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[ Physiology — Engineering

e Cellular level: pressure-volume loop
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[ Physiology — Engineering

e Cellular level: pressure-volume loop
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[ Physiology — Engineering

e Cellular level: pressure-volume loop
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[ Physiology — Engineering ]

e Cellular level: Ca?* sparks / waves

Gentaro Iribe & Jon Lederer (Baltimore)



Physiology — Engineering

Patrizia Camelliti & Andrew McCulloch (UCSD)
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Physiology — Engineering

T-wave |mpactl

Pre-impact interval = 343 £ 6 ms
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Patricia Cooper & Christian Boulin (EMBL)



Physiology — Engineering

e Organ level: 3D reconstruction of the rabbit
heart

Wolume YWiewer

Rebecca Rowland, Gernot Plank (Graz) & Jurgen Schneider
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e Organ level: 3D reconstruction of the rabbit

Rebecca Rowland, Gernot Plank (Graz) & Jurgen Schneider
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Physiology — Computing

e Software development: COR
- (Multi)cellular modelling environment.

- Built around CellML.
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Alan Garny & Penny Noble



Physiology — Computing
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e Sino-Atrial Node:

Alan Garny

Time: 2530 ms

Time: 2569 ms

Time: 2583 ms



[ Physiology — Computing

e Mechano-Electric Feedback:

Alan Garny Natalia Trayanova (Tulane)
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Physiology — Wellcome Trust ]

e 5-year project started in January 2005.

e Proof of principle: develop a large scale
coupled computational model of the beating
heart:

- Incorporate models from gene to whole
organ level,

- Contributed to by scientists around the
world in an open manner.

e Joint appointment of Peter Hunter between
Auckland and Oxford.

Peter Hunter & Chris Bradley
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[

Computing

e Integrative Biology Initiative:
- Build a grid-based infrastructure for cardiac
and cancer modelling,
- Cardiac modelling: Auckland, Calgary, Eka-
terinburg, Graz, Sheffield, Tulane, UCLA,
UCSD, Utrecht & Washington and Lee.

e Software development: Chaste
- C++/PETSc/MPI library,
- Extreme/Agile Prog. (e.g. test driven).

David Gavaghan, Jonathan Cooper, Alan Garny, Joe Pitt-Francis,
Lee Momtahan & Blanca Rodriguez



Computing

e Numerical techniques:
- Compiler optimisations (Intel family of pro-
cessors — SSE, SSE2; 4.4x / 2.6x),
- Lookup tables (automatically generated
from CellML; 1.6x or 9.2x w/ opt.),
- Partial evaluation (1.2x or 4.9x w/ LT),
- Decoupling between Ax and At.

Jonathan Cooper, Alan Garny, Steve McKeever & Nicolas Jeannequin



[ Computing

e Defibrillation during regional iIschaemia
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Blanca Rodriguez, Jamey Eason (Washington & Lee) &
Natalia Trayanova (Tulane)



[ Computing

e Optical mapping recordings synthesis

illumination photon density W(r) oV Dy

DV?®(r,t)— u,®(r,t)+ tv(r): 0

fluorescence Synthesised fluorescence signal

photon scattering

I

Fick's law

: !

Comparison with experiments

3D bidomain
simulations

Martin Bishop, Jamey Eason (Washington & Lee), Blanca Rodriguez,
Natalia Trayanova (Tulane) & Jonathan Whiteley
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Pharmaceutical Companies ]

e Predict the influence of drugs and the conse-
gquences of gene mutations to achieve better
and more selective markers for arrhythmia,

e Collaboration with CV Therapeutics to recon-
struct Ranolazine, a drug that blocks I,,, but
not Iy,

e Collaboration with Novartis to reverse engi-
neer the effects of two different compounds.

Denis Noble
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Links...

e Physiology:
hitp://noble.physiol.ox.ac.uk/
nttp://mef.physiol.ox.ac.uk/
nttp://cor.physiol.ox.ac.uk/
http://www.physiome.ox.ac.uk/ (soon)

e Computing:
http://www.inteqgrativebiology.ox.ac.uk/




