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Development of a telemedicine system that utilizes the five senses to prevent

heart failure readmission in patients with chronic heart failure at home
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Chronic heart failure is a major and growing healthcare burden in ageing societies, largely due to
repeated hospitalizations caused by acute decompensation. Early detection of worsening heart failure
in patients living at home remains challenging, as conventional monitoring methods such as body weight
and blood pressure measurements have limited sensitivity for detecting early pathophysiological
changes.

In this project, we developed an integrated telemedicine system consisting of a wristwatch-type
wearable device, a smartphone application, and a cloud-based database, with the aim of enabling early
detection of worsening heart failure in ambulatory patients. The system focuses on heart failure-
specific physiological signals, particularly the third heart sound (S3), in combination with changes
in daily physical activity. S3 is a well-established clinical sign associated with elevated cardiac
filling pressures and worsening heart failure, but its assessment has traditionally relied on
subjective auscultation by experienced clinicians

Using heart sound data acquired under real-world daily living conditions, we developed and refined
artificial intelligence-based algorithms capable of automatically detecting S3, while accounting for
environmental and motion-related noise. In parallel, activity data obtained from embedded sensors
were analyzed, and both decreases and abrupt increases in activity were identified as relevant
indicators of heart failure deterioration. By integrating S3 detection with activity changes, the
system demonstrated superior detection performance compared with conventional weight-based monitoring
methods.

An exploratory, multicenter clinical study was conducted to evaluate the feasibility and clinical
relevance of the system. Patients with chronic heart failure used the device continuously in their
daily lives, and longitudinal heart sound and activity data were collected. In patients who
subsequently experienced clinical worsening requiring hospitalization, abnormal signals were detected
several days to weeks prior to admission, suggesting that the system may enable earlier clinical
intervention before overt decompensation occurs

Importantly, the project addressed not only algorithmic performance but also usability for elderly
patients. Through iterative feedback obtained during the clinical study, the user interface and
recording procedures were substantially simplified, enabling sustained use in a home setting.

To facilitate translation to clinical practice, a medical device venture company, A-wave Inc., was

established during the project period. The company successfully completed Series A financing and is



preparing for regulatory approval and confirmatory clinical trials. The developed technology has
reached a level of maturity suitable for progression to a pivotal clinical trial.

Overall, this project provides a novel academic and technological framework for home—based heart
failure monitoring using disease-specific acoustic biomarkers and activity data. The results support
the potential of this approach to complement existing heart failure management strategies and

contribute to the prevention of avoidable hospital readmissions.
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