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Introduction

For medical diagnostic purposes there is an increasiad for non (or minimal) invasive techniques to
measure all kinds of parameters that can provide insigheifunctioning of cells, organs or organ
systems. For instance, for many years researchetsaking for non invasive methods that give
information about the amount of blood that is ejected bl eadiac contraction (stroke volume) and
methods that inform us about the functioning of the luhggg normal breathing or artificial ventilation.
Currently, Impedance Cardiography (ICG) is used for nremsents of the heart and Electric Impedance
Tomography (EIT) is used for measuring lung functidmspaper focuses on calculating the current
distributions for these two techniques in models of thedruthorax. These calculations give a profound
insight what can be expected from these techniques.

Geometry and Mesh Creation Process in Simpleware

Difficulties in creating 3D geometries from 2D imageswai@espread in biomedical engineering and
research. 3D geometries are not only essential foe fetément analysis, but also necessary for implant
creation or high precision brain surgery. The Simplewaf®vare package consists of two programs;
ScanlIP andScanFE. ScanlP was used to import the DICOM filestarségment the regions of interest.
Then the image is segmented by the user. This can [ydogaperformed by using a set of threshold
segmenting tools. The resulting segmentation can be agtiinty a wide range of filters to smooth the
segments or to fill tiny holes. ScanlP then creaté® geometry by forming voxels with the length of two
sides defined by the pixel size of the MR image and the lémigth defined by the sum of the slice
thickness and the slice gap. The geometry is smoaiheexported tdScanFE.'ScanFE generates the
finite element mesh by creating a mesh with tetrahetaiants from the voxels [1] as can be seen in
Figure 1. In this way the mesh consisted of typically 350dd@mMents and was exported directly to
COMSOL. In order to be able to apply electrical cureanditions at the right places, electrodes are drawn
in the segmentation process.

Figure 1: Mesh generation iScanFE




Use of COMSOL Multiphysics

The resulting finite element mesh was then exported tIS0L where the point settings, boundary
conditions, and subdomain settings for the partial diffimeequation (PDE) were set. The PDE is set up
starting with the point form of Ohm’s law. This PDEs@ved by the Comsol Conductive Media DC
module. Alternating current within the frequency rangB®# 100 kHz as used in impedance cardiography
is assumed to be distributed on a macroscopic scaleildat durrent. Point settings are used to inject
electrical current into the geometry. The electrod@si@é in Simpleware appear as small subdomains in
Comsol. The electrode subdomains only function as dataie geometry which enable the user to apply
electrical currents. The electrode subdomain of teetreldes therefore is deactivated in the finite element
model. The points of the electrode subdomain remain tassairrent inflow points in the neck with the
value of +5 mA and 5 mA at the thorax.

The outer boundary of the geometry, the skin of the sybgeset to insulation. The internal boundaries are
set to ‘continuity’, which means that there are no maeboundary conditions. The subdomain settings are
the values for electrical conductivities, isotropi@dferent in each direction.

Results

Figures 2 and 3 shows the visualization of the impedea@kography solution of the volunteer, in end-
diastolic expiratory state, using a four and two curebmttrode configuration. To visualize the current
distribution through the thorax in an impedance cardiograpgsurement, streamline plots are used. The
color of streamlines is logarithmically related to tbeal current density. The organs are given a uniform
color to accentuate the streamlines pointing and outwards the organs.

One can clearly see that the electrical currentrsiieas are quite widely distributed through the thorax,
which suggests that the current is flowing mostly throbghelectronically well conducting aorta. Figure 2
shows that streamlines are flowing parallel to théaaio a four electrode configuration, as opposed to
Figure 3 where streamline are crossing the aortavmalectrode configuration.

The visualizations of the solution as depictured iruféd and 3 show that the greater part of theretatt
current density is not concentrated in the aorta,sisdsby commercial ICG device producers, but widely
distributed throughout the thorax. Because of the geomethedfuman thorax, comparing the impedance
contribution of different organs by determining the autrterough a plane is not the best manner since this
provides only information about the location of the plantegration of electrical current over the volume
of different organs is a better way the compare impetlaowtributions since the whole geometrical effect
is taken into account, including the volume of organs.

Figure 2. FEM solution of the four current Figure 3. FEM solution of the two current electrqde
electrode setup setup
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