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by placing 4 accurate baromcier in the line of pressure-calculation.
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Summary

A completely implamable intracranial pressure sensor was designed for ¢hronic measurement of intraventricular
pressure (IVP) in hydiaceplialic paticnts. It is a passive-resonunt ciruit transducer and the implantable sensor e
does not contain an active element such as an electric battery. The size and shape of the sensor are nearly those of Uy
Pudenz’s single fushing device. so that the transducer can be used in place of a traditional flushing device in the -
ventriculo-peritoneal shunt system. The IVP meter is sensitive to | mmH,O «f pressure and it has a linear :
pressure range frum --300 o -1 1,000 mmH,0. The zero drift of the sensor was negligible during a 104 hour
running test, The crrors induced by changes in external aunospher: pressure were automatically corcected

The intraveatricular pressure of hydrocephalic dogs was measured by this new IV'P micter and by the LADD
transducer simultaneously, and the reliability of this IV'P sensor was confirmed.
These sensars were applied 1o eight hydrocephalic patients, and chronic and continuons measurements of the

ventricular pressure were performed. These preliminary clinical experiences disclosed; 1) this 1VP meter offers

a method almost ideal for simple, safe and accurate, vecording of the intravenivicnlar presure of hydrovephalic .
patients, (2) patency of the ventricular tube can be casily demionsirated by z sicep rise of intrzcranial pressure at

the time of jugular compression, and {31 abnornual b essure waves with obstriucied shuntand their disappearance
when tie shunt s working are casily recognized. -
Key words: intracranial pressure, hydrocephulus '
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Fig. I Fhe arrangement of patient and apparatus
fur continuous intraventricular pressure (IVP)

monitoring. Alter implantation, the intracranial

pressure can be measured thraugh the intact sealp

by placing the probe over the sensor.

Fig. 2 Schematic diagram of IV'P sensor.

Az The inlet of CST from the ventricular tube,
B: The outlet of CSF to the peritoncal tube,
C: Bellows, D: Furite core, E: Antenna coil,
F: Condencor, G: Holding bracket made of cera-
mic, H: Base made of stainless steel.

The arrows show the pathway through which
the ventricular CSF flows,
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Fig. 3 A: Paris of the VP sensor.
B: IVP sensor.

I‘:g 4+ The IVP sensor is >mlcd in a spuudlly
designed container and the sensor is dsinfected
Afer disinfection, the zero point and the span
specifie for cach 1VP sensor is determined.
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This IVP sensor is used in the place of the flushing device inshunt surgery.
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hg 5 The external antenna coil {probe).

BLOCK DIAGRAM OF VP METER
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Fig. 6 Block qun 20 of IVP meter. Errors made
by the change of the aunospheric pressure are
autuinatically correcied by a barvmeter placed in

the line.
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Table I Specification of the IVP sencor aned meter

=500~ L1 000mmH,Q0
(mage pressuee)

£0.75%, Fs
41.5%, Fs
0.75°% Fs
0.67, Fs

pressurce range

repeatability
linearity
hysteresis
sensitivity
vero drift n(-g!ig;h‘n

temperature error

sensor ~ 025", Fsic
meter negligible
sensor weight 8g

accuracy of barometer

<:0.05% Fs
AC 100 V 5060 Hz

power ifor meter)

materials of sensor

capsule ceramic (alumina)
bellows Ni (Au-plated)
connector sus 316 (Aisi 316)
ivp
mmAq , s ' \
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Fig. 7 Results of running test of the I'VP sensor.
The zero drift was ncgligible.
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Table 2

g;f? Awmaospheric pressure
sea level mb mmH,0
{meters) e e
0 \
10 — 118 — 120
20 — 2.36 - 241
30 - 3.54 — 36.1
10 — .74 -~ 18.1
50 T~ 589 — 601
60 — 7.06 - 720
70 - 8.2% -~ 841
80 - a4 -~ 46.0
90 --10.58 —108.0
160 . —11.74 —114.8
200 -23.75 2423
{00 --47.15 —181.1
G0o —70.03 -—7148

(The data are for a temperature of 20°C)
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Fig. 8 Range of IVP merer.
Fur example, at very low amnmpl‘;rric pressure
of 9,0G0 mmmH.G 2n IV of Iess than about -300
mmH,0 is rot retiahle. At a hlgh aunospheric
pressure of 10,56 s H,0, an IVP reading wver
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ERRORS INDUCED 8Y
PROBE-SENSOR POSITION CHANGE
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Fig. 9 FErrors are negligible when up-down move-
ment of the probe 1o the sensor i3 within 10 mm,
when its lateral movement is within 10 mm, and
when its inclination is within 15 degrees.
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Fig. 10 Venticular pressuse recarding of a hydrocephalic dog by our new IVP meter (OSAKA) and the ICP

meter made by the LAED earporation (EADD?.

A: Elevation of the ventricular pressare when physiological satine was infused into the ventricle (arrow).

B:  Deerease of the ventricular pressure when the cerebrospinal flnid was withdrawn fraom the ventricle (arrows),

C: Elevation of the vontricular pressure at the time of jugular vein compression. (0): Queckenstedt). The two

arrows indicate starting and terminating peints of the mancuver.
D: A ventriculo-peritoneal shunt using onr new VP sensor was performed on a hydrocephalic dag. The
recording was made seven days after the operation.  Q: Queckenstedt mancuver,  V: Vulsalva maneuver,

The arrows indicate starting and terminating points of these mancuvers.
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Tuble 3 Sununary of clinical data in eight patients in whom our

o per

new VP sensors were implanted

Sex and Age

Firdings of IVP recording

Case at time of Etiology of Present —_ -—-
No. operation hydtacephalus operation Shunt closzad hunt epened
i F. 75y1s bacrerial V-P shunt with frequent B waves 1o pressure waves
mieningitis on-off valve
2 M. P2yrs aqueductal revision of V-P A znd B waves some B waves
: stenwsis {(nitial shunt with remained
shuntat 4yrs of age) on-off valve
3 M. lyr 6o i revision of VV-P Aand Bwaves TO pressure waves
shivit
4 M. 2yrs unxnown (initial revision of \-P no recording noG pressure waves
shuntac 18 shunt
months of age)
5 F. 53yrs NPH V-P shunt with some B vaves NG Lressure waves
Arzheimer? on-off valve at sleep
6 M. 19yrs non-ruptured V-P thunt with NG pressufe Wave L0 pressure Waves
targe AVMin on-ofl valve
basal ganglia .
7 M. 30yrs Al cem uncurysin V-Pshunt with some Bowaves nO pressure waves

post- SAH on-off valve

agurductal
stenosis (initial
shiunt at 23 yrs
of age)

ccnversion from
V-A 1o V-Pshunt
with on-off valve

8 AL 30yrs

frequernt B waves  no pressure waves
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Fig. 11 IVP recording of a hydrocephalic boy 18 Sh¥, HiE

anonths of age. (Case 3).
He was born with lumbosacral myclomenin-

EaE R

gocele. The myelomeningocele was repaired sho-
rtly after birth, and accompaning hyvdrocephalus
was treated by a V-Pshunt. During revision of the
shunt, our 1VP sensor was used instead of a flush-
ing device. When 1he shunt was occluded by a
silver ¢lip on the peritonceal tube, numercus pre-
ssure waves appeared (A). When the shunt was
opened, the pressure waves disappeared and the
baseline pressure was lowered {B). The pressure
rise in the mid-portion of the recording B was in-

duced by jugular compression.
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Fig. 12
shunt,
Prominsm pressure waves at elosure of the shunt A disappeared when the shontwas opened (B,

A 30-year-old male

At the revisiom, our censar and an on-off valve were used.

‘Case 8 was adintited for eevision of the obstructed shunt 8 years after the initial

C: Precaare changes vere induced by poadtional cliange from lying down to sitting up Oeft arrow) and (rom
sitting up 10 lying down fright arrow).

D: When the fluching device of the au-ofl valve was manipulated farrews), cnonmaus negative pressure was
recorded. This was due to the slit ventricl ewhich temporarily obstructed the ventricular tube at the time

of maripulation.
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