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Integrated Multi-domain Simulation System for Cardiovascular Dynamics Simulation

Yutaka NoBuaky,* Toshifumi Nisui,* Akira AMANO,* Yasuyuki ABE,** Tetsuya MATSUDA™

Abstract To realize an accurate cardiovascular dynamics simulation that represents the change in blood
pressure and blood flow in the left ventricle (LV)and blood vessels, it is necessary to provide the left ventricular
model and circulation model together with a coupling calculation algorithm of both models. Previous studies have
employed a time-varying elastance model in which a coupling calculation with a circulation model is easy to
realize. However, there has been a problem that it is difficult to simulate heart disease caused by damage to ven-
tricular cell functions. On the other hand, the LV mechanical model, which uses a relationship between the shape
and contraction force of myocardial cells such as the finite element method (FEM), is effective to analyze various
aspects of cardiovascular dynamics. However, since the FEM-based LV mechanical model requires convergence
calculation, it is not easy to exchange circulation models to be coupled. In this study, we propose a flexible simula-
tion system by which the simulation models can be easily exchanged. The system is constructed with independ-
ent simulators for a left ventricular mechanical model and a circulation model. We have realized a coupling
calculation algorithm that is capable of calculating cardiovascular dynamics from these two models.

Keywords: cardiovascular dynamics simulation, left ventricular mechanical model, cell model, circulation model,
coupling simulation.
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Fig. 1 Pressure-volume relation of the left ventricular me-
chanical model tells that the pressure becomes large
when the volume becomes large under a certain con-
traction force.

Pp RP’IV Plv Ryy-a P,

venous system

Ra—p

W\

arterial system

X2 EHERETNV

Fig. 2 The resistance connected model.
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Fig. 3 The capacitance connected model.
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Fig. 4 Pressure-volume relations of the circulation models.
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Fig. 5 Coupling algorithm in the ejection phase.
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