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Introduction

»» The heart beats from the interaction between
electrical, psychological, mechanical, and
fluid processes.

» This project studied the electrical process of
the heart.

2 This project is the stepping stone for other
models that could be in the medical field for
drug testing pertinent to cardiac failures
such as cardiac arrnytnmia.
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Purpose

Utilize a set of computer programs to study and
simulate the multi-physics phenomena of the
heart.

Steps

X/

+~ ldentify the governing equations for
simulating the heart: Monodomain Model and
Beeler-Reuter Model.

>

. Develop the geometry and mesh of the
heart.
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>

- Program the electrical models: Beeler-Reuter
and Monodomain model.
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. Examine the interaction between the

>

L)

D)

electrical and physiological effects of the
heart.

Formulations and results

 Monodomain Equations (Tissue)
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* Beeler Reuter Model (Cellular)

Potential and Current Equations ©ates Equations (ODE)
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BEELER-REUTER MODEL OF THE ACTION POTENTIAL Comparison of the Currents
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Graph of Beeler-Reuter Model Programmed in Matlab
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Meshing

CUBIT is a full-featured software toolkit for
robust generation of two- and three-
dimensional finite element meshes (grids) and
geometry preparation.

Three models were developed for this project.

Model Dimensions(cm) [ Node interval (cm) | Mesh Type |No of Nodes | No of elements
Thin membrane 10x10x1 0.281 Hexahedral 7220 5476

Cubic 10x10x10 0.281 Hexahedral 5202 4352

Heart 6.51 Tetrahedral 1047 4356

Heart

Models developed in Cubit

Programming

The program is written in C++. The programs
runs in parallel.

Program uses Trilinos and Metis.

Trilinos Is a collection of open source software
libraries.

Libraries in Trilinos used for this program are:

* AztecOO0 for the sparse matrix solver.

« Epetra for distributing the matrices and vectors to the
parallel solver.

METIS is used for partitioning.

Procedure

Export the model from Cubit as a Patran file.
Upload file into program on supercomputer.

Set parameters.

» Diffusion

> Time step

» Number of processes
» Runtime

> Beat length Nodes per element
Run program.
Output as Tec plot file.

Visualize in Paraview.

= Time Log

Newton Solver
Input Data Trilinos Convergence Yes Outout file
Read and Epetra in the P Paraview

distribute data ;
Electrical module .NeWt_on Tec plot File
Aztec00 iteration
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Cases

s+ 1 Beat

. The models where run to simulate 1 heart beat.

. The parameters input into the program differed slightly

for all models.
»  Thin Membrane

= Diffusion value:0.01
= Runtime: 400ms
. Time step: 1ms

»  Cubic
= Diffusion value: 0.1
i :
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= Diffusion: 0.001
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< 2 Beats

. The models were run to simulate 2 beats.
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. Only the thin membrane model was able to simulate 2

beats initially

>  Thin Membrane
m Diffusion: 0.01

= Runtime: 800ms

Further Test

\/
0‘0

These test were conducted to investigate the
why the second beat failed to propagate.

Entire Nodes Simulated Test

This test was conducted to confirm that the code was either
working right or not.

The plot expected was to be similar to that of the Beeler-
Reuter model but did not.
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ODE Model Test
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A plot of ten beats was made using only the ODE model.
This was to test if the ODE model was working right.
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Plot of Nodes

A plot of nodes in the simulated region, in the middle and at
the opposite end of the simulated region was produced.

The plot showed variations in the second and third beat and
at the nodes.
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2 Beat Simulation on Cubic Model

A plot of the node in the stimulated region produced the
graph below.

The second beat did not stimulate as high as the first beat
because the initial voltage after the second beat is different
from that of the first beat.
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Discussions

<+ The ODE and PDE model work for the first
beat in all the cases.

» The ODE and PDE model did not work for
the second beat in the cubic and heart
cases.

% After running several tests the following
conclusions were reached,
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» The coupling between the first and
second beat does not occur successfully.

» The ODE model is very sensitive to the
value of the vector potential returning
from the first beat.

> For the second beat to work the ODE
model needs to be reinitialized.

Future Work

»*  Work to correct the current program to
simulate multiple beats.

» Incorporate other electrical models to
compare the result with the existing model.

¢ Build upon the current model to adapt the
program to simulate cases of Arrhythmia.

» Examine the interactions between the
electrical and physiological effects of the
heart.

* Improve the geometry and mesh of the
current heart model to better represent the
heart.
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