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Abstract

Aims: To precisely diagnose Fetal Heart Rate (FHR) with actocardiogram (ACG), which is the simultaneous
record of FHR and movement signal spikes.

Method: Low frequency ultrasonic Doppler signal of fetal movement and high frequency Doppler of fetal heart
beat were detected with single ultrasonic probe, and separated into two groups by a new electric circuit. FHR was
recorded by autocorrelation heart rate meter, and fetal chest movement was changed to spikes, and their chart
record was ACG.

Results: Whole body fetal movements were recorded, because fetal body movements were conducted to fetal
chest and recoded. Movement spike amplitude was parallel to fetal movement. FHR increased if fetus moved with 7
sec delay. FHR acceleration was associated with fetal movement burst, moderate movement developed moderate
FHR change, and FHR variability was provoked by minor fetal movements, where fetal brain responded fetal
movements then produced FHR changes by integral function of fetal midbrain. Thus, FHR changes were lost, if fetal
brain was damaged by hypoxia, i.e. FHR acceleration was lost in mild hypoxia preserving variability, then the
variability was lost by severe hypoxia. Problems unsolved by the CTG were solved by ACG, e.g. physiologic
sinusoidal heart rate was provoked by periodic changes of fetal movements to separate pathologic one in ACG.
Fetal hiccupping was not recorded by CTG but recorded by ACG. Fetal behavior was classified by ACG. Outcome of
fetal bradycardia was beneficial when FHR acceleration was provoked responding to fetal movements.

Conclusion: Actocardiogram is a useful new device to diagnose fetal brain function.
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which cut-of frequencies were 20 and 80 Hz, -18dB/Oct, in the
prototype model. Movement spike signal was recorded on the channel
which originally recorded uterine contraction; Commercial ACG
models prepare 3 channels including FHR, fetal movement (associated
a dot record) and proper channel to record uterine contraction to
prepare CTG function.

Figure 1: Main circuit of actocardiogram.

Te proto-type originally produced by the author’s hand was
changed to commercial models by the request of the author to TOITU
(Tokyo) (Figure 2).

Production of prototype is about 50 pregnant women. Confrmation
of the possibility of prototype is about 100 normal pregnant women.
ACG function confrmation by world researchers is 100 pregnant
women. Feta hiccupping movements is about 40 by the author and
colleague. A/B ratio studies were carried out with about 50 normal and
pathologic pregnancy cases. Te fetus of central nervous system
diseases is about 30 cases. Fetal disorders studied by the author are
about 50 cases.

Recording method of ACG

Te placement of ultrasound probe was the same as that of CTG,
namely, the probe was placed on maternal abdomen via ultrasound
jelly at the place of the most clearly listening fetal heart beat,
corresponding fetal chest. Two probes were attached in case of twin
pregnancy, where two heart beats were clearly listened; contraction
probe was placed nearby uterine fundus. Each probe was fxed by belts.

Te ACG should be recorded to include active and resting fetal
states, of which duration may be 10-30 min each. Active state is
characterized by frequent fetal movement bursts and responding FHR
accelerations. Recording of no acceleration against fetal movement
bursts is non-reactive FHR caused by mild hypoxia possibly followed
by severe hypoxia, so that early delivery may be recommended in non-
reactive FHR. FHR pattern was recognized by the CTG function.


http://dx.doi.org/10.4172/ gnfs. 1000105
http://dx.doi.org/10.4172/ gnfs. 1000105

Figure 3: ACG movement record is correct, because movement
spike amplitude () is parallel to movement (X).

Fetal brain response to fetal movement

FHR increases when the fetus moves with the 7 sec time lag, which
is the response of fetal brain function in 20 or later weeks of pregnancy,
namely fetal movement burst (cluster of fetal movement) accompanies
FHR acceleration, which is triangular shape that is formed by the
integral function of midbrain, which is the location of the acceleration
development [13], Te time constant of the integral function is 7 sec,
because the correlation coefcient of FHR and fetal movement was the
largest when the FHR delayed for 7 sec [14].

Fetal hiccupping movement, which was not recorded by CTG, was
clearly recorded by ACG as ca. 0.5 Hz repeated sharp spikes, while the
hiccupping was not controlled by fetal brain, but it is convulsive
diaphragmatic contraction, thus, it will not be used to the estimation of
fetal brain function. However, sometimes fetal hiccupping was
perceived by the mother as fetal movement without acceleration, and
then erroneously thought to be non-reactive. Fetal Heart Rate (FHR),
where the ACG is useful to correct diagnosis.

FHR changes in fetal growth restriction (FGR)


http://dx.doi.org/10.4172/ gnfs. 1000105
http://dx.doi.org/10.4172/ gnfs. 1000105

Differentiation of physiologic sinusoidal FHR from
pathologic sinusoidal one

Pathologic sinusoidal FHR was caused by severe fetal anemia of
which Hb was 3-4 g/dI, where its outcome was ominous and frequently
associated fetal death, therefore, pathologic sinusoidal should be cured
by emergency C-section, while there was physiologic sinusoidal FHR,
of which outcome was favorable without C-section, but it was
impossible to diferentiate from pathologic sinusoidal FHR with usual
CTG fetal monitor. Although the diferentiation was possible using
frequency spectrum analysis of FHR baseline, it was necessary to study
frequency spectrum of FHR record with special computer program
[17].

Te diferentiation was possible when fetal movements were
simultaneously recorded with FHR in actocardiogram, namely,
physiological sinusoidal FHR curve synchronized with periodic
changes of fetal movement, which was periodic fetal respiration or fetal
mouthing [18]. al
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