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In order to record intracranial pressure continuously, we have recently 
developed a microminiature pressure transducer using semiconductor strain 
gauges. The pressure cell has a small disk-shaped structure, and it can be 
directly inserted into the intracranial cavity through a small burr hole. 

Previous investigations of the semiconductor strain gauge have dealt 
almost exclusively with the field of technology. In 1954, the first piezoresis
tive measurements for semiconductors were made in connection with a basic 
research for the transistor technology. Shortly after the original measure
ments, efforts were made toward applications. 

One of us, Igarashi, studied the piezoresistive semiconductor strain gauges 
of Germanium and Silicon in 1956 6l 7J , and devised a miniature pressure cell 
in 1965 for the purpose of measuring the pressure in the technological field 1l . 

The semicondutctor strain gauge is generally small in size. Although it 
has about 70 times higher sensitive gauge factor than that of the wire strain 
gauge, the former is affected by temperature about 10 times more than that 
of the latter. It might be, therefore, adopted into the living body as a 
device for measuring intracranial pressure, if only the compensation for 
temperature effects is ascertained. 

In this paper , a newly devised microminiature pressure cell is introduced 
and its clinical as well as experimental use is demonstrated. 

METHODS 

The microminiature pressure transducer was made by using two semi
conductor strain gauges (n type Ge [ll1]) . It was ver y small in size, enough 
to be inserted into the intracranial cavity without any difficulty. The device 
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Left is a photograph of the transducer. 
Middle shows inside of the active diaphragm. 
Right shows inside of the dummy diaphragm. 
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A semiconductor strain gauge is bonded to each diaphrgm. 

FIG. 1. Microminiature pressure transducer. 
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a and b designate active and dummy gauges of semiconductor 

elements with the same size and characteristics. 

FIG. 2. Section of the device. 
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had the disk-shaped structure (3 mm in diameter, 1 mm in thickness) and 
had two diaphragms of different thicknesses as shown in Fig. 1. 

The structure of this device was as follow. 
1) As shown in Fig. 2, grooves were cut around the supporting parts of 

the diaphragms so that the stress conditions were equalized to the simply 
supported ones. Such a structure was able to produce a high output voltage. 

2) Two diaphragms of the same material (stainless steel 18- 8) but with 
different thicknesses were used to compensate the temperature effects and to 
reduce noise due to acceleration in this device. A section of the device is 
shown in Fig. 2; a and b designated active and dummy gauges of semicon· 
ductor elements with the same size and characteristics, respectively. Lead 
wires entered and left through a supported neck. The electric circuit of the 
device is shown in Fig. 3. 

Temperature compensation in this device was made by the following three 
ways. 

a) Active and dummy gauges were connected to the adjacent arms of a 
Wheatstone bridge circuit to cancel the resistance change due to temperature 
at the level of the output. 

b) Stationary resistors were coupled to one of the gauges to equalize the 
temperature coefficients of both gauges. 

c) For the purpose of keeping a constant current in the bridge circuit, 
a high resistor which had 10 times higher impedance than that of the bridge 
circuit was connected to it. In this experiment, the device was checked at 
body temperature in each case just before it was used. 

Experimentally, the output voltage was amplified by a highgain pream
plifier model-18 * and was recorded on the 8 channels recorder model WI-380**. 
In the clinical cases, it was recorded on a potentiometer model-2 T *. Am-

OUT PUT 

* ToA Electronics Ltd. Tokyo. 

T he carbon resistor which has 10 t im es 
h igher impedance than that of t he bridge 
circuit is connected to the bridge circ uit. 

Active a nd dun:imy gauges ar e coupled to 
the adjacent arms of the bridge circuit to 
cancel r esistance changes due to tempera ture. 

FIG. 3. Electric circuit of the device. 

** Nihon Kohden Kogyo Co., Ltd. Tokyo. 
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plification rate was about 80 db., and input impedance was about 50 MO. 
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RESULTS 

In vitro observation: 
The following three points were examined. 

P-OUT PUT 

32.0'C 

4ts'c 

500 1000 
P.( mmH.O) 

1) Pressure-output relation 
Pressure-output relation in range of 

pressure between 0 and 1,000 mm of wat~r 
revealed a straight line as shown in Fig. 4. 

This fact indicated that the output voltage 
may be sufficiently amplified without noises 
if only the temperature in the device was 
kept constant. 

2) Sensitivity 
As shown in Fig. 5, a pressure change 

of 100 mm of water was easily discrimi
nated by this device. If the temperature 

Two straight lines are obtained. The 
change in temperature of 9.5°C caused a 5 
to 10 per cent decrease in the output voltage. 

FIG. 4. Pressure-output relation at the 
temperature of 41.5°C and 32.0°C. 

Upper two figures show that a pressure change of 100 mm of water 

is detected easily, and that its reproducibility is sufficient. 

Lowest one shows that a pressure change of 20 mm of water can be 
detected by this device. 

FIG. 5. Stability and sensitivity of the device. 
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was kept constant, even a pressure change of 20 mm of water could be 
differentiated. A pressure change less than 20 mm of water, however, could 
not be detected due to electric noises and drifts from the apparatus. 

3) Temperature effects 
The pressure-output relation at the temperature of 41.5°C and 32.0°C is 

shown in Fig. 4. Two straight lines were obtained. The change in temper
ature of 9.5°C, from 32.0°C to 41.5°C, caused a 5 to 10 per cent decrease in 

Saline is injected gradually into the cisterna magna to elevate the intracranial 
pressure. Respiration, systemic blood pr essure, cerebral blood flow a~d intracranial 
pressure by this device are continuously recorded. 

A, B, ... , F show the points where EEG was recorded. 
FIG. 6. Cerebral hemodynamics in intracranial hypertension. 
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the output voltage. Such a deviation due to changes in temperature was 

decresed by one-third by maintaining a constant current in each gauge. 

In vivo observation: 

1) Experimetal use of the device 

Relationship between increased intracranial pressure and cerebral hemo

dynamics was· studied 8>. Respiration, systemic blood pressure, cerebral blood 

flow by the heat clearance method 5>, Pv02 in the confluence sinus, EEG and 

intracranial pressure by this device were continuously recorded on polygraph 

experimentally. The pressure cell was slipped forward through a burr hole 

into the subdural space under the intact bone. Normal saline was injected 

into the cisterna magna for the purpose of raising intracranial pressure. 

One of the experiments is shown in Fig. 6. As the intracranial pressure 

was gradually increased, cerebral blood flow began to fall at point B. Further 

raising of the pressure resulted in the elevation of blood pressure at point C. 

WheFl the intracranial pressure reached the level of the systolic blood pressure, 

flattening was noted in EEG. Thereafter, as the intracranial pressure raised, 

systolic blood pressure increased. At the level of 3,000 mm of water at point 

G, the intracranial pressure came to respond synchronously only to the systolic 

blood pressure. Detailed results of this problem will be reported in another 

paper. 

2) Clinical use of the device 
A serial recording of the postoperative intracranial pressure was made in 

three patients using this device. 
One of the cases, a 59 year-old woman with huge meningioma, is shown 

in Fig. 7. The device was inserted into the epidural space, and the intracranial 

Intracranial pressure is continuously recorded by this device. On the third 

postoperative day, the device was easily withdrawn from the patient. 

FIG. 7. Follow up study of intracranial pressure after removal of m eningioma. 
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pressure was continuously recorded for three postoperative days. As shown 
in Fig. 7, the pressure decreased gradually for the first several hours. Then 
gradual increase in the pressure was observed. The increased intracranial 
pressure after ' the operation might imply cerebral edema. On the third 
postoperative day, the device was withdrawn from the epidural space without 
a separate operation. 

DISCUSSION 

Studies on the physiology of intracranial pressure and its relation to 
cerebral function have been limited because of the lack of a simple and 
reliable method for carrying out the continuous record of intracranial pressure. 
Most of the techniques described rely upon the measurement of cerebrospinal 
fluid pressure in the lumbar sac or a lateral ventricle by insertion of a tube 
connected to a pressure transducer or manometer. 

In these methods, however, it was necessary for the tube to be placed in 
the fluid space and to be maintained unobstructed communication with the 
recording apparatus. Such procedures were associated with a high degree 
of variance, artifact and inaccuracy. Furthermore, prolonged use of an 
indwelling ventricular tube might be followed by a risk of intracranial 
infection and other side effects. 

Other workers used a small fluid-filled latex tambour inserted into the 
subdural space z). The results by this method were frequently affected by 
leakage of the fluid from the system. 

Recently the following two excellent devices were added to the above. 
One was a small pressure transducer implanted in the skull 3l, and the other 
a subminiature pressure transducer using foil strain gauge 4l. The former 
required a separate operation for removal of the device. Though the latter 
was small enough to be inserted into the subdural space, and was used for 
continuous recording, its sensitivity was still not sufficient to detect the fine 
change in the intracranial pressure. Our microminiature pressure cell was 
introduced as a device overcoming all such problems. 

The following two points, temperature compensation and sensitivity, were 
especially studied in this device. 

Temperature compensation: 

It is well known that the semiconductor strain gauge is much affected by 
changes in temperature. To prevent such effects, the use of the active and 
dummy gauges connected in the adjacent arms of a Wheatstone bridge circuit 
were considered at first. Secondly, to equalize the characteristics in both 
gauges, stationary resistors were applied to one of the gauges having a higher 
sensitivity. Thirdly, to maintain a constant current in the bridge circuit, 
resistora having 10 times higher impedance than that of the bridge circuit 
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was connected to the series. By the three methods above, zero drift of the 
bridge circuit due to temperature varying from 32.ooc to 41.5°C could decrease 
within 5 to 10 per cent of the output voltage. A more precise compensation 
for temperature was made by using a constant current circuit. As the body 
temperature did not change so much in practice, however, there was no need 
to apply such a precise compensation circuit. 

Sensitivity: 
As the semiconductor strain gauge is the most highly sensitive pressure 

detector in comparison with conventional ones, it is possible to apply its use 
for measurements of small strains, even a pressure change of 20 mm of water. 

Other problems: 
In order to minimize the effects of the size of transducer on pressure, it 

was made as small as possible. When the cell is inserted into the lateral 
ventricle (hydrostatic pressure), it records the true intracranial pressure. 
When it is directly inserted into other parts of the intracranial cavity, e.g. 
the epidural space, the subdural space or the inside of the brain, some forces 
other than hydrostatic pressure are added to the cell. In this condition, the 
pressure measured does not indicate a net intracranial pressure, but a relative 
one. 

The advantages of this device are as follows. 
1) It is small enough to be inserted into any convenient part of the 

intracranial cavity. 
2) It is able to record the intracranial pressure continuously. 
3) Its sensitivity to pressure is much higher than that of the wire strain 

gauge. It can discriminate a pressure change of 20 mm of water. 
4) It can be removed easily from the patient. 
5) It lowers the risk of infection. 

SUMMARY 

A new method for continuous and prolonged measurements of intracranial 
pressure, utilizing semiconductor strain gauge, is presented. The method 
offers advantages over previous methods, especially in sensitivity, size and 
freedom from artifact over long periods of time. The practical use is 
demonstrated in both man and animals. 
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