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The Problem

£200 million, 13 years Drug market approval (DiMasi et al., 2003).

Cardiotoxicity : unwanted side effects that can result in arrhythmia

Torsades de Pointes
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The Methods

Drugs that induce arrhythmias prolong APD and QT interva

Preclinical assessment of drug cardiotoxicity

Recordings of the HERG current (1)
Action potential duration (at 1Hz)
In vivo QT interval
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The preDICT project (EU VPH)

AlM

To identify new biomarkers of drug-induced cardiotoxicity using
computational techniques
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en Tussher Human Ventricular AP Model

Based on human data
“Average” human cell behaviour

Variability due to age, sex, location

How does variability in ionic current properties affec t

APD?

+ 30% changes in properties of |, o, lk1s lcars Inacar Inax:

smaximum conductance (g)
stime constant of inactivation (t)
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lonic Basis of Repolarization
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Preclinical Biomarkers

Action Potential at 1Hz
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lonic Basis of Preclinical Biomarkers
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lonic Basis of Preclinical Biomarkers
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Repolarization reserve

Pro-arrhythmic drugs block | . and prolong APD and QT

|, block causes Torsades de Pointes

but not always...

then when?
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Repolarization Reserve

APD sensitivity to £ 30% changes
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|IKs stochastic behavior

Human ventricular model
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How does noise in |  kinetics due to ion channel
stochastic behaviour affect repolarization reserve?
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|, Block and |, stochastic properties
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|, Block and |, stochastic properties

Control LQTZ2 (I, block)
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IKs stochastic behaviour might contribute to arrhythmogenesis in LQT2 due to:

*EADs generation (probability=0.2)
sIncreased dispersion of APD

D(\C : :
% {Pueyo E, Corrias A, Gavaghan D, Burrage K, Rodriguez B, Heart Rhythm, 2009}



Multi-scale Modelling of Drug-induced Effects

Drug/lon Channel model
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Challenges
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From MRI Images to Cardiac Models

MRI :> Ventricular :> Tetrahedral :> Electrical
Images surfaces mesh activity

Image Mesh_ Electrophysiological
segmentation generation modelling
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From Clinical MRI to Human Models

Short Axis Slices Volume reconstruction
using Short axis MRI

Resolution: 1mm intraslice; 1cm interslice
{Images courtesy of Matthew Robson}
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From Clinical MRI to Human Models

Short axis

Long axis
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Challenges
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The Chaste project

Cancer Heart and Soft-Tissue Software Environment

Features:

eCardiac electrophysiology simulator (monodomain/bidomain)

*Open source www.comlab.ox.ac.uk/chaste )

*Professional software engineering methods (Xtreme programming)
«State-of-the-art FEM solutions

Maximum efficiency on HPC platforms

*Easy integration of cell models using CellML with PyCML Sotalol

XML for input definition

ECG

Contributors :

University of Oxford

Fujitsu Laboratories Europe
CSR4

{Brennan, Fink,
Rodriguez , EJPS, 2009}
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Nimrod and Chaste
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Summary
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