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TRANSMISSION OF DIRECT BLOOD PRESSURE FROM DOGS
DURING OBEDIENCE TRAINING1

R. RADER, W. J. SEARS, D. H. REID, J. P. MEEHAN and J. P. HENRY
Univ. of So. Calif., School of Medicine

Dept. of Physiology

Summary    A method for transmission of direct blood pressure from dogs during
obedience training, treadmill exercise and sleep is described. Solid state transducers, 6.5
mm diameter, were implanted in the abdominal aorta of healthy young mongrel dogs.
The design of the specialized circuitry required to detect and transmit blood pressure
data is presented. Calibration was performed by comparing direct and transmitted data.
An obedience training course provided emotional arousal, and for physiological stimuli
the animals exercised on a treadmill at various grades and speeds up to exhaustion.
Blood pressures taken during natural sleep were defined as basal for each animal.
Representative observations are noted to emphasize the practical benefits of advanced
biotelemetry in research.

Introduction    Until recently, most studies involving the measurement of cardiovascular
parameters have of necessity been taken under static conditions in anesthetized, and
hence restrained animals. A comprehensive study of the available methods of measuring
blood pressure chronically, in unanesthetized dogs, are summarized by Welhelmj and
McCarthy in a recent text (1). The many difficulties associated with the ausculatory and
direct catheter techniques are clearly presented. Their observations are supported by
Muller (2), who stressed that gross differences between casual and basal blood pressures
are found in dogs.

The need for more information about dynamic changes in blood pressure is becoming
increasingly evident in physiological research. The major contribution of biotelemetry
has been to free the physiologist from these difficulties and to allow him to study blood
pressure, heart rate, EKG, EEG, and electrical activity from selected deep brain sites
under truly it physiological” conditions in free-roaming, unanesthetized, normal animals.
This paper reports a technique for obtaining calibrated blood pressure from unrestrained
dogs during obedience training, exercise, and sleep by telemetry techniques (3).



Experimental Technique    All animals selected for surgery have been male mongrel
dogs of German Shepherd breeding, weighing approximately 50 pounds. A button-type
blood pressure transducer (Electro-Optical type 1017) was implanted in the abdominal
aorta below the renal arteries. The use of a similar intravascular gauge has previously
been described by Van Citters and Franklin (4). surgery was with aseptic technique and
anesthesia was with sodium pentobarbital maintained under nitrous oxide and halothane.
A flank incision was made and approximately two inches of the lower abdominal aorta
exposed. A small lateral incision was made in the aorta into which the transducer was
firmly sutured. The transducer lead, with terminating connector, was sutured
subcutaneously in the flank area during surgical recovery. Two weeks after surgery the
transducer was directed subcutaneously to a site over the midback region of the dog, and
the connector exteriorized in preparation for connection to transmitting equipment.

It was hypothesized that “obedience training” would be as psychologically stressful and
novel to a dog as, for example, astronaut training would be to a man. Hence, the initial
and most of the following recording sessions were made with the animal wearing a
standard chain training collar attached to a six foot leather training leash. The dog was
generally handled by the same individual who trained the animal by standard obedience
training procedures as described by the Air Force (5), and by popular books on dog
training (6). The initial task taught the dog was to lead by leash (“heel”). Subsequently
the animal was taught to “sit,” automatic sit on stop, stay it “come,” and “stand” on
command. The only punishment ever rendered was a hearty jerk on the training collar;
the only reward was petting and verbal praise. Verbal commands were normally-given
only once.

In preparation for each training exercise, the transmitter was connected to the blood
pressure transducer and placed in a pocket of the nylon-mesh harness worn by the dog
(Figure 1). Transmitted data were received and the subcarriers recorded on magnetic tape
for later analysis. Simultaneously, proper operation of the equipment was checked by
viewing discriminated data on an oscilloscope. Channel 2 of the tape unit was used for
verbal description of the actions of the dog and his handler during obedience training
sessions. Data were recovered from the tape by playback into appropriate demodulators
which were connected to a direct writing recorder. Simultaneously, channel 2 data were
played back through an audio amplifier and the investigator transferred the verbal data to
written notations on the strip record.

Calibration was performed by placing the conscious animal on a V-board to which be
had previously been partially familiarized. The area of the femoral artery of a leg was
procainized and an indwelling needle attached to a Statham P-23-AA transducer was
introduced into the femoral artery. Simultaneous recordings of the calibrated direct and
transmitted blood pressures were recorded on a stripchart recorder. Calibration was
established by varying the gain and position of the recorder channel displaying the



transmitted data until the pressure indications were substantially congruent. The linearity
of both pressure channels had been previously established; that of the blood pressure
signal conditioner from curves taken prior to sensor implant and that of the Statham
sensor just prior to use. Calibration points were then inserted on magnetic tape by
adjusting the frequency of a bench oscillator connected to both the discriminator and the
tape recorder. Frequencies which produced 0, 100 and 200 mmHg levels were selected as
calibration points. The taped calibration was subsequently used to obtain the strip chart
recording of the transmitted data.

Blood Pressure Signal Conditioner    The miniature blood pressure sensor (Figure 2,
bottom right) Is a semiconductor strain gauge bonded to the inner surface of a metal
diaphragm. Four solid state silicone elements are connected in a four arm Wheatstone
bridge. The free end of the sensor is fitted with a miniature connector for later
attachment to the conditioning and transmitting circuitry (Figure 2). To produce a seal
against body fluids the connector is sealed on the side opposite the transmitter with a
potting compound and fitted with an 0-ring seal on the side connecting to the transmitter.
The four screws attaching the sensor to the transmitter are easily removed to separate the
units. In most cases the transmitter has been placed external to the animal., but in one
case it was placed subcutaneously in the flank area. In either case, a rugged, leak-free
connection is necessary to prevent problems associated with excessive motion or
invasion of body fluids.

The blood pressure signal conditioner consists of five sections; a chopper, a sensor, a
phase shift network an AC differential amplifier, and a parallel T oscillator (Figure 3).
The circuit is a chopper input amplifier with the oscillator functioning as the
conventional chopper drive and also as the subcarrier. The circuit is designed in this
manner to conserve power, reduce size, and to improve stability. The stability resulting
from chopper action and AC amplifier coupling allows increased gain which can be
acquired at minimal power expense. The increased amplifier gain allows reduction in
sensor excitation current and a consequent reduction in power. This has been successful
to the extent that the entire blood pressure signal conditioner requires 300 Fa whereas
the sensor alone would require 16 ma if excited with 8 volts.

The circuit functions to convert pressure variation on the miniature transducer to a
frequency modulation. To accomplish this, a DC voltage is applied to the sensor and
pressure variations produce an output voltage change which is alternately connected and
disconnected from the amplifier input C8 & C9) by the action of the phase shifted
oscillator output (collector of Q2) on the field effect transistor The resulting phase shifted
chopped signal is amplified by a two stage differential amplifier (Q4, Q5, Q6 and Q7) and
then summed with the primary feedback signal of the oscillator at the base of Q1 . The
summation of the primary signal and the secondary signal produces a composite signal at
this junction which is incorrect in phase to sustain oscillation. Since there is no



constraint, the frequency of oscillation shifts in order to produce a compensating phase
shift through the primary parallel T feedback network of sufficient degree to nullify the
effect of the secondary feedback and to make the composite signal at the base of Q1 and
the oscillator output at the collector of Q1 differ in phase by 180E.

The entire FM/FM transmitting system includes the signal conditioner described above
and a carrier oscillator. The carrier oscillator is a low power, high frequency LC
oscillator operating at 230 mc and radiation from the tank circuit. The total current
drawn by the signal conditioner, sensor and carrier oscillator is 1 ma. With this level of
current the transmission distance is approximately 100 feet. An appreciation for total size
of a single channel can be obtained from the four channel transmitter illustrated in
Figure 2.

Results    Table 1 tabulates the average transmitted blood pressure and heart rates
recorded from a dog implanted for six months, for each command as a function of days
of obedience training. Initial “heel,” commands produced pressures of 188/l06 mmHg
(heart rate of 227 beats per minute). By day 28 blood pressure on “heel” had decreased to
127/60 (heart rate 193). Initial blood pressure on “sit” was 176/100 mmHg (corrected for
hydrostatic pressure changes), heart rate 171. Day 28 “sit” pressures were 134/67 and the
heart rate was 164. On two separate days of the experiment, telemetered blood pressure
was taken during natural sleep. Sleep was assumed when the dog was lying motionless
and when transmitted EEG waves contained median frequency (10 Hz) high voltage
waves. The average blood pressure during sleep was 102/52 and varied from 98/50 to
118/72. Heart rate during sleep ranged from 95 to 50 beats per minute with a mean of 68.

The highest blood pressures recorded were during obedience training when a given
command was new to the dog and following correction for mistakes. At these times
systolic pressures in excess of 245 mmHg were recorded. The fastest heart rates were
found during exercise on the treadmill. At a speed of 8.1 miles per hour and a 28E up
angle, maximal heart rates of 339 per minute were observed.

Average blood pressure and heart rate values for treadmill exercise at an upward angle of
20E were as follows:

On one occasion at 8.1 mph, with the dog nearing physical exhaustion, the BP was 90/50
(HR 300), with irregularities of cardiac rhythm.

Three dogs have been monitored continuously for 24-hour periods. During these sessions
blood pressure and heart rate were obtained during acts spontaneously initiated by the



subject and hence are considered to be “casual” pressures as opposed to “basal” (7). With
the dog lying quietly, blood pressures of 125/75 and heart rates of 100 were noted. Blood
pressure during urination was 135/75, (HR 135). Pressure obtained while standing and
eating was quite labile, but averaged 130/80 (HR 140). Casual blood pressures were
obtained during many other situations too numerous to report here. It is interesting that
the taped sound of a running treadmill elevated the systolic pressure of a trained dog by
approximately 20 mmHg.

In general, depending upon the physical and emotional experimental conditions, blood
pressure and heart rate have been observed to be extremely labile. Initiation of new
training commands, and/or other forms of emotional arousal, results in elevated blood
pressures which are usually followed by decreasing pressures as learning progresses or
as the novelty of the situation declines.

Discussion    Often reports in biomedical telemetry are confined to an account of the
development of the devices. in this study representative observations have been
described to emphasize the practical benefits of advanced biotelemetry in research. The
advantages of using remote recording in work which demands complete relaxation and
freedom of the animal are evident. The limitations of the method include the delay for
recovery following surgery and the availability of technical apparatus required for
successful experimentation.

This method will allow the necessary latitude for investigating the cardiovascular
responses in behavioral studies. The use of the techniques described appears to have
widespread application in chronic studies, especially where psychological factors might
influence casual or basal blood pressures and overshadow small, but significant,
physiological changes.
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Table 1 - Obedience Training Blood Pressure Summary

 



Figure 1 - Dog with Transmitter and Nylon Jacket

Figure 2 - Four Channel Transmitter With Pressure Sensor and EMG Electrodes



Figure 3 - Signal Conditioner Circuit Diagram




