8 International Congress of Serbian Society of Mechanics
Kragujevac, Serbia, June 28-30, 2021

OF MECHANWS

FLUID-ELECTRO-MECHANICAL PARAMETRIC MODEL OF THE LEFT
VENTRICLE

Vladimir Simic'%, Miljan Milosevic'**, Bogdan Milicevic*®, Vladimir Geroski®, Nenad
Filipovic®, Milos Kojic?**

! Institute for Information Technologies, University of Kragujevac, Jovana Cvijiéa bb, 34000
Kragujevac, Serbia.

2 Bioengineering Research and Development Center BiolRC Kragujevac, Prvoslava Stojanovica
6, 3400 Kragujevac, Serbia.

3 Serbian Academy of Sciences and Arts, Knez Mihailova 35, 11000 Belgrade, Serbia.
4Houston Methodist Research Institute, The Department of Nanomedicine, 6670 Bertner Ave.,
R7 117, Houston, TX 77030.

> Belgrade Metropolitan University, Tadeusa Kos¢uska 63, 11000 Belgrade, Serbia.

6 University of Kragujevac, Faculty for Engineering Sciences, Sestre Janic 6, 34000 Kragujevac,
Serbia.

e-mail: vsimic@kg.ac.rs, miljan.m@kg.ac.rs, bogdan.milicevic@uni.kg.ac.rs,
vlada.geroski@gmail.com, fica@kg.ac.rs, mkojic42@gmail.com

Abstract:

Motion of the heart walls is achieved by mechanical forces generated within muscles in heart
wall activated by the nervous system. This motion further iduce blood flow as, mechanically,
solid— fluid interaction. There is a number of physical fields within the left ventricle of heart, such
as velocities of motion of solid and fluid and, fluid pressure; additionally, electrical potential field
is directly coupled to biochemical process of transforming the chemical into mechanical energy
and further to active forces for the body motion. In order to simulate ventricle behavior during a
cardiac cycle, we have generated a novel computational model feasible for electrophysiology
using concept of smeared physical fields (Kojic Transport Model, KTM) according to [1,2].
Applicability of this model is illustrated on a simple left ventricle parametrical model with inlet
mitral and outlet aortic valve cross-sections. Further, we calculate smeared electrical field and cell
membrane potential in the heart wall, that gives us calcium concentration field from which we
calculate active stress in muscle fibers.
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1. Introduction

Primary cardiomyopathies are frequent heart diseases with an estimated prevalence of 0.3-
0.4% in the general population, significantly contributing to systolic heart failure and sudden
cardiac death in the young [3].

The objective of this report is to present application of our finite element (FE) numerical
procedure for strong coupling solid-fluid interaction in order to simulate cardiac cycle of left
ventricle using parametric model which, combined with experimental and clinical data, helps in a
better understanding of the mechanisms that cause the cardiomyopathy disease.


mailto:vsimic@kg.ac.rs
mailto:miljan.m@kg.ac.rs
mailto:bogdan.milicevic@uni.kg.ac.rs
mailto:vlada.geroski@gmail.com
mailto:fica@kg.ac.rs
mailto:mkojic42@gmail.com

V. Simic, M. Milosevic, B. Milicevic, V. Geroski, N. Filipovic, M. Kojic,
Fluid-electro-mechanical parametric model of the left ventricle

2. Methods

A heartbeat cycle includes three different physical aspects: electrophysiology, solid
mechanics and fluid dynamics. In order to simulate blood flow process, we prescribe inlet
velocity at mitral valve, as well as outlet velocity at aortic cross-section (Figure 1) as functions of
time. During fluid injection (diastolic period), ventricle volume is increasing and aortic valve is
closed. Contraction of the ventricle occurs during systole due to muscle activation so that blood
flows out through aortic valve which is open.

Solid mechanics model includes evaluation of passive and active stress. Active stress
represents the load on tissue and depends on the electrical field determined by the KTM
methodology .For passive stress, the start of diastole is the stress-free configuration. Passive
stresses are calculated directly from the recent experimental constitutive relations of Holzapfel
[4].

Mitral valve

Aortic valve

Solid wall

Fluid domain
(blood)

Fig. 1. Parametric model of the left ventricle: fluid domain (blood), mitral and aortic valves, and solid
wall (dashed line).
3. Conclusions
The introduced coupled solid-fluid electromechanical parametric model of left ventricle
can be used for computer modeling of the left ventricle. The calculation was executed using our
PAK solver in which the KTM with smeared methodology is embedded, while the model
generation is performed by the in-house CAD software. The presented computational model will
serve as a basis for the in-silico simulation of the entire heart electrophysiology and coupled
solid- fluid mechanics.
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