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8.2.3 FHR Measurement from Ultrasound Doppler Foetal Signal

Animportant clinical instrument for obstetric applications which makes use of the Dopp ler shift
principleis the foetus blood flow detector. The technique is extended to derive an integrated rate of
the foetus heart from blood flow signals and to display iton a suitable display system. In obstetric
applications, the site of investigation varies from 5 to 20 cm below the surface of the abdomen
(Fielder, 1968). This depends upon the patientand the stage of pregnancy. For obstetric studies,
ultrasonic frequency of about 2 to 2.5 MHz is usually employed, whereas in the study of blood
flow in arteries and superficial blood vessels frequencies around 5-10 MHz are preferred. The
level of ultrasonic energy transmitted into the body is generally kept between 10-15 mW/ em?.
Assuming amaximum of 50% conversion efficiency, this would mean that the transducer should
be powered with an electrical energy below 30 mW/ em?”

The Doppler-shift based ultrasound foetal blood flow detectors use hand-held probes which
may be either pencil-shaped or flat and contain two piezo-electric erystals. The probe is coupled to
the patient’s skin by means of an acoustic gel. This is done to exclude any air from the interface.
The presence of air severely attenuates the ultrasound, the problem being more acute during early
pregnancy. The transmitting crystal emits ultrasound (2 — 2.5 MHz) and the back-scattered
ultrasound is detected by the receiving crystal. The back-scattered ultrasound frequency would be
unchanged if the reflecting object is stationary. If the reflecting object is moving. as would be the
foetal heart blood vessels, then the back-scattered frequency is higher as the blood cell is
approaching the probe, and lower if it is moving away from the probe. The magnitude of the
frequency shift (Af) varies according to the following formula:

Af=(2fucosB) ¢

where, f,is the transmitted frequency, u is the blood velocity, cos Bis the cosine of the angle of the
sound beam and the object’s direction and cis the velocity of the sound wave in the tissue.
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