Prospects for heart failure diagnostics using photoplethysmography
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Heart failure (HF) is a serious condition that affects 64 million people worldwide, has high mortality and treatment costs. As it is primarily caused by mechanical malfunction of heart, the tests used in primary care, such as ECG, do not accurately detect it. Hence, a combination of tests and clinical evaluations, including a blood test, chest X-ray, magnetic resonance, and echocardiogram as a gold standard for the assessment of ejection fraction (EF), is used, however, often too late when the condition has already progressed towards the fatal outcome.
This study presents deep learning approaches for HF detection and classifying its subtypes based on simultaneous mechanical cardiac signals, with a primary focus on photoplethysmogram (PPG) due to their optical, non-invasive measurement modality. 
Two neural network architectures were developed: the first processes PPG, phonocardiogram (PCG), and seismocardiogram (SCG) signals independently, extracting features via convolutional and LSTM layers. The second model aligns these signals temporally by adapting their sampling frequencies through adjusted convolutional and pooling layers, enabling joint feature extraction that considers inter-signal relationships.
We used an interim database from the ongoing SensSmart clinical study comprising 407 recordings from 82 subjects (46 HF patients, 36 healthy). HF patients were further categorized into three subtypes: preserved, mid-range, and reduced EF. PPG recordings, acquired at the brachial artery, alongside PCG and SCG recordings, were preprocessed and passed to the neural network models. 
In binary classification tasks, accuracies exceeded 73%, with sensitivities reaching up to 93%, indicating a high true positive rate in identifying pathological cases. Multiclass classification, which aimed to distinguish HF subtypes, showed accuracy around 64%. 
These results demonstrate the added value of using the PPG, in addition to other mechanical cardiac signals, in HF diagnostics. Importantly, all signals can be acquired via non-invasive, wearable solutions—highlighting the promise of integrating deep learning with accessible health technologies for early cardiovascular risk screening.
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