VIto - A Generic Agent for Multi-Physics Model Personalization
Application to Heart Modeling
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Introduction

Adjust model parameters such that model fits patient data

Clinical: Heart failure Technical: Individualized computational model

Major cause of morbidity and mortality [1-2]

Various personalization techniques have been explored [3:4]
=> Applied blindly / unsupervised: prone to failure
=» Complex algorithms necessary: tedious design, not generic

Important need to better stratify patients

= Computational models could help
« Advanced information from clinical data
 Prediction of therapy outcome / disease course

o o | | o Human experts almost always succeed (manual personalization)
=» Clinical applications require precise model personalization

=» Intuition, experience, abllity to generalize

Contribution: Intelligent machines personalize biophysics models

Vito, an artificial agent, learns by itself cardiac physiology and how to personalize complex models
Vito Is generic: It can learn multiple biophysics — no handcrafted optimization functions and algorithms
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Evaluation

Cardiac
electrophysiology

Whole-body
circulation

Same framework applied to two different biophysics models
28 patients without severe cardiac arrhythmias (8 for hyper-parameter tuning; 20 for testing)

Data
preprocessing

Coupled EP / ECG model

graph-based formulation [}

Calculates electrical signal controlling

heart function
« Potential use: arrhythmia treatment
 Personalization: from 12-lead ECG

Calculates blood flow in cardiovascular system |
» Potential use: new insights in cardiovascular function R
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« Personalization:
 from volume (MRI) and
* pressure (catheterization) data
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Conclusions

* New generic personalization method
=> No need to design & engineer cost function

« Patient- and model-independent

» Data-driven state-space quantization
=» Continuous, approximate RL

* Improve data efficiency [©]
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