S8 CLINICAL WORKSHOP

Anesthesiology
v 38. No 1, Jan 1973

A Monitoring System Incorporating Ultrasenic Fetal
Cardiotachometry and Uterine Electromyography
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Monitoring of fetal status during labor and
delivery was pioneered by Saling,! Caldeyro-
Barcia,2 Hon,>*+ and Hammacher.® The last
three of these investigators have shown the
areat value in the diagnosis of fetal distress of
correlating changes in fetal heart rate with
uterine contractions. Confirmation of the diag-
nosis can be obtained by analysis of fetal
capillary-blood gases according to the method
of Saling.©

The monitoring equipment designed by Hon
records fetal heart rate and intrauterine pres-
sure for accurate determination of early, late
and variable decelerations, as defined by
him.”»¢ However, because the technique is
invasive, monitoring cannot start until the uter-
ine cervix is partially dilated and the mem-
branes are ruptured.? Only highly skilled per-
sonnel can initiate the procedure. In addition,
it carries the risks of contamination, trauma,
and uterine perforation.® Therefore, there is
a definite need for a method of fetal monitor-
ing which is noninvasive and applicable dur-
ing the entire course of labor. It should be
safe for the mother and fetus and relatively
simple to use. This paper describes a system
that meets these requirements.y The system
uses ultrasonic kinetotachometry to register
fetal heart rate changes and electromyography
to record uterine contractions.

¢ Associate Professor.

{ Biomedical Engineer.
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1 Prototype developed by the Medical Elec-
tronics Division, Hoffmann-La Roche Inc., Cran-
bury, New Jersey.

METHODS

A transducer emitting ultrasonic waves is
placed on the abdomen of the parturient. The
emission is aimed at the fetal heart. The ultra-
sound is reflected from the surface of the beat-
ing heart. Thus, there is phasic motion to-
wards and away from the external transducer,
each systole and diastole of the heart causing
a Doppler frequency shift in the reflected
ultrasound. The registered Doppler signals
are fed into a tachometer for counting of the
heart rate.

The transducer assembly consists of three
transmitting crystals, 8 cm apart, arranged in
triangular fashion around a central receiving
crystal.  Ultrasound with an energy of less
than 5 mW/cm? is continuously emitted at a
frequency of 2 MHz, in a wide beam that usu-
ally allows detection of fetal heart motion
from a standard position in the midline half-
way between the umbilicus and the symphysis
pubis.

Any sound energy, including ultrasound,
consists of sinusoidal positive and negative
phases, representing compression and rarefica-
tion of the medium through which the sound
energy is propagated. Spacing the phases ir-
regularly according to a random code labels
the continuously emitted ultrasonic energy.
This allows determination of the distance be-
tween the abdominal surface of the mother
and the fetal heart, the time elapsed between
emission and return of the signal being pro-
portional to the distance travelled, and the
velocities of sound in various soft tissues being
nearly constant and known. Signal coding
also makes it possible selectively to enhance
impulses returning from a target whose dis-
tance has been determined. A replica of the
randomly coded signal is retained and delayed
for the time necessary for the emitted energy
to travel to and from the target at the known
distance. The return signal is then compared
with the retained one. If the reflected signals
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Integration of alternating-current potentials into a_uterine myogram. The super-
imposed short spikes represent potentials generated by the abdominal wall musculature.

The

maternal electrocardiographic signals have been filtered out.

actually come from the predetermined depths,
the positive and negative phases in the emitted
and retained signals coincide and reinforce
each other. However, signals reflected from
interfaces that do not lie within the prese-
lected depth range return either early or late
in relation to the retained delayed signal.
Then the positive and negative phases of the
emitted and retained ultrasound energy do not
correlate, and attenuate each other.

The uterine contractions are monitored by
electromyographic signals. Surface electrodes
on the abdomen pick up both alternating and
direct currents. The former are fast action
potentials generated by contracting muscles,
whereas direct-current potentials are associ-
ated with tissue metabolism. A differential
amplifier is used to process only the alternat-
ing-current components, which are then re-

corded. Only currents with frequencies be-
tween 45 and 400 Hz are accepted for proc-
essing. The rationale is that maternal ECG
signals detected on the abdomen have fre-
quencies below this band width, and that
there are no useful signals above it. Signals
within the band width are rectified and inte-
grated to indicate uterine muscle activity.
The result is a uterine myogram with a slow
build-up and decline which may last 1 to 2
minutes. Superimposed upon it, short-lasting
spikes of the skeletal myogram are detectable
(fig. 1).

REesuLTS

Forty-nine patients in Jabor were monitored
for a total time of nearly 42 hours. Localiza-
tion of the fetal heart was first sought by plac-
ing the transducer assembly in the midline be-
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UTERINE CONTRACTIONS

Simultancous recording of the fetal heart rate and integrated uterine electromyogram.

The uterine contractions do not affect the fetal heart rate.

tween the symphysis pubis and the umbilicus.
The fetal heart usually could be located S to
12 cm below the abdominal surface.
Placement of the ultrasound transducer in
non-standard positions was necessary for de-
tection of fetal heart motion in 11 patients.
Of these, only three had normal vaginal de-
liveries, one of which complicated by fetal
distress. Three other patients needed cesarean
section because the fetuses were in a trans-
verse lie or otherwise failed to descend into
the pelvis. Midforceps extraction was indi-
cated in three instances. In the one case of
twin pregnancy, the fetal heart localizations
were in the right and left Jower quadrauts.
Finally, there was one fetal death in the series.
Because the fetal head initially was not en-
gaged, high placement of the ultrasonic trans-
ducer was necessary. With the cervix uteri
only 1-2 cm dilated, the head did descend
into the pelvis, immediately after which the
fetus suddenly died. Delivery occurred sev-
eral hours later. A double loop of umbilical

cord around the neck of the fetus was found
to be the cause of death.

Figure 2 is an example of the simultaneous
recording of fetal heart rate and uterine elec-
tromyogram. There are no variations in heart
rate related to uterine contractions. Figures 3
and 4 are segments of the recordings from the
case in which the fetus died. They show an
episode of severe fetal bradycardia and a typi-
cal late deceleration, transient in nature, last-
ing approximately 40 seconds, which are in-
dicative of fetal distress. This was not recog-
nized at the time of monitoring because at
that time apparatus for immediate display of
signals was not yet availuble, the data being
recorded on magnetic tape.

DiscussioN

The combination of ultrasonic Doppler car-
diotachometry with uterine electromyography
constitutes a new approach to a fetal monitor-
ing system. It differs from the ultrasound
method described by Bishop ! in that a radar-
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Simultaneous recording of the fetal heart rate and integrated uterine electro-
It shows scvere fetal bradycardia, lasting 35 seconds, occurring during a period of

Simultaneous recording of the fetal heart rate and integrated uterine elec-

tromyogram. ‘Typical example of late deceleration in fetal heart rate, lasting 45 seconds.

like ranging process shows the exact depth of
the fetal heart. It also eliminates or attenuates
signals returning from other tissue planes. The
width of the emitted sound beam is such that
fetal cardiotachometry usually can be accom-
plished with the transducer in one central lo-
cation during the greater part of labor. The
ultrasonic transducer may have to be shifted
downward when the fetal head approaches the
pelvic floor. The need to place the ultrasonic
transducer in a non-standard position appears
to have prognostic significance in terms of
complicated delivery.

The energy output of the transducer does
not exceed 5 mW/cm? at a frequency of 2
MHz. At present there is no evidence that
this amount of energy can cause adverse bio-
logical effects in mother or fetus.1>-1

It should be realized that reliable tachome-
try of Doppler impulses is difficult to accom-
plish. Depending on how the ultrasonic en-
ergy reaches the fetal heart, which often shifts
its position, the sound waves are reflected
from one or several surfaces. One or more
Doppler signals, usually of different intensi-
ties, may be produced by each heartbeat. As
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a result, two strong signals from one cardiac
cevcle may be counted as two heartbeats by the
tachometer, and certain weak signals may not
be counted at all. To arrive at a usable rate
recording, short-term signal averaging is neces-
sary. Beat-to-beat analysis, possible with di-
rect recording of fetal ECG complexes, is
much less feasible with indirect cardiota-
chometry.

Indirect recording of uterine contractions
cannot show their absolute strength, or the
resting tone of the uterus. However, in clec-
tromyography the amplitude of the signal is
determined by the number of muscle fibers
firing. Thus, ihe amplitude may indicate the
relative intensities of individual contractions.
In fact, there is evidence of a direct relation-
ship, in the second stage of labor, between
intrauterine pressures and uterine electrical ac-
tivity as measured by three pairs of internal
electrodes.’* Tokodynamometry is not capable
of giving this information.

Figures 3 and 4 demonstrate that, despite
extremely short duration, and despite occur-
rence in very early labor, fetal bradyecardia or
late deceleration may be highly significant. In
the case reported here these heart rate changes
suggest fetal distress resulting from abnormal
fetal oxvgenation. Marginal before labor, oxy-
genation became inadequate as soon as uterine
contractions reached normal intensity. In-
deed, nuchal cord strangulation was observed
at birth. The important consideration is that
these phenomena could not have been de-
tected by conventional methods. This empha-
sizes the desirability of electronic monitoring
of the fetal heart rate in relation to uterine ac-
tivity throughout the course of labor. Equally
clear is the need for instantaneous recording
and rapid. accurate interpretation of data.

The indirect technique that combines ultra-
sonic fetal cardiotachometry and uterine elec-
tromyography appears useful in most instances,
especially in the early stages of labor. It re-
mains true, however, that direct monitoring
vields greater precision. The design of a moni-
toring system that incorporates the features of

the external method described here with those
of the invasive approach would seem desirable
to meet clinical requirements for continuous
fetal monitoring during Iabor.
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