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[ Abstract] Objective To establish an individualized bleeding risk assessment system for the elderly coronary heart disease ( CHD)
patients complicated with intestinal malignant tumor based on single-center clinical big data. Methods Clinical data of the elderly
CHD patients with intestinal cancer and being treated in the Chinese PLA General Hospital during January 2008 and December 2018
were collected retrospectively from the Clinical Database in the Big Data Center of the hospital, and they were subjected as the valida-
tion cohort. Taking the occurrence of major as the research endpoints, baseline analysis, decision tree model, support vector machine,
logistic regression model and random forest model were performed on the clinical data. And then the CHD patients with intestinal tumor
admitted into the hospital from January 2019 to December 2020 were prospectively recruited and served as derivation cohort. Finally, the
performance of above models were evaluated and verified based on the accuracy, sensitivity, specificity, and area under the receiver
operating characteristic curve (AUC). A predictive system for bleeding risk was established on the obtained optimal model. SPSS
statistics 15.0 and R 3. 6. 1 were used for statistical analysis. Data comparison between two groups was performed using student’s ¢
test, Chi-square test or Wilcoxon test depending on different data types. Results There were 511 patients in the derivation cohort and
35 patients with clinically significant bleeding events; 205 patients in the validation cohort and 11 patients with clinically significant
bleeding events. Recursive feature elimination was used to screen the variables, and the logistic regression model containing 5 variables
(‘brain natriuretic peptide precursor, total bilirubin, aspartate aminotransferase, carcinoembryonic antigen and urea) was selected as the

optimal model. In the training set, the AUC value, accuracy, sensitivity, and specificity of the model were 0. 791, 0. 757, 0. 714, and
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0. 800, respectively. In the verification set, the AUC value, accuracy, sensitivity, and specificity were 0. 748, 0. 747, 0.500 and

0. 760, respectively. Based on this model, we constructed the bleeding prediction score for clinical application. Conclusion Our

establised risk model and score system can predict bleeding events in the elderly CHD patients with intestinal malignant tumor.
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Table 1  Comparison of baseline characteristics between two groups

Variable Derivation cohort(n=511) Validation cohort(n=205) P value

Agel years, M(Q,,Q;) ] 72.00(67.00, 78.00) 71.00(66.00, 78.00) 0. 096
Male[ n(%) ] 316(61.84) 128(62. 44) 0. 949
Thrombin time[s, M(Q,,0Q;) ] 16.00(15.30, 16.80) 15.80(15.20, 16.60) 0.056
APTT[s, M(Q,,0Q;)] 37.10(34.20, 40.30) 35.80(33.00, 39.02) 0.131
PPT[s, M(Q,,0Q;) ] 13.50(12.90, 14.20) 13.60(12.97, 14.00) 0.673
PTA[ %, M(Q,,0Q;) ] 93.00(83.00, 102.00) 92.50(86.00, 102.00) 0.783
INR[M(Q,,05)] 1.05(0.99, 1.13) 1.05(0.99, 1.10) 0.771
FIB[g/L, M(Q,,0Q5) ] 3.56(3.04, 4.36) 3.49(2.97, 4.13) 0.108
RBC[x10"/L, M(Q,,05)] 4.06(3.61, 4.48) 4.09(3.64, 4.46) 0.985
WBC[ x10°/L, M(Q,,0;)] 6.34(5.03, 8.12) 5.90(4.75, 7.80) 0.052
NEU[M(Q,,0;) ] 0.66(0.58, 0.76) 0.64(0.57, 0.75) 0.179
LYM[M(Q,,05)] 0.24(0.15, 0.32) 0.24(0.16, 0.32) 0. 700
Monocyte[ M(Q,,Q3) ] 0.06(0.05, 0.08) 0.07(0.06, 0.08) 0. 062
Eosinophil[ M(Q,,0Q;) ] 0.02(0.01, 0.03) 0.02(0.01, 0.04) 0.310
Basophil[ M(Q,,Q5) ] 0.00(0.00, 0.01) 0.00(0.00, 0.01) 0.300
PLT[ x10°/L, M(Q,,0;)] 204.00( 159. 50, 243.00) 198.00( 158. 00, 253.50) 0.938
HCT[ %, M(Q,,0Q5) ] 0.36(0.32, 0.40) 0.36(0.32, 0.39) 0.471
MCV[fl, M(Q,,Q5)] 89.70(85.30, 93.10) 88.80(85.20, 92.45) 0.219
ALT[U/L, M(Q,,03)] 14.65(10.30, 23.80) 13.90(9. 80, 20.50) 0.128
AST[U/L, M(Q,,05)] 17.00( 14.20, 23.80) 17.10(13. 60, 22.90) 0.451
Urea[ mmol/L, M(Q,,Q5) ] 5.29(4.24, 6.39) 5.13(4.16, 6.45) 0.519
Creatinine[ pmol/L, M(Q,,0Q;) ] 72.50(62. 10, 86.10) 74.90(62.30, 86.00) 0.625
Uric acid[ pmol/L, M(Q,,0Q5) ] 289.20(233. 30, 352.90) 291.25(222.33, 339.95) 0. 457
Blood glucose[ mmol/L, M(Q,,0Q;) ] 5.75(4.91, 7.34) 5.71(5.05, 7.12) 0. 860
TBIL[ pmol/L, M(Q,,Q5) ] 10.50(8.00, 15.03) 11.15(7.97, 15.43) 0. 696
DBIL[ pmol/L, M(Q,,Q5) ] 3.50(2.40, 5.10) 3.45(2.40, 4.93) 0.554
Total protein[ g/L, M(Q,,0Q5) ] 66.00(61.20, 70.20) 66.50(62.00, 70.80) 0. 346
Albumin[ g/L, M(Q,,0Q;) ] 38.10(34.62, 41.60) 38.50(35.20, 41.40) 0.740
K* [ mmol/L, M(Q,,0;)] 4.04(3.75, 4.32) 3.94(3.64, 4.24) 0. 044
Na* [ mmol/L, M(Q,,0Q5)] 141.20(138.70, 143.20) 140. 60(138. 50, 142.62) 0. 166
Blood chloride[ mmol/L., M(Q,,Q5) ] 103.80( 101. 10, 106.70) 103.80(101. 47, 106. 10) 0.918
Creatine kinase[ ng/ml, M(Q,,05) ] 59.70(40.00, 89.55) 66.10(41.62, 95.55) 0.413
NT-pro-BNP [ ng/ml, M(Q,,0Q;) ] 352.80(110.70, 1126.00) 222.45(86. 10, 608.75) 0.061
CK-MB[ ng/ml, M(Q,,0;)] 13.70(10.50, 17.70) 15.55(12.53, 19.17) 0. 060
Troponin T[ wg/L, M(Q,,0;) ] 0.01(0.01, 0.02) 0.01(0.01, 0.02) 0.776
CEA[ng/ml, M(Q,,Q3) ] 3.90(2.22, 12.17) 3.93(2.24, 12.04) 0.905
CA125[ U/ml, M(Q,,05)] 12.29(8.59, 21.01) 9.93(7.09, 15.15) 0.072
CA199[ U/ml, M(Q,,05) ] 16.14(8.70, 34.79) 12.75(7.74, 36.52) 0.189
CA153[ U/ml, M(Q,,Q3)] 9.91(7.60, 13.86) 9.79(7.22, 13.49) 0.415
AFP[ng/ml, M(Q,,0Q;) ] 2.52(1.91, 3.38) 2.67(1.87, 3.72) 0.259
Pathological classification of tumors[ n( %) ]

Adenocarcinoma 445(87.08) 179(87.32) 1. 000

Squamous cell carcinoma 4(0.78) 1(0.49) 1. 000
Tumor differentiation[ n( %) ] 0.168

Poor 28(5.48) 5(2.44)

Moderate or poor 61(11.94) 17(8.29)

Moderate 270(52.84) 118(57.56)

High or moderate 13(2.54) 3(1.46)

High 17(3.33) 4(1.95)
Medication programme[ n( %) ]

Aspirin 104(20. 35) 49(23.90) 0.344

Clopidogrel 96(18.79) 35(17.07) 0. 668

Ticagrelor 5(0.98) 10(4.88) 0. 002
Complication[ n( %) ]

Hypertension 324(63.41) 137(66.83) 0.436

Cerebral infarction 35(6.85) 7(3.41) 0.111

Anemia 36(7.05) 7(3.41) 0. 094

Renal insufficiency 19(3.72) 9(4.39) 0.837

Diabetes mellitus 179(35.03) 74(36.10) 0. 854
Percutaneous coronary intervention[ n( %) ]

Coronary angiography 43(8.41) 19(9.26) 0.585

Intracoronary stent implantation 11(2.15) 5(2.43) 0.598

APTT: activated partial thromboplastin time; PPT, plasma prothrombin time; PTA: plasma prothrombin activity; INR: international normalized ratio;
FIB: plasma fibrinogen; RBC: red blood cell; WBC: white blood cell; NEU: neutrophil; LYM: lymphocyte; PLT: platelet; HCT; hematocrit; MCV
mean corpuscular volume; ALT: alanine aminotransferase; AST: aspartate aminotransferase; TBIL: total bilirubin; DBIL: direct bilirubin; NT-pro-
BNP: N-terminal pro-brain natriuretic peptide; CK-MB: creatine kinase MB; CEA: carcinoembryonic antigen; CA125; carbohydrate antigen 125;
CA199: carbohydrate antigen 199; CA153: carbohydrate antigen 153; AFP . alpha-fetoprotein.



TEBAE SR B IRAE

221 4F 12 H 28 H 45204 45 124 Chin J Mult Organ Dis Elderly, Vol. 20, No. 12, Dec. 28, 2021 - 955 -

2.2 HEHBETEMERAN

FRATTH A AR 1) 5 e VR 2 8, 10 38 )
FRIETH BRI (recursive feature elimination, RFE ) X} 4%
AT L , SR ZE G TR T8 R e U B
PERAE T TP 5 8 AR f . 45 B 5% i (aspartate
aminotransferase, AST) JRZ . B HZLE (total biliru-
bin, TBIL) , H4%AHZT & (direct bilirubin, DBIL) | Ifi
A0 A1 44 8K BT 4K ( N-terminal pro-brain natriuretic
peptide, NT-proBNP) _ J# I $L J&/£ ( carcinoembryonic
antigen, CEA) B2 PT )R 125 ( carbohydrate antigen
125, CAI125), L& 2,

F2 NgGHEPHORETMNEZES HOEFHXR
Table 2 Univariable relationship between continuous risk factors
and in-hospital major bleeding in derivation cohort

[(M(Q,,05)]

Variable Non-bleeding(n=476) Bleeding(n=35) P value
AST(U/L) 16.75(13.83,23. 15) 22.60(15.90,59.95)  <0.001
Urea(mmol/L) 5.24(4.19,6.34) 5.74(4.93,6.79) 0.021
TBIL( wmol/L)  10.30(7.90,14. 80) 13.60(10.10,19.55)  0.002
DBIL(pmol/L)  3.40(2.40,5.00) 4.50(3.45,6.35)  0.001
K*(mmol/L) 4.02(3.73,4.30) 4.30(3.85,4.66) 0.011
NT-pro-BNP  324.25(103. 68,897.40) 591.60(268.90,3902.00) 0.008

(ng/ml)

CEA(ng/ml) 3.92(2.23,12.17) 3.67(2.21,21.01) 0.679
CAI2S(U/ml)  12.24(8.54,20.96)  13.02(9.50,31.37)  0.350

AST: aspartate aminotransferase; TBIL: total bilirubin; DBIL: direct
bilirubin; NT-pro-BNP: N-terminal pro-brain natriuretic peptide; CEA:

carcinoembryonic antigen; CA125: carbohydrate antigen 125.
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Table 3  Comparison of performance of different

models in derivation cohort

Model Accuracy Sensitivity Specificity
Logistic regression 0.757 0.714 0. 800
SVM 0. 879 0.814 0.943
Decision tree 0.871 0.914 0. 829
Random forests 0. 829 0. 829 0. 829

SVM: support vector machine.
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Figure 1

Receiver operating characteristic curves of bleeding events in derivation and validation cohort

A: ROC curves of bleeding events in derivation cohort; B: ROC curves of bleeding events in validation cohort

ROC; receiver operating characteristic; AUC; area under the curve; SVM: support vector machine.
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Predictor Range Coel OR (95%CI) P value
NT-pro-BNP (ng/eml) 100-300 1,665 -l{ 0.189(0.03-1.173) 0.074
<300 0.141 {l— 1.51(0.327-4.05) 0.827

TBIL( . mol/L) 517 1319 |—l—] 3.74(1345-104) 0.011
AST(U/L) >40 122 |—f——] 3361(1.011-11.175) 0.048
CEA(ng/ml) >10 1014 [HE— 2.757(1.204-6.314) 0.016
Urea(mmol/L) >7 1647 | —Ik [ s5.19201.908-14.127) 0.001
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Figure 2 Forest plot and multivariate predictors of bleeding prediction model

NT-pro-BNP: N-terminal pro-brain natriuretic peptide; TBIL: total bilirubin; AST: aspartate aminotransferase; CEA ; carcinoembryonic antigen.
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Figure 3 Nomogram for predicting bleeding events in elderly patients with CHD and intestinal malignant tumors

NT-pro-BNP: N-terminal pro-brain natriuretic peptide; TBIL: total bilirubin; AST: aspartate aminotransferase; CEA ; carcinoembryonic antigen.
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Table 4  Algorithm used to determine the risk score of bleeding

Predictor Scores ( points)

NT-pro-BNP ( ng/ml)

<100 93

100-300 0

>300 100
TBIL( wmol/LL)

<17 0

=17 73
AST(U/L)

<40 0

=40 67
CEA(ng/ml)

<10 0

=10 56
Urea( mmol/L)

<7 0

=7 91

NT-pro-BNP: N-terminal pro-brain natriuretic peptide; TBIL: total bili-

rubin; AST; aspartate aminotransferase; CEA; carcinoembryonic antigen.
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Figure 4 Trend of percentage of bleeding among
bleeding risk level
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