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Science into the next millennium
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Predicted benefits for society

▪ Support decision making

▪ Standardization and individualization

of medical care 

▪ Reduction of morbidity and mortality

▪ Improved teaching tools

▪ Faster and more cost-effective research
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How did we get there?

1990s: Physiome Project

“Developing a comprehensive understanding of a healthy human”

2000s: Virtual Physiological Human

Shift from a singular model of ‘the human’ to disease-specific models

2010s: Personalized models, variability within cohorts

2020s: Digital twin, artificial intelligence

Shared bottleneck: “big data but small data paradox”

reliable and relatable high-quality data (as opposed to sheer data quantity)
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The heart as a multi-scale system
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nanometer micrometer centimeter

biological level of integration
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How can math help?
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Multi-scale system modeling of cardiac electrophysiology
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Multi-scale system modeling of cardiac electrophysiology
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Computer modeling & simulation
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Controlled and resource-efficient research environment

▪ to understand fundamental physiology and 

pathomechanisms

▪ to evaluate diagnostic and therapeutic approaches

(in silico studies)

▪ to optimize device design

Personalised medicine through digital twins

Scalable research environment to generate big, 

quality-controlled dataset for machine learning
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The digital twin vision
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The digital twin vision
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Ensemble simulation spaces
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Ensemble simulation spaces
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Ensemble simulation spaces
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Which personalized atrial fibrillation
ablation strategy is optimal?
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Ensemble simulation spaces
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Ensemble simulation spaces
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Scaling up from 29 to 800 virtual patients
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Then…
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Reductionism vs. integrationism
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“The wise man walks from the village to the top 

of the nearby mountain and, after a brief and 

peaceful rest, strides back to the village. There 

he stays for a short while, before he returns to 

the mountain, and so on. 

Asked why he does this, he replies that he wants 

to understand his people. But when he dwells 

inside the village, he can’t see the whole of it, 

and when he is on the summit, he is out of touch 

with the villagers. So he continues his 

pilgrimage for eternity.” 
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Mechanistic vs. data-driven modeling
A new dichotomy?
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Open and interoperable ecosystems

Tools & data

• Standardization (e.g. CellML)

• Findable, accessible, interoperable and reusable (FAIR) and open publication

of data, metadata and code

• Reliable and relatable data vs. pure quantity important to go

from village to mountain view

Challenges

• Lack of proper incentive and recognition systems

(despite commendable efforts to reform research assessment, like DORA and CoARA)

• Disconnect between project funding cycles and expectations for sustained

software development

Open Science: collaboration, transparency, and shared resources

→ reproducibility, efficiency and fewer redundant efforts

Communities: EDITH / VPH / HARMONY / openCARP, PhysioNet
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Community resources
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The road ahead

Advancing modeling methodology

• Multi-physics (electrophysiology, mechanics, fluid, growth, perfusion, 

metabolism) incl. energetic consistency

• Multi-scale (including subcellular)

• Digital twins: parameter calibration, uncertainty quantification

• Exploiting generative AI and foundation models

• Non-canonical interactions of signals, cells and organs

(e.g. immunocardiology)

• More complete and comprehensive models

simplification and abstraction for enabling mechanistic

insight in knowledge-generating research

Non-technical aspects

• Model validation for additional contexts of use

• Big data but small data (curation, annotation, FAIR & open)

• Ever-growing requirements on the training of researchers (larger labs or intensified collaboration?)

• Communication across disciplines: translation needs translators!
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Computer modeling & simulation
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LinkedIn

@Axel Loewe
@CaMo KIT

Many routes to impact!

Controlled and resource-efficient
research environment

▪ to understand fundamental physiology and 
pathomechanisms

▪ to evaluate diagnostic and therapeutic approaches
(in silico studies)

▪ to optimize device design

Personalised medicine through digital twins

Scalable research environment to generate big, 
quality-controlled dataset for machine learning



Better Diagnosis Personalised Treatment

Manage Dynamic 
Substrate Evolution

TrackAF

Atrial Fibrillation
Risk Management

15 fully funded PhD positions!

www.TrackAF.eu

Call opening 

March 2026

Starting date
September 2026

Come to Spain, 

Germany, Austria,

Italy, or 
The Netherlands

for your PhD!

Biomedical

Engineering

Clinical 

Data Science

Biology
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