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Heart failure (HF) is a cardiovascular disorder with a substantial mortality rate, which
can be assessed using registry data. This work aims to predict 6-month mortality (6-
MM) and 12-month mortality (12-MM) of HF patients using registry data from before
hospitalization, during hospitalization, and discharge phase. The data comprise 3968 HF
records sourced from Persian Registry Of cardioVascular diseasE (PROVE)/HF
registry.

We proposed an ensemble model employing popular Convolutional Neural Networks
(CNNs) to predict the patients’ survival status. However, the HF registry, being tabular
data, isn’t suitable for leveraging the benefits of CNNs. To address this challenge, we
introduced a novel data-to-image transformation using self-organizing maps (SOMs) to
convert HF data samples into images. We compared our proposed model with an
existing data-to-image transformation method, as well as with multiple baseline
classifiers that utilize the HF tabular data along with down-sampling.

The proposed model, using SOM for data-to-image transformation, outperformed all
others, achieving the highest area under receiver operating characteristic (ROC) curve
for both 6-MM and 12-MM predictions, with rates of 74.22% and 75.2%, respectively.
In conclusion, the proposed model, along with SOM for data-to-image transformation,
effectively predicts the survival status of HF patients utilizing registry data.
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F: First, L: Last, B: Before Hospitalization, H: During Hospitalization, D: Discharge Phase, M: Missing Value,

COPD: Chronic Obstructive Pulmonary Disease, JVP: Jugular Venous Pulse, CABG: Coronary Artery Bypass

Grafting, PCI: Percutaneous Coronary Intervention, ICD: Implantable Cardioverter Defibrillator, CRT_CRTD:
Cardiac Resynchronization Therapy-Defibrillator, NIV: Non-Invasive Ventilation, VAS: Vascularization, NYHA:
New York Heart Association.
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el

Admission Reason

1:87.6, 2:1.9, 3:0.5, 4:0.2, M:9.8

1: Deterioration, 2: New HF, 3: Checkup, 4: Others

Previous Admission

1:15.5, 2:84.5

Primary Hypertension

1:65.8, 2:33.2, M:1

Primary Ischemic

1:80.9, 2:15.8, M:3.3

Primary Heart Valve

1:39.9, 2:59.2, M:0.9

On Childbirth

1:0.1, 2:99.6, M:0.3

History Hypertension

1:65.6, 2:33.7, M:0.7

History Arrhythmia

1:19.9, 2:79.9, M:0.2

History Diabetes

1:46.1, 2:53.7, M:0.3

History COPD

1:14,2:85.7, M:0.3

History Thyroid

1:7.5,2:92.4, M:0.1

History Stroke

1:4.9,2:95.0, M:0.1

History Anemia

1:12.7,2:86.9, M:0.4

1: Yes, 2: No

History Kidney

1:26.2, 2:73.0, M:0.8

Chest Pain

1:35.3, 2:45.2, M:19.5

Angiography 1:10.7, 2:89.3

Pace Devices 1:10.2, 2:89.2, M:0.7
Pacemaker 1:4.0, 2:96

F. Edema 1:49.0, 2:26.1, M:24.9
F. Pulmonary Rales 1:65, 2:24.3, M:10.7
Hemaodialysis 1:3.4,2:96.6

F.JVP 1:18.7, 2:41.4, M:39.9
CABG 1:12.9, 2:87.1
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PCI 1:22.3,2:77.7
CRT_CRTD 1:1.4,2:98.6
ICD 1:4.9,2:95.1
NIV 1:5.2,2:94.8
VAS 1:49.8, 2:50.2
Smoking 1:16.3, 2:52.2, 3:5.1, M:26.4 1: Active, 2: Previous Smoker, 3: Never

Ejection Fraction

1:52.2,2:18.2, 3:8.3, 4:9.2, M:12.2

1:<30, 2:30-39, 3:40-49, 4:>49

Mitral Regurgitation

1:22.9, 2:24, 3:14.5, 4:1, M:37.5

1: Mild, 2: Moderate, 3: Severe, 4: Not

NYHA Classification 1:0.4,2:0.4, 3:10.6, 4:54.4, M:34.2 0,210, 3: 11, 4: 1V
Enalapril 1:12,2:88
Losartan 1:41.2,2:58.8
Atenolol 1:43, 2:57
Triamterene 1:55,2:945
Furosemide 1:42.1,2:51.9, M:6
Spironolactone 1:22.3,2:77.7 Medication Usage Before Hospitalization,
Digitalis 1:23.6,2:70.4, M:5.9 1: Yes, 2: No
Atorvastatin 1:40.8, 2:59.2
Nitrocountine 1:40.6, 2:59.4
Dabigatran 1:18.4,2:81.6
Asa 1:54.1, 2:40.5, M:5.4
Clopidogrel 1:13.6, 2:86.4
Enalapril 1:29.4,2:70.6
Losartan 1:53.7, 2:46.3
Atenolol 1:63.1, 2:36.9
Triamterene 1:7.1,2:92.9
Furosemide 1:88.2,2:11.6, M:0.1
Spironolactone 1:50.6, 2:49.4
Digitalis 1:47.3,2:52.5, M:0.1
Atorvastatin 1:68.8, 2:31.2

Dopamine

1:7.2,2:92.7, M:0.1

Medication Usage During Hospitalization,
1: Yes, 2: No

B.
B.
B.
B.
B.
B.
B.
B.
B.
B.
B.
B.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
H.
D.
D.
D.
D.
D.
D.
D.
D.
D.
D.
D.
D.

Dobutamine 1:6.8,2:93.1, M:0.1

Milrinone 1:0.3,2:99.6, M:0.1

Epinephrine 1:5.7,2:94.2, M:0.1

Norepinephrine 1:0.1, 2:99.8, M:0.1

Nitrocountine 1:60.2, 2:39.8

Dabigatran 1:21.4,2:78.6

Asa 1:76.8, 2:23.1, M:0.1

Clopidogrel 1:36.9, 2:63.1

Enalapril 1:16.2, 2:83.8

Losartan 1:35.9, 2:64.1

Atenolol 1:41.1, 2:58.9

Triamterene 1:4.2,2:95.8

Furosemide 1:56.8, 2:36.9, M:6.4

Spironolactone Sl A0 Medication Usage in Discharge Phase

Digitalis 1:31.8, 261.7, M6.5 o 365’ g '

Atorvastatin 1:49.9, 2:50.1

Epinephrine 1:0, 2:93.5, M:6.4

Nitrocountine 1:42.1,2:57.9

Dabigatran 1:18.2,2:81.8

Asa 1:59.2,2:34.4, M:6.4
D. Clopidogrel 1:20, 2:80
F. Troponin 0:19.3,1:13.2, 2:67, M:0.5 0: Not, 1: Positive, 2: Negative
L. Troponin 0:91.1,1:2.1,2:6.9, M: 0 0: Not, 1: Positive, 2: Negative

. 1: Preprimary, 2: Elementary, 3: Middle School, 4: High

Education 1:38, 2:23, 3:3, 4:5, 5:3, 6:0, M:28 P ySchooh 5 Bac%’elor’ 5. Mastar g
Sex 1:60.3, 2:39.3, M:0.4 1: Male, 2: Female

Marital Status

1:65.1, 2:1.9, 3:1, 4:0, M:31.9

1: Married, 2: Single, 3: Widowed, 4: Divorced

F: First, L: Last, SD:

Standard Deviation .cdd olw,b (g sy 0l (55318 5 iy 0315 (30 s (S39 - (V) Jgu

5T

Mean+SD oudineS 1 lie (%0)

e

Index

0.240.7 0.03

The number of Heart Attacks in One Year
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F. SBP 130.4428.7 0.14 Systolic Blood Pressure
F.DBP 80.6+16.4 5.55 Diastolic Blood Pressure
L. SBP 115.8+19.5 7.09 Systolic Blood Pressure
L. DBP 71.1+12.2 8.91 Diastolic Blood Pressure
F. Heart Rate 89.1+21.4 123
L. Heart Rate 78.6+11.2 8.77
Weight (kg) 72.5+15.5 47.43 Weight of The Patient
Height (cm) 164.9+10.6 49.79 Height of The Patient
F. Hb 13.0+£2.3 10.73 Hemoglobin
F. Creatinine 1.6+1.0 5.83
L. Creatinine 1.8+1.0 45.37
F.BUN 30.0+20.0 11.24 Blood Urea Nitrogen
L. BUN 37.6+22.3 48.66 Blood Urea Nitrogen
F. Potassium 5.5+11.2 7.81
L. Potassium 5.1+9.4 46.57
F. Sodium 137.3+14.4 1035
L. Sodium 137.9+12.5 48.9
F. WBC 8686.0+4632.1 13.98 White Blood Cell
F.PT 17.4+115 28.75 Prothrombin Time Test
F.PTT 34.7+155 29.68 Partial Thromboplastin Time Test
F.INR 1.7+2.4 2347 International Normalized Ratio
Age 70.8+12.8 0.34 Age of The Patients
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ACCUIaCY = e rperv P S

Sensitivity = TPZPFN \»)

Specificity = TNTLVFP )
_ 2TP

Fl-score = rrern @)

Precision = e *)

MCC™ = TPXTN—FPXFN )

J(TP+FP)(TP+FN)(TN+FP)(TN+FN)
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™ False Positive

* False Negative

" Area Under Curve

e Receiver Operating Characteristic
** Precision-Recall
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" Rectified Linear Unit

4 Support Vector Machine

* Matthews Correlation Coefficient
™ True Positive

™ True Negative
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Dgs o0 Idgi 12-MM o o
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Convolutional layers:
number of layers, kernel
size, number of kernels
Pooling layer: Type,
size
Batch Normalization
layer
drop out: rate
Dense layer: number of
layers, number of
neurons
Activation functions
optimizer
Batch size
Learning rate
Epochs
Minimum number of
samples to split a node
Minimum number of
samples to split a node,
Number of trees
Number of trees,

CNN

Decision Tree

Random Forest

XGBoost Maximum depth of
individuals learners
SVM Kernel
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5 235 e Ul DS + SYM g, 6-MM s

* Decision Tree
™ Random Forest
* Extreme Gradient Boosting
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™ Cross Validation

A Standard Deviation (SD)
™ Principle Component Analysis
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SOM Image

Representation

Deeplnsight Image
Representation
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E_CNN: Ensemble CNN, DI: Deeplnsight, DS: Down-Sampling, DT: Decision Tree, RF: Random Forest, Acc:
Accuracy, Sens: Sensitivity, Spec: Specificity, Prec: Precision

Model Acc. Sens. Spec. Prec. F1-score Roc_auc PR_auc MCC
SOM+E_CNN | 64.57+1.2 | 71.91+4.3 | 63.15+1.7 | 27.26+1.1 | 39.52+1.6 | 74.22+1.1 | 32.59+2.9 | 26.09+2.7
DI+E_CNN 64.5+1.1 | 71.06+4.1 | 63.23+1.6 | 27.06+1 | 39.18+1.5 | 72.69+0.9 | 29.59+2.2 | 25.53+2.5
DS +DT 60.93+1.1 | 62.3416.5 | 60.66+2.4 | 23.27+1 33.86+2 61.5+2.2 | 45.84+3.2 | 17.08+3.1
DS +RF 61.31+1.3 | 63.62+1.4 | 60.87+1.6 | 23.81+0.9 | 34.64+0.9 | 65.38+1.4 | 28.24+3.3 | 18.19+15
DS +XGB 63.33+2.5 | 61.7+2.8 | 63.64+3.3 | 24.66+1.3 | 35.19+1.4 | 70.55+1.6 | 30.93+3.3 | 19.04+2.1
DS +SVM 64.63£0.8 | 69.15+2.7 | 63.77+1.1 | 26.81+0.6 | 38.64+0.9 | 71.94+0.6 | 29.43+2.2 | 24.56%1.6

MeanSD (%) 12-MM s Gy (sl Lo sl b (golieiiony Joto dunny Lo gy b~ (8) Jgurr

E_CNN: Ensemble CNN, DI: Deeplnsight, DS: Down-Sampling, DT: Decision Tree, RF: Random Forest, Acc:
Accuracy, Sens: Sensitivity, Spec: Specificity, Prec: Precision

Model Acc. Sens. Spec. Prec. F1-score Roc_auc PR_auc MCC
SOM+E_CNN | 66.55+2.1 | 73.53+2.4 | 64.49+3 | 38.02+1.7 | 50.08+1.5 | 75.2+1.6 | 42.07+3.3 | 32.17+2.4
DI+E_CNN 65.97+1.0 | 72.63+2.4 | 64.0+1.1 37.33+1 | 49.31+1.4 | 75.03+0.7 | 42.09+2.3 | 30.94+2.2
DS +DT 61.69+2.1 | 60.9+3.4 | 61.92+25 | 32.12+2 | 42.03+2.3 | 61.41+2.2 | 50.96+2.1 | 19.35+3.7
DS +RF 62.51+1.3 | 63.16+4.3 | 62.32+1.3 | 33.08+1.6 | 43.41+2.4 | 66.13+2.4 | 38.76+1.7 | 21.56+3.6
DS +XGB 63.95+2.1 | 66.4746.1 | 63.21+3 | 34.79+2.1 | 45.62+3 71.242.2 | 37.08+2.2 | 25.14+4.6
DS +SVM 65.63+1.8 | 71.28+3.1 | 63.96+2.6 | 36.91+15 | 48.6+1.7 | 74.62+2.2 | 42.01+2.6 | 29.81+2.7
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