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Abstract

Coronary artery disease (CAD) is one of the leading causes of death in China. Its pathogenesis
involves plaque deposition on the inner walls of arteries, leading to myocardial ischemia, which, if not
treated in time, may result in sudden cardiac death. Therefore, early diagnosis of CAD can assist in
formulating timely treatment plans, significantly improving patient survival rates. Heart sound signals
reflect heart valve motion and hemodynamic changes, electrocardiograms (ECGs) record the electrical
activity of the heart, and baseline data include patient information such as age, gender, and medical
history, all of which provide critical diagnostic evidence for CAD. Therefore, this study explores a deep
fusion approach integrating heart sound signals, 12-lead ambulatory ECGs, and baseline data to construct
a CAD diagnostic model based on multimodal medical data, the hierarchical multimodal synergy
network (HMSN), to enable non-invasive and accurate CAD diagnosis while providing efficient auxiliary
decision support for clinicians. The specific contributions of this study are as follows:

(1) A method for directly diagnosing CAD using one-dimensional heart sound signals is proposed,
based on the constructed multi-scale attention residual network (MSARN). The MSARN model avoids
information loss caused by converting heart sound signals into two-dimensional images and directly
extracts features from one-dimensional signals, achieving an accuracy of 83.45%. Building on this, the
integration of 126 medical multi-domain features (MMDF) and 206 multi-domain features (MDF) into
the MSARN model led to the development of the MSARN-MMDF and MSARN-MDF models. The
experimental results demonstrate that, compared to the base MSARN model, the accuracies of the
MSARN-MMDF and MSARN-MDF models improved by 2.15% and 4.41%, respectively, validating the
effectiveness of incorporating deep one-dimensional heart sound features with multi-domain features for
CAD diagnosis.

(2) Based on heart sound signal analysis, 12-lead ambulatory ECGs and baseline data were
introduced to explore the synergy and diagnostic value of multimodal data in CAD diagnosis. For
baseline data, 40 key features were selected using the random forest algorithm, and a CAD diagnostic
model was constructed based on a self-attention encoder framework, ultimately achieving an accuracy of
81.01%. For 12-lead ambulatory ECGs, after converting them into one-dimensional ECG signals, a CAD
diagnostic model incorporating a spatio-temporal adaptive neural network was employed to extract both

local spatial structure features and dynamic temporal variation features, achieving an accuracy of 80.00%.



Building upon unimodal research, a multimodal medical data-based CAD diagnostic model, HMSN, was
developed. By integrating a transfer learning strategy, the model further explored the potential
correlations and complementarities among heart sound signals, 12-lead ambulatory ECGs, and baseline
data. Experimental results indicate that, compared with CAD diagnostic models based on single-modality
and dual-modality data, the HMSN three-modality model achieved the best performance, reaching an
accuracy of 90.00%.

(3) An interactive CAD-assisted diagnosis system was designed and developed using Python and
PyQt. This system supports data editing, visualization, and multimodal data preprocessing for heart
sound signals, 12-lead ambulatory ECGs, and baseline data. It enables CAD diagnosis based on both
unimodal and multimodal data, providing clinicians with an accurate auxiliary decision-support tool that

significantly improves diagnostic efficiency and accuracy.

Key words: Deep learning; Heart sound signals; 12-lead ambulatory electrocardiogram; Baseline data;

Coronary artery disease diagnosis
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F [ H AT B R A S PRI
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RIFATL 8 55 46T BN K P EE B i ORI BB K SR R DB o AR 493 155 B A € 7, CAD
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1.2.1 EFOFR)O M ESERIZ R INIA
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