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REMOTE MOINITORING OF INTRACRANIAL PRESSURE
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Summary    During various pathological states, it is important for the neurosurgeon to
know the magnitude of intracranial pressure. It is desirable to have a device small
enough to be implanted and left in a trephine hole on a chronic basis, with associated
circuitry that would lie beneath the skin surface. An appropriate device is described. The
heart of the device is a strain gage bridge that is used to sense differential pressure. The
bridge is driven by a 5kHz astable multivibrator, and bridge unbalance frequency-
modulates a 100kIlz oscillator. The latter signal is telemetered through the skin via a
double-tuned transformer. Power to drive the implant is fed in through a second
transformer at 2MHz.

Introduction    During the development of space-occupying lesions in the brain, and
during other pathological states such as steroid unbalance and production and
reabsorption disorders of cerebrospinal fluid, it is often extremely important for the
neurosurgeon to know the magnitude of intracranial pressure so that decisions can be
made concerning surgical intervention. An example of this might be the case of a patient
from whom a brain tumor had been removed, but whose symptomology indicated that
other tumors might be developing, raising the intracranial pressure to damaging levels.
Another instance is in children who have had a “shunt” procedure for hydrocephalus
where a chronic pressure measurement would be of inestimable value.

In addition, various seemingly anomalous situations are known to occur and a sustained
knowledge of pressure would be of great value. Instances of these are the so-called low
pressure hydrocephalics where there is a progressive enlargement of the ventricles
without apparent increase in intraventricular pressure above standard norms.

The normal pressure is 13 cm water (1cm mercury), but chronic pressures of 30 to 50cm
water (2.2 to 3.7cm mercury) are encountered in situations where damage can occur.1



At the present state of the art2 the surgeon may leave a drainage tube in place at the time
of surgery and use it to make pressure measurements or to alleviate elevated pressures,
but this has obvious disadvantages. Sometimes blocking of the tube occurs and there is
always the possibility of infection resulting from the use of an exteriorized tube. Also,
from the patient’s point of view there is the unpleasantness associated with the cosmetic
aspects of a sound or tube.

It would be desirable to have a device small enough to be implanted and left in a trephine
hole on a chronic basis, with associated circuitry that would lie beneath the skin surface.
one can then continuously monitor intracranial pressure remotely; that is, without the
necessity of exteriorizing any wires or tubes.

The Pressure Transducer    We are designing and constructing an appropriate device. It
will first be tested in dogs before implantation in a group of selected patients.

The heart of the device is a strain gage Wheatstone bridge ( Sensotec Model M-6BW)3

that is used to sense differential pressure. The bridge is encapsulated in a small (almost
5/16 inch diameter ) cone. As shown in Fig. 1, each arm of the bridge has a resistance of
about 200 ohms. The base of the cone is in the form of a diaphragm. As the diaphragm
strains in response to differential pressure, the arms change resistance, thereby
unbalancing the bridge. The inside of the cone is vented through a long plastic tube
which also carries the lead wires. The surgeon must terminate the tube in a region that
will not form scar tissue which could block the vent.

The advantage of using a bridge sensing device is that it has excellent long-term
stability.

The bridge unbalance frequency-modulates a 100kHz oscillator, and the latter signal is
telemetered through the skin via a double-tuned transformer. Power to drive the implant
is fed in through a second transformer at 2MHz.

The Implant Portion    Circuit details of the implant portion of the device are depicted
in Fig. 1 and are described as follows:

The bridge is driven by a 5kHz astable multivibrator which is operated between ground
and - 3 volts in order to get bridge output voltages that are small (-0.34 volt) with respect
to ground. The base exponential starts at -5.3v and turns the transistor on, after
t = 100 Fs, at -2.3v. The required time constant is 120 Fs, which is supplied by 47k ohm
resistors and 2500 pF capacitors.

The bridge output is amplified by a CA3008 flat-pack integrated circuit operational
amplifier. This draws only about 1 ma under + 3v, - 3v supply conditions, and it has a



gain of some 60dB. The single-ended output should have an average voltage of
approximately zero; if not, a large resistor (experimentally determined) is connected
from the + 3v supply to one of the input terminals to yield zero average. The amplifier is
linear between + 1 and - 1 volt output excursions.

The 5kHz CA3008 output is applied to the base-return resistors of a 100kHz astable
multi. The base exponential then rises toward the CA3008 output voltage level; this
leads to frequency-modulation of the multi. With zero CA3008 output, the base
exponential starts at -5.3v and turns the transistor on, after t = 5 Fs, at - 2.3v. The
required time constant is 6 Fs, which is supplied by 47k ohm resistors and 120pF
capacitors.

A maximum peak deviation of 5kHz is reasonable; that is, the frequency should vary
between 95 and 105kHz. The corresponding FM bandwidth is 2(Peak Deviation +
Modulating Frequency) = 2(5 + 5) = 20kHz. Circuit Q’s are approximately given by
Carrier Frequency/Bandwidth = 100/20 = 5. Actually, because several stages will be
used, the circuit Q’s should be around 3. It is not practical to use Q’s of less than 3
because circuit responses become excessively unsymmetrical.

Returning to the 100kHz astable multi: It is a simple matter to calculate that a frequency
of 95kHz corresponds to a CA3008 output of - 0.17volt, and 105kHz corresponds to an
Output of + 0.17 volt. A final adjustment is therefore made as follows: With the strain
gage bridge submerged under a differential fluid pressure of 50cm water, an
experimentally-determined

The 100kHz output coil taps-in across two 470 ohm resistors. For a Q of 3, the coil
reactance should be approximately 300 ohms, corresponding to an inductance of 0.5mH.
This tunes with a 5000pF capacitor. The coil is wound on a 1 1/4-inch diameter form.
For a ring-wound coil, the wheeler formula4 reduces to L = N2D/18 where L is the
inductance in FH, N is the number of turns, and D is the diameter in inches. Substituting,
we get N = 85 turns. The coil form is hollowed out and all of the components (except the
strain gage and power supply) fit inside.

Power is supplied at a frequency of 2MHz to minimize cross-coupling with the 100kHz
output. The design of the power transformer is based on the following considerations:

For two ring-wound coils, the coefficient of coupling is given by5



where Sis the spacing between the coils. In our case, where the coils are separated by the
patients’ skin and hair, S – 1/4 inch. For D = 1 1/4 inch, the above equation gives
k = 1/3. For double-tuned transformers, efficient transfer of power requires critical
coupling, or Q = 1/k = 3. In other words, the 2MHz coil should see a load such that its Q
is 3.

Each of the multis draws 1.5 ma, CA3008 takes about 1 ma, and 1 ma through a Zener
diode gives a total load of 5 ma. If this is supplied at 7 volts, we get a power output of
35mW. For a full-wave rectifier, the voltage across the coil is 10 volts rms, so that the
coil sees 2800 ohms and its reactance should be 900 ohms. At 2MHz, this is
approximately satisfied by a 63 FH coil resonating with a 100pF capacitor. In agreement
with the inductance formula, the coil has 30 turns total. The coil is hollowed out to
accept the power-supply components,

A full-wave bridge rectifier is also possible, especially since 4-diode flat-packs have
become available.

The lead wires between the coil assemblies and the pressure transducer are each about 3
inches long. The assemblies are filled with waterproofing wax and covered with medical-
grade silastic rubber. They are gas sterilized at room temperature at least one week
before implantation (this is the minimum degassing time).

The External Portion     Circuit details of the external portion of the device are shown
in Fig. 2 and are described as follows:

The 100kHz and 2MHz external coils are strapped in place over the corresponding
implant coils. Stable positioning is aided by means of rounded lips in a shallow inverted-
cup arrangement.

The 100kHz coil voltage should be 0.7 volt peak, but it may be considerably less if the
primary is more than 1/4 inch away. The first transistor is therefore designed to give a
voltage gain of 50. Its collector waveshape is a sinewave that swings between + 12 volts
and zero.

The upper half of the above wave is clipped at the base of the second transistor by a 470
ohm series resistor. (The resistor also lowers the coil Q to 3) The bottom half is clipped
by driving the transistor into cutoff. The clipping serves to remove incidental amplitude
modulation.

A discriminator that is driven by a critically-damped double-tuned transformer has a
linear region6 that extends 0.4 fo/Q to either side of the center frequency, fo. Because the
intracranialvpressure device has an FM bandwidth of 20kHz centered on 100kHz, we



require a Q of 4 (and coefficient of coupling of 1/4). The 1200 ohm resistors accordingly
act as damping and load elements.

The power oscillator is a conventional Hartley grounded-collector type.

Operation of the Device    In order to use the device, the operator first switches the
built-in voltmeter to the “Amplitude Adjust”position. He then increases the amplitude of
the 2MHz oscillator until the amplitude of the 100kHz telemetered signal no longer
increases. This indicates that the Zener diode is regulating. He next switches to the
“Pressure” position. The voltmeter then actually reads the peak AC output of the
discriminator, but it is calibrated to read intracranial pressure in cm of water.
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Fig. 1 - Implant portion of the intracranial pressure device.

Fig. 2 - External portion of the intracranial pressure device.


