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Cardiovascular diseases –
Inherently suited for digital applications

Well-defined disease phenotypes

Imaging and digital ECG data sets

Standardized evidence-based treatment paths

Access to large cohorts and data sets

Hard clinical outcome measures

Liquid and tissue biosamples

Telemedicine applications

Wearable devices

Animal models for (reverse) translation



Emerging areas of digital approaches in 
cardiovascular healthcare

New translational approaches (*omics)
• Advanced Omics technologies
• Bioinformatic analysis



Translating mechanism into clinical application

coagulation

platelets

immunity

Clots complicate cardiovascular diseases

Thromboinflammation



Pekayvaz et al., Nature Medicine, 2024

Multi-Omics in cardiovascular risk stratification

Use case: Acute and chronic coronary syndromes

Munich cohort Groningen cohort



Multi-Omics in cardiovascular risk stratification

Use case: Acute and chronic coronary syndromes

LMU MULTIBASE-PREDICT Project



Ntaios et al., JACC 2020

Multi-Omics in cardiovascular risk stratification

Use case: Acute embolic stroke

Origin drives
antithrombotic
managment



Pekayvaz et al., Immunity (accepted)

Multi-Omics in cardiovascular risk stratification

Use case: Acute embolic stroke

Immune trajectories identify thrombus origin



Emerging areas of digital approaches in 
cardiovascular healthcare

Precision medicine
• Personalized treatment
• AI-powered Clinical Decision Support

New translational approaches (*omics)
• Advanced Omics technologies
• Bioinformatic analysis



SMART-MI DZHK9 trial

Axel Bauer, Konstantinos Rizas & Georg Schmidt

Biosignals for cardiovascular risk stratification

Use case: Prediction of outcome

Autonomic function predicts outcome

Bauer et al., Lancet 2006



SMART-MI DZHK9 trial

Bauer, Klemm, Rizas et al., Lancet 2019

Biosignals to personalize therapy

Use case: Prediction of therapy response in HrEF patients

EU-CERT ICD trial (ICM>DCM) DANISH RCT trial (DCM)

Boas et al., Circulation, 2022



Artifical Intelligence-powered ECG evaluation

Herman et al., Eur Heart J Digital Health 2024

Use case: Detection of acute coronary occlusion myocardial infarction



AI-powered echocardiography

He et al., Nature 2023

Use case: assessment of left ventricular ejection fraction (LVEF)



LVEF<50% detected:
• 4,1% in intervention arm
• 1,8% in control arm

(OR 2.3; p=0.019)

AI-powered stethoscope

AI-powered digital stethoscope and
AI-powered 12-lead ECG

Use case: AI-guided screening for peripartum cardiomyopathies in Nigeria 

Standard of care

SPEC-AI Nigeria Investigators, Nature Medicine  2024



Emerging areas of digital approaches in 
cardiovascular healthcare

Precision medicine
• Personalized treatment
• AI-powered Clinical Decision Support

Contemporary platforms
• Federated Learning
• FAIR principle / FHIR

New translational approaches (*omics)
• Advanced Omics technologies
• Bioinformatic analysis



Federated Learning

Use case: Federated deep learning of TAVI Outcomes (FLOTO)



Emerging areas of digital approaches in 
cardiovascular healthcare

Precision medicine
• Personalized treatment
• AI-powered Clinical Decision Support

Contemporary platforms
• Federated Learning
• FAIR principle / FHIR

Next generation wearables
• Continuous telemonitoring
• Data Integration @ healthcare platforms

New translational approaches (*omics)
• Advanced Omics technologies
• Bioinformatic analysis



modified from the ESC Guidelines for the diagnosis and management of atrial fibrillation, Eur. Heart J 2020

Wearables in cardiovascular health



Bauer  et al., Lancet Digital Health, 2022

41.2% after 36 months
49.1% after 57 months

10.7% after 36 months
10.7% after 57 months
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SMART-MI DZHK9 Studie
Implantable monitors in cardiovascular health
Use case: SMART-MI RCT – telemedicine detection of arrhythmias post-MI



→ What is new?
• A strategy of digital screening using

smartphones provides substantial benefits in 
detecting AF compared to usual care.

• Novel site-less pragmatic study design

Rizas et al. Nature Medicine 2022

Wearables in cardiovascular health
Use case: eBRAVE RCT – telemedicine screening for atrial fibrillation



Digital trial units
• Virtual clinical trials
• Clinical Trial Recruitment Support Systems

Emerging areas of digital approaches in 
cardiovascular healthcare

Precision medicine
• Personalized treatment
• AI-powered Clinical Decision Support

Contemporary platforms
• Federated Learning
• FAIR principle / FHIR

Next generation wearables
• Continuous telemonitoring
• Data Integration @ healthcare platforms

New translational approaches (*omics)
• Advanced Omics technologies
• Bioinformatic analysis



The digital clinical trial

doi: 10.1093/jamiaopen/ooaa041



The digital clinical trial

Scherer at al, Stud Health Technol Inform 2022

Use case: LMU clinical trial recruitment tool



Digital trial units
• Virtual clinical trials
• Clinical Trial Recruitment Support Systems

Emerging areas of digital approaches in 
cardiovascular healthcare

Precision medicine
• Personalized treatment
• AI-powered Clinical Decision Support

Contemporary platforms
• Federated Learning
• FAIR principle / FHIR

Next generation wearables
• Continuous telemonitoring
• Data Integration @ healthcare platforms

Optimized patient care

New translational approaches (*omics)
• Advanced Omics technologies
• Bioinformatic analysis



Digitalisation provides benefits for patients and healthcare
providers.

Balanced approach to innovation, addressing both technical
and ethical considerations.

Critical challenges (data privacy, security, and the need for
robust interoperability across systems).

Continued collaboration among stakeholders of utmost
importance.

Conclusions


