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REFINEMENT OF FETAL HEART RATE CHARACTERISTICS BY EXTRACTING MATERNAL
HEART BEATS
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Analysis of abdomen ECG can provide researchers and clinicians with information about fetus state and fetal heart
functioning. The problem of distinguishing between fetal and maternal R-peaks in ECG is considered, and extraction of
maternal heart beats from fetal R-peaks sequence is proposed to be performed before calculation any characteristics of
fetal heart rate. Permutation entropy is used as a quantitative measure of fetal rhythmogram.
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OBJECTIVES. Development and application of maternal and fetal physiological states identification techniques
based on the noninvasive electrical heart activity monitoring is of great clinical importance during pregnancy. Despite
of high level of medicine nowadays, estimation of prenatal normal and pathological states is far from its final solution
because of the lack of our knowledge about fetal physiology and pathophysiology. Automated analysis of measured
data can provide researchers and clinicians with objective information about fetus state and functioning.

The main step in fetal heart rhythm extraction from abdominal ECG is to find the time positions of fetal ECG R-
peaks referred to heart beats (Fig. 1). Abdomen ECG is the mixture of ECG of mother’s heart and ECG from fetal heart
registered simultaneously. To obtain the rhythmogram belonging to the fetus’ heart only, the R-peaks from different
hearts are to be differentiated and separated. To localize R-peaks in ECG, a variety of mathematical techniques have
been developed, e.g. [1-3]. The problem with these techniques is that they can potentially detect both fetal and maternal
R-peaks, hampering proper analysis of fetal rhythmogram.

The purpose of this report is to propose an approach to prevent presence of maternal R-peaks in the resulting
rhythmogram belonging to the fetus only.
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Figure 1 — One QRS complex of abdominal ECG with marked R-peaks from the fetal heartbeats

MATERIALS AND RESULTS. The new. technique of fECG extraction is used in this paper, based on filtration in
wavelet domain and reconstruction of fetal ECG using detalization coefficients. Mother wavelet function is selected,
which resembles the shape of fetal QRS complex and thus allows its detection in abdomen ECG with higher accuracy.
After that abdomen ECG S(r) is decomposed into detalization D, (1) and approximation A, () parts using standard

DWT technique. ECG is reconstructed after thresholding using only detalization part of the empirically optimized de-
composition level. After this procedure R-peaks and rhythmogram were obtained, presumably containing only fetal RR-
intervals.

Obtaining a rhythmogram having the ECG with fetal constituents may be a challenging task due to the overlapping
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of fetal QRS complexes over the maternal ones, and due to misdetection of maternal QRS complexes as fetal ones.
Since the maternal ECG signal is 315 times larger than fetal ECG, special effort of distinguishing the QRS complexes
should be made.

To study the influence of possible presence of maternal R-peaks in the series of fetal R-peaks, two rhythmograms
were formed in reported research: first one from the raw R-peaks sequence with possible presence of fetal and maternal
heartbeats contributions, and second one after removal of maternal R-peaks, which were preliminary detected by stand-
ard technique [4]. Rhythmograms of two R-peaks sequences are given in Figures 2 and 3, respectively.
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Figure 2 — Fetal rhythmogram with possible presence of fetal and maternal heartbeats contributions
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Figure 3 — Fetal rhythmogram after exclusion of mother’s heartbeats

Permutation Entropy (PE) was selected as a measure of variability of heart rate. This is one of nonlinear characteris-
tics of time series, which quantifies disorder of information contained in comparing the consecutive values of the signal,
thus showing randomness of the signal [5]. PE was calculated to obtain characteristics of thythmograms for for two sets
of interbeat intervals. In the results, for time window of 200 heartbeats duration, average PE for the raw rhythmogram is
0.70 + 0.04. while for fetal rhythmogram after exclusion of maternal heartbeats average PE is 0.88 = 0.06. Thus it can
be concluded, that exclusion of maternal heartbeats influences nonlinear characteristics of fetal heart rate. It might be
reasonable to extract and remove maternal R-peaks from raw sequence prior to calculation any heart rate characteristics.

CONCLUSIONS. Combining fetal and maternal ECG separation techniques with permutation entropy analysis, one
can acquire new insights on fetus heart activity. Permutation entropy analysis is applied to obtain PE values and trends
for different time windows and steps. Assumption about the need to extract maternal heartbeats from initial thythmo-
gram is proven by the difference in PE values for the fetal rhythmogram and fetal rhythmogram obtained afier extrac-
tion of maternal R-peaks.
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