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Many cardiovascular system (CVS) models describe the heart contrac�on with phenomenological models (like the varying elastance model). In this 
work, a more realis�c model of the CVS is presented, where the heart contrac�on is described instead at the cellular scale.
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Our mul�scale model can account for a healthy behaviour and for basic hemodynamic experiments like 
preload varia�ons. More importantly, it is able to reproduce pathological behaviours that originate at the 
cellular scale, like heart failure, and their consequences on the whole CVS. 
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Ventricular myocyte = cardiac cell,
excitable and contrac�le 

Half-sarcomere 

Sarcomere = basic contrac�le unit 
of the myocyte

Thick filament 

Thin filament Myosin head 

Ventricles = thick spheres with an 
incompressible wall volume 

Cardiovascular system (CVS) = 6-
chamber model: 4 passive chambers 

and 2 ac�ve chambers 

Pulmonary
arteries

Pulmonary 
veins

Le� 
ventricle

Aorta
Vena 
cava

Right 
ventricle

Ac�ve 
contrac�on

Membrane poten�al     is described with the 
following equa�on:

where an expression for each ionic current and 
the s�mulus current is needed.

Ref: Ten Tusscher, K.H.W.J. & Panfilov, A. V, 2006. Alternans and spiral breakup 
in a human ventricular �ssue model. American Journal of Physiology-Heart 
and Circulatory Physiology, 291(3), pp.H1088–H1100.

Ionic concentra�ons are also described by this 
model. Intracellular calcium allows for the 
connexion between the electrophysiology and 
the mechanical contrac�on.

The contrac�on of a half-sarcomere of length     is described as 
follow:

The myosin head cycle is described by a 6-
state model: 

Ref: Negroni, J.A. & Lascano, E.C., 2008. Simula�on of steady state and 
transient cardiac muscle response experiments with a Huxley-based 
contrac�on model. J Mol Cell Cardiol, 45(2), pp.300–312.   

Thick filament 

Thin filament 

 half-sarcomeres of 
length   are aligned 
along a circle of radius    :

The equilibrium between the two half-spheres 
gives the rela�onship between the ac�ve 

pressure and the half-sarcomere normalized force:

Ref: Shim, E.B. et al., 2007. The cross-bridge dynamics during ventricular contrac�on predicted by coupling the 
cardiac cell model with a circula�on model. J Physiol Sci, 57(5), pp.275–285.   

Passive chambers: pressure and volume are 
linked with the elastance of the chamber:

Blood flow is related to the pressure at the 
entrance and at the exit of a chamber and to 
the resistance of the blood vessels:

Volume of a chamber varies according to

Ref: Burkhoff, D. & Tyberg, J. V., 1993. Why does pulmonary venous pressure rise a�er onset of LV dysfunc�on: a 
theore�cal analysis. Am J Physiol Heart Circ Physiol, 265(5), pp.H1819–1828
.

The four cardiac valves act as diods to allow for the 
unidirec�onanality of the flow.
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Fogarty balloon: a balloon is inserted inside the vena cava and filled with 
air. The pressure-volume loops are shi�ed towards the lower le� corner.

Perturba�ons occur at the cellular scale  (ionic currents are altered)

Ac�on poten�al is prolonged ... Intracellular calcium decreases ...

Maximal sarcomere force decreases ... Pressure-volume loop gets smaller !
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