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Summary   The chimpanzee has been proposed as a possible human analogue for a
myriad of human disease states. The lack of knowledge about the cardiovascular system
in this animal or the cardiovascular response to stress is understandable because of the
cost and handling problems with the chimpanzee. Part of this difficulty, namely
handling, can be overcome with the proper selection of cardiovascular instrumentation.
Implantable telemetry systems have the advantage that the animal does not have to be
handled for any reason. Several animals have been successfully used with implantable
telemetry units in the chest. A vigorous antibiotic therapy program must be used for the
first few days after surgery, but there have not been any complications after this period
of time. The life of the implanted unit has been prolonged by the use of a power switch
which also allows remote collection of data. At the present time there is one such unit
still functioning 14 months after implantation. The ease with which these units can be
used makes them ideally suited for use in the chimpanzee. Examples of the various types
of data collected are given and described briefly.

Introduction   The chimpanzee has been considered to be a close phylogenetic relative
of man and thus might serve as a possible analogue for various human disease states (1,
2, 3). The use of this animal particularly in cardiovascular research has been limited to a
few previous studies (4,5,6). One of these studies (5) indicated that the chimpanzee was
hypertensive and had a high heart rate when compared to man. The animals used in this
previous study were restrained in a chair and this may have influenced the nature of the
resting values. In the design of the current experiments it was felt desirable to use a
completely unrestrained animal so that baseline values could be obtained for certain
cardiovascular variables. These criteria for the experiment meant that the choice of
instrumentation was between two types of units; namely (a) backpack telemetry and (b)
implantable telemetry. Before a logical choice could be made the relative merits of each
system had to be considered.



The major advantages of backpack telemetry are range of operation and accessibility of
the electronic unit. The major disadvantages are the necessity to protect the unit from the
animal and the exiting of wires from some body cavity. This second disadvantage is very
serious in the case of the chimpanzee. All routes of entry for virulent organisms must be
protected or treated to eliminate the infectious process. This would require constant
attention and restraint of the animal. In most cases this is not a completely feasible step
to take unless there are large groups of people to handle the animals. Another possible
approach would be to bury the lead wires from the various transducers under the skin
and only expose them at the time of the experiment. In part, this eliminates infectious
processes but not completely. This has been done in the chimpanzee in relation to
experiments on cerebral blood flow and it was found that exposing the transducer leads
for an experiment caused the animal to respond with an increase in white blood cell
count, as well as a weeping around the skin wound.

These health problems can be tolerated with backpack telemetry if one is not particularly
interested in long term measurements. Continuous reentry of the skin to retrieve leads
would certainly lead to chronic infection problems. Implantable telemetry has as a major
disadvantage the removal of the unit from ready accessibility. This means that if battery
failure occurs, the experiment is lost. Replacement of the battery unit implanted in the
chest is not feasible. A second serious drawback is the lack of range of currently used
units. This could be overcome in several ways, but would add a great deal of complexity
to the system. The major advantage is the ability to easily make measurements
continuously in an animal preparation in which there are no wires exiting through the
skin.

The last major advantage of implantable telemetry, namely the lack of wires exiting
through the skin, dictated that this type of unit be used in the current experiment. The
experimental design called for the long term monitoring in an awake animal with the
possible future use in a space environment. However, it must be clearly emphasized that
the experimental criteria are what dictates the choice of instrumentation to be used. In
different circumstances backpack telemetry might have been chosen. Compromises may
have to be made, but this certainly should be done in the light of the experimental results
required.

Implantation Of The Telemetry Unit

A representative unit used in the current studies can be seen in Figure 1. The unit as
shown was designed by Fryer and has been reported previously (7). This particular unit
is a five channel unit which has three pressure transducers and electrocardiographic
electrodes on the active channels. The unit is of such size and configuration that
implantation into the chimpanzee chest would not present any great problems. The larger
of the two units is the electronic “package” with the antenna and measures 8 cm long by



2 1/2 cm in diameter while the battery unit including the radio-frequency switch is 6 1/2
cm long by 2 cm in diameter. The weight of the entire unit is 116 gms.

The animals used in this study ranged in body weight from 19 to 25 kg. The animals
were anesthetized with phencyclidine “Hydrochloride” (Sernylan) and surgery was
carried out using halothane anesthesia. The left chest wall of the animal was prepared for
sterile surgery. An incision was made in the left fourth intercostal space thus exposing
the heart and great vessels. The pericardium. was incised and used to lift the heart out of
the chest cavity by forming a cradle. The sterile telemetry unit was checked and brought
into the operative field. The three pressure cells were placed in (1) the apex of the left
ventricle, (2) the outflow tract of the right ventricle, and (3) the appendage of the left
atrium. One electrocardiograph electrode was sutured to the lateral aspect of the left
ventricle while the remaining electrode was sutured to the adjacent chest wall. Figure 2
demonstrates the various aspects of the implantation of the transducers. In this particular
animal also an electromagnetic flow probe can be seen around the ascending aorta. The
telemetry unit is laying beside the chest incision. The pressure cell in the right ventricle
and left atrial appendage can be identified in the center of the picture. An
electrocardiographic electrode can be observed sutured to the free wall of the left
ventricle. The two larger units were tied together with umbilical tape and pushed into the
left posterior portion of the chest cavity. Figure 3 demonstrates the placement of the
transducer wires prior to closure of the chest. The wires are placed in such a manner as
not to interfere with lung movement. The incision is closed and suction is applied to the
chest tube to completely evacuate the chest cavity. The animal is allowed to recover from
the anesthesia.

Over the next few weeks the physical condition of the animal is checked very closely and
telemetry readings are taken periodically during this time period. A heavy antibiotic
therapy program is instituted for seven days postoperative to minimize any infectious
problems that might occur. We have found this a very important step in the total recovery
of the animals.

Telemetry Use

The implantable unit has incorporated into it a radio frequency switch that can be
activated from an external source. This switch energizes the unit and thus can be used to
conserve battery power and prolong the useful life of the implant. The energizing source
was built into the cage housing the animals as can be seen in Figure 4. The wire loop
antenna can be observed attached to the rear of the cage, protected from the animal by
plexiglass. The perching bar of the cage was used as the receiving antenna and was
found to work very well. This entire system is systemically represented in Figure 5. The
pulse interval modulated signal was received and fed into an appropriate demodulator.
The demodulator was triggered by the amplitude of the reference signal from the implant



unit. The animal could move any place in this standard cage and an acceptable signal
was easily obtained. There were no major difficulties encountered in obtaining data from
the animal.

Objects implanted into any body cavity occupy space in that cavity and represent a
foreign object. As stated previously, the telemetry unit was left in the posterior portion of
the chest cavity. From previous experience we knew that the unit would be walled off
from the pleural cavity by an overgrowth of connective tissue. A second consideration,
however, was how much of a decrease in lung area would occur from this process. A
chest radiograph taken 14 months following surgery in one of the animals can be seen in
Figure 6. The implanted unit can be seen in the lower right portion and the
electromagnetic probe around the ascending aorta is visible in the center of the figure.
The dark areas within the chest are air-filled lung s. It can clearly be seen that very little
residual effect of the implantation or the presence of the unit can be seen. This means
that large areas of lung damage cannot be observed on this radiograph. Another point to
be made is that the diaphram seems to be supporting the additional weight of the unit
fine prior to the period of increased tissue growth.

Physiological Data

Many types of physiological experiments have been accomplished with this group of
animals and only representative data will be given here to emphasize the use we have
made of implantable telemetry. Of the animals instrumented in the current study, two are
alive and healthy today. One animal died 21 days after surgery from aortic rupture
associated with the flow probe implantation. The second animal was sacrificed 75 days
following surgery after suffering a cerebral “accident” associated with an experimental
procedure involving cardiac catherization and angiocardiography. The implantable units
were operational at the time of demise of these animals. In the two animals that are alive
as of this writing the full telemetry unit is operational in only one animal. In the other
animal only a transmitter carrier frequency can be obtained and this breakdown occurred
approximately seven months following surgery.

A type of physiological data that can be derived from this unit is illustrated in Figure 7.
These are records taken from an animal approximately one year apart. The most
noticeable point is that the clarity of the “recording” is good and that the pressure
contours are almost identical over this period of time. These records were obtained with
the animal resting in his cage. We cannot be sure that the animal was in a basal state
from the heart rate but the animal was not excited. Records of spontaneous excitement
have been obtained and show large increases in heart rate and systolic left ventricular
pressure. In some experiments on these animals anesthesia was used since catheters were
placed in various parts of the vasculature to cross calibrate the pressure cells and to
determine the cardiac response to various stresses (8). The anesthetic agent used was



phencydidine hydrochloride (Sernylan). Figure 8 shows the response to an anesthetizing
dose of this drug. The control was taken prior to squeezing the animal and administration
of the drug. There was a transient rise in all vascular pressure, but after 26 to 30 minutes,
the pressures were almost normal and sometimes a little lower than normal in all animals
studied. From this record a noticeable slowing of the heart can be observed.

Another type of experiment that was accomplished several times was to determine the
variation in the recorded variables over a 24 hour period. The animals were placed in a
quiet room the day prior to the actual recording of data. Data was collected for one
minute out of every 15 minutes for a 24 hour period. From this type of experiment we
hoped to define biological rhythm in this animal, as well as, the minimum points for
heart rate and systolic left ventricular pressure. An example of the type of data obtained
is shown in Figure 9. A “cyclical” variation in systolic left ventricular pressure can be
seen at the top of the figure. The heart rate was also found to decrease during the “lights
off’ hours with a minimum value of 60 bpm attained during this period. Minor
fluctuations were observed in the left ventricular end diastolic pressure.

Conclusions

1. The experiments discussed in this paper would have been difficult to accomplish
without the use of an implantable telemetry unit.

2. The unit used was very easy to turn on or off and the reliability was sufficient to
allow operation for seven months in one animal and fourteen months in another.

3. The electronics used to decode the transmitted signals are simple to use. The basic
principle of operation does not have to be understood by the investigator for
correct use. The use of an oscilloscope is necessary, but again most investigators
are familiar with this device.

4. The configuration and overall size of the implantable unit is very easy to work
with during surgery, and has not presented any postoperative problems. Itshould
be emphasized that the battery pack was also implanted in the chest to prevent any
wound healing problems in this animal.

5. Data obtained by implantable telemetry suggests that the arterial pressure of the
chimpanzee is elevated above normal human standards. Other data indicates that
in the chimpanzee the sympathetic nervous system is very dominant. Additional
cardiovascular experiments must be accomplished in this animal before a complete
understanding of the control of the circulation can be attained.
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Figure 1: 5-channel implantable telemetry unit showing three pressure cells and two
electrocardiograpic electrodes.

Figure 2: Implantation of transducers in the chest of a chimpanzee.



Figure 3: Chest closure following implantation of the telemetry unit.

Figure 4: Chimpanzee in cage several days postoperatively.



Figure 5: Schematic diagram of telemetry system and its use in the chimpanzee.

Figure 6: Chest radiograph of an animal used in this study. Film was taken 14 months
postoperatively.



Figure 7: Records taken one year apart in a chimpanzee.

Figure 8: Cardiovascular response to phenydidine hydrochloride (Sernylan).

Figure 9: Cyclical variation of left ventricle pressure and heart rate during a 24 hour
period.




