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Abstract

In this study, we developed a whole cardiovascular system model combined with a Laplace
heart based on the numerical cardiac cell model and a detailed arterial network structure. The
present model incorporates the Laplace heart model and pulmonary model using the lumped
parameter model with the distributed arterial system model. The Laplace heart plays a role of
the pump consisted of the atrium and ventricle. We applied a cellular contraction model
modulated by calcium concentration and action potential in the single cell. The numerical arterial
model is based upon a numerical solution of the one-dimensional momentum equations and
continuity equation of flow and vessel wall motion in a geometrically accurate branching
network of the arterial system including energy losses at bifurcations. For validation of the
present method, the computed pressure waves are compared with the existing experimental

observations.
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Using the cell-system-arterial network combined model,
events from cells to arterial network are delineated.
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Figure 1. Scheme of the ten Tusscher model
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Figure 2. Electical equivalent circuit for the
sarcolomma.
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Figure 3. muscle unit structure and cross-bridge
dynamics. The muscle unit of length L( half-sarcomere
length) is composed of thick and thin filaments in

parallel with an elastic element.
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Figure 5. The 28 element distributed model of the
arterial system. Dashed elements represent those that

are reflected by symmetry
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Figure 6. Circuit diagram of the hemodynamic system.
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Figure 7. Computational results for the sequential
events in the cell-system model.
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Figure 8. Computed pressure tracings along the aorta

obtained from the standard case, proceeding from

proximal to distal element 1-7.
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Experimental data by Mills Simulation data
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Figure 9. Left: Simultaneous pressure and blood

velocity patterns recorded at points in the systemic
circulation. From Mills et., 1970. Right: Simultaneous
pressure and blood velocity patterns at points in the

systemic circulation from the standard case.
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