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Abstract: This paper presents a method and first results
of an experimental study of the influence of respiration
on high-resolution ECG and MCG signals. By separate

expiration and inspiration phases contain both 5 % of the
whole signal. According to these levels breathing signal

and discussed.

phases were averaged using cross-correlation method. The

INTRODUCTION

differences between averaged signals from expiration and
inspiration phases were evaluated.
Measurements were performed during normal breathing

averaging of selected beats from expiration and
inspiration phases two different signals were obtained.
The differences between these signals were evaluated

Detection of ventricular late potentials or late magnetic
fields from averaged High Resolution ECG (HF€CG) tU
and MCG [2] signals allowed arrhythmia risk evaluation,
especially in postinfarction patients [3]. Detection of these
micropotentials and fields requires usually an improvement

of the signal-to-noise ratio. Averaging is a widely used
technique for reducing random noise. However the
averaged signal often is disturbed due to the high
variability of single beats or parts of the beats [a]. This

variability is caused by many factors, the respiration is one
of the most important, because during breathing process
the heart changes its position in the chest. Another
important factor is the influence of the nervous system
which varies during respiration. The aim of our study was
to check the inlluence of the breathing on the recorded
high-resolution ECG and MCG signals and evaluate effect
of this process on time-amplitude analysis of HRECG and
MCG.

METHOD

was quantized into three states: inspiration, expiration and
an intermediate state. The beats were divided into three
groups according to these breathing states.

Two signals separately for expiration and inspiration

(100 s) on 27 healthy subjects and 10 patients with
ventricular tachycardia (VI). Additionally HRECG on
healthy subject was recorded during deep breathing (100 s).
This method (deep breathing) was not applied for patients

with

ventricular tachycardia,

in order to

avoid

complications.

RESI.JLTS

About 5 beats were found situated completely inside
expiration and inspiration phase, respectively. Accordingly
the level of the noise was reduced bv a factor of about 2 bv
averaging.

There appear difference,

,r, ,n. ECG and

MCG

amplitudes in the order of about l0% - l5%o for the QRScomplexes and of about S%ofor the T wave. Additional very
clear differences in the late fields could be detected between

expiration and inspiration. In Figure I and 2 averaged
MCG signals of a VT patient during expiration (Figure l)
and inspiration (Figure 2) are shown. These differences
appear in most of the 37 magnetic channels, but only in
one of the three orthogonal ECG leads.

Three high resolution ECG orthogonal Frank leads and
37 MCG channels [5] were recorded simultaneously with
the breathing signal. Breathing signal was recorded by
movement sensor (type Siemens Bewegungsfiihler 230)
placed on the diaphragma under the rubber belt. The
expiration and inspiration phases were determined for the
intervals where breathing signal exseeds a threshold
(inspiration) or falls short of a threshold (expiration).
These thresholds were defined so that statistically

Differences obtained

from ECG signals with

deep

breathing are greater than during normal breathing.
The results of this study of the influence of breathing
for analysis of the HRECG signals demonstrates that beats
from different breathing phases differ not only in amplitude

but also in important details such as late potentials or
fields. Further studies evaluating the influence of breathing
on HRECG as well as on localization of the current sources
from MCG signals are in progress.
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l: Averaged MCG signal (central channel) for a VT
patient during expiration.
Figure

+

Figure 2: Averaged MCG signal (central channel) for the
same VT patient during inspiration.
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