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A nomogram-based prediction model for clinical mortality risk in VA-ECMO patients
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[Abstract] Objective: To identify risk factors associated with in-hospital death and to develop a nomogram-based predictive model
for in-hospital mortality in acute myocardial infarction (AMI) patients treated with venous-arterial extracorporeal membrane oxygenation
(VA-ECMO). Methods: A total of 162 consecutive patients with AMI who received VA-ECMO support between May 2021 and June
2025 were retrospectively enrolled. The time of ECMO initiation was defined as the start of follow-up, and patients were followed until
hospital discharge or death, whichever occurred first. In - hospital all - cause mortality was defined as the primary endpoint. Cox
proportional hazards regression analysis was performed to evaluate the associations between candidate variables and the risk of in-
hospital mortality. Variables were selected using least absolute shrinkage and selection operator (LASSO) regression, and a
multivariable Cox regression model was subsequently constructed. Based on the final model, a nomogram was developed to predict in-
hospital survival probability. Model discrimination was assessed using the concordance index (C-index). The 28-day time point was
used as a fixed landmark for time-dependent receiver operating characteristic (ROC) curve analysis to evaluate short-term predictive
performance. Model calibration was evaluated using calibration curves, and clinical utility was assessed using decision curve analysis
(DCA). Results: Multivariable analysis demonstrated that cardiac troponin T, soluble suppression of tumorigenicity - 2 (sST2) ,

hemoglobin concentration, prothrombin time, serum sodium level, and alanine aminotransferase were significantly associated with in-
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hospital mortality. White blood cell count and albumin showed borderline statistical significance in the model. The nomogram

incorporating these eight variables exhibited good discriminative performance and satisfactory calibration, indicating favorable clinical

applicability. Conclusion: This study identified key clinical variables associated with in-hospital mortality and successfully developed

and validated a nomogram-based prediction model. The proposed model provides a simple and reliable tool for individualized risk

stratification and may assist clinicians in optimizing decision-making and management strategies for this high-risk population.
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Table 1 Univariate analysis of the effect of categorical variables on patients prognosis [n(%)]
Characteristic Overall(n=162) Survival (n=62) Death(n=100) HR(95%CI) P
Sex
Male 145(89.5) 56(38.6) 89(61.4) 1.00 -
Female 17(10.5) 6(35.3) 11(64.7) 0.947(0.491-1.828) 0.872
Hypertension
No 81(50.0) 6(7.4) 75(92.6) 1.00 -
Yes 81(50.0) 56(69.1) 25(30.9) 0.391(0.245-0.623) <0.001
Coronary artery disease
No 124(76.5) 44(35.5) 80(64.5) 1.00 -
Yes 38(23.5) 18(47.4) 20(52.6) 0.684(0.418-1.119) 0.131
Diabetes mellitus
No 84(51.9) 9(10.7) 75(89.3) 1.00 -
Yes 78(48.1) 53(67.9) 25(32.1) 0.364(0.229-0.578) <0.001
Cerebral infarction or hemorrhage
No 152(93.8) 60(39.5) 92(60.5) 1.00 -
Yes 10(6.2) 2(20.0) 8(80.0) 1.415(0.682-2.936) 0.351
Chronic kidney disease
No 155(95.7) 61(39.4) 94(60.6) 1.00 -
Yes 7(4.3) 1(14.3) 6(85.7) 1.323(0.575~3.041) 0.510
Chronic liver disease
No 158(97.5) 61(38.6) 97(61.4) 1.00 -
YES 4(2.5) 1(25.00 3(75.00 0.932(0.293-2.961) 0.905
Immunodeficiency or malignancy
No 150092.6) 57(38.0) 93(62.0) 1.00 -
Yes 12(7.4) 5(41.D 7(58.3) 1.526(0.700-3.326) 0.288
Antiplatelet therapy
No 117(72.2) 48(41.0) 69(59.0) 1.00 -
Yes 45(27.8) 14(31.1D 31(68.9) 0.969(0.631-1.489) 0.888
Anticoagulation therapy
No 130(80.2) 49(37.7) 81(62.3) 1.00 -
Yes 32(19.8) 13(40.6) 19(59.4) 0.698(0.422-1.157) 0.163
Recent bleeding
No 150092.6) 56(37.3) 94(62.7) 1.00 -
Yes 12(7.4) 6(50.0) 6(50.0) 0.704(0.306-1.616) 0.408
Smoking
No 84(51.9) 5(6.0) 79(94.0) 1.00 -
Yes 78(48.1) 57(73.1) 21(26.9) 0.324(0.198-0.529) <0.001
Alcohol consumption
No 133(82.1) 53(39.8) 80(60.2) 1.00 -
Yes 29(17.9) 9(31.0) 20069.0) 0.962(0.587-1.577) 0.878
CRRT
No 66(40.7) 40(60.6) 26(39.4) 1.00 -
Yes 96(59.3) 22(22.9) 74C77.1) 1.388(0.879-2.193) 0.160
TABP
No 99(61.1) 44(44.4) 55(55.6) 1.00 -
Yes 63(38.9) 18(28.6) 45(71.4) 0.840(0.563-1.254) 0.394
Mechanical ventilation
No 6(3.7) 3(50.00 3(50.00 1.00 -

Yes 156(96.3) 59(37.8) 97(62.2) 0.659(0.207-2.096) 0.480
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Table 2 Univariate analysis of the effect of quantitative variables on patients prognosis

Variable

Overall(n=162)

Survival (n=62)

Age(years,x + s)
Height(em, x £ )
Weight(kg,x + 5)
BMI(kg/m®, x £ 5)
APACHEII (x £ )

5526 = 11.77 56.06 + 11.01
170.60 + 5.91 170.40 + 6.02
73.36 +10.62 72.64 +9.86
25.18 +3.23 2498 +2.89
33.49 +5.40 31.68 +4.57

cTnT[ng/L,M(strP_zs)]
BNP[pg/mLyM<st,P;s):|
CKLU/L, M(Pss, P35 ]

6519.65(2 574.52,8 943.30)
8 651.10(4 935.38, 17 490.20)
2 545.85(1 427.92,4737.50)

2768.65(1 782.82,3 689.50)
6 663.30(3 965.28, 14 005.03)
1768.75(996.05,2 786.23)

CK-MB[U/L, M(Pss, P55 ]
CK-MB/CKLM(Pys, Pss) ]

sST2[ ng/mL, M(Pss, Pss) ]
HRIM(Pss, P55 ]
SBPLmmHg, M(Pss, Pss) ]
DBP[mmHg, M(Pss, Ps5) ]

MAP[ mmHg, M(Pss, Pss) ]
WBC[X10°/L, M(Pas, P35) ]

HbLg/L, M(Pss, Pss) ]

HCT(%,x +s)
PLT[X10°/L, M(Pas, P3s) ]

PTLs, M(Pys, P3s) ]

APTT[s, M(Pss, P3s) ]

FIB[g/L, M(Pss, Pss) ]
INR[M(Pss, P:5) ]

K(mmol/L,x + )

Na(mmol/L,x + s)

Ca(mmol/L,x +s)

ALT[U/L, M(Pss, P35) ]

AST[U/L, M(Pxs, Ps5) ]
AST/ALTLM (Pss, P35 ]

CREA[ pmol/L, M(Pss, Ps5) ]
BUNLmmol/L, M(Pss, Ps5) ]

Total bilirubin[ wmol/L, M(Pss, Pss) ]
ALB(g/L,X % 5)

Platelet transfusion volume[ U, M(Pss, Ps) ]
Plasma transfusion volume[ mL, M(Pas, Pss) ]

Red blood cell transfusion volume[ U, M(P,s, Ps5) ]

46.98(18.42,100.00)
0.02¢0.01,0.03)
164.62(69.84,200.00)
61.00€0.00, 124.50)
50.00€0.00, 80.00)
30.00€0.00,51.00)
36.83(0.00,61.58)
17.76(12.25,24.55)
118.20 + 27.86
35.66 = 8.16
185.50(131.25,235.25)
15.40(13.43,20.40)
47.10(31.75,86.12)
2.26(1.63,3.44)
1.39(1.17,1.88)
4.07 +0.83
141.61 +5.63
1.98 +0.23
131.85(70.23,294.60)
503.05(163.10,837.55)
2.53(1.46,4.28)
112.05(85.08,165.00)
7.64(5.84,11.19)
15.25(10.93,21.43)
32.77 +6.87
0.00€0.00,0.75)
0.00€0.00,200.00)
2.00€0.00, 6.00)

18.30(14.35,26.52)
0.01€0.01,0.02)
69.34(52.08,85.16)
77.50€0.00, 128.50)
50.00€0.00, 82.75)
30.00€0.00, 54.00)
37.83(0.00,65.58)
12.32(11.28, 14.24)
122.58 +24.29
36.73 +7.05
190.50(150.25,236.75)
14.15(12.20, 16.45)
37.05(29.80,70.22)
2.44(1.84,3.28)
1.25(1.10,1.48)
3.95+0.75
140.64 £ 3.12
2.03 £0.19
124.10(53.55,227.65)
339.70(117.32,641.05)
2.52(1.47,4.18)
96.40(79.60, 137.90)
6.80(5.60,9.75)
14.15(10.43,19.50)
34.96 + 6.07
0.00€0.00,0.00)
0.00€0.00,0.00)
0.00€0.00, 3.00)
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Variable Death(n=100) HR(95%CI) P

Age(years, X + 5) 54.76 + 12.24 1.005(0.988-1.023) 0.560
Height(cm, X + 5) 170.72 + 5.86 0.987(0.955-1.020) 0.440
Weight(kg, % +s) 73.81 + 11.09 1.002€0.982-1.022) 0.860
BMI(kg/m®, % + s) 25.30 +3.43 1.020€0.958-1.085) 0.540
APACHET (x =) 34.62 £5.59 1.031€0.991-1.073) 0.126
¢TnTng/L, M(Pss, Pss) ] 8 452.65(5 440.30,9 825.65) 1.000(1.000-1.000) <0.001
BNP[ pg/mL, M(Pss, Ps) ] 12 041.00(6 034.53, 22 450.27) 1.000(1.000-1.000) 0.722
CKLU/L, M(Pss, Ps5) ] 4 434.00(1 751.75,6 823.75) 1.000(1.000-1.000) 0.019
CK-MBLU/L, M(Pss, P55) ] 91.38(54.61,117.09) 1.004(1.002-1.006) 0.001
CK-MB/CKLM(Pss, Pss) ] 0.02€0.01,0.04) 4.873(0.274-86.717) 0.281
sST2[ng/mL, M(Pss, P35 ] 196.34(167.65,200.00) 1.012(1.007-1.016) <0.001
HRIM(Pss, P5) ] 49.00€0.00, 121.00) 0.999(0.996-1.002) 0.607
SBP[mmHg, M(Pss, P5) ] 50.50€0.00,76.75) 0.997(0.992-1.002) 0.189
DBPLmmHg, M(Pss, Ps5) ] 31.50€0.00,47.00) 0.995(0.989-1.002) 0.200
MAP[ mmHg, M(Pss, Pss) ] 36.83(0.00,56.08) 0.996(0.990-1.002) 0.192
WBC[X10°/L, M(P»s, Ps5) ] 22.34(18.69,26.67) 1.060(1.036-1.085) <0.001
Hblg/L, M(Pss, Ps5) ] 115.49 +29.66 0.993(0.985-1.001) 0.100
HCT(%,% + ) 34.99 + 8.75 0.988(0.961-1.016) 0.395
PLT[X10°/L, M(Pss, Pss) ] 171.00(114.50,233.75) 1.000€0.997-1.002) 0.910
PTLs, M(Pss, P3s) ] 16.55(14.45,23.45) 1.023(1.016-1.031) <0.001
APTTLs, M(Pss, Pss) ] 56.10(36.50,101.95) 1.007(1.003-1.011) 0.001
FIB[g/L, M(Pss, Pss) ] 2.15(1.42,3.45) 0.895(0.773-1.036) 0.138
INR[M(Pss, Pss) ] 1.46(1.25,2.25) 1.316(1.188-1.457) <0.001
K(mmol/L, % + 5) 4.14 £ 0.87 1.166(0.916-1.485) 0.213
Na(mmol/L, %  s) 14221 + 6.68 0.990(0.953-1.028) 0.587
Ca(mmol/L, X % s) 1.94 +0.25 0.378(0.170-0.840) 0.017
ALT[U/L, M(Pss, P35) ] 173.50(87.13,418.67) 1.000(1.000-1.000) 0.727
ASTLU/L, M(Pas, Pss) ] 628.45(243.55,1 282.67) 1.000(1.000-1.000) 0.982
AST/ALTLM(Pss, Ps5) ] 2.55(1.46,4.38) 0.998(0.911-1.094) 0.967
CREA[ pmol/L, M(Pss, Ps5) ] 135.55(97.07, 180.42) 1.000€0.999-1.001) 0.622
BUNL[ mmol/L, M(Pss, Pss) ] 8.64(6.20,12.26) 1.001(0.996-1.007) 0.703
Total bilirubin[ wmol/L, M(Pss, Pss) ] 15.32(11.28,23.62) 1.000€0.995-1.006) 0.866
ALB(g/L,% £5) 31.41 = 7.01 0.951€0.918-0.984) 0.004
Platelet transfusion volume[ U, M(Pss, Pss) ] 0.00€0.00, 1.00) 0.792(0.692-0.908) 0.001
Plasma transfusion volume[ mL, M(Pss, Ps5) ] 0.00€0.00, 300.00) 1.000(1.000-1.000) 0.262
Red blood cell transfusion volume[ U, M(Pss, Pss) ] 3.0000.00, 6.00) 0.891(0.844-0.941) <0.001
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Table 3

Multivariable Cox regression analysis for in -

hospital all-cause mortality

Variable(scaled unit) HR 95% CI P

c¢TnT(/1 000) 1.125 1.041-1.216 0.003
sST2(/10) 1.077 1.016-1.142 0.012
WBC 1.021 0.980-1.065 0.319
Hb(/10) 0.901 0.820-0.990 0.030
PT 1.014 1.003-1.025 0.010
Na 0.950 0.916-0.985 0.006
ALB 0.966 0.933-1.000 0.053
ALT(/100) 0.973 0.950-0.996 0.023

Continuous variables were scaled per unit before entering the Cox

regression(¢TnT/1000, sST2/10, Hb/10, ALT/100).

48 4848 48 4847 4744 382923191510 53 3 0
18 4 '
16
144 T
12
10

Profile likelihood deviance

64

.....
B iseeed
......

A2 ITTTPTPTTIIIILLS

4 A

log(\)
Bl 1 Lasso[ElY33 X 86 F £k

Figure 1 LASSO regression cross-validation curve
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Figure 3 Nomogram for predicting in-hospital all-cause mortality in patients receiving VA-ECMO
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Figure 5 Calibration curve of the nomogram for predicting

in-hospital all-cause mortality

0.4 1
= 02
% = Model
< - All
= = None
O -

0 0.25 050 0.75 1.00
Risk threshold

6 BLEIREEL TN B P £ B S T YR 3R B £ 3 A

Figure 6 Decision curve analysis for the nomogram

predicting in-hospital all-cause mortality
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