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Introduction
Fetal Heart Rate (FHR) monitoring is indispensable in modern
management of the fetus mainly in intrapartum stage, but also during
high-risk pregnancy, to reduce fetal or neonatal demise, to prevent
severe neonatal asphyxia and sometimes it is requested to prevent
infantile Cerebral Palsy (CP) due to fetal hypoxia.
In old times, fetal heart sound was auscultated by a stethoscope
or ultrasonic Doppler fetal heart detector, but they were replaced by
the continuous chart record of FHR with FHR meter, which has been
traced simultaneously with the uterine contraction (cardiotacograph,
CTG) or recently with fetal movement signals (actocardiograph).
FHR is traced by a FHR meter with the instantaneous FHR
meter internally using Fetal Scalp Lead Electrocardiogram (FECG)
(Electronic Fetal Monitoring, EFM) or externally detected fetal
heart sound or ultrasonic Doppler fetal heart beat signals (External
FHR monitoring). Uterine contraction was recorded by intrauterine
pressure using intrauterine catheter in the EFM, or by external took
dynamometer used on maternal abdominal surface. The FHR should
be monitored in every state of pregnant women, not only in the
labor, but any time in the late half of pregnancy, i.e. not only in the
labor but before the onset of labor contraction, because fetal hypoxia
and asphyxia should be detected not only in the labor but also during
pregnancy. The application of fetal skin penetrating needle electrode is
contraindicated in maternal infection of pathological virus or bacteria
to prevent vertical fetal infection [1]. Thus, the use of EFM recorded
with needle electrode is limited in non-infectious cases. The FHR
diagnosis was the evaluation of discrete FHR changes in FHR pattern
diagnosis including bradycardia, tachycardia. The loss of irregularity,
late deceleration or severe variable deceleration [2], to detect imminent
fetal damages which are prevented by artificial rapid delivery, including
Cesarean section in the 1st stage of labor, forceps or vacuum extraction
in the 2nd stage. However, late deceleration was not always abnormal
(Table 1) [3], and the pattern diagnosis did not contain comprehensive
fetal evaluation.
From these points of view, external FHR monitoring was more
suitable to monitor any case in the late half of pregnancy through the
birth than internal direct FHR method. Since Doppler fetal heart detector
FHR changes

Low Apgar score Evaluation score
<7 (%)

Baseline FHR deceleration

<110 or > 71
180 bpm

3

Nadir heart rate (bpm)

<100

27

2

Amplitude (bpm)

> 50

50

2

Duration (sec)

> 60

71

3

Recovery time (sec)

>40

63

3

Lag time (sec)

>40

71

3

Loss of acceleration

45

2

Loss of variability

100

4

Table 1: Evaluation of discrete FHR changes.
Comprehensive FHR score is abnormal when FHR score is10-19, and highly
abnormal when it is 20 or more. It is the summary of each evaluation scores of
discrete FHR changes, of which abnormality is shown in the ratio of low Apgar.
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had excellent fetal heart beat detection in the labor, ultrasonic Doppler
FHR monitor was strongly hoped, but there were two problems in the
Doppler ultrasound. The safety of medical ultrasound was concerned
even in the FHR monitoring, but Tottori University group found that
ultrasound had no bioeffect if ultrasound intensity was weak [4]. The
FHR baseline disturbance in the use of ultrasound Doppler was solved
by the autocorrelation FHR meter [5]. Thus the external ultrasound
Doppler FHR monitor is widely utilized in the FHR monitoring, which
enables FHR monitoring in all pregnant women without limitation.
In addition, the ultrasound detects fetal movement directly at fetal
chest, and simultaneous fetal movement is recorded on the chart in the
actocardiogram (ACG), using the same ultrasound to detect fetal heart
beat without increasing ultrasound intensity. The ACG solved various
diagnostic Problems by the analysis of fetal movements [6].
A new trend of FHR monitoring is the use of multiple electrodes
on thesurface of maternal abdomen to detect fetal ECG spikes deleting
maternal ECG using instantaneous FHR meter and short term variability
(STV) [7]. Also, the fetal magnetocardiography (FMCG) detects fetal
QRS without maternal signal, and applied to FHR monitoring [8].
Uterine contraction is recorded processing the electrohysterogram, the
electric activity of uterine muscle.
Although the fetal monitoring improved fetal outcome in the
reduction offetal and neonatal deaths reducing perinatal mortality,
by reducing neonatal asphyxia, and also by reducing cerebral palsy in
Japan [9,10], the watching and evaluating fetal state through the fetal
delivery was a troublesome work for obstetric staffs. Also, the parallel
fetal monitoring is difficult in the hospital of large number of births.
An automatic computerized fetal monitoring is introduced into the
obstetrics to solve monitoring problems [11,12].
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