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Summary

A completely imptnniable intracranial pressure senior was designed ibr chronic inca.siireincnl of intravcntricular
pressuic (I\"P) in hyijioceplialic patients. It is a passive-resonant ciuiiiit iransdutcr and il)«.- irnplantable sensor
does not contain an active clement such as an electric battery. The size and shape of the sensor are nearly those of
Pudenz's single Wishing device, ^o lhat ihc transducer can be used in place of a ir.idiiional flushing device in the
veiitritulo-peritoneal shunt system. The IVP meter is sensitive to 1 mmH2O '.f pressure and it lias a linear
pressure range from —500 to t 1,000 mmH2O. The zero drift of ihe sensor was negligible during a 10* hour
running test. The errors induced by changes in external atinosphcni pressure v.-erc automatically corrected

by placing a aiciiraii- barometer in the line of pressure-calculation.
The intraveniricular pressure of hydroccphalic dogs was measured by th is new IVP meter and by the I-ADl)

transducer simultaneously, and the rel iabil i ty of this IYP sensor was confirmed.
These senders were applied to eight hydrocephalic patients, and chronic and coniiiuions measurements of the

ventricular pressure \\cre pcrfuimed. These preliminary clinical experiences disclosed; :' 1) 'his 1\'P mclcr oflers
3 method almost ideal fur simple, sale and accurate, recording of the in t r avcn t r i t ular pressure of hydrocephalic
paticni-., (2) patency tif ihe vintricuiar tube can be easily demonstrated by a s i&rp rise of im:r:craiiial pressure at
ihe time ofjngul. tr compiessicii, and f 3; abnormal j*i i->sure ^vax•cs wii!i obiirin. 'cd ihunt ;md il-»eir disappearance
uh-.-n the shunt is woiking arc easily rrcogni/cd.
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Fig. I rin- n i r a i i y i - n i r n l "f pal i rnt and nppiiratus

fur conlinnou'; in!rnvi- i i t r i rnl . i r pressure (l\'l>)
innni tor ihg . After i m p l a n t a t i o n , t l i o intracrani.il
piT5.snrc c;in be mrnsurrt l t lu i ' iugh thf . in tact scalp
by placing 'lir probr over 'lir senior.

B-4-J

Fig. 2 Schematic diagram of I\"P sensor.
A: The inle t of CSF from thr ventricular tube,
B: "1'lie ou t le t of CSF to the peritoneal tube,
C: Bellows, D: Feni tc core, F,: Antenna coil,
F: Condenmr. G: Holding bracket made of cera-

mic, H: Base made of stainless steel.
The arrows show the pathway through which

the ventr icular CSF flows.

Fig. 3

I ) , f c

mm, jf'i 2 15 mm fO. '^fnTiJ"C, r*ud''nz ilflush'ng device —£
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Fig. 3 A: Parts of the IVP sensor.

li: IVP sensor. TI;U IVP senior i» used in ilie place of t i le niching device in sliii::! surgery.

Fig. 4 The IVP sensor is sealed in a specially

designed container and the sensor is disinfected.

After disinfection, the xero point and the span

specific for each IVP sensor is determined.

fc. *

Fig. 5 The external antenna coil (probe).

BLOCK DIAGRAM OF IVP METER
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Kig. 6 lilork diagram of IVP meter. Krrors made
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Fig. 7 Results of running test of the IVP sensor.
iOiSSSi! i: *HKJ<0 i ^ c^> 9 , r O.?<(1? Thc zero drift u.as ncg|igible.
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I ig. 10 Vermicular p:rsMiu: recording of a hydroeephalir dog l>y our new 1VP meter '.OSAKA) and ihe ICP
meter maflr by the I.AUD corporation (I.ADO).
A: Klcvation of ihc ventricular pressure when physiological saline was infused i n to ilie •.(•utricle far row).
B: Drrrea^c of the ventr icular pressure when the rcreforospinal f l u id was wi thdrawn from ti le vc utricle (arrows).
C: Klevaiion of the ven t r i cu l a r pressure at the t ime of jugular vein compression. (Q,: Qucckensledt). Ihc two

arrows indicate starling and te rminat ing points of ihc maneuver.
D: A ventriculo-peritoneal shunt using our new 1YP sensor was performed on a hydroccphalic dog. The

recording was made seven days afte.r the operation. O_: Qiicckcnstcdt maneuver, V: Vulsalva maneuver.
The arrows indicate starting and terminating points of these maneuvers.
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Table 3 Summary of clinical data in eighl pat ients in whom our new IVP sensors were implanted

Sex and Age F i t . dings of IVP recording
Ca'e at fine of Kiiolocv of Present ~
No. operation hyduicephalus operation Shun t closed Shunt opened

1 F. 75yis bacterial V-P shunt wi th f requent fi w-aves 1,0 pressure waves
meningi t is on-off valve

2 M. I2yrs .iqucducial revision of V-P A ai.il B waves some B waves
steiH'sis ( i n i t i a l shunt wi th remained
s h u n t at lyrs of age) on-otT valve

3 M. lyr 61110 C'liiiri rev is ion of V-P A and K waves no pressurt waves
: *ype 1 1 slivint

4 M. 2yrs ur.known (initial revision of V-P no recording no pressure waves
shunt at 18 shunt
months of age)

5 F. 54yrs NPH V-P shun t wi th some H v.aYcs. no pressure .waves
Arzheimer? on-off valve at sleep

C M. 19yrs non-ruptured V-P shunt wish no pressure wave i.o pressure waves
arge AVM in • on-off valve

basal ganglia

7 M. 50yrs A. com aneurysm V-P ilium with soirn: H waves no pressure waves
post- SAH on-off valve

8 M. 30yri aqueciucial conversion from frequent B waves no pressure waves
stenosis ( ini t ial V-A to V-P shunt
s'.aiiii at 23 yrs with on-off valve
oi age)
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Fig. 11 IVP recording of a hydrocephalic boy 18 fcJvf. S!S»ri^Sr o "; LfcWC'7^5 -fr/i. Ji^
.months of age. (Case 3). 11 J; 4 shuntgram" Hi y IstSW^-'MSi-f-SiBcii fc

Ho was born with lumbosacral myeloinenin- S^'iJSii^rW"5! flushing device CO MC^J 0 1C S -fe V
gocelc. The myelomeningoccle was repaired sho- ^ ^ ^_ > -j;;^--^- ., «, .^ -.-^./d * pn
rtly after birth, and accompaning hydrocephalui ' "" ••""«'--'— • >- ̂ *i.-< r.
was treated by a V-P shunt. During revision of the L,24B,;-|i''iaJ^[>Sl±r',;,;Sr fT •= T;^ olai' :J ^ 7 5:55=.;

shunt, our IVP sensor was used instead of a flush- .52 5^1? arf^iS'ti" L A/c. !SlS'g:";?^?!-it.1ix'Otil5
ing device. \\'hcn the shunt was occluded by a £3 &/*£', E<-'^'3:i"Jjj;fi-'«jr=-'*>->':i'l41 L " • Fie. 11 A).
silver clip on the peritoneal tube, numerous pre- % ^ ,. „. . .-,+.., ,f . a »• u •** ~- 1— *•

, / « \ i . -t i * •/ / "~" Gl ^- 2^ ̂  u£ i ' i -^ ̂ ^ ^C O1' ̂  jJ R '^Tr^v OitiJl'.ssure waves appeared (A). \\::en the snunt was
opened, the pressure waves disappeared and the ar fTo*c,-i>, °:'s'Mr ?Eiilz'fi<U ̂ =f.!-o !) -'±U"4S:ISw

baseline pressure was lowered (15). The pressure A'o/i. Ss^'2:""^?ti^S^E.:*.2:£i;7'.lEJ.-H.'?5§IS"??
rise in the mid-portion of the recording B was in- ^.. (Fig. 1 I B ) . /^jj — jx-tfSirit'-ijj 1 ^7 q ,13 CT ' •?
duced by iuijular compression. r..,, .. ._„.., ^. .
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1'ig. 1- A 30-yrar-oM male ;C;ise8' WMV adini i ted l"oi revision of (he obstructed shun t R years after the in i t i a l
s h u n t . At the revision. oi:r vrn-or and an on-n.'l valve were used.
1'roiiitivni press" ire waves at r - lo s utc of the shunt "A) disappeared when I hi' shi nl was cipe' ied ( I f ) .
C': IVcv-nre rhanijes v.«-rc inriuc-tl by povilion.il r l ian^r from ly ing down to s i l i i n i ; up fli I t aimw) and from

s i t t i n g up to lying clown ( r i g h t arrow).
D: \Vhen ".he f l i ivhi i ic device o f ihe oi'.-'>lV valve was manipulated {arrows}, nvnriious negative pressure was

rerorded. This was due to the slit ventriel ewhich temporarily ob'triK'ted the vrn t r i i u la r lube at the t ime
of manipula t ion .
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-i-5. diMSSr i ^^i03£i;«o!i;t 5 ~
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.^— nfaji: P3|g L fc t
sli t

vice tflf^l- J: -

0>^- x. t, n fc. CT scan i;

ventricle t - f co -CV ' £ £ fc fl'-T^Lfc. 3
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