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Abstract: This paper describes the behaviour of
single and double chamber pacemakers subjected to
a low frequency magnetic field. The results allow to
define the detection thresholds of the stimulators in
different tests configurations. The tests in the air
are completed by in vitro tests which constitute a
more realistic approach. The pacemaker’s reactions
are observed through statistical data, and with the
visualisation of the pacemaker-generated-signal.

Introduction

An important number of pacemaker’s carriers are
exposed daily to numerous sources of electromagnetic
interferences that can create some influences on the
activities of the implanted device. This article presents
a study of the immunity of pacemakers to low
frequency electromagnetic interferences. The heart
pacemaker through its heart-generated signal listening
function is likely to be targeted by these
electromagnetic interferences. Its particular function
implies to have an accurate knowledge of potentially
interfering situations a carrier may be exposed to.
Numerous studies have been published and concern
with the mobile telecommunication ground which has
incredibly scared over the last few years [1-4]. Besides,
lower frequency interferences due to the industrial and
domestic applications of electricity have also been
published [5-8]. This ground, ak.a. intermediate
frequencies, is made more complicated by the diversity
of technical data. In the mobile telecommunication
ground, a common denominator exists between the
different manufacturers (frequencies, sources strengths,
beaming elements etc.). On the contrary, for systems
implementing low frequency electromagnetic sources
that a carrier may be exposed to, in everyday life or in
industry (e.g. electrical appliances or induction heating,
electronic article surveillance systems) [9,12], the main
difficulty essentially linked with the great diversity of
situations which makes comparing results difficult
[13,14].

This paper presents an in vitro approach dealing
with the implementation of a metrological set up
dedicated to the characterization of cardiac pacemaker
immunity to low frequency electromagnetic
disruptions. The general problematic consists in
checking this immunity in relation with led disruptions

(the electrical voltage signals or current) and in relation
with beaming disruptions (magnetic fields).

Material and method

Tests have been carried out for 6 single chamber
pacemakers and 4 dual chamber ones. The studied
frequencies are 50 Hz, 60 Hz, 10 kHz and 25 kHz.
Tracking and programming of the pacemaker housing
is achieved with the telemetry system. The devices
have all been configured in inhibited stimulation ( VVI
and DDD for the cardiac pacemakers single chamber
and dual chamber mode according to the international
codification), this configuration being the most
widespread.

Galvanic coupling : Preliminary tests consist in a
galvanic coupling (figurel) between the disruptive
source and the pacemaker. An in vitro study (figure2)
completes the first attempts and allow to take into
account the interface constituted by human tissues.
These results enable a sequential approach to the
problem and will serve as reference.

Programming
system

Y

Figure 1: Galvanic coupling ; in Air tests
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Figure 2: Galvanic coupling ; in vitro tests
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Magnetic coupling : The second step concerns the
behaviour of pacemakers submitted to a magnetic
field. The interfering source is an Helmholtz type
structure. It consists to two 1.5 m loops separated by a
0.75 m gap. The loops are formed of six jointed 16
mm?* wire. This structure, powered by a programmable
power generator is used to subject a cardiac pacemaker
to a perfectly controlled magnetic field.

The device under test is composed by the probe-
equipped pacemaker and form a first loop ; this last is
completed by a coplanar rectangular loop made of 90
jointed turns. The areas are respectively A~180 cm?2
and A,,, =160 cm”. Using this additional loop allows to
increase the effective loop area formed by the
stimulator and the probe. This device is studied in two
configurations. For the first one the device is
completed by a resistance R which represents the load
of the pacemaker (fig. 3) and is placed on a directional
support at the centre of the Helmholtz source. For dual
chamber pacemaker each lead is completed by an
additional loop and a resistance.

N=90 turns
S=160 cm?

B (housing) —
L

R =700 Ohms E (electrode)

Figure 3: Magnetic coupling (tests in air).

The second case corresponds to in vitro attempts. In
that case, the probe-equipped pacemaker and the
additional loop are inserted in a gelatine based
equivalent model [15] (fig. 4).

Figure 4: Magnetic coupling ( in vitro tests).
Results and Discussion

The presented results illustrate the different steps of
this study. For each test is for the 4 studied frequencies
and for different detection sensitivities. The interfering
signal is applied during 15 mn and reading of the
statistical data are done after each test.

The results show the influences of electromagnetic
field signals on the working of the pacemakers and the
behaviour of each pacemaker; this is illustrated by the
statistical graph.

Galvanic coupling: Figure 5 summarizes the results
obtained on the 6 single chamber pacemakers. In this
graph the x-axis represents the amplitude of the applied

signal, and the y-axis represents the different cases
called A, B, C, D, E and F. For 10 kHz and 25 kHz red
lines and blue lines show the detection thresholds for
10 KHz and 25 KHz interfering signals respectively.

They are variable according to the frequency of the
interfering signal, and are also related to the pre-
programmed detection sensitivities.
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Figure 5: detection thresholds for 6 single chamber
pacemakers submitted to a Galvanic coupling (In Air)

Figure 7 corresponds to the in vitro test of a dual
chamber pacemaker. These graphs give the values
indicated by the statistical counters resulting from each
test according to the amplitude of the applied signal.
The x-axis represents the effective value of the tension
applied between the pacemaker terminals. The y-axis is
double. On the scale of right-hand side, which is read
from top to bottom, the bars indicate the values of the
statistical counters indicating the percentage of atrial
and ventricular stimulations recorded by the
pacemaker.

The scale on the left, which is read upwards,
indicates the percentage of atrial extra systoles (ESA)
and atrial detections (detectionA). These figures
illustrate in a precise way the reactions of pacemaker
subjected to the interfering signal with, in this case a
major reduction in the number of atrial stimulations (<
10%).
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Figure 6: Behaviour of dual chamber pacemaker
submitted to a galvanic coupling (in vitro)

Magnetic coupling: Figures 7 illustrates the
behaviour of a dual chamber pacemaker subjected to a
10 KHz magnetic field. On these figures, the x-axis
represents the intensity of the applied magnetic field.
The vertical axes gives the value given by the statistical
counters. Figure 7 corresponds to tests in the air.

This graph shows, as previously, losses of atrial and
ventricular impulsions. In the same time, the
pacemaker records a number of detections and extra
systoles in the atrial and ventricular chambers. For the
other pacemakers their behaviours are similar, but the
detections levels are different.

The detection levels are obtained with one (or two)
additional 90 turns loop in order to increase the
induced electromotive force at the pacemaker
terminals. These results can however be used as
reference, to evaluate the detection thresholds in case
of an implanted situation where the coupling surface is
weaker.
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Figure 7: Behaviour of dual chamber pacemaker
submitted to a magnetic coupling (in Air)

From a practical point of view, these various
reactions result in modifications of the cycle of
operation of the pacemaker under test. The figures 8
and 9 show a comparison between a normal
functioning and a disturbing functioning of a
pacemaker. Figure 9 relates to a single chamber
pacemaker . The upper illustration, corresponding to a

normal functioning, shows impulsions regularly
spaced. The graph. in lower part show the reactions of
the pacemaker in the case of a disturbed operation. In
this case, variations in the time period between two
successive pulses are noticed.

Figure 9 presents the signal born out of a dual
chamber pacemaker. In case of a normal functioning
(upper graph), it generates pre-programmed frequency
impulsions which, in the absence of a disruptive signal,
occur at regular intervals. Wide amplitude impulsions
originate from the ventricular chamber whereas smaller
amplitude ones originate from the atrial chamber.
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Figure 8 : Stimulator generated signal in the case of
normal functioning and disturbed functioning (single
chamber).

The lower graph represents pacemaker born signal
a slight disruption following the input of a 10 kHz
frequency signal. It must be noted that for this
representation, large impulsions generate from the
atrial chamber whereas small amplitude ones generate
from the ventricular chamber. The acquisition of the
signals generated from both chambers shows some
variations in the ventricular and atrial stimulation
frequency and also in the delay between an auricular
pulse and the following ventricular pulse.
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Figure 9 : Stimulator generated signal in the case of
normal functioning and disturbed functioning.

Conclusion

This study enabled to evaluate the behaviour of
single and dual chamber pacemakers submitted to low
frequency interferences. For each configurations, the
tests shows similar reactions that highlight a window
effect of the stimulator detection circuits. This study
enabled to evaluate the behaviour of heart stimulator
when a 50 Hz, 60 Hz, 10 kHz and 25 kHz disruptive
sinusoidal signal is applied. This choice, limited as it
may be, enables a sequential approach to the problem.
Other frequencies or other wave shapes can be applied
in the same way.
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