Effect of Noise Sources on the Averaged PQRST Morphology
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Abstract

We analysed noise interference on the PORST waveform
of the electro- and magnetocardiogram as recovered by an
average technique. Three signals (adult A, neonatal N, and
fetal F) were corrupted with breathing, electromyographic
and power-line noise at different levels of the QRS
amplitude. Using the correlation coefficient r, averaged
PORST patterns from corrupted signals were compared
with corresponding uncorrupted templates. Lower r values
were obtained at higher noise levels; this effect was more
critical for the F signal. Noise sources caused different
distortion; e.g. at 0.8 level and 50 averaged beats, r
remained high for breathing (0.996 A, 0.995 N, 0.972 F);
lower for electromyography (0.990 A, 0.972 N, 0.905 F),
and even lower for power-line (0.931 A, 0.852 N, 0.574
F). Thus, to perform morphological analysis of the PORST
waveform the source, noise level and signal’s nature should
be considered for defining an optimal number of beats to be
averaged.

1. Introduction

PQRST waveform analysis has proved to be a valuable
approach for the identification of multiple cardiac diseases.
Two main techniques -electrocardiography (ECG) and
magnetocardiography (MCG) are used as signal sources
with this aim. However, in both techniques the waveform
analysis could be precluded due to low signal/noise ratios
(S/N) [1] that make the results inaccurate. In particular,
fetal ECG recorded antenatally with electrodes placed
on the abdominal surface represents a problem for the
morphological analysis of fetal PQRST complexes [2].
Indeed, noise sources mainly from electromyographic
activity, power-line, electrodes’ interface, as well as
maternal breathing and ECG are commonly found on the
fetal ECG [2]. Starting with Hon and Lee in 1963 [3], time
coherent averaging techniques have been used to reduce
the impact of such interferences. Accordingly, different
authors have averaged from 10 to more than 100 PQRST
complexes of data derived from fetal ECG [4, 5, 6] and
fetal MCG [7, 8, 9]. Since the magnitude and type of
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Figure 1. Segments of adult ECG (a), neonate ECG (c) and
fetal MCG (e) as well as their corresponding templates (b,
d, f, respectively) obtained by averaging the entire signal.

noise sources can affect the waveforms at different levels,
in this manuscript we analyse the noise interference caused
by breathing, electromyographic and power-line sources on
the morphologic characteristics of the PQRST complex as
recovered by an average technique from 3 different signals.

2. Method

We used original 1 to 5 minute signals having high S/N
ratios (> 12 dB) , from an adult ECG (A), a neonatal
ECG (N), and a fetal MCG (F). By following standard
procedures, signal A was obtained at 500 Hz from a resting
21 years old subject, whereas N was recorded at 300 Hz
just after delivery. F signal was collected at 312.5 Hz from
a 34 weeks gestation fetus as reported in [10]. This signal
presented maternal complexes, so considered a noiseless
equivalent of the abdominal ECG of pregnant woman.
Figure 1 shows segments of the 3 original signals and their
corresponding templates obtained by averaging the entire
signal. We selected these signals to explore differences
in morphology and heart frequency, as well as to obtain
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noiseless templates with a clear PQRST waveform.

Three sources of noise were added to each signal
simulating fluctuations of the baseline given by maternal
breathing (changing from 0.1 to 0.5 Hz), electromyography
(bandwidth below the Nyquist frequency), and power-line
(60 Hz). Effect of each type of noise was independently
assessed by increasing its levels at 0.1, 0.4 and 0.8 of the
QRS complex amplitude. Original signals were beat-to-
beat averaged to get their PQRST templates using the R
wave as the time coherent alignment. For the corrupted
signals, the PQRST patterns, obtained after averaging
an increasing number of beats, were compared with
the corresponding template by the correlation coefficient
r, which was used as an index of agreement between
corrupted and uncorrupted averaged PQRST complexes.
For comparison purposes, the r reached after averaging
50 complexes (R50), and the number of beats required to
obtain an r of 0.95 (N95) were derived from the behaviour
of r vs the increasing number of averaged complexes.
Figure 2 illustrates the PQRST template and patterns of the
F signal corrupted with electromyographic noise.
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Figure 2. Segment of fetal MCG corrupted with
electromyographic noise having 0.4 level of the QRS
amplitude (a). The PQRST patterns obtained after
averaging 2 (c), 10 (d), 50 (e), and 100 (f) beats are
shown. To compare these patterns, the template obtained
by averaging the entire noiseless original fetal MCG is
also depicted (b). For this signal and noise level note the
importance of averaging more than 50 beats. “n.u” stands
for normalised units.

3. Results

For the three sources of noise (breathing, electro-
myography and power-line), the behaviour of r increased
tending to reach a plateau for all types and levels of noise
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Figure 3. Correlation coefficient () vs increasing number
of averaged PQRST complexes for the fetal MCG signals
corrupted with breathing, electromyographic and power-
line interference at 0, 0.1, 0.4 and 0.8 of the QRS complex
amplitude.

(Figure 3). In fact (Table 1), the r after averaging 50
complexes (R50) showed values above 0.95 at zero level
of noise, being the F signal the one with the lowest value
(r = 0.972) and N the one with the highest (» = 0.997).
Accordingly, the number of beats required to obtain r of
0.95 (N95) increased at higher levels of noise, being also
the F signal the one requiring more beats to be averaged.
Moreover, at 0.8 level of power-line interference it was not
possible to reach » = 0.95 after averaging the entire F signal.
The correlation coefficients tend to be lower at higher levels
of noise, but in particular this effect was more evident with
the power-line and electromyographic interference for the
F signal (Figure 4). In addition, each source of noise
caused different levels of distortion; e.g. at 0.8 level and
50 averaged beats the correlation coefficient for breathing
remained high (r = 0.996, 0.995, 0.972; for A, N and F
signals, respectively); for electromyography it was slightly
lower (r = 0.990, 0.972, 0.905; A, N and F, respectively),
and for power-line it was even lower ( r = 0.931, 0.852,
0.574; A, N, F, respectively).

4. Discussion

Several authors have reported morphological measure-
ments of the fetal ECG obtained by using average
techniques without considering the type and level of noise
[4-9]. As a fixed number of complexes is commonly used
by these authors, an optimal number to be averaged has
not been defined. Hence, the number has been selected
from 10 to more than 100, which may result either in an
inadequate precision when only few number of complexes
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Figure 4. Correlation coefficient (r) vs increasing number

of averaged PQRST complexes for the adult ECG, neonatal

ECG and fetal MCG signals corrupted with power-line

noise at 0.4 level of the QRS amplitude.

are averaged, or in losing transitory information when
several complexes are used. According to our results,
we believe that such number cannot be predetermined as
it would clearly depend on the level and type of noise
interference, but also, importantly, on the nature of the
signal. Clearly, the number of averaged beats necessary for
getting a trustful PQRST waveform have to be increased
at higher noise levels as already reported [3]. Regarding
the noise sources, the effect on the PQRST waveform was
different for each type of noise, despite reaching high r
values given a particular number of averaged beats. This
indicates that a reliable waveform can be obtained after
averaging different number of beats, which would depend
on the type of noise. For example, concerning the F
signal corrupted with 0.4 noise level, 28 averaged beats
were required to obtain a presumed suitable morphology
(% > 0.9) with respect to breathing, whereas 111 beats
were needed for the power-line interference. The nature of
the signal should also be considered as the F signal required
more beats to be averaged. This may be related to the
F signal distinctive features such as the S/N ratio and its
energy content above 30 Hz, which is higher than the one
found in adults [11, 12].

Finally, given the typical behaviour of r (see figure 3-4),
the evolution of a particular morphological measurement
(for instance the PR interval) vs an increasing number of
averaged complexes, could also show a similar asymptotical
behaviour so becoming a convenient approach to derive
the optimal number of complexes to be averaged for each
particular signal.

Table 1. Effect of interference on signals’ PQRST
waveform, according to the noise type and noise level,
evaluated by r after averaging 50 beats (R50), and by
the number of beats required for r = 0.95 (N95). EMG
= electromyography; “—” undetermined number of beats,
because r after averaging entire signal still < 0.95

Noise Level 0 0.1 0.4 0.8

Noise Type
Adult

Breathing R50 996 996 996 .996
N95 1 1 1 5

EMG R50 996 996 .995 .990
N95 1 1 1 5

Power-line R50 996 994 970 931
N95 1 1 10 57

Neonatal

Breathing R50 997 997 997 995
N95 1 1 1 1

EMG R50 997 996 .993 972
N95 1 1 4 15

Power-line R50 997 994 961 .852
N95 1 2 49 81

Fetal

Breathing R50 972 972 972 972
N95 28 28 28 28

EMG R50 972 970 961 .905
N95 28 28 42 84

Power-line R50 972 968 812 574
N95 28 45 111 -

S. Conclusions

Our results suggest that to perform morphological
analysis of the PQRST waveform, the type and level of
noise so as the nature of the signal should be considered
for defining an optimal number of beats to be averaged.
Moreover, the power-line noise, owing to its deterministic
nature and frequency, seems to cause the most detrimental
effect on the signals, in particular the fetal ones. Attempts
to avoid this type of noise become convenient, particularly,
when a fetal ECG morphological analysis is required.
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