariate and multivariate Logistic regression analyses and constructing a nomogram prediction model.
Results The independent postoperative mortality risk factors for CCHD children were as follows ; inotropic score
increased (IS, OR = 1. 113,95% CI ;1. 055 — 1. 175) , white blood cell increased (WBC, OR = 1. 140,95% CI .
1.044 - 1.245) ,hemoglobin decreased( HB,OR =0.973,95% CI ;0. 949 —0.998) , albumin decreased (ALB, OR
=0.907,95% CI:0.838 —0.983) and cardiopulmonary resuscitation-preoperative ( CPR-pre, OR =36.656,95%
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CI:5.187 —259.037) . A nomogram prediction model was constructed with the above risk factors as input varia-

bles and output variable was total score. The higher total scores,the greater of mortality and vice versa. This model

verification showed that C-index and area under curve (AUC) were 0. 898 and 0. 899 respectively. And calibra-

tion curve was close to ideal ,indicating decent prediction and discriminant validity. Also the optimal cut-off value

was 36. Conclusion IS, WBC,HB, ALB and CPR-pre are independent postoperative mortality risk factors for

CCHD children. The nomogram model constructed on the basis of five risk factors offers excellent predictive accu-

racy. Individuals with a total score =36 should raise a high alert and more aggressive intervention is required for

a better prognosis.
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SBP P PO, . sl fik Il 5,41 F1 BF ( arterial oxygen satura-
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2t 2480 ( concordance index , C-index ) , C-index F{
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Table 1 Comparison of clinical data between two groups of CCHD children
nal b R (%) ] ML (%) ] CCHD 25 (%) ]
<1 & 1A= % 1~7% 5 s TAPVC TOF
G4l 326 39(11.96) 144(44.17) 143 (43.87) 188(57.67) 138(42.33) 87(26.69) 66(20.25)
i wei| 28 5(17.85) 14(50.00) 9(32.14) 17(60.71) 11(39.29) 6(21.43) 5(17.86)
geiti x* =1.760 x* =0.098 X° =8.545
P 0.415 0.754 0. 480
e CCHD 28I (%) ]
COA/TAA DORV PA sV TGA Ebstein B{F Hofh
G 33(10.12) 33(10.12) 13(3.99) 9(2.76) 8(2.45) 5(1.53) 72(22.09)
i Anil 1(3.57) 1(3.57) 2(7.14) 2(7.14) 0(0.00) 1(3.57) 10(35.71)
Giitie x* =8.545
P1{E 0.480
AR (%) ] ARG 24 h R BRI B H
Doy 4
o SLTA VPRSI LW - AL - o) (5 e /i)
PRl 0 50(15.34) 5(1.53) 289(88.65) 37(11.35) 66.27 £12.84  160.76 £28.42
ARl 2(7.14) 11(39.29) 5(17.86) 19(67.86) 9(32.14) 50.32£13.70  157.64 +46.37
SGiita / / / / 1=6.274 ¢t =0.350
P {f 0. 006 0.003 <0.001 0. 005 <0.001 0.729
A5 24 h AR IR IS R
I3 PO, SpO, Sa0, Lac Ca’* K* Glu
[M(Q,,Q3) ,mmHg]  (x+s,%) (i+s,%) (x+s,mmol/L) (x+s,mmol/L) (x£s,mmol/L) (x=s,mmol/L)
peanil 77.15(56.70,103.00) 89.67 +7.85  92.53+9.76  2.47 +2.34 1.17£0.19  3.4820.75 10.50 £3.57
FET 4 55.4(45.80,68.35) 82.14+14.08 81.62%13.67 6.96+5.76 1.040.28  4.1922.42  12.89 +4.30
il 7= -4.227 1=2.791 t=4.136 t= —4.09 t=2.404 t=—1.554 t=-3.343
P A <0.001 0. 009 <0.001 <0.001 0.023 0.132 0.001
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ARJG 24 h NI bRESEHE
Al WBC PLT BUN Ser ALB Hb IS
(xts,x10°/L)  [M(Q,,05), x10°/L] [M(Q,,Q;) ,mmol/L] [M(Q,,Q;),mmol/L] (xxs,g/L)  (xzs,g/L) [M(Q,,05),5}]
34.71 + 108.03 + 1.80
b 11.80 +5.02 177(134,227 4.31(3.27,5.43) 40.15(32.20,54.5
[GCE * ( ) ( ) ( ) 706 1929 (1.30,2.70)
27.01 + 96.04 + 3.85
4 16.21 £7.04  174.5(90.5,221 5.5(4.29,9.31) 57.6(41.15,88.35
Hass * ( 221) ( ) ( ) 6.96 23.63  (2.05,12.55)
Giiti 1= -3.245 Z=-1.071 Z=3.199 7 =3.464 1=5.540 1=3.098 Z=4.685
P 0.003 0.284 0.001 0.001 <0.001 0.002 <0.001
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FWUE F 5 PAHSINKIIEE; SV BLL 2 5 TCA KBIRKEE (L5 Ebstein WHE : =IO T RMIE ; SBP UL ; Po.0o%; PO, : S ALERIYE ; SPO,
I RIEE ; Sa0, - Bk A ANBE ; Lac: FLER; Ca’ ABESFURIE; K™ B FHUE,; Glu: i WBC: FUABHITEG PLT: /MR BUN: IR
% Ser: MIFNLEF; ALB: H#EH; Hb: MLLHEH; IS NI 25305 /R Fisher KB ARIE , oA 950

- .CCHD H LA G HE T KUK T 371) £k ] A 754
(A ST
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AT RON 2 AL AR R B REAUR R) O T SO R PREETT A WO AR, AR PR 2

ARATA O J5 s & CCHD LA S5 56T /Y 4k 57
JEBRHE, WK 2, Hf Logistic [B1I575 R EITEAL N 4

SO T VR 0 375 P RS 81 2 F 0BE hitps -/
royyoto. shinyapps. io/dynnomapp/ ) ,

%2 CCHD BILARJFIET- N Z H K Logistic [B]H 53 Hr 4k

Table 2 Multivariate Logistic regression analysis of postoperative mortality risk in CCHD children

A RE FrifEiR Wald ¥* P1{H OR(95% CI) {8
R -1.278 2.139 0.278 0.598
1S 0.107 0.028 15.028 <0.001 1.113(1.055,1.175)
WBC 0.131 0.045 8.547 0.003 1.140(1.044,1.245)
Hb -0.027 0.013 4.618 0.032 0.973(0.949,0.998 )
ALB -0.097 0.041 5.696 0.017 0.907(0. 838,0.983 )
CPR-Pre 3.602 0.998 13.033 <0.001 36.656(5.187,259.037)
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Fig.1 Nomogram model for predicting the risk of postoperative mortality in CCHD children
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Table 3 Index assignment of nomogram model for postoperative mortality risk in CCHD children
IS WBC Hb ALB CPR-pre
- - - " " )5¥ix FET AR
e W FIeE W s W JaE W BsE W
0~4.9 0 1.0~2.4 0 20 ~24.9 16 10 ~11.9 19 0 0 22 0.001
5~9.9 2 2.5~4.9 1 25 ~34 15 12 ~14.9 18 1 11 29 0.010
10 ~14.9 3 5.0~7.4 2 35 ~44 14 15~17.9 17 36 0.100
15~19.9 5 7.5~9.9 3 45 ~59 13 18 ~20.9 16 37 0.140
20 ~24.9 7 10.0 ~11.9 4 60 ~ 69 12 21 ~24.9 15 38 0.180
25~29.9 8 12.0~14.4 5 70 ~79 11 25 ~27.9 14 39 0.220

E CCHD: ZAUERIOMENR; 1S IEVENUI 259353 s WBC: 440G Hb: ML ; ALB: FEEH; CPR-Pre: ARiJ.Co & J5 8
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0754
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0251
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0 - . . .
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Fig.2 ROC curve validation of the nomogram model for

postoperative mortality risk in CCHD children

F&3  CCHD fBJLAREIET KUK 51 2k B R AL Y
AT % (95% CI) |
Table 3 Ten-fold cross validation of nomogram model
for postoperative mortality risk in CCHD
children [ % (95% CI) ]

Vil NRES R PSR
I 86.90 81.38 87.37
TP (85.80,88.00)  (80.56,82.20)  (86.21,88.52)
86.14 82.83 87.38
IESE

(81.82,90.47) (65.44,100.23) (81.67,93.10)
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Fig.3 Calibration curve validation of nomogram model for

postoperative mortality risk in CCHD children
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