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l Introduction

Since 1974 abdominal electrocardiography has
been available äs optional equipment on cardio-
tocographs. Besides phonocardiography and ultra-
sound cardiography it is one of the methods for
indirect cardiography.
To allow calculations of the instantaneous fetal
heart rate, the trigger pulse must have a constant
quality, for instance the R-wave in the ECG-
complex. This is obtained in direct cardiography
via the scalp electrode.
In abdominal electrocardiography the trigger pulse
is the fetal R-wave äs in direct electrocardiography
which makes a registration of the instantaneous
fetal heart possible. However, the maternal ECG-
complex will also be recorded and interfere with
the fetal ECG-complex. When this happens a Sub-
stitution for the fetal complex is made in the
cardiotocograph allowing a continuous recording
of the fetal heart rate.
The aim of this study was to investigate the agree-
ment between direct and abdominal fetal electro-
cardiography, to calculate the frequency of sub-
stituted fetal heart beats by abdominal electro-
cardiography and to compare short term variability
and long term variability recorded by direct and
abdominal method.

2 Material and methods

Fetal heart rate registrations from nine patients in
the first stage of labour are included in the study.
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The fetal heart rate was monitored by abdominal
(aFECG) and direct (dFECG) electrocardiography
using two cardiotocographs 8030 A from HEW-
LETT PACKARD. A third cardiotocograph of the
same type registered the maternal heart rate via
electrodes on the ehest (MECG). All Signals were
simultaneously recorded on three different chan-
nels on a 4 channel analogue FM type-recorder
(HEWLETT PACKARD 3960). The recorded signal
was the 120 ms, + 6.5 V flash pulse which is
accessible in the rear System connector pin D and
A (digital ground). This Signal is triggered by a
valid heart beat or 3. Substitution made by the
cardiotocograph.
The HP 8030 A makes two types of substitutions:
a. If, after two consecutive fetal pulses, the next

pulse is missing because of technical problems,
one and only one Substitution is made.
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b. If the fetal pulse is masked by the maternal
ECG a Substitution is made. A fetal pulse will
be masked if it occurs closer than 190ms
before the maternal R-wave or less than 75 ms
after it (Fig. 1).

To make this Substitution possible, the Output
from the aFECG must be delayed. It is delayed
longer than the maximum permissible change in
the heart period (14bpm change from 50-
64 bpm = 262,5 ms) and shorter than the shortest
duration of a period (210 bpm = 285,7 ms).
The chosen delay according to the HEWLETT
PACKARD Operation instructions is 272 ms ± 2 ms.
The above mentioned substitutions do only occur
in aFECG and not in dFECG or MECG.
To transfer the Information from the tape into the
Computer, three 15-bit digital counters were built.
The calculations were carried out on the Data
General Nova® 2.10 System (Fig. 2).

The three counters measured, with l ms resolu-
tion, the beat-to-beat distance in the aFECG,
dFECG and MECG channels simultaneously using
the same clock to ensure that no time errors would
be introduced between the channels. The beat-to-
beat times were stored on three separate disc flies
for future calculations. The file with beat-to-beat
times from aFECG was corrected with a delay of
approximately 270 ms at the beginning.
Only aFECG records with practically no failure or
artifacts (Fig. 3) were included. In all calculations
we have used the original data and only extracted
parts where the aFECG is missing due to Substitu-
tion a.
Within a window of 40 ms around the aFECG
pulses, the dFECG channel was checked for pulses
and the differences in time registered. In the next
Step the number of substituted fetal heart beats
was calculated by comparing the channel for

Fig. 1. The fetal trigger will be ignored when occurring within 190ms before and 75 ms after the maternal R-wave.
Instead a Substitution will be made.
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Fig. 2. Using three cardiotocographs (HP 8030 A) the fetal and maternal heart beats were stored on a tape. An analogue-
digital conversion was done and the Information calculated in a Computer system.
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dMECG and dFECG within a window of 190ms
before and 75 ms after the maternal pulse. The
last step was to compare the short and long term
variability. For calculation of these, the index of
DE HAAN et al. [4] was chosen. The first com-
parison was done tolerating a difference of one
beat/min between aFECG and dFECG at a fre-
quency of 140 beats/min. In a second comparison
two beats/min were tolerated. The results are
expressed by means of the correlation coefficient.

3 Results

Nine patients at term were' included in the study.
All patients were in the first stage of labour. In
mean the patients were registered for 24 minutes.
A total of 30651 beats were recorded with dFECG.
Visually all the aFECG-tracings were ofverygood
quality (Fig. 3). However, the computerized com-
parison with dFECG showed that about 10% of
the fetal heart beats were not registered by aFECG.
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Fig. 3. Original records from patient no. 3.
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It means that a total of 27720 pulses were re-
corded from aFECG.
Within a window of 40 ms (± 20 ms) around each
of these pulses the dFECG-file was checked. In
99.2% of the cases a corresponding dFECG-pulse
could be found. In 98.5% of all recorded pulses
they were within a window of 20ms (± 10ms)
(Fig. 4).
Depending on the maternal heart rate, the fre-
quency of interference of maternal and fetal
complexes was different. In mean it was 35% with
a r nge of 27 to 46.5% (Tab. I).
The short term variability and the long term varia-
bility will not be exactly the same in aFECG and
dFECG recordings because of the substitutions

Tab. I. The frequency of substituted fetal heart beats in
aFECG due to interference between the maternal and
fetal ECG-complexes for each patient included in the
study (patient nr 3 had to be excluded because of prob-
lems with the electrodes recording the MECG).

Patient no. Substitutions in %

l
2
4
5
6
7
8
9

26.8
30.8
.38.8
30.1
38.1
46.5
34.5
35.9

pulses

9000 -

8500 -
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Fig. 4. The distribution of 27750 aFECG pulses around the mean point. The mean point is defined s the moment of
the dFECG-pulse + 270 ms. 98.5% of all pulses were found within ± 10 ms from the mean point.
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(Figs. 5 and 6). Allowing a maximum difference The long ränge variability by aFECG and dFECG
in short term variability of one beat/min between was also compared. Even for the long ränge varia-
the aFECG and the dFECG, the correlation coeffi- bility a difference of one and two beats was
cient for all 27720 pulses was 0.75. Allowing in allowed. The correlation coefficients were 0.94
the same manner, a difference of 2 beats/min the and 0.98 respectively (Tab. III).
correlation coefficient was 0.91 (Tab. II).

Tab. II. The correlation of short term variability between
aFECG and dFECG. The table shows the correlation
coefficient for each patient. Correlation coefficients for a
maximum difference of ± l beat/min and ± 2 beats/min
are shown.

Tab. III. The correlation of long term variability between
aFECG and dFECG. The table shows the correlation
coefficient for each patient. Correlation coefficients for
a maximum difference of ± l beat/min and ± 2 beats/min
are shown.

Patient number

dFECG
47 SO

47 00.

46 50.

46 00.

45 SO.

45 00.

44 50.

44 00,

43 50.

43

42 50J

1930"

Correlation coefficient
± l beat/min ± 2 beats/min

Patient number Correlation coefficient
l beat/min 2 beats/min

1
2
3
4
'5
6
7
8
9

0.719
0.725
0.830
0.773
0.838
0.643
0.748
0.747
0.756

0.887
0.848
0.916
0.962
0.938
0.824
0.959
0.893
0.888

1
2
3
4
5
6
7
8
9

0.923
0.907
0.945
0.978
0.965
0.867
0.978
0.929
0.944

0.979
0.943
0.974
0.998
0.985
0.950
0.997
0.975
0.981

PAT2AB ST
PAT2SC ST

2048

47.50

47 00

46.50

46.00

45 50

45.00

44 50

44 .00

43.50

43.00

42 50

DISTANCE
Fig. 5. A display of the short term variability made by the Computer. The abscissa shows a distance of 128 beats (inter-
vals). The left Ordinate represents the different angles of the argument for dFECG according to the definition of DE
HAAN. The right ordinate shows the same for aFECG. (0.204 degrees mean a difference in short terrn variability of
l beat/min by a frequency of 140 beats/min.)
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dFECO
600.00.

PATEftB LT
PAT3SC LT

aFECG
660 OO
643.00

624 00
606.OO

588 00
570.00

552 00
534.00

516 00
498.OO

480.00

i204
DISTAMCE

Fig. 6. A display of the long term variability made by the Computer. The abscissa shows a distance of 128 beats (inter-
vals). The left ordinate represents the different moduli for dFECG according to the defmition of DE HAAN. The right
Ordinate shows the same for aFECG. (3.4 ms mean a difference in long term variability of l beat/min by a frequency of
140 beats/min.)

4 Discussion

Previous studies have shown that the aFECG will
give a low number of clinically useful tracings
before the 32th—34th week of pregnancy [1,2,
6]. In antenatal cardiotocography the use of
abdominal FECG therefore seems to be of value in
the last weeks of pregnancy when the number of
tracings of good quality exceeds 60 to 70% [2, 5,,
6, 9]. This study shows that under optimal condi-
tions in term pregnancies about 90% of the fetal
heart beats will be registered by a aFECG.
A low short term variability is thought to reflect
impäirment of the central nervoüs regulation of
the heart frequency [3]. It is therefore important
to have an indirect method for fetal heart rate
monitoring which will give a reliable registration of
the instantaneous fetal heart rate in the antenatal
period. Using aFECG the substitutions of fetal

heart beats will, according to the present study,
occur in one third of the cases. It was therefore
not quite obvious that the true instantaneous fetal
heart rate could be monitored by aFECG. If the
quality of the substitutions is good, however, it
should be possible to imitate the instantaneous
heart rate well enough to allow calculations of
both short term and long term variability.
A visual comparison of graphs obtained simultane-
ously by aFECG and dFECG shows no greater
difference (Fig. 3) [2, 8]. The present study shows
that 98.5% of the registered pulses by aFECG
differ at most 10 ms from the pulses registered by
dFECG. Furthermore the correlation between the
two methods is good concerning both short term
and long term variability. This agrees with one
previous report [7].
In most obstetric departments the cardiotocograms
are studied visually. In this way the beat-to-beat
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variability cannot be judged. Instead the so called
band width of the tracings is studied which rather
reflect the long term variability [4]. According to
the present study it is concluded that the aFECG
will give Information reliable enough to judge fetal
heart rate variability both antenatally and intra-
partum.

Because of the difficulties in judging the short
term variability visually, computerized calculations
are now available. They are'basedupon the dFECG.
In the antenatal period when it is not possible to
use the dFECG, it should be possible touse aFECG
äs a base also for Computer analysis of fetal heart
rate variability.

5 Summary

To allow calculation of the beat-to-beat variability in
fetal electrocardiography the trigger signal has to be of
good quality. The aim of this study was to inVestigate the
quality of the abdominal fetal electrocardiography
(aFECG), and compare the short term and long term

' variability registered by this method with the direct fetal
electrocardiography (dFECG).
With three cardiotocographs the aFECG, the dFECG and
the maternal ECG were registered simultaneously and
stored on a magnetic tape. After analogue-digital cons

version, the Information was calculated in a Computer
System.
The variability registered by aFECG and dFECG was
compared allowing a difference of both one beat and two
beats/min.

From nine patients in early labour 30651 heart beats
were registered by dFECG. By aFECG 27720 beats were
registered. Within a window of ± 10 ms 98.5% of all
pulses registered by aFECG were found.
The corfelation coefficients for short term variability
were 0.75 and 0.91. For long term variability the correlä-
tion coefficients were 0.94 and 0.98.
To allow calculations of the short term variability the
registration of the instantaneous fetal heart rate is neces-
sary. In the antenatal period only indirect methods for
electrocardiography are possible. The present report
shows that with the abdominal electrocardiography the
short term and long term variability can be judged. The
quality of the registrations is good enough to allow Com-
puter calculations of the Information.

Keywords: Abdominal fetal electrocardiography, Computer, fetal heart, instantaneous fetal heart rate, short term varia-
bility.

Zusammenfassung

In der foetalen Elektrokardiographie muß das Trigger-
Signal von gutet Qualität sein, um die Mikrofluktuation
beurteilen zu können. Das Ziel dieses Berichtes war, die
Qualität der abdominellen foetalen Elektrokardiographie
(aFECG) zu untersuchen und die Mikro- und Makrofluk-
tuation mit denen der direkten foetalen Elektrokardio-

.graphie (dFECG) zu vergleichen.
Mit Hilfe von drei Kardiotokographen wurden gleichzeitig
aFECG, dFECG und materielles EKG aufgezeichnet und
auf einem Tonband gespeichert. Die Informationen wur-
den in einem Datasystem berechnet. Die Fluktuation der
aFECG und dFECG wurde mit einem Unterschied von so-
wohl einem Schlag als zwei Schlägen/Min mit einander
verglichen.
Von neun Patientinnen in der Eröffnungsperiode wurden
30651 Herzschläge mit dFECG registriert. Mit aFECG

wurden 27720 Herzschläge registriert. Innerhalb eines
Fenster von ± 10 ms wurden 98.5% aller Pulse, die durch
aFECG registriert waren, gefunden.
Die Korrelationskoeffizienten der Mikrofluktuation waren
0.75 und 0.91, für die Makrofluktuätion 0.94 und 0.98.
Die Registrierung der instantanen foetalen Herzfrequenz
ist notwendig, um die Mikrofluktuation zu berechnen. In
der antenatalen Periode stehen nur indirekte Elektrokar-
diographie zur Verfügung. Der vorliegende Bericht zeigt,
daß mit abdomineller, foetaler Elektrokardiographie so-
wohl Mikro- als Makrofluktuation beurteilt werden kön-
nen. Die Qualität der Registrierungen ist ausreichend, um
eine Computerbasierte Berechnung der Informationen zu
erlauben.

Schlüsselwörter: Abdominal-EKG, Herzfrequenz, fetale, instantane Kurzzeit-Variabilität
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Resume

La fiabUite de l'ECG transabdominale dans la surveillance
electronique du foetus.

Afin d'apprecier les microfluctuations ü est necessaiie
que le signal Trigger soit de bonne qualite dans l'electro-
caidiographie foetale. Le propos de ce travail est d'exa-
miner la qualite de l'electrocardiographie foetale trans-
abdominale (aFECG) et de comparer la micro- et macro-
fluctuation avec celles de l'electrocardiographie foetale
directe. (dFECG).
A l'aide de trois cardiotocographes nous avons enregistre
simultanement et sur cassette les aFECG, dFECG et
l'ECG maternel. L'analyse des informations a ete realisee
a Taide d'un Computer. La variabilite de 1'aFECG et du
dFECG a ete comparee en prenant en consideration une
difference d'un et de deux battements/min.

30651 battement cardiaques ont ete enregistres chez 9
parturientes en debut de travail, ceci a l'aide du dFECG.
L'aFECG enregistrati 27720 battements. A l'interieur
d'une fourchette de ± 10ms retrouvait 98.5% de
l'ensemble des battements enregistres a l'aide de 1'aFECG.
Les coefficients de correlation des microvariabüites
etaient de 0.75 et 0.91. Ceux de la macrovariabilite
etaient de 0.94 et 0.98.
L'enregistrement de la frequence cardiaque in st an t a nee
est necessaire pour l'etablissement de la microvariabilite.
Seule l'electrocardiographie indirecte est possible dans la
periode antenatale. Le present travail montre qu'il est
possible d'apprecier aussi bien la microque la macro-
variabilite a l'aide de l'electrocardiographie foetale trans-
abdominale. La qualite des enregistrements est süffisante
pour permettre l'analyse des informations par ordinateur.

Mots-cles: Electrocardiographie foetale transabdominale, frequence cardiaque foetale instantanee, microvariabilite ordin-
ateur.
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