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Abstract: Analytical calculations and

numerical

simulations were carried out to study the influences of
dffirent fiber orientations described by a straight or a
curved line source on the magnetic field outside the thorax
and on the electric potential on the thorax surface. These
two source types served as models for dffirent types of
anisotropic conductivity in the cardiac tissue. The results
show, that the magnetic fields of a curved and a straight
line source are different, while this is not the case for the
electric potential distribution, A comparison with
simultaneous electric and magnetic measurement data
suggests that these fficts play a role in the interpretation
of car diac

easurements.

m

calculated analytically the magnetic field and the electric
potential of a straight line source and a curved line source.
The volume conductor was modeled by an infinite halfspace. Also, numerical simulations using a BEM model of a
human torso [2] were carried out. The potential differences

in the numerical calculations are related to the potential
near the right leg to concur with the conditions of the
measurement.

To check relevance of this calculations in real-world
data, a measurement of the magnetic field and the electric
potential of a healthy volunteer was carried out. The
magnetic field was acquired at 412 positions on both sides
of the thorax by combining l0 sequential measurements of a
multi channel SQUID system. The potential was measured

at 148 electrode

INTRODUCTION
Current sources in the myocardium can be investigated
by measurements of the electrical potential and magnetic
field components. Franzone tl ] has pointed out the
importance of anisotropy and inhomogeneity of the
conductivity in the cardiac tissue. The excitation front in the
of complex
structure, their geometry depends on the fiber orientation of
the cardiac tissue. We have investigated some principle
influences of these structures on the electrical and magnetic
field in several simple configurations. Based on the theory
of the electromagnetic field we show some differences
between the information content of ECG and MCG in
dependence on the current source configuration.

heart forms an extended current source

positions distributed over the thorax
surface [3]. The electrical and magnetic measurement data
are compared with the calculation results.
RESULTS
Curved currents in half space as well as in the boundary
element model result in an electrical potential distribution
equivalent to the distribution generated by one straight line

source

or

comparable

by

single current dipole.

The

numerical simulation was done to fit the distribution of the
electrical potential and the magnetic field component of
measured cardiac data during QRS complex.

Front side

Back side

METHODS

The effect of anisotropic conductivity in a muscle fiber
l).

is modeled by an extended line source (Fig.
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Figure 2: Simulated distribution of the electrical potential
on the thorax
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l: Description

tlt**

T

of a current dipole in a fiber

In an example Figure I shows the restriction of the
current path of a single dipole in a curved muscle fiber,
which can be replaced by a curved line source. To study the
influence of different shapes of the line source, we have

(l isoline means 0.lV)

In the numerical calculation identical electrical potential
distributions were obtained by solving the field problem for
both a straight and a curved line source as shown in Figure
.,
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Figure 3: Measured distribution of the electrical potential
during QRS complex (l isoline means 0.lV)
This distribution of the electrical potential on the thorax
fits well to the measured electrical data.
In contrast, the precordial measured magnetic field

component

B,

(Figure

4)

Figure

5:

Simulated distribution

of the magnetic

B,

component during the QRS complex at the front side of the
thorax with a) straight and b) curved line source ( I isoline
:2 pT ).

exhibits an asymmetric field

pattern with a pronounced extremum (+) below the zero line
and a more distributed extremum (-) in the upper part.

DISCUSSION
The magnetic field can provide important details about
properties of the field sources which are not recognizable in
the electrical potential on the body surface especially if

curved or circular currents are involved. The electrical
potential at the surface depends on the electrical strength
and consequently only on the conductivity and the volume
currents close to the body surface. In contrast, the magnetic
field is due to the whole current distribution and especially
curved current lines and volume parts with high current
density result in a regionally focused magnetic flux. We
suggest to interpret such field measurements in terms of
curved current structures.
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Figure 4: Measured distribution of B" component of the
magnetic flux density during the QRS complex at the front
side of the thorax

( I isoline

:2

pT ).

The magnetic field component of the straight line source
shows in the numerical simulation a more or less symmetric
field pattern having two concentric extrema separated by a
straight zero line (Figure 5 a). In contrast to this, the

minimum (-) in the B, field of the curved line source is
more distributed above the curved zero line. Further the
region with the highest field gradient is shifted from the
zero line in direction to the maximum (+). So the measured
map of Figure 4 is better explained by a curved current
source.

Similar conclusions can be made for simulations
measurements from the back side MCG recordines.
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