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Abstract: A simulation study was performed to investigate
the electrical field distribution in the human heart and

thorax resulting from unipolar intracardiac impedance
measurement by implantable cardiac pacemakers. Simulations were performed with 3D finite element models of
heart and thorax, obtained from ECG-triggered rnagnetic
resonance images. The simulation results lead to the conclusion that myocardial contractility may be monitored by
unipolar intracardiac impedance measurements. The
great clinical importance of this finding lies in the utilization of the inherent neurohumoral information for automatic closed-loop adaptation of the pacing rate by the
pacemaker without any additional sensors - only the existing standard pacing lead is required.

INTRODUCTION
Unipolar intracardiac impedance measurement is a new
method to drive rate-responsive cardiac pacemakers: By
monitoring myocardial contractility, information about the
autonomic nervous system tone is obtained, which is aphysiological control signal to adjust the pacing rate according to
changing metabclic demands in a closed-loop fashion [1].

The goal of this study is to evaluate and to extend the
knowledge about the physiological determinants and the information content of the intracardiac impedance signal, which
has already been obtained from analytical field approximations and from numerous clinical studies. Unipolar intracardiac impedance measurement is performed by injecting a
small constant amplitude square wave current into the pacing
electrode tip in the right ventricular apex during a fixed time

Figure I : One of the magnetic resonance images of the heart
usedfor FEM generation; ventricular contours were derived
with 2D edge-detection algorithms [2].
of the thorax having a distance of 10 mm were used to build
four FEM of heart and thorax - for normal and increased
contractility (provoked by infusion of dobutamine during
MRI), each at 0 ms and 136 ms after R-wave of ECG (Figure
2). Model objects representing the pacing electrode tip and the
pacemaker housing acting as the counterelectrode were added

at the appropriate sites in order to simulate the potential
distribution in the heart and other organs dnd tissues during

window after the pacing stimulus. At the same time, the
potential drop between the electrode tip and the pacemaker
can is measured, which is proportional to impedance. Several
potential influential factors on the impedance signal are inves-

tigated by means of electrical field simulations in 3D finite
element models (FEM) of human heart and thorax, which
were derived from corresponding magnetic resonance images.

METHOD
Sets of 22 Ecc-triggered cross-sectional magnetic resonance (MR) images of the human heart (see Figure 1) having
a distance of 7 mm to each other, and further 22 MR images

Figure 2: Finite element model of the ventricles, which is
embedded in a corresponding thorax model

for

the potential

simulations.
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tion is exactly in the apex, but minor deviations from this ideal
position are compensated for by adjusting the control algorithm individually during pacemaker calibration.
More distant effects, such as valve movements, are negligible. The same is true for changes in the distance between
electrode tip and pacemaker, as they may result from heart
movements relative to the thorax during contraction.
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Figure 3: Potential distribution during intracardiac imped'
ance measurement in the myocardium. The small dark region

in the right ventricular apex (normal electrode

position)
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indicates the high potential gradient around the electrode tip.
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Figure 5: Example of a real unipolar intracardiac impedance
signal measured at normal and increased contractility, i.e.,
during rest and ergometer exercise.

CONCLUSIONS
The results of this study are in agreement with and brought
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Figure 4: Potential distribution in the right and left ventricuIar blood volumes for the same simulation as in Figure 3'
impedance measurement. Several details of ventricular contraction, such as changes in myocardial shape and ventricular
volumes, valve opening or heart movements were studied
with regard to their influence on the electrical field distribution and, consequently, on intracardiac impedance [3].
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RESULTS
The electrical field strength is highest around the electrode
tip and decays rapidly with distance; about 90Vo of the total
potential drop between electrode and pacemaker occur within
some millimeters around the electrode tip (see Figures 3 and
4). Therefore, unipolar impedance is predominantly influenced by changing solid angles of blood and myocardium with
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lead to different impedance signal morphologies (Figure 5).
For the stune reason, the exact impedance signal morphology
depends on the individual electrode position. The ideal posi-
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monitor myocardial contractility changes and to utilize the
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recordings and long-term studies [1,4].
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