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Why a model?

reality modely



• A model is a theoretical construct that 
allows to translate theory into predictionsallows to translate theory into predictions

l l f h f• Daily life: weather forecast
• Engineering: design of constructions
• Science: verifying theories!



The first mathematical heart model

reality modely



Multiple dipoles

WT Miller and DB Geselowitz, Circ Res 1978



Hodgkin-Huxley membrane model

computedcomputed

measured

AL Hodgkin and AF Huxley, J. Physiol 117:500-544, 1952



Contemporary membrane model

TNNP 2004 (Ten Tusscher  Noble  Noble  Panfilov; Am J Physiol H 2004) TNNP 2004 (Ten Tusscher, Noble, Noble, Panfilov; Am J Physiol H 2004) 
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Reaction-diffusion model

0.25 mm

ion difm I IdV +ion difm

mdt C
= −



Regional differences



Anisotropy



Whole ventricles: 12M elements



Is reaction-diffusion necessary?
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“Bidomain” models and their application



“Bidomain” models and their application



Computation of electrograms
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Membrane potentials and electrograms



Activation-Recovery Intervals

ARI

Wyatt

alternative



Electrograms

TR



Repolarisation 



Electrode in the cavity



negative T waves

positive T waves



Understanding ST depression in the Understanding ST depression in the 
stress-test ECG

Mark Potse, Alain Vinet, 
A.-Robert LeBlanc, Jean G. Diodati,

Réginald Nadeau



Occlusion and ST depression

Local
b d di lsubendocardial
ischemia

Braunwald 2005

Primary 
ST depression

No ST changes
p



Problem 1: animal models of ST↓ need rapid pacing



Problem 2: relation between area and ST↓ is complicated

R. P. Holland et al, J Clin Invest 1977.



Modern theory



Animal model



Problem 3: ST depression in patients cannot be located…

ST-elevation vectors ST-depression vectors



… but subendocardial ischemia can!



Occlusion and ST depression revisited

Increased heart rate 
Reduced diastolic filling time

Elevated LV pressure

Reduced contractility

Global
subendocardial

ischemia

Local
subendocardial

ischemia?
Braunwald 2005

?

Primary 
ST depression

No ST changes
p



Methods

• Reaction-diffusion model of the human heart

• Inhomogeneous boundary-element torso model• Inhomogeneous boundary element torso model



Local subendocardial ischaemia



Global subendocardial ischaemia

isotropic
anisotropicp



Conclusion

L l b d di l i h i  d  t  ST • Local subendocardial ischaemia does not cause ST 
depression in overlying leads

• Global subendocardial ischaemia causes a “Stress-
test ECG”

• Tissue anisotropy has little influence on the ECG 
changes due to global subendocardial ischaemia

• Primary ST depression may indicate a global 
perfusion problem rather than a single partial 
occlusionocclusion
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