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The ‘Digital Twin’ towards Precision Medicine: PROS
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The ‘Digital Twin’ to enable the vision of
precision cardiology
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Exploit big data Maximise value of data Accelerate evidence
 Aid healthcare decision making * Prediction of patient outcomes * Integration and augmentation of
* Increase clinical interpretability  Patient selection for clinical data
* Analysis of demographic personalised therapy * Mechanistic insights of disease

heterogeneity * Intervention planning * Prediction therapeutic targets



The ‘Digital Twin” towards Precision Medicine: CONS
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Data integration & personalisation Model synergy & validation Clinical & regulatory barriers
e Complexity of multi-scale data * Mechanistic vs statistical * Interpretability and trust
* Personalisation gaps for tailoring trade-offs * Bottlenecks in evidence
mechanistic models  Validation across populations generation
 Limited non-invasive biomarkers  Synthetic populations needed * Regulatory acceptance

Digital Twins/Virtual Humans will only become reality through collective, community-driven innovation



The Oxford Cardiac Digital Twin Pipeline
/Clinical Data Input\ / 3D Mesh and \ /Electrophysiological\ /Electromechanical\

MR Fields Generation Digital Twin Calibration
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https://github.com/jennyhelyanwe
https://github.com/jennyhelyanwe/Alya_input_setup




Anatomical 3D reconstruction and synthesis
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Enabling scientific discoveries that improve human heaith

» Generates end-diastole and end-systole anatomies
and ECGs

> Virtual patients with specific age, BMI, sex, disease

Abhirup Banerjee, et al. A completely automated pipeline for 3D reconstruction of human heart from 2D cine MR slices. Phil Trans Roy Soc A, 2021.

Marcel Beetz, Banerjee, Grau. Multidomain variational autoencoders for combined modelling of MRI-based biventricular anatomy and ECG-based cardiac
electrophysiology. Frontiers in Cardiology, 2022.
Hannah Smith, et al. Automated torso contour extraction from clinical cardiac MR slices for 3D torso reconstruction. IEEE, 2022.
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Rubén Doste, et al. An automated computational pipeline for generating large-scale cohorts of patient-specific ventricular models in electromechanical in

silico trials. arXiv:2503.03706, 2025.






Functional twinning from ECG recordings
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Julia Camps, et al. Inference of ventricular activation properties from non-invasive electrocardiography. Medical Image Analysis, 2021.

Julia Camps & Lucas Berg, et al. Digital twinning of the human ventricular activation sequence to clinical 12-lead ECGs and magnetic resonance imaging

using realistic Purkinje networks for in silico clinical trials. Medical Image Analysis, 2024.

Julia Camps & Zhinuo Jenny Wang, et al. Medical Image Analysis. Harnessing 12-lead ECG and MRI data to personalise repolarisation profiles in cardiac
digital twin models for enhanced virtual drug testing. Medical Image Analysis, 2025.




Functional twinning from ECG recordings
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James Coleman, et al. Simulation-based digital twinning of activation and repolarisation sequences from the ECG across healthy
and diseased hearts. Computers in Biology and Medicine, 2025:198:111222.



Functional twinning from ECG recordings
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James Coleman, et al. Simulation-based digital twinning of activation and repolarisation sequences from the ECG across healthy
and diseased hearts. Computers in Biology and Medicine, 2025:198:111222.



Summary

Scalable Pipelines
for Virtual Patient
Generation

» Automated Mesh Processing:
automated mesh workflows
enabling large-scale, simulation
ready cardiac models

» Large-Scale Cohort Creation:
enable population-wide in silico
trials, including synthetic
populations for scalable testing
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Integration of
Multiphysics-and
Personalisation

Clinical Data Integration:
adaptable pipelines compatible
with standard of care

(MRI and ECG)

Comprehensive Cardiac
Function Analysis:

unified electromechanical
simulations with personalised
ECG and Purkinje networks
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Contact: alfonso.bueno@cs.ox.ac.uk

Open Science and

Community Resources

Open-Source Codebases:
modular, extensible tools to
foster reproducibility and
collaboration

Interoperability:

compatibility with existing
platforms, lowering barriers to
adoption

https://linktr.ee/oxford ccs
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