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Abstract Objective: To use machine learning to identify the characteristic biomarkers related to major ad-
verse cardiovascular events(MACE) after aortic valve replacement, and to verify their prognostic value. Methods:
A total of 1455 patients who underwent aortic valve replacement in Beijing Anzhen Hospital from 2016 to 2019
were enrolled in the study. Their clinical characteristics and the value of serum biomarkers were collected. All pa-
tients were followed up for more than 1 year. Outcomes were defined as all-cause death, admission to hospital
with heart failure or myocardial infarction. Machine learning was used to screen characteristic biomarkers and veri-
{y their prognostic value. Results: The machine learning identified the characteristic biomarkers as preoperative
natriuretic peptide-B and high-sensitivity troponin I 24 hours after operation. COX regression model showed that
preoperative natriuretic peptide BCHR[95%CI]: 1.758[1.191,2.595], P<C0.01) and high-sensitivity troponin I
(HR[95%CI]: 1.830[1.137,2.945], P=0.013) were independent risk factors for MACE after aortic valve re-
placement. The increase of the both natriuretic peptide-B and high-sensitivity troponin I could predict the occur-
rence of MACE(HR[95%CI]: 1.937[1.072,3.500], P=0.028). Conclusion: The machine learning identifies
the characteristic biomarkers are preoperative natriuretic peptide-B and post-operative high-sensitivity troponin 1.
Combination of the two biomarkers could predict MACE after aortic valve replacement.
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Table 1 Clinic characteristics between event group and non-event group

(%), M(P25,P75) ,x £

i H AR Q75 B e F R4 (1280 6 P

I PR 5 AiE
W/ % 60.05411. 61 56.75411. 47 <<0.01
T 104(59. 43) 766(59. 84) 0.916
BMI/ (kg *+ m ™ ?) 24,2043, 30 24.3243.57 0. 659
Y 4 ./ mmHg” 126.23+16.33 126.81+15.68 0. 648
&k JE/mmHg 69.69+11. 27 70.44411.77 0. 430
e A s 62(35.43) 408(31. 88) 0. 346
& I & 62(35.43) 522(40.78) 0.175
e A 1ML AE 9(5.14) 91(7.11) 0. 335
W R 14(8.00) 101(7. 89 0. 960
oL 3 B 5] 51(29.14) 275(21. 48) 0.023
R 3 Bl IOmE B A 65(37.14) 434(33.90) 0.398
rh i BE 2 2 BRI OC PR 4 62(35.43) 373(29.14) 0.088
HE E SR A 4 81(46.29) 636(49.69) 0. 399
ZeE ST % 57.5249.56 59.2948.70 0.013
CPB BH Wt i} 18] / min 108. 37439. 08 99. 09439, 74 0. 042
CPB I} 8] / min 148. 27447. 50 138.36+53. 31 0.102
B T A 30 i 1, 4t/ U 0.00(2.00,4.00) 0.00(2.00,4.00) 0. 107

A ZRBTFAR 68(38. 86) 468(36.56) 0.555

GG o BB AR 25(14.29) 137(10. 70) 0.158

BA ESKFA 24(13.71) 211(16. 48) 0. 350

S8 5 K A
HEH/ (g« LD 41.00(38.20,43.50) 41.80(39. 40,44, 20) <0.01
MaEH/ (g L7 138.00(126.00,149. 00) 139.00(127.00,150. 00) 0.533
R AIAE /(X 10° « LD 3.60(2.73,4.74) 3.61(2.86,4.60) 0. 866
WOV /(X 10° « L°1) 1.86(1.48,2.31) 1.85(1.46,2.34) 0. 902
WLEF/ (pmol « L™1) 71.40(62. 25,84. 95) 70.00(59.10.82.10) 0.183
M C- R EH/ (mg- LD 1.22(0.43,2.90) 0.95(0.41,2. 46) 0. 091
A AT WUAR 5 ) T/ (ng » mL™ ") 1.40(1.00,2.00) 1.40(1.00,2.10) 0.778
AREGBHNTBEA T /(ng » mL™H 0.02(0.01,0.04) 0.01(0.01,0.03) 0.131
ARHiT B BN R/ (pg » mL ™ 310. 00(135. 00,732. 00) 188.00(74.00,458. 25) <0.01
A S WURR 34 16 ) T/ (ng « mL~") 41.35(18.35,81. 35) 33.39(18.30,57.10) 0.011
AFBBNSEN I/ (ng » mL Y 5.82(2.04,13.83) 3.80(2.12,7.24) <<0.01
RJG B RARK/ (pg » mL™ ) 372.50(183.00,830.50) 342.00(184.50,597.00) 0.222

Y1 mmHg=0.133 kPa,
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Table 2  Clinic characteristics of validation cohort and

study population M(P25,P75) ,x *s

5H 5 UE BAF AT 5T BA S

(658 fi) (1455 fi)
iR/ % 56.98+11.58  57.15+11.53 0.759
ERc3 400(60. 79) 870(59.79)  0.665
BMI/(kg *+ m~2) 24,2643, 59 24.3143.54  0.784
45 K/ mmHg 126.15416.43 126.74415.76 0.435
&3k i /mmHg 70.05411.84  70.354+11.71  0.589
W s 233(35.41) 470(32.30) 0. 160
1= IR 266(40. 43) 584(40.14)  0.900
=5 g 1A 50(7.60) 100(6. 87) 0.547
B PR v 53(8.05) 115(7.90) 0. 905
AL 57 B gl 142(21.58) 326(22.41)  0.672
FE 3 B kom gk A= 219(33.28) 499(34.30)  0.649
o 2 o gl kO 5¢ _
Kol 196(29.79) 435(29.90)  0.959
WO F g Ik RECH
Y 327(49.70) 717(49.28)  0.859
Le s S oy % 58.47+9.15 59.08+8.82  0.153
CPB FH. K7 st [E] / min 100. 18439.75 100.58440.16 0.855
CPB i) /min 139.54452.72  139.91452.45 0.895
[l A 1 i 1, 2t/ U 2.00€0.00,4.00) 2.00€0.00,4.00) 0.533
A ZRWFAR 242(36.78) 536(36.83)  0.979
WA 57 A AR 61(9.27) 162(11.13)  0.197
FEEIRERT A 121(18.39) 235(16.15)  0.203
RERNRFM 80(12.16) 175(12.03)  0.932

The flow chart of machine learning analysis and identifying characteristic biomarkers
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Table 3 COX regression anlaysis of clinical parameters and biomarkers

5 H HHE COX =14 ZHZE COX [A 14

HR(95%CI) P HR(95%CI) P
AR 1.019€0.999,1. 040) 0.063 — —
) 1.043(0. 665,1. 636) 0.853 — —
BMI 0.982(0.922,1. 045) 0.563 0. 980(0. 919,1. 045) 0.535
W4 He 0.994(0. 980,1.008) 0. 375 0.993(0.979,1.007) 0.311
&Ik 0.999(0.981,1.018) 0.932 0.998(0.979,1.016) 0.793
W2 A s 1.091€0. 694,1. 715) 0.707 1.112(0. 656,1. 883) 0.693
LSRN 1.359(0. 876,2.107) 0.171 1.263(0.807,1.975) 0.307
e A I AE 0.464(0.146,1.470) 0.192 0.410€0.129,1. 308) 0.132
M R 1.706(0. 879,3. 309) 0.114 1.545(0.788,3.029) 0.205
1L 3 i 5 1.399(0. 857,2. 286) 0. 180 1.357(0. 826,2. 229) 0.228
)™ T 3 Bl O gk 7 1.235(0.785,1. 942) 0.361 1.098(0. 684,1. 764) 0.699
rh i BE 3 30 RO G TR & 0.804(0. 484,1. 333) 0. 397 0.786(0.470,1. 315) 0. 360
I ORI CH A & 0.959(0.618,1. 486) 0. 851 1.042(0. 662,1.642) 0.858
22 = A i o3 A 0.973(0. 952,0. 995) 0.015 0.972(0.951,0.994) 0.013
CPB BH W s} 1] 1.006(1.001,1.011) 0.021 1.006(1.001,1.011) 0.030
CPB B [1] 1.004(1.000,1.007) 0. 054 1.003(1.000,1.007) 0.085
RN s 1.036(0.980,1.096) 0.216 1.025(0.966,1. 088) 0.411
A ZRIMFAR 1.342(0. 863,2. 087) 0.192 1.364(0.870,2.136) 0.176
G % MR A AR 1.103(0.532,2. 291) 0. 792 0.992(0. 474,2. 080) 0. 984
WA F Ik ERT R 0.952(0.535,1. 695) 0. 868 1.002(0.561,1.789) 0. 994
ARHT BRI H R AR 1.815(1.238,2.661) <0.01 1.758(1.191,2.595) <0. 01
R BHEIESHE A 1V 1.954(1.217,3.137) <<0.01 1.830(1.137,2. 945) 0.013

B 28 B

R4 BEHEEYREDSIEKS EH A Spearman 18
KD
Table 4 Spearman correlation analysis of characteristic

biomarkers and clinical parameters

AHT B RIGHIRIKY  AJREBISER 19

=]
r P r P
LVEF —0.341 <C0.01 0.003  0.943
CPB BH.Wr A [a] 0.285 <C0.01 0.538 <<0.01
CPB i} [] 0.299 <<0.01 0.551 <<0.01
Fl A 90 i £ 0.093 0.018  0.183 <C0.01
R He 28 RO e

£S5 BRAFMEEEWREY COX @IFNH

Table 5 COX regression analysis of multi-biomarkers

21 5 HR 95%CI P

Ql A Z %R

Q2 4 1.648 0.841~3.228 0. 145

Q3 4 1.471 0.735~2. 946 0.276

Q4 #H 1.937 1.072~3.500 0.028
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