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PhysiologyPhysiology –– EngineeringEngineering

●● Cellular level:Cellular level: pressurepressure--volume loopvolume loop
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PhysiologyPhysiology –– EngineeringEngineering

●● Cellular level:Cellular level: pressurepressure--volume loopvolume loop
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PhysiologyPhysiology –– EngineeringEngineering

●● Cellular level:Cellular level: CaCa2+2+ sparks / wavessparks / waves

GentaroGentaro IribeIribe & Jon & Jon LedererLederer (Baltimore)(Baltimore)



PhysiologyPhysiology –– EngineeringEngineering

●● Tissue level:Tissue level: structured cell culturestructured cell culture

PatriziaPatrizia CamellitiCamelliti & Andrew McCulloch (UCSD)& Andrew McCulloch (UCSD)



PhysiologyPhysiology –– EngineeringEngineering

●● Organ level:Organ level: the STICKthe STICK

Patricia CooperPatricia Cooper & Christian & Christian BoulinBoulin (EMBL)(EMBL)
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PhysiologyPhysiology –– EngineeringEngineering

●● Organ level:Organ level: the STICKthe STICK

Patricia CooperPatricia Cooper & Christian & Christian BoulinBoulin (EMBL)(EMBL)

T-wave impact VF

Pre-impact interval = 343 ± 6 ms Post-impact interval = 287 ± 7 ms

NSR NSR

SS
TT
II
CC
KK

-- oftoft
-- issueissue
-- mpactmpact
-- haracterisationharacterisation
-- itit



PhysiologyPhysiology –– EngineeringEngineering

●● Organ level:Organ level: 3D reconstruction of the rabbit 3D reconstruction of the rabbit 
heartheart

Rebecca RowlandRebecca Rowland, , GernotGernot Plank (Graz) & Plank (Graz) & JJüürgenrgen SchneiderSchneider
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PhysiologyPhysiology –– ComputingComputing

●● Software development:Software development: CORCOR
-- ((Multi)cellularMulti)cellular modelling environment.modelling environment.
-- Built around Built around CellMLCellML..

Alan Alan GarnyGarny & & Penny NoblePenny Noble



PhysiologyPhysiology –– ComputingComputing

●● SinoSino--AtrialAtrial Node:Node:

Alan Alan GarnyGarny



PhysiologyPhysiology –– ComputingComputing

●● MechanoMechano--Electric Feedback:Electric Feedback:

NataliaNatalia TrayanovaTrayanova (Tulane)(Tulane)Alan Alan GarnyGarny
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PhysiologyPhysiology –– WellcomeWellcome TrustTrust

●● 55--year year project started in project started in January 2005January 2005..
●● Proof of principle:Proof of principle: develop a large scale develop a large scale 

coupled computational model of the coupled computational model of the beatingbeating
heartheart::
-- Incorporate models from Incorporate models from genegene to to wholewhole
organorgan level,level,

-- Contributed to by Contributed to by scientists around thescientists around the
worldworld in an in an open manneropen manner..

●● Joint appointment of Joint appointment of Peter HunterPeter Hunter between between 
AucklandAuckland and and OxfordOxford..

Peter Hunter & Chris BradleyPeter Hunter & Chris Bradley
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ComputingComputing
●● Integrative Biology Initiative:Integrative Biology Initiative:

-- Build a Build a gridgrid--based infrastructurebased infrastructure for for cardiaccardiac
and and cancercancer modelling,modelling,

-- Cardiac modelling: Cardiac modelling: AucklandAuckland, , CalgaryCalgary, , EkaEka--
terinburgterinburg, , GrazGraz, , SheffieldSheffield, , TulaneTulane, , UCLAUCLA,,
UCSDUCSD, , UtrechtUtrecht & & Washington and LeeWashington and Lee..

●● Software development:Software development: ChasteChaste
-- C++C++//PETScPETSc//MPIMPI library,library,
-- ExtremeExtreme//Agile Agile ProgProg. . (e.g. test driven).(e.g. test driven).

David David GavaghanGavaghan, Jonathan Cooper, , Jonathan Cooper, Alan Alan GarnyGarny, Joe Pitt, Joe Pitt--Francis,Francis,
Lee Lee MomtahanMomtahan & Blanca Rodriguez& Blanca Rodriguez



ComputingComputing

●● Numerical techniques:Numerical techniques:
-- Compiler optimisations (Intel family of proCompiler optimisations (Intel family of pro--
cessorscessors –– SSE, SSE2; SSE, SSE2; 4.4x4.4x / / 2.6x2.6x),),

-- Lookup tables (automatically generatedLookup tables (automatically generated
from from CellMLCellML; ; 1.6x1.6x or or 9.2x9.2x w/ opt.),w/ opt.),

-- Partial evaluation (Partial evaluation (1.2x1.2x or or 4.9x4.9x w/ LT),w/ LT),
-- Decoupling between Decoupling between ∆∆xx and and ∆∆tt..

Jonathan Cooper, Jonathan Cooper, Alan Alan GarnyGarny, Steve , Steve McKeeverMcKeever & Nicolas & Nicolas JeannequinJeannequin



ComputingComputing
●● Defibrillation during regional Defibrillation during regional ischaemiaischaemia

Blanca Rodriguez, Jamey Eason (Washington & Lee) &Blanca Rodriguez, Jamey Eason (Washington & Lee) &
NataliaNatalia TrayanovaTrayanova (Tulane)(Tulane)
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ComputingComputing
●● Optical mapping recordings synthesisOptical mapping recordings synthesis

Martin Bishop, Jamey Eason (Washington & Lee), Blanca Rodriguez,Martin Bishop, Jamey Eason (Washington & Lee), Blanca Rodriguez,
NataliaNatalia TrayanovaTrayanova (Tulane) & Jonathan (Tulane) & Jonathan WhiteleyWhiteley
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Pharmaceutical CompaniesPharmaceutical Companies
●● Predict the influence of Predict the influence of drugsdrugs and the and the conseconse--

quencesquences of of gene mutationsgene mutations to achieve better to achieve better 
and more selective markers for and more selective markers for arrhythmiaarrhythmia,,

●● Collaboration with Collaboration with CV Therapeutics CV Therapeutics to reconto recon--
structstruct RanolazineRanolazine, a drug that blocks , a drug that blocks iipNapNa but but 
not not iiNaNa,,

●● Collaboration with Collaboration with Novartis Novartis to reverse to reverse engiengi--
neerneer the effects of two different compounds.the effects of two different compounds.

Denis NobleDenis Noble
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LinksLinks……

●● Physiology:Physiology:
http://noble.physiol.ox.ac.uk/http://noble.physiol.ox.ac.uk/
http://mef.physiol.ox.ac.uk/http://mef.physiol.ox.ac.uk/
http://cor.physiol.ox.ac.uk/http://cor.physiol.ox.ac.uk/
http://http://www.physiome.ox.ac.ukwww.physiome.ox.ac.uk// (soon)(soon)

●● Computing:Computing:
http://http://www.integrativebiology.ox.ac.ukwww.integrativebiology.ox.ac.uk//


