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ABSTRACT

Cardiotocography (CTG) is widely used for antenatal monitoring and assessment of fetal well-being.
CTG measurement methods based on the phonocardiographic principle and a home-monitoring system
utilizing low-cost devices for data acquisition have been proposed and implemented by our research
group. Assessment and storage of the recordings are carried out in medical centers, and their calculation
capacity is no longer enough to evaluate the ever-increasing amount of incoming data on the constantly
growing number of different assessment methods. The present work proposes a new method to create an
easily scalable environment based on a P2P principle to share the workload and data between medi-
cal centers, while also representing a framework for discovering new correlations between evaluation
method results and symptoms of fetal diseases.

INTRODUCTION nature (Bassil & Dripps, 1989). A benefit of this

is that long-term measurements, that are important
Phonocardiography is a suitable tool to test fetal because of the high variability of fetal heart activity
well-being having been studied for years by many parameters, become possible. A preferred solution
research laboratories, mostly due to its passive would be the use of home monitoring utilizing the

passive phonocardiogaphic method, taking into
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account the complexity and high costs of the
ultrasound measuring process.

However, if the complexity of the evaluation
process increases, another need, namely, the need
for scalability of computational power arises.
Sharing the workload between servers in medical
centers and also sharing the workload and results
between different medical centers is the aim of
the development of a new network structure for
the fetal home monitoring project.

Due to the increasing data amount in different
places, it is necessary to establish collaboration
among them. For this reason a virtual overlay
network can be formed among the various data
evaluation applications. In order to make a ro-
bust distributed system, the Peer-to-Peer (P2P)
communication model is applied instead of the
centralized client/server model (Parameswaran
et al, 2001). P2P applications are distributed
systems without any centralized control, where
the software running at each node is equivalent
in functionality. The core operation in most P2P
systems is efficient location of data items.

BACKGROUND

The passive phonocardiographic (PCG) method
for fetal monitoring has been developed in the
90’s (Kovacs et al., 2000). The intention was the
limited usage of ultrasound Doppler for long-
time CTG measurements, because according to
some studies, the ultrasound radiation is not fully
harmless in such cases. The key factor of the PCG
method, that made this examination possible, is the
developed special acoustic sensor, which placed
on the maternal abdomen delivers informative
sound signals about the heart activity of the fetus.
Using this passive method extremely long-term
CTG measurements can be accomplished, yielding
more reliable data about the fetus well-being.
Inthe course of the high-volume measurements
which have been carried out during the last ten
years it appeared, that the phonocardiographic
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method is capable to display some additional
features of the fetal heart activity too, as the exact
sound waveforms of the closing valves, and the
murmur of the turbulent blood flow, which may
be indications of some congenital diseases. These
are detailed in the following.

The PCG method enables to indicate more
precisely the heart rhythm irregularities, known
as extrasystole, arrhythmia, bradycardia and
tachycardia, as well as the bigeminal/trigeminal
form of pulses (repeating duplicating or tripling),
the origin of which is not cleared until now. The
measurement of these requires not only the very
exact determination of the periodicity, but the
analysis of the waveforms, too. In addition, in
some cases the detection of bradycardia and
tachycardia is not possible at all with the usual
short-time CTG. The PCG method, in contrary, is
perfectly suitable for such examinations.

To indicate and evaluate the fetal split-effect
the only way practically is the PCG method. The
split signal is produced by the time-difference of
the closing sound of the two heart valves, and
contains two peaks. This symptom is well known
by adults (Xu et al., 2001), but in the case of the
fetuses its measurement with echocardiography
is very difficult, accordingly there is poor knowl-
edge about it.

The fetal PCG allows the continuous examina-
tion of the intrauterine growth retardation (IUGR),
too. According to the recent research, from the
ratio of low frequency (0.03-1Hz) components
of the FHR spectrum, an information can be read
out concerning the health of the fetus (Signorini
et al., 2003), but this requires the very accurate
determination of the 7,,(?) time function of the
repetition. The frequency distribution of the mea-
sure FHR spectrum is compared to the normal
distribution and from the obtained difference the
well-being of the fetus can be evaluated.

According to the present research the analysis
of the frequency spectrum of the FHR curve pro-
vides also information about the balance of the
autonomous nervous system of the fetus (Ferrario
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