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Research and Development Report: Development of a Voice-Based Heart Failure Screening and Monitoring
SaMD

1. Background of Research and Development

1.1 Medical and Social Challenges: Addressing the "Heart Failure Pandemic"

Heart failure (HF) represents one of the most significant medical challenges in an aging society. Japan is
currently facing a rapid surge in patients, a phenomenon known as the "Heart Failure Pandemic.”" Under the
"Second Basic Plan for Cardiovascular Disease Control (2023)" based on the Basic Act on Cardiovascular
Disease Measures, the Ministry of Health, Labour and Welfare (MHLW) aims to extend healthy life
expectancy by more than three years and reduce age-adjusted mortality from cardiovascular diseases by 2040.
The development of novel diagnostic technologies and treatments is central to this national strategy.

1.2 Current Bottlenecks and the Necessity of Development

Despite these goals, several factors—including a shortage of medical resources and personnel, as well as
regional disparities—make the early screening and detection of HF exacerbation extremely difficult.

e Limitations of Existing Tests: While societies like the Japanese Circulation Society (JCS) recommend
screening via biomarkers such as BNP, these tests are invasive (requiring blood sampling) and must
be performed within medical institutions. This remains a significant bottleneck.

e The Need for New Technology: To address these clinical needs, there is a strong demand for technology
that allows patients to evaluate HF non-invasively, simply, and routinely at home.

1.3 Technical Seeds and Industrial Demands

e Potential of Voice Analysis: It is well-known that characteristic changes occur in the voices of HF
patients, particularly during advanced stages. Capturing these changes offers a potential pathway
for HF assessment. While traditional voice analysis had limitations in accuracy across diverse patient
profiles, the development of acoustic feature analysis with higher degrees of freedom has become a
key scientific challenge.

e SaMD as a National Strategy: The promotion of Software as a Medical Device (SaMD) is a national
priority. There is a call from the industrial sector to develop competitive SaMDs that can be applied
non-invasively in home settings, thereby improving Japan's trade deficit in medical devices.

In light of these needs and technological seeds, this research develops a voice-based HF screening and
monitoring system as a SaMD. Our goal is to improve patient prognosis and reduce healthcare costs through
early detection and appropriate management. This project aligns with two major national policies: the
MHLW’s cardiovascular plan and the SaMD development initiatives led by METI, the Cabinet Office, and
MHLW.

2. Objectives
2.1 Goals and Objectives
The objective of this R&D is to implement a SaMD that extracts and analyzes features from HF patients'
voices. Specifically, it aims to:
1. Screening: Differentiate HF patients from healthy individuals using only short, single-syllable voice
recordings.
2. Monitoring: Differentiate between periods of exacerbation and improvement in HF patients. The

system is designed for simple measurements via smartphones in a home environment.
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2.2 Technical Approach
To overcome the limitations of conventional technology, we developed an acoustic feature analysis technique
with high flexibility and scalability. Specifically:
e MFCC Utilization: Using Mel-frequency cepstral coefficients (MFCC) to extract useful acoustic
features from various syllables and short words.
e Data-Driven Optimization: Identifying the optimal combination of features using a data-driven
approach (Patent Pending).
e Model Construction: Building high-precision models to identify changes between healthy and HF

groups, as well as shifts in specific pathological states.

3. R&D Plan and Implementation

Phase #1: Multi-center Data Acquisition and Extrapolation Evaluation

To generate high-quality evidence suitable for regulatory (PMDA) approval, we conducted clinical research
with support from the Kyushu University ARO Center for Next Generation Medicine (covering project
management, protocol creation, and statistical analysis).

e Infrastructure: Developed informed consent documents for third-party provision, established EDC
(Electronic Data Capture), and implemented monitoring systems and recording training.

e Status: Clinical trials commenced at three institutions: National Cerebral and Cardiovascular Center,
Kyushu University Hospital, and IUHW Mita Hospital.

e Results: While the initial target was 60 cases (30 HF, 30 healthy), an additional 10 non-HF cases were
added to strengthen the application. Enrollment and data collection for all target cases were
completed in the first half of this fiscal year.

Phase #2: Concept and Requirement Definition for Smartphone-based SaMD
IUHW, Hiroshima City University, and Cardio Intelligence (CI) Inc. collaborated to develop the SaMD.

e Workflow: 1) Voice collection via smartphone — 2) Cloud upload — 3) Automated analysis — 4) Result
display and behavioral prompts for the patient.

e Status: Requirement definitions were finalized ahead of schedule. A prototype has been completed,

and preparations for smartphone-based clinical trials are finalized.

4. Expected Outcomes and Future Prospects
e Clinical & Economic Impact: Early screening and detection of exacerbation will improve prognosis
and reduce medical costs—estimated at 21.4 billion JPY annually.
e Global Competitiveness: Given the significant market potential in the U.S. and beyond, this Japan-
originated SaMD aims to improve the medical device trade balance.
e Social Implementation: We aim for social implementation based on regulatory approval, ultimately
enhancing the quality of home-based management for HF patients and optimizing medical resources

through remote monitoring.



