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CHAPTER I 

INTRODUCTION 

In 1861 PROSPER MÉNIÈRE showed th at the labyrinth was the centre 
of a certain pattern of signs and symptoms which until then were of ten 
diagnosed as 'apoplectiform cerebral congestion'. 

KNAPP (1871) was the first otologist who mentioned an intralabyrinthine 
pressure increase as the cause of a Ménière attack. He suggested that 
perhaps glaucoma of the eye was the counterpart of Ménière's disease. 
This suggestion was supported by the discovery of HALLPIKE and CAIRNS 
(1938). They reported th at a dilatation of the endolymphatic labyrinth 
was present in two cases of 'Ménière's syndrome' which terminated 
fataIly af ter intracranial vestibular nerve section. This idiopathic type of 
hydrops has since been confirmed by a great number of investigations in 
connection with Ménière's disease, which have been reviewed by ALTMANN 
and KORNFELD up to 1965. There have been only a few reports, reviewed 
by WUSTROW and BORKOWSKY (1960), of patients suffering from Ménière's 
disease in which the subsequent histological examination failed to demon
strate endolymphatic hydrops. The diagnoses in these cases have been 
questioned (KRISTENSEN 1961). It is commonly accepted that the histo
pathological picture of the labyrinth in Ménière's disease consists in the 
enlargement of the endolymphatic compartment at the cost of the 
perilymphatic one and we may say that the concept of a hydropic labyrinth 
is weIl established in Ménière 's disease . 

The distension of the endolymphatic compartment is generally considered 
an essential clue which may explain the etiology and pathogene sis 
of Ménière's disease. Some investigators hold the cause of Ménière's 
disease and hydrops to be identical. Thus, it is not surprising that hydrops 
is of ten taken as the starting point when looking for an explanation of 
the signs and symptoms of Ménière's disease. 

The histopathological picture in Ménière's disease made experts speak 
of endolymphatic hypertension. Certainly, the alteration in the histological 
picture suggests to have been caused by a pressure increase in the 
endolymphatic space relative to the pressure of the perilymph. The 
assumption th at an equal pressure exists in both perilymph and endolymph 
is probably rooted in the norm al histological picture. HousE stated in 
1967 at an international symposium on Ménière's disease held in Rochester 
(Minnesota), that equal endolymph and perilymph pressures are necessary 
for normal cochlear and vestibular function. 

The outcome of extensive experimental work on the guinea pig (WEILLE 
et al. 1958, 1961, MARTIN EZ 1969) contradicted this assumption entirely; 
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their investigations showed a higher perilymphatic pressure. Martinez 
measured an average pressure difference of 2.8 mm Hg in the guinea 
pig during anaphylactic shock. His publication of a histological examination 
of a shocked animal's cochlea showed only a minute dilatation of the 
scala media, if any. Some questions arise: What difference in pressure would 
be necessary to produce a histological picture as seen in Ménière's di se ase ? 
Is the endolymphatic pressure in Ménière's disease increased to such an 
extent that hearing loss would result by such a mechanism as compression 
of the hair cells (MYGIND 1950, DEDERDING 1929, CAWTHORNE 1947), 
or are smaller vessels compressed causing anoxia of sensory nerve cells? 
What pressure difference is needed for rupture of the endolymphatic 
compartment by tearing of Reissner's membrane, as some say occurs 
in Ménière's disease? (LAWRENCE and MCCABE 1959, SCHUKNECHT 1960, 
1963). To our knowledge only HENRIKSSON et al. (1966) have measured 
the positive pressure gradient between endolymph and perilymph in the 
frog at which rupture occurs; a gradient of 5 cm or more water was 
needed and the rupture mostly involved the sacculus. No such investigation 
has been performed in mammaIs. For anatomical and histological reasons 
these animals are preferred, so as to be able to re late the results to man. 
(The frog, for instance, has no cochlea.) 

We performed a great number of experiments concerning intralaby
rinthine pressure phenomena, also in relation to the cerebrospinal fluid 
pressure. 

First of all we tried to resolve the apparent controversy regarding the 
pre8sure gradient between endolymph and perilymph. We made a critical 
analysis of the gigantic work of Weille c.s. and Martinez by reproducing 
analogous experiments on a moderate scale. Changing the approach to 
the endolabyrinthine fluids, we performed expériments on cats in order 
to check whether a pressure difference could be established. A special 
technique had to be developed for this purpose. Not only the correlation 
between the pressures of the cerebrospinal fluid and the perilymph (cf 
KERTH and ALLEN 1963), but also between the pressures of the cerebro
spinal fluid and the endolymph was investigated. 

FinaIly, we performed experiments regarding the pressure gradient 
necessary to cause rupture of the endolymphatic compartment. Some 
interesting phenomena occurred in this part of our study. 

The knowledge of Ménière's disease is still rather meagre, as is illustrated 
by the variety of treatments which aim to suppress the symptoms, and 
are not weIl enough developed yet to really cure the cause. We have 
investigated only a few aspects of the labyrinth in an effort to provide 
some pieces for the puzzle of etiology and pathogenesis of Ménière's 
disease from which still so many pieces are missing. 



CHAPTER Ir 

A CRITICAL ANALYSIS OF THE ENDOLYMPHATIC AND THE 
PERILYMPHATIC PRESSURE AS MEASURED ACCORDING 

TO THE LITERATURE 

WEILLE and coworkers (1958, 1961) and MARTINEZ (1969) have reported 
extensive results regarding the pressure of the perilymph as related to 
th at of the endolymph; these investigators concluded from their ex
perimental work which took them about five years, that in a living guinea 
pig the perilymphatic pressure exceeds the endolymphatic one. This 
concept can be found in several handbooks. Undoubtedly, the guinea 
pig served as their experimental animal since its stria vascularis is 
pigmented and distinguishable. In all their endolymphatic measurements 
they tried to reach the endolymph via the bony cochlear wall using the 
darkened area as a landmark. In virtually all of their perilymphatic 
measurements they approached the perilymph via a spot just beside this 
mark, the mark itself being carefully avoided. In 21 pressuregrams of 
WEILLE c.s. (1958) the perilymph was reached via the secondary tympanie 
membrane. 

Using 2,100 guinea pigs WEILLE et al. (1958, 1961) obtained 908 
pressuregrams, 175 of which were perilymphatic and 733 endolymphatic 
measurements. The values they found for the perilymphatic pressure 
varied from 2 up to 93 mm Hg versus a range of from 1 up to 39 mm Hg 
for the endolymphatic pressure. 

Unlike Weille et al., Martinez performed simultaneous pressure measure
ments of perilymph and endolymph. The number of guinea pigs used in 
th is part of his experiments is not clear. He reports 35% of all his ex
periments, totaling 1,300, to be successful. Aeeording to his publication 
the endolymphatie pressure ranges from l.3-3.2 mm Hg, whilst the 
perilymphatie pressure reportedly ranges from 2.2-6.6 mm Hg. 

At first we used the same approach to the labyrinthine fluids, proceeding 
in the footsteps of these reeognized predecessors. However, a frustration 
lasting almost one year, in whieh some 300 guinea pigs were sacrifieed, 
forced us to admit that in our hands no decent results eould be achieved 
in this way. Our data up to then were too unreliable to be conclusive. 
This experienee and a scrutiny of the publications of Weille et al. and 
Martinez made us doubt the efficacy of the method and caused us to 
search for a better way of pressure measurement; WEILLE et al. (1958) 
had tried the route of the seeondary tympanie membrane in order to 
measure the perilymphatie pressure in 100 guinea pigs; they reportedly 
encountered severe problems ofleakage along the measuring microcannula. 
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In 25 experiments which we performed ourselves we found leakage with
out fail. To overcome this difficulty we developed a special technique 
which later on we perfectioned to the point that we could also measure 
the endolymphatic pressure via the basilar membrane, without mixing 
perilymph and endolymph along the measuring microcannula. Chapter 
111 presents a detailed acccount of how this was achieved and of the 
outcome; in this chapter we will refer to some of the results in anticipation. 

Based on the publications of Weille et al. and of Martinez and on our 
own experience we will now go into a critical analysis of several difficulties 
inherent to the conventional method, mainly as an effort to explain 
why Weille et al. and Martinez found the perilymphatic pressure to be 
higher than the endolymphatic one: 

Firstly, there is the feature of occlusion; Weille et al. employed a hand
drill technique to form microfenestrae in the bony cochlear wall, while 
Martinez utilized a micro manipulator for thinning down the bone overlying 
the compartments of interest. Martinez states that, while drilling the 
microfenestrae, he took care not to penetrate into the scalae in order to 
avoid fluid leakage. We could imagine that in drilling the microfenestrae 
fluid leakage could indeed be avoided, although in practice we have 
repeatedly found that the hole we had drilled was filled with fluid in spite 
of the usage of a micromanipulator. From Martinez's statement we 
conclude that at least the spiral ligament must have been intact at the 
end of the drilling stage, which conclusion finds confirmation further on 
in his publication (MARTINEZ 1969). Therefore, the minimal thickness left 
in the endosteallayer, which Martinez says to have broken through with 
the measuring microcannula immediately preceeding endolymphatic 
pressure measurement, includes the spiral ligament. Consequently, in 
order to reach the endolymphatic space, the tip of the microcannula has 
to pierce a complete capillary meshwork as des cri bed by SMITH (1951, 
1957). AIso, WEILLE et al. (1954, 1958, 1961) tried to avoid leakage and 
aimed at not injuring the underlying spiral ligament in the process of 
drilling. Weille et al. and Martinez found that the lumen ofthe microcannula 
can be obstructed in the act of piercing the endosteal layer. In a large 
portion of our own measurements we found congestion of the microcannula 
in reaching the endolabyrinthine space when we employed the method 
just mentioned. By congestion we do not necessarily mean occlusion, 
but also throttle. The latter type of congestion may result in retardation 
of establishing pressure between the fluid under consideration and the 
measuring device. The occurrence and severity of the congestion are 
definitely more pronounced when the endolymphatic pressure is involved 
lihan when one is investigating the perilymphatic pressure ; this is not 
surprising if one realises that the thickness of the endosteal layer which 
has to be perforated by the microcannula tip is markedly different for 
peri- and endolymph. During the transition of pressure buildup (see 
chapter 111, page 23) a throttling effect may, we feel, turn into an occlu-
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sion due to the presence of loose material in the space of interest. The 
details of how exactly we deduced the degree of congestion will be described 
in chapter lIl. In our experiments the pressure buildup was frequently 
slow, especially if endolymphatic measurements were performed; Martinez 
reports that the pressure buildup for the endolymph is particularly slow 
and he uses this as a feature to judge whether he has reached the endo
lymphatic space. In our opinion this reasoning is not correct and the 
rate of pressure buildup should not be more than a mere indication of the 
degree of congestion. If one plots the data of the three sample experiments 
of MARTIN EZ (1969, pp. 38, 39 and 40) during anaphylactic shock our 
hypothesis is confirmed. MARTINEZ'S statement (1969, p. 37) th at 'when 
one pipet was opened to atmosphere, the output meter belonging to 
the other pipet showed no change', should be interpreted, we feel, as a 
case of occlusion in preference over an unruptured endolymphatic compart
ment. 

Secondly, it is hard to rule out the possibility of leakage due to lack 
of a perfect seal between the microcannula and the bone, particularly 
in the pressure measurement of the endolymph, as there is an inclination 
to drive the microcannula tip through the microfenestra too gingerly 
out of fear to otherwise damage Reissner's membrane; the conical front 
of the microcannula then certainly lacks in serving as a tight seal. 

Thirdly, in the effort to measure endolymphatic pressure thc possibility 
exists that the microcannula tip has torn away the spiral ligament or 
has not pierced it (WEILLE et al. 1958). This also leads to excessively 
low values for the endolymphatic pressures. 

The reasons quoted above could have invoked the idea that the perilym
phatic pressure exceeds the endolymphatic one if such pressures are 
measured in a way as described in the foregoing exposition . 

Many difficulties shown in the measurement of the perilymphatic alld 
the endolymphatic pressure have been pointed out by Martinez and 
partly mentioned by Weille et al. Some of the difficulties we would like 
to discuss in more detail: 

In order to determine the value of the absolute pressure, the pressure 
transducer has to be placed meticulously on a level equal to that of the 
Huid of interest. Neglect of this requirement could explain the wide range 
of the va lues found by Weille et al. 

When one anesthetizes a guinea pig with sodium pentobarbital by 
intraperitoneal injection, the vasolability of this animal is manifest. 
Martinez quotes average values for the 'pre-shock' endolymphatic and 
perilymphatic pressures being 2.0 and 3.5 mm Hg respectively, the arterial 
pre-shock pressure equalizing 28.6 mm Hg; the normal arterial pressure 
in the guinea pig has been reported to be on average 81-90 mm Hg 
(SPECTOR 1956). 

Ascertaining that the tip of the microcannula, being guided by the 
pigmented area of the stria vascularis, reaches the right place, is extremely 
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difficult. WEILLE et al. (1961) , for instance, state th at in a series of 59 
experiments aimed at measuring endolymphatic pressure, histological 
examination revealed that in 23 cases the microcannula had entered the 
scala vestibuli or scala tympani. Consequently it is necessary to check 
whether the microcannula has reached the right site in some way or 
another. In this way Martinez's proof of reaching the desired space 
assumes what should be concluded and concludes what should be assumed. 

By simultaneously measuring the pressure of both the perilymph and 
endolymph, as performed by Martinez, one circumvents some difficulties 
which is meritorious; for example, the biological variations between 
individual members of one species, in th is case the guinea pig, become 
unimportant if the endolymphatic pressure is compared with the peri
Iymphatic one in the same individual. On the other hand, in simultaneous 
measurements of the perilymphatic and the endolymphatic pressure, two 
measuring systems are required. The construction of two measuring 
systems displaying identical characteristics under the various actual 
operating conditions is next to impossible. Therefore, detection of small 
differences in pressure values appears to be exceedingly difficult . By 
measuring perilymphatic and endolymphatic pressures sequentiallY and 
in one throw with the same detector, we found this difficulty to vanish. 
We employed this method. 

The major porti on of the remaining difficulties we avoided, as already 
mentioned, by measuring the perilymphatic pressure af ter having inserted 
the tip of the microcannula via the secondary tympanic membrane and 
subsequently measuring the endolymphatic pressure af ter piercing the 
basilar membrane with the same microcannula tip. This approach towards 
the endolabyrinthine fluids for pressure measurements no longer favours 
the guinea pig as the experimental anima!. Therefore, most of our further 
measurements have been carried out on cats. We appreciate the huge 
amount of work performed by both Weille et al. and Martinez in their 
measurements of endolabyrinthine fluids, but it is our opinion that the 
difficulties in measuring the perilymphatic and the endolymphatic pressure 
via the cochlear wall cannot be overcome. 



CHAPTER III 

SEQUENTIAL MEASUREMENT OF THE PERILYMPHATIC AND 
THE ENDOLYMPHATIC PRESSURE BY A NEW APPROACH 

In the previous chapter doubts were expressed about the suitability 
of the bony cochlear wall as the optimal site to enter the endolabyrinthine 
compartment for pressure measurements. The round window seemed a 
better spot, provided the problems of leakage along the measuring micro
cannula could be solved. 

We have also indicated in chapter Il that sequential measurement with 
one single measuring system is almost a necessity when small pressure 
differences need to be detected. 

In this chapter we will limit ourselves to the two compartment system 
of peri- and endolymph, and describe how in this case sequential measure
ment using one measuring system with the round window and the basilar 
membrane as pi aces of entrance was achieved. 

Simultaneous measurement of the d .c. potential at the extreme end of 
the microcannula enabled to establish the entrance of the microcannula 
tip into the endolymphatic spa ce through the basilar mem bra ne ; from 
the d.c. value we derived some secondary data which will be discussed 
later. BÉKÉSY (1952) was the fust to describe the existence of the 
endolymphatic d.c. potential. This was later on confirmed by TASAKI 
et al. (1954), GISSELSSON (1955), MISRAHY et al. (1958) , TAS AKI and 
SPYROPOULOS (1959) and others. 

a. MATERlALS AND TECHNICAL ASPECTS 

We employed two types ofpressure transducel's, E. M. T. 33 and E. M. T . 
35, both manufactured by the Swedish Elema-Schönander Company. 
The E.M. T. 33 covers a pressure range of from - 30 to + 30 mm Hg 
and has ft volume displacement of 3 mm3 j 1 00 mm Hg; its pressure cham bel' 
has an internal volume of 4 cm3 . The E.M.T. 35 - which we used only 
for measuring arterial blood pressure - covers a pressure range of from 
- 300 to + 300 mm Hg and has a volume displacement of 0.03 mm3 

Hgjl00 mm Hg; its pressure chamber has an internal volume of 0.7 cm3 . 

The principle of these pressure transducers is that any change ofpressure 
in the pressure chamber corresponds to a change in po si ti on of the pressure 
membrane, and by means of a pressure rod conveys this datum to the 
condenser membrane. The condenser membrane is the midplate of a 
differential condenser ; both these capacitors are parts of a bridge circuit 
to which an oscillator supplies a high frequency voltage. A change in the 
position of the midplate alters the capacities and gives rise to voltage over 
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the bridge due to unbalance. This voltage is then demodulated. The d.c. 
potential at the output si de has an average value proportional to the 
pressure. The pressure transducers are used in conjunction with an electro
manometer amplifier of the E.M.T. 31 type also produced by the Elema
Schönander Co. A description of the working of the electromanometer 
amplifier goes beyond the scope of this publication. The electromanometer 
was connected to a multichannel Huid-jet recorder (mingograf 81) also 
produced by Elema-Schönander which provided a possibility to record 
the signa!. 

For the endocochlear d.c. potential measurement which was performed 
at the same time as the pressure measurement of the endolabyrinthine 
Huids we used a Hewlett-Packard 412A voltmeter; its signal was amplified 
and also fed into the mingograf 81 apparatus. 

By means of a three-way stopcock the pressure chamber ofthe transducer 
could be connected with either or both polythene cannulae (Fig. 3-1); 
this stopcock also allows the connection of one polythene cannula to the 
other. The onc polythene cannula served for calibration, the other for 
pressure measurement. The polythene cannula primarily used for calibration 
we will henceforth refer to as 'calibration cannula'; the other one will 
be called 'measuring cannula'. Thc inf>ide diameter of these cannulae 
was 2 mm and the wall thickness 0.5 mmo 

A piece of polythene cannula (connective piece), approximately 2 cm 
long and having an inside diameter of 1.5 mm and a wall thickness of 
0.5 mm, connected one of the 2 polythene cannulae to a pyrex microcannula 
(micropipette) (Fig. 3-1). The leng th of the measuring cannula between 
the connective piece and the pressure transducer was kept at a minimum 
(,,-,50 cm). 

The microcannula was obtained as follows: a pyrex tubing with an 
outside diameter of 1.8 mm and an inside diameter of 1.2 mm was provided 
with a conical end by means of a micro-electrode drawing apparatus. 
To get a microcannula with a tip suitable for our purposes we utilized a 
high speed rotating diamond cutting disc and an operating microscope. 
The microcannula was axially rotating in the procedure of cutting off 
the extreme end of its tip perpendicular to its axis. Care was taken to 
avoid cracking or pitting of the glass. We varied the outside diameter of 
the tips of the microcannulae from 30 to 130 microns. The corresponding 
inside diameters ranged from approximately 20 to 90 microns. The average 
length of the microcannulae was 4.5 cm. The distance between the maximal 
width and minimal width (tip) of the microcannula was approximately 
7 mmo This provision fosters pressure communication through the micro
cannula. The proximal end of the microcannula which connects to the 
polythene connective piece was smoothed by heating it in a gas Hame. 

The system was fiUed with either normal saline solution or with Ringer's 
solution and for the experiments described in chapter VI occasionally 
with endolymph-like solution or isotonic KCI solution. 
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At the stopcock the polythene measuring cannula was filled with 
xylol over a distance of approximately 0.25 cm in order to assure electrical 
insulation necessary for the measurement ofthe endocochlear d .c. potential. 
The xylol occupied a small volume in the horizontal part of the cannula 
ftanked by conducting ftuid (see Fig. 3-1). In our later experiments the 
silver wires employed in the measurement of the endocochlear d.c. 
potentials were chloridized in order to get rid of contact potentials. This 
is not absolutely essential to the experiments, because any change in 
potential will still be registered. The cross section of the silver wire used 
as a ground electrode was 1.75 mmo In the actual measurement this 
wire was placed in the neck muscles of the experimental animal. The 
cross section of the silver wire which is part of the other electrode amounts 
to 0.15 mm; this silver wire enters the measuring system at the proximal 
end of the connective piece channelling till near the microcannula tip 
(Fig. 3-2). To prevent leakage at the entrance site, this area was cleansed 
with toluol and carefully closed off by means of a contact adhesive 
('Snelfix' manufactured by Cetabever, Beverwijk, Holland). To this 
adhesive some toluol was added in a ratio of 5: 1 for this application. 
This adhesive was found to be very useful and hal> been especially important 
in the prevention of leakage of perilymph and endolymph along the 
microcannula, on which subject we will elaborate later. 

b. CALIBRATION 

Calibration of the measuring system beyond the microcannula preceded 
each pressure measurement. Frequently this calibration was also performed 
at the end of a measurement. The opera ti on of the electromanometer 
is described in this section. Fig. 3-3 shows the front panel of the electro
manometer. 

The ftuid level in the calibration cannula was brought in one and the 
same horizontal plane with the midpoint of the pressure membrane. 
Then the electromanometer was zeroed in by means of the zero adjuster 
knob. It stands to reason th at this zero corresponds to atmospheric 
pressure present at the open end of the calibration cannula. The most 
sensitive position of the range selector - 10 - was optimal for the zero 
adjustment. Af ter turning the range selector button to 300 we applied 
a hydrostatic pressure to the pressure membrane using a known height of 
ftuid in the calibration cannula above the zero level. Actually, norm al 
saline solution or Ringer's Huid was used instead of water, but resulting 
differences in specific gravity and therefore in pressure are so slight that 
they may be ignored. For the E.M.T. 33 the height of the ftuid above 
the zero level was 30 cm and for the E.M.T. 35 a height of 300 cm was 
applied. In order to make the meter indicate one hundred, the sensitivity 
equalizer was adjusted. 

Electrical standardization was performed as follows: The Huid level 
in the calibration cannula was brought back to zero. The range selector 



Fig. 3- 2. The distal part of the measuring 
polythene cannula, the connective piece and 
the microcannula; note the silver wire en
tering the system between the polythene 
1lleasuring cannula and t he connective piece. 
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Fig. 3-3. The front panel of the E.M.T. 31 electromanometer. 

1. meter 5. sensitivity equilizer 
2. electrical standardization button 6. standardization adjuster 
3. zero adjuster 7. frequency response selector 
4. range selector 

button was switched to ten or to one hundred. The electrical standardization 
button was pushed to produce an electrical signal. With the standardizat
ion adjuster the meter was made to indicate exactly one hundred. Electrical 
standardization facilitated calibration of the mingograf as it enabled to 
produce electrically a deflection of 100 scale divisions on the electro
manometer. One hundred divisions on the meter of the electromanometer 
were made to correspond with a 5 cm deflection on the paper of the 
mingograf. It is obvious that fuU deflection on the meter in the positions 
300, 200, 100, 50, 20 and 10 of the range selector indicates the centimeters 
hydrostatic pressure when the E.M.T. 35 is used and corresponds to 
30, 20, 10, 5, 2 and 1 cm of water, respectively for the E.M.T. 33. Fig. 3-4 
exemplifies the resulting deflection on the mingograf for the E.M.T. 33. 

The linearity of the system was checked with a battery of fluid columns 
of various lengths and with different positions of the range selector switch. 
This was done repeatedly although not in every single experiment. Also 
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Fig. 3-4. Photograph of mingograf recording during calibration. Line b is the base 
line of the recording and line a indicates full deflection of the meter in the electromano
meter panel. Full deflection is r eached at pressures of 30, 20, 10, 5, 2, and 1 cm of 
water, when the range selector knob is set at 300,200,100,50,20, and 10, respectively. 

the reproducibility was checked. It should be pointed out that discrepancies 
between the different ranges do not affect relative measurements once 
a range is selected. If one is only interested in relative pressure differences, 
mere absolute calibration errors will be of no consequence; this eliminates 
an important source of errors. When we employed more than one measuring 
system we encountered slight deviations in pressure values between the 
systems, which indicates once again the drawback of using multifold 
systems. 

On occasion we also calibrated the complete system including the micro
cannula (second calibration procedure) simultaneously checking the 
effcctiveness of the contact adhesive Snelfix as a preventive against leakage_ 
Fig. 3-5 shows the experimental set up. 

To this purpose we employed a bottIe of water closed by a metal cap 
containing two holes: one serves to apply pressure, the second one is a 
test hole to check leakage. The test holes of a set ofthese caps had diameters 
ranging from 150 to 1000 microns. For the sake of clarity we remark 
that the screw capped bottie of the second calibration procedure plays 
a similar role in vitro as does the endolabyrinthine space of the ex
perimental animal in vivo, with omission of the membranes. 



t =--12 

Ir 

1':':':':-:':':':':':':':':':':':':':':' ........ . ...... . .... . . . . ......... . ...... .... . ........ . . . ... . . ..... . .. . .. . ... . ... ' ............. . ..... .... . ..... . ......... 
:::::::. L.A : :::::::" .. ........... . ..... ........... : .......... : .............. : .. . ....... . . . ... .. . .... . ...... .. . . .. .. ................... .......... . ........ ..... ... . . ... . ..... ... . ........ . ...... .................. . 

.:-:.:.:.:-:.:-:-............. .... ............... .. 
::::::::::::::::: ............... .. ................ . ................. 
::::::::::::::::: 
'"j -; -; -; -;"j . ;. 

J2 

IJ 

~ 
fJJ 
fJJ 

~ 
fJJ 

o 
".I 
1.0:1 

~ 

5 
i 
~ 
~ 
C'l 
1.0:1 

~ 
~ 
o 
f:J 

~ 
~ 
fJJ 

Fig. 3-5. 8chematic drawing of the experimental setup to check the effectiven ess of the adhesive '8nelfix' as a preventative against 
leakage. This setup was aIso used to calibrate the complete system (second calibration procedure). Note : scales are arbitrary. 

C. m easuring cannula 
D. calibration cannula 
O.M. operating micr oscope 

P. pressure hole 
P .T . pressure transducer 
R. rubber seal 

8 . screw cap 
82. three-way stopcock 

T. test hole, with diameters of 150-1000 microns, ~ 
closed with the '8nelfix' around microcannulae 
of 30-130 microns outer diameter 
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The pretreated tip (see chapter III under c: initial preparation) of the 
microcannula was placed just above the test hole in the cap ofthe immobi
lized bottIe under an operating microscope and by means of a micro
manipulator. When the exact entrance site - i.e. centre of the test hole -
of the microcannula was thus determined, the microcannula was raised 
for the final preparation of its distal end. This preparation we will describe 
in detail when the endolabyrinthine pressure measurement will be discussed. 
Then the microcannula tip with an outer diameter somewhere between 
30 to 130 microns was inserted into the test hole of the screw cap again 
using the micromanipulator. The self-settling packing Snel fix on the tip 
(initial and final preparation) turned out to close a hole of 1000 microns 
cross section withstanding a hydrostatic pressure of 30 cm, even if we 
used a microcannula tip of 30 microns outer diameter. Obviously, the 
pressure transducer was placed at the same height as the screw cap. 
Pressures were obtained from a water column (large reservoir) exerting 
pressure on the bottle of water (Fig. 3- 5). Calibration of the entire system 
could then be concluded. 

It should be pointed out that changes in hydraulic pressure were well 
followed by the measuring system even if we used the microcannula with 
smallest bore (30 microns). 

The voltmeter-mingograf system used in measuring the d.c. potential 
was calibrated in such a way that 300 m V caused a 5 cm deHection on the 
paper. 

c. DESCRIPTION OF THE METHOD 

As mentioned before we used the cat as the experimental animal. 
But, on the guinea pig also we performed several measurements of the 
perilymphatic and the endolymphatic pressure via the round window 
and basilar membrane, respectively; only one of these experiments proved 
to be successful. The anatomy of the relevant area in the guinea pig 
renders this way of measuring the pressure more difficult. In piercing the 
secondary tympanic membrane with the tip of the microcannula without 
very special precautions, leakage occurred without exception (cf chapter 
1I). In most of their measurements of the perilymphatic pressure via the 
secondary tympanic membrane, WEILLE et al. (1958) also experienced 
leakage. Finding a material suitable to serve as a satisfactory seal, proved 
to be a laborious task. The contact adhesive Snelfix turned out to be by 
far the best. 

Now we will give a brief discussion of the preparation of the measuring ' 
system distal from the stopcock with special reference to the tip of the 
microcannula. This tip was submerged in a normal saline or Ringer's 
solution and Huid was sucked up slowly through the microcannula into 
the measuring cannula by means of a syringe. This procedure was elected 
since from previous occasions we had learned that minute polythene 
particles, pT.Oduced when the polythene connective piece is drawn over 
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the microcannula, can be brought into circulation congesting the micro
cannula tip if the Huid is moving downstream. Smoothing of the proximal 
end ofthe microcannula served to diminish particle formation (cf page 12). 
The minute particles, if any, were now sucked into the measuring cannula 
and syringe for removal. When the measuring cannula was totally filled 
with Huid, not leaving space for any air bubbles, the isolating xylol was 
injected with the aid of a second syringe. In doing so, Huid was forced 
through the tip of the microcannula which in our experience now hardly 
ever plugged up during this procedure. Subsequently, a small amount of 
norm al saline or Ringer's solution was forced through the polythene 
cannula with a syringe so that the xylol was Hanked by conducting Huid 
(see Fig. 3-1). 

The distal end of the measuring system prepared in this way could 
now be attached to the fluid-filled three-way stopcock; during these 
manipulations extreme care was taken to prevent the formation of any 
air bubbles. 

A description of the initial preparation of the microcannula tip will 
now be given. Effective use of the contact adhesive requires a clean surface. 
To this purpose the distal end of the microcannula was carefully, though 
thoroughly, rubbed with toluol under an operating microscope. Conta
mination of the conducting Huid with the cleansing toluol was kept at a 
minimum by air present at the tip of the microcannula. This air was 
introduced from the distal side by pinching and releasing the measuring 
cannula while the other side was closed off by means of the three-way 
stopcock (see Fig. 3-1). Subsequently, the calibration cannula and the 
measuring cannula were connected via the three-way stopcock. The Huid 
in the calibration cannula was utilized to force Huid downstream out of 
the microcannula thus expelling the toluol which during cleansing had 
been sucked in by capillary act ion of the microcannula tip. 

The contact adhesive diluted with toluol (three parts toluol with five 
parts contact adhesive) was applied with the utmost care and precision 
in an appropriately thin layer on the dis tal external surface of the micro
cannula up to the very rim (initial preparation of the distal part of the 
microcannula). This operation was performed with the aid of an operating 
microscope. Even so the tip of the microcannula occasionally got stuck. 

At this stage we calibrated the measuring system and voltmeter as 
outlined in the first calibration procedure we described before. 

These preparations preceded anesthesia of our experimental cat with 
an intravenous injection of sodium pentobarbital in a dosage of 30 mg/kg 
body weight. A tracheotomy was performed on the cat to ensure a sufficient 
breathing way which otherwise could have been jeopardized by the head
holder securing immobilization. We inserted a catheter into the femoral 
vein in order to obtain a fast increase - if indicated - in the sodium pento
barbital level of the blood, without touching the animal. The arterial 
blood pressure was measured in a number of animals via a catheter in 
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the femoral artery; to this purpose we filled the catheter with normal 
saline solution to which heparin had been added, and connected the 
catheter to the E.M.T. 35 pressure transducer. 

The posterior part of the bulla approached from the ventral si de was 
for the larger part exposed without violating blood vessels of any importance 
in this area, and was opened so that the round window and the secondary 
tympanic membrane became clearly visible. 

Cats with middle ear infection or displaying scar tissue in this region 
were discarded. Neither did we use a cat if an anatomical deviation rendered 
the animal unsatisfactory for our type of experiment. 

Fig. 3-6 shows a microcannula and the basilar membrane viewed through 
both the tympanic membrane and the intermediate perilymph af ter we 
had opened the posterior room of the bulla. Note the few capillary vessels 
in the round window membrane. The cross section of the basilar membrane 
at the site of the round window amounts to approximately 225 microns. 

The head of the cat was fixed in such a way that the membranes were 
in positions suitable for measurement, the tangent planes at the site of 
interest yielding minimal angulation with the horizontal plane. 

Observed from many directions through an operating microscope, the 
tip of the vertically mounted, pretreated (initial preparation) microcannula 
was moved by means of the micromanipulator towards a point just above 
the secondary tympanic membrane from where a vertical path would 
lead to the basilar membrane where it borders the spiral ligament. The 
site of perforation was elected in such a way that the secondary tympanic 
membrane there contained no capillary vessels. To set the microcannula 
in the right direction requires patience combined with considerable 
experience. 

The microcannula had to be raised 2-3 cm with the aid of the micro
manipulator for the final preparation of its distal end. Blowing dry air 
over its surface removed condensed water from the microcannula tip. 
Then we proceeded with the final preparation of the microcannula. 
Contact adhesive and toluol were mixed in a proportion of 5 to 2. A thin 
iron rod was dipped into this mixture and served as a winding tooI. The 
diluted adhesive was rather thready and could be wound around the distal 
end of the microcannula up to its very tip. Care had to be taken not to 
cover the opening of the tip. The adhesive thread generally broke during 
this procedure so that a cascade of applications was necessary. The result
ing wound thread eventually lost its shape, flowing to a continuum around 
the tip end. The operating microscope was a necessary tooI in this delicate 
operation. The reason for applying a second layer (i.e. final preparation) 
at this stage will now be clear since otherwise the view necessary for 
exact location of the microcannula would have been obstructed: the fust, 
thin, layer is transparent (see page 19), but this lastly applied layer is 
opaque due to its thiclrness and hinders the visibility of the microcannula 
tip and the desired localization. Again dry air was blown over the surface 



Fig. 3-6. The basilar m embrane viewed through both the secondary tympanic 
membrane and the intermediate perilymph. A microcannula directed towards the 

basilar membrane is also shown. 



Fig. 3-7. The microcannula af ter retract
ion following a successful measurement. 
The upper and the lower ring of contact 
adhesive are the results of encounter with 
the round window and basilar membrane, 

respectively. 
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of the applied adhesive to obtain the desired degree of flexibility of the 
adhesive quickly. 

We used the water column in the calibration cannula and the three-way 
stopcock to expel the remaining air out of the microcannula tip, which 
could then be lowered with the micromanipulator in order to perforate 
the secondary tympanic membrane for measurement of the perilymphatic 
pressure. 

The method described above ensures a good result because the contact 
adhesive pro vides a self-settling packing, as long as the secondary tympanic 
membrane has not been torn excessively. Fortunately, of ten a certain 
portion of the compressible adhesive remains at the tip end of the micro
cannula af ter passing the secondary tympanic membrane, serving as the 
seal when the basilar membrane is pierced. This could be concluded 
from an inspection of the microcannula tip afterwards. Fig. 3-7 demon
strates the distal part of the microcannula af ter retraction following a 
successful measurement. 

It should be mentioned that the absolute perilymphatic pressure was 
measured with the range switch of the electromanometer on 200, which 
af ter due time was switched to the sensitive setting of 20 for comparison 
of the perilymphatic and the endolymphatic pressure (see page 15). As 
al ready said in the beginning of th is chapter the d.c. potential served to 
determine the entrance of the microcannula tip into the endolymphatic 
space. 

d. REQUISITES FOR RELIABLE MEASUREMENTS 

WEILLE et al. (1958, 1961) and MARTINEZ (1969) fulfilled a certain set 
of conditions in the performance of their experiments. In our judgement 
their set of conditions has not been stringent enough and we have drawn 
up a different and more elaborate set of requisites to which we adhered 
strictly. For instance, the possibility of a congested cannula had not been 
given sufficient consideration - as pointed out in chapter II - and had 
hen ce not been ruled out appropriately. The possibility of pitfalls in 
methods employed previously made us very particular in choosing our 
requisites, which gradually developed, along with our experience, to the 
final form which we will present here. 

We performed many experiments before a satisfactory technique was 
developed for measuring endolabyrinthine pressures via the round wind ow 
membrane. 

If not each and everyone of the requisites was satisfied, the experiment 
was rejected as not representative. To start with the requisites already 
discussed in th is and the previous chapter, these were observed and nood 
no further digression. 

Warrants to rule out leakage of perilymph along the microcannula 
and the secondary tympanie membrane: 
1. The resulting shape of the contact adhesive af ter the experiment 
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should show a eonstrieted belt in between two thieker rings, the proximal 
one of whieh is formed by the seeondary tympanie membrane during 
insertion and should be sizable in eomparison to the opening in the seeond
ary tympanie membrane (see Fig. 3- 7). 
2. When the seleetor knob of the eleetromanometer is put on 20 (see 
page 15), clearly deteetable variations with the frequeney of respiration 
(see Fig. 3-9) should be present (expiration eaused an inerease, inspiration 
a deerease in the endolabyrinthine pressure) ; their size is influeneed by 
the bore of the mieroeannula tip and the breathing depth. In many a case 
the heartbeat traeed itself also, but its dependenee upon the inside diameter 
of the microcannula tip was far more pronouneed. 
3. Careful suction of fluid from the bulla spaee should not change the 
perilymphatic pressure value. 
4. Vi si bIe signs of leakage should be absent. This must be checked with 
the aid of the operating microscope. 
The last two points alone we consider insufficient evidence for the absence 
of leakage. 

Requisites excluding mixing of perilymph and endolymph alongside 
the microcannula: 
1. The presenee of a 'ring' shaped by the basilar membrane at the dis tal 
end of the mierocannula (see Fig. 3-7). 
2. Upon removal ofthe round window membrane - af ter the experiment
the basilar membrane becomes directly visible. Apart from a nearly sub
microscopie spot, indicating where, at the side of the spiral ligament, 
the tip of the mierocannula had perforated the basilar membrane, this 
membrane should appear normal. To visualize this spot does entail 
eonsiderable effort. 
3. The endoeochlear d.c. potential has to keep level af ter perforation 
of the basilar membrane by the microcannula tip. 

Requisites to exclude congestion of the mieroeannula tip when measuring 
the perilymphatic pressure : 
1. A quick rise of the pressure to equilibrium should be seen following 
the perforation of the secondary tympanie membrane (see page 23); the 
rapidity of this ri se depends to some degree on the bore of the micro
cannula tip also. 
2. Clearly deteetable pressure variations should be present and should 
have the same frequency as the respiration wh en the seleetor knob is 
put in position 20. The superimposed heartbeat variations are then present 
in nearly all qualifying cases; however, their presence is not considered 
an absolute necessity. 
3. Af ter the experiment, exertion of very slight pressure (a few mm of 
water) inside the microeannula tip, barely submerged in water, must 
result in an outflow, dedueed from a descent of the water column in the 
calibration cannula which provided the pressure head. 
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Requisites to exclude congestion ofthe microcannula tip when measuring 
the endolymphatic pressure : 
The last two requisites (2 and 3) for the perilymph hold for endolymphatic 
pressure measurements too. Whenever the tip of the microcannula meets 
a membrane the pressure variations due to respiration and, whenever 
applicable, heartbeat, disappear (see Fig. 3-11). Occasionally these 
variations do not reappear af ter the membrane is pierced. This must be 
interpreted as congestion of the microcannula tip, since the pressure 
remains at level in these cases, at least for some time, and then slowly 
drifts downwards. This drift could be imitated with the instruments only, 
omitting the experimental animal. Pressure variations related to breathing 
or heartbeat seldom disappear once the endolymphatic space has been 
entered. 

General requisites: 

1. The perforation hole of the basilar membrane must border the spiral 
ligament. 
2. In going from perilymph to endolymph there should be an appropriate 
increase in d.c. potential (see Table lIL-I). 
3. Of course, the general condition of the experimental animal has to 
be satisfactory beforehand. The animal is reevaluated during the experi
ment with respect to ventilation, heartbeat, only in a portion of the cases 
complemented by arterial blood pressure measurement; this last parameter 
namely proved invariably to be satisfactory in our experiments on the 
cat; this probably relates to the fa ct that the experiment lasts less than 
2~ hr. and that the - minor - operation was performed with care. 

e. RESULTS 

Interference with a spa ce where pressure has to be measured will 
expectedly disturb the conditions present before measurement. The 
displacement volume (see page 11) necessary for measurement of the 
perilymphatic pressure exemplifies this. Fortunately the pre-puncture 
pressure level appears to be restored rather rapidly (the order of magnitude 
amounts to % minute, see Fig. 3-8) and the small displacement volume 
is apparently produced easily (cf. chapter V, pp. 44, 45). 
This conclusion was deduced from two facts. 
1. Several times in a row the perilymphatic pressure built up to the 
same equilibrium value in repeated measurements, starting every time 
from atmospheric pressure which was forced upon the perilymphatic 
space by means of the column in the calibration cannula via the three-way 
stopcock. (see Fig. 3-1). 
2. Af ter the connection of a cannula with an inside diameter of 1.5 mm 
to the perilymphatic space, via a needle with a bore of 0.6 mm in one of 
our earlier experiments, we found a steady ri se of Huid in this cannula 
until a level was reached equal to the normal perilymphatic pressure head 
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with respect to atmosphere. In this measurement the needle is introduced 
through a hole drilled in the cochlear wall, slightly to the medial side, 
about I mm anterior to the attachment between the secondary tympanie 
membrane and the round window niche. The suitability of this site was 
pointed out earlier by HUGHSON (1932). Leakage at the nee dIe tip was 
prevented by a rubber collar. Filling the relatively large volume of needIe 
and cannula until the equilibrium level of the perilymphatic pressure 
was reached required several hours; meanwhile the production slowed 
down gradually when the pressure in the perilymphatic compartment rose 
as could be deduced from the fluid level in the cannula. The initial product
ion rate of perilymphatic fluid is in reasonable agreement with the time 
found necessary for the production of the displacement volume. 

Wh en the microcannula tip enters the perilymphatic space and when 
this tip is inserted farther, aftel' establishing the equilibrium pressure, 
a very small portion of the perilymphatic space is occupied by the relevant 
volume of the distal part of the microcannula and the fluid in this part. 
This type of volume displacement expectedly results in an increase of the 
perilymphatic pressure. The microcannula tip was inserted in stages of 
25 microns at a time, regulated with the micromanipulator. The peri
lymphatic pressure indeed showed the expected increments. However, they 
turned out to be of very short duration and were small in size; the peri
lymphatic pressure returns every time to the same value (see Fig. 3-9). 
We may conclude that the perilymphatic pressure displays a tendency 
towards maintaining a certain level. 

Fig. 3-9 shows the perilymphatic pressure variations corresponding to 
the respiration with superimposed pressure variations reflecting the 
heartbeat. Five cm of the ordinate in this graph corre:;ponds to a pressure 
of two cm of water; the range selector switch of the electromanometer 
was at position 20. Each time the microcannula was moved farther inwards 
over a distance of 25 microns, th is was indicated by pressing the marking 
button on the mingograf 81 which produced a mark in a downward direction 
on the recording line. Note the shortlasting pressure increments due to 
the stepwise insertion of the microcannula indicated by arrows. An 
increment may become obscured in an upward phase of the pressure varia
tion due to respiration. 

Similar phenomena occur when the tip of the microcannula enters the 
endolymphatic space af ter piercing the basilar membrane; every time 
the microcannula tip penetrates 25 microns deeper, a pressure increase 
of short duration is noticeable. 

It should be mentioned that in both the perilymphatic and endolymph
atic pressure measurement the pressure line displays irregular fluctuations 
apart from the influences of respiration, heartbeat and insertion. At a 
later stage of our investigation (cf. chapter IV) corresponding irregular 
waves in the pressure line were also detected for the cerebrospinal fluid. 
The order of magnitude is a few (up to 3) mm of water in an interval of 
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variabIe duration, sometimes as short as 10 seconds. Fig. 3-10 shows 
an example of the varia bIe pressure line in the measurement of the 
perilymphatic pressure. 

FIN AL RESULTS 

The perilymphatic pressure proved to be equal to the endolymphatic pressure 
within the margin of uncertainty of the measurement (1 to 2 mm of water). 
Because of the endolabYTinthine pressure variations of the type referred 
to in Fig. 3-10, an inaccuracy of 1 to 2 mm of water in the deflected 
pressure gradient is to be expected if we consider the time consumed for 
piercing the basilar membrane (the precision of the measuring system 
exceeds this accuracy by far). This is the reason why the range selector 
knob is not switched to a position lower than 20; moreover, by refraining 
from position 10 the chance of going off scale is diminished. If we adhere 
strictIy to the set of requisites mentioned earlier on, only 12 of some 80 
measurements qualify as representative. These 12 experiments provided 
perilymphatic pressures during 1 minute before piercing the basilar mem
brane and endolymphatic pressures during 1 minute thereafter. We 

averaged these two sets ofpressures, and the differences (.6P=perilymph

atic pressure minus endolymphatic pressure) are listed in Table lIl-I. 
Many other measurements confirmed the same finding of equal perilymph
atic and endolymphatic pressure but did not fulfill our entire code of 
practice. Fig. 3-1 1 demonstrates the pressure variations when the micro
cannula tip is advanced in steps of 25 microns at a time through the 
perilymphatic space and the pressure variations in the endolymphatic 
space af ter the tip of the microcannula has pierced the basilar membrane. 
These measurements were carried out with the range selector knob at po
sition 20, five cm deflection on the ordinate corresponding to two cm of 
hydraulic pressure. N ote the interesting phenomenon that the basilar 
membrane when touched by the microcannula, first removes the pressure 
variations due to heartbeat and thereafter those due to respiration. These 
variations register again af ter the microcannula tip has pierced the basilar 
membrane. Pressure variations reflecting the respiration and heartbeat 
are equally demonstrabIe in the endolymphatic pressure curve and match 
the perilymphatic curve of the same ani mal. 

In particular our aim was to measure the difference, if any, between 
the perilymphatic and endolymphatic pressure ; to this purpose the range 
selector knob was switched to the more sensitive position 20 from the 
original position 200, af ter compensating the absolute deflection with 
the zero adjuster. A pressure difference of 2 cm of water then caused a 
deflection of 5 cm where it previously would have made the writing pen 
deflect 0.5 cm (see page 15). Knowledge of the absolute pressure value 
is not lost by changing the position of the range selector knob: The 
absolute pressure value is known from a reading with the range selector 
knob at position 200; the position of the WTiting pen af ter the new setting 
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of the range selector knob and of the zero adjuster still corresponds to 
this same absolute pressure value. 

Table lIl-I: Absolute pressure values for perilymph, differenees in pressure between 
perilymph and endolymph, and values for the endoeoehlear d.e. potential. 

Experimental Perilymphatie !::.P in mm of 
Endolymphatie 

cat number pressure in cm water (see text) d.e. potential in 
water mV 

3 !)a 11.4 0.8 96 
37a 12.6 0.0 90 
35a 13.0 1.2 84 
31& 13.6 0.0 87 
33a 13.8 -0.4 96 
23 14.2 -2.0 90 
42a 14.4 0.0 87 
17 14.8 0.0 108 
25 14.8 2.0 72 
19 15.2 -0.4 102 
41a 17.2 1.0 84 
34a 18.0 -1.2 96 

The spread in the absolute pressure values would have been Ie ss if the 
vertical distance from the relevant cochlea to the spine of the animal 
had been constant in all 12 cases; the position of the animal's head relati ve 
to its trunk influences the endolabyrinthine pressure. This will be elaborated 
on in chapter IV. The animal's head was positioned in such a way that 
the membranes were in a position suitable for measurement. As a conse
quence, smaH anatomical variations ofthe round window and the secondary 
tympanie membrane influenced the position of the head and hence caused 
differences in the vertical distance bet ween the cochlea and spine for 
different animaIs. 

The one successful measurement on the guinea pig (which we mentioned 
before) also yielded equal pressure values for perilymph and endolymph, 
within the limits of accuracy of our experiment. Only a subset of the 
requisites as previously listed was observed in this case, but we still like 
to consider this measurement as qualifying. The blood pressure was not 
measured; the superficial breathing hardly reflected on the rather fluctuat
ing pressure line; the heartbeat influences on the other hand, showed 
clearly; the absolute perilymphatic (or endolymphatic) pressure was 7 cm 
of water and the endocochlear potential 78 mV. 

As mentioned before, we used the endocochlear d.c. potential as a 
looalization parameter. As shown in Fig. 3-11 this potential increases 
by some 90 m V when the endolymphatic spaoe is being entered. Piercing 
of the basilar membrane with the microcannula tip just before the endo
lymphatic space is entered frequently produces a negative dip in the d.c. 
potential before the eventual rise towards the endolymphatic level 
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(Fig. 3-12). This is in agreement with findings of VON BÉKÉSY (1952) 
and is caused by a different d.c. potential inside the cells of the basilar 
membrane. The values we found for the endolymphatic d.c. potential 
are listed in the last column of Table lIl-I. 

The technique we have developed can also be applied to the measurement 
of the 'distance' 1) from the basilar membrane to Reissner's membrane, 
since from the micromanipulator readings the displacement of the micro
cannula tip can be determined quantitatively, while the following two 
phenomena exist as independent indicators of the location of the tip: 

Firstly, the pressure variations due to respiration disappear when the 
microcannula tip is closed off by the basilar membrane and recover once 
the endolymphatic space has been entered and disappear again when 
Reissner's membrane is reached. 

Secondly, the pressure variations reflecting the heartbeat vanish when 
the basilar and Reissner's membrane close off the microcannula tip 
respectively, recovering in between when the microcannula tip is inside 
the endolymphatic space. 

We believe th is to be a fust step towards an in vivo determination of 
the location of Reissner's membrane relative to the basilar membrane. 
Possibly endolabyrinthine hydrops could thus be detected. Af ter oblitera
ti on of the endolymphatic sac in the guinea pig, KIMURA and SCHUKNECHT 
(1965) and KIMURA (1967) concluded from subsequent histological exami
nation that hydrops thus could be produced. It should be possible to 
check this conclusion also by the technique we advance for measuring 
the distance between the membranes. 

Distance measurement performed on 5 cats yielded values ranging 
from 475 to 600 microns, with a mean value of 500. For more precise 
di stance measurements it is desirabie to ensure a direction of the long 
axis of the microcannula relative to the basilar membrane more constant 
than we have employed. Obviously, the direction in which the distance 
is measured can make a considerable difference. In measuring the distance 
positioning is important. If the he ad of each experimental animal is 
always fixed in the same way, without rendering the position of the mem
brane unsuitable for pressure measurement 2 ), the direction of the micro
cannula relative to the basilar membrane may be more constant. Such 
will probably be the case if the experimental animals are chosen from a 
genetically pure strain. 

To determine whether Reissner's membrane bulges in a manner as 
histological findings in cases of Ménière's disease seem to indicate the 
microcannula tip should preferably touch Reissner's membrane somewhere 

1) 'distance ' measured in a direct ion nearly perpendicular to the basilar 
membrane at the side of the spiral ligament, henceforth referred to as distance 
unless specified otherwise. 

2) Pressure measurement in this case is not the purpose in itself, but only a 
means to an end. 
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along its midline without violating the obvious requirement that pressure 
measurement is still possible. We like to mention th at distance measure
ment was not our specific aim. 

Using the ri se and fall in the d.c. potential as the indicator for the 
entrance and exit spots in the endolymphatic space is not very reliable in 
defining the location of these spots, because the upward and downward 
change ofthe d.c. potential in meeting the basilar membrane and Reissner's 
membrane respectively, is more gradual and not steep whilst encounter 
with Reissner's membrane presumably causes bending - and on occasion 
tearing - thus postponing the downward change. Distance measurements in 
12 cats using the d.c. potential as parameter yielded values varying from 
400 to 850 microns, with a mean value of 750 microns. 

Measuring di stance by means of the d.c. potential has recently been 
undertaken also by PEAKE et al. (1969). With the axis of a measuring 
microcannula oriented perpendicularly to the basilar membrane they moved 
the tip of this cannula towards Reissner's membrane passing the organ 
of Corti and the scala media. They found higher values for the distance 
between basilar and Reissner's membrane (,-.,700 microns) than measured 
on a histological section (,-.,350 microns). These authors mention bending 
of their rather th in (a few microns to a few tenths of a micron) cannula 
as a possible source of error. Because of the size of the microcannula tip 
we employed, only the second source of error appears important for our 
measurements, viz. bending of Reissner's membrane. 



CHAPTER IV 

THE RELATION BETWEEN THE PRESSURE OF 
THE ENDOLYMPH, THE PERIL YMPH, 

AND THE CEREBROSPINAL FLUID 

In this chapter as weIl as in the next one the cochlear aqueduct plays 
an important role. A consulta ti on of the literature dealing with the 
cochlear aqueduct seems therefore indicated. The cochlear aqueduct is 
divided into two parts: 
1. a bony canal - the canaliculus cochleae -, 
2. its contents, the connective tissue inside - the ductus perilymphaticus -
which consists of the dura mater and the arachnoidea (Nomina Anatomica 
1966). 
Conventionally, the otological authors speak of the cochlear aqueduct 
without further specification. We will conform to this practice. 

The discovery ofthe cochlear aqueduct goes back to Du VERNEY (1684), 
who did not yet distinguish between the cochlear aqueduct and the canal 
of the inferior cochlear vein. COTUGNO (1774) was the fust to make this 
distinction and to describe the bony canal covered by the dura mater, 
going from a niche at the round window towards the cranial cavity. 

A great many investigators have tried to find an answer to the question 
whether and to what ex tent the cochlear aqueduct is patent. This answer 
is involved in questions as: Where does the perilymph originate?; can 
infections spread via the cochlear aqueduct and are the cerebrospinal 
and perilymphatic fluid pressures in balance? These questions must have 
brought about the large interest in the question of patency or non-patency 
of the cochlear aqueduct. 

Using histological techniques, quite a few investigators studied the 
patency of the cochlear aqueduct. To our knowledge MEURMAN (1930) 
was the only one among these experimenters who described a bony obli
teration (over a short di stance) of the cochlear aqueduct in 4 out of 55 
human temporal bones which he investigated. We wonder whether the 
sections in these 4 cases did not miss the cochlear aqueduct. So did PALVA 
and DAMMERT (1969), who themselves performed extensive histological 
studies on the human cochlear aqueduct. In reference to Meurman's text 
they suggested: 'that there was total obliteration in none and that, 
possibly, the sections did not represent the area of the aqueduct.' 

Whether or not the cochlear aqueduct is completely obliterated by soft 
tissue does not only depend upon the species under investigation, but 
also on the 'species of investigators'. Compare for instance the results of 
MEURMAN (1930) with those of PALVA and DAMMERT (1969). In our 
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judgement the results of Palva and Dammert are the more reliable ones 
since it is not unlikely that the observation of a complete soft-tissue 
obliteration is based on artefacts. It is commonly accepted that in our 
experimental animal, the cat, no soft-structure occlusion exists (WINCKLER 
1963). 

The length and cross-section of the aqueduct were measured by several 
investigators (KARLEFORS 1924, MEURMAN 1930, LEMPERT et al. 1952, 
WERNER 1960, ANSON 1964, ANSON et al. 1965, RITTER and LAWRENCE 
1965, NEIG ER 1968 and PALVA and DAMMERT 1969) in various animals 
and in man. The results were very inconsistent. 

WALTNER (1948) described the barrier membrane - membrana limitans
to be situated in the internalopening of the aqueduct. He concluded that 
under physiological conditions diffusion, but no direct flow, occurred 
between the cerebrospinal fluid and the perilymph through the barrier 
membrane. H e found such a membrane, two or three cell-layers thick, 
in human fetuses. In adult human beings he described the membrana 
limitans as a one cell-layer membrane, one micron or less in thickness. 
In a later investigation ALTMANN and WALTNER (1947) could not demon
strate the presence of a continuous membrane in all consecutive sections. 
A membrana limitans was also described by NEIGER (1968) in monkeys. 
PALVA and DAMMERT (1969) , who found a barrier membrane at the orifice 
of the cochlear aqueduct in the scala tympani in 2 out of 20 human temporal 
bones, concluded th at as a rule, the fluid exchange between the cerebro
spinal space and the scala tympani is not obstructed by any membrane. 

Besides the previously discussed histological investigations, many 
physiological experiments have been carried out with dyes in order to 
confirm or to rule out the permeability of the cochlear aqueduct. Most 
experimenters injected the dye suboccipitally (CHILOW 1923, MEURMAN 
1930, ALTMANN and WALTNER 1947, GISSELSSON 1949, GRAF and PORETTI 
1950, SCEVOLA et al. 1950, ALTMANN and WALTNER 1950a, 1950b, SVANE
KNUDSEN 1958) and investigated whether it could be recovered from the 
scala tympani. Some investigators studied the route in the opposite 
direction (YOUNG 1949, ALTMANN and W ALTNER 1950a, 1950b) and tried 
to re cover the dye in the subarachnoidal space. The majority of the 
experiments showed passage of the dye. 

Several studies have been performed on the free passage of corpuscles 
through the cochlear aqueduct (KARBowSKI 1921, 1930, NYLEN 1923, 
MEURMAN 1930, JAMPOLSKY 1935, 1963, ALTMANN and WALTNER 1947, 
ARNVIG 1951, LEMPERTet al. 1952, SCHREINER 1961,1963 and SCHUKNECHT 
and EL SEIFY 1963). In the majority of cases this method also revealed 
the permeability of the cochlear aqueduct. In this context the experiment 
of SCHUKNECHT and EL SEIFY (1963) , who suboccipitally injected chicken 
erythrocytes into the cerebrospinal space of cats (both with and without 
previous surgical closure of the cochlear aqueduct), deserves special 
attention. Without surgical closure erythrocytes were recovered in the 



PRESSURES OF ENDOLABYRINTHINE AND CEREBROSPINAL FLUIDS 35 

scalae tympani and vestibuli; with a closed cochlear aqueduct no tra ce of 
erythrocytes was found in the perilymphatic space. 

Some experiments with radioisotopes (SCHREINER 1961, 1963 and 1966) 
suggest the existence of an open connection between the perilymphatic 
and the cerebrospinal fluid , but in others (PORTMANN et al. 1954) no 
patency is found. 

While on the one hand the pro of of an open connection between perilymph 
and cerebrospinal fluid suggests a pressure equilibrium between these 
fluids, the experiments in which pressure measurements are performed 
throw some light on a possible free passage. Although CmLOw (1923), 
MEURMAN (1930) and SZASZ (1927) still lived under the impression that 
considerable pressure was required to force fluid through the cochlear 
aqueduct, HUGHSON (1932) concluded from his experiments in the cat 
that the change of the cerebrospinal fluid pressure af ter intravenous 
injection of a hypotonic or hypertonic salt solution is immediately fol
lowed bya rise or fall respectively in the intralabyrinthine pressure ; he 
mentions that the peak in the labyrinthine pressure lags behind the ex
treme of the cerebrospinal fluid pressure. KOBRAK (1933, 1934) showed 
that pressure variations of sufficient size in the intracranial space could 
also be detected in the labyrinth, provided the frequency was not too high. 
The experiments of AHLEN (1947) and KREJCI and BORNSCHEIN (1951) 
also point into the direction of a pressure balance between cerebrospinal 
fluid and perilymph. KERTH and ALLEN (1963) found in their experiments 
in cats that an increase of cerebrospinal fluid pressure was more or less 
accurately followed by the perilymph pressure, whilst obliteration of the 
cochlear aqueduct completely prevented this response. Finally, MARTIN EZ 
(1969) investigated the perilymphatic and the cerebrospinal fluid pressure 
in cats and guinea pigs. For the mean absolute value of the perilymphatic 
pressure in the cat he found 4.42 mm Hg and for the cerebrospinal fluid 
5.39 mm Hg. He found a similar pressure difference of approximately 
1 mm Hg in the guinea pig. He concluded that direct communication 
between these fluids would appear unlikely. In contrast to this, Martinez also 
derives from his experiments that when the cochlear aqueduct was patent, 
injection into the subdural space of a physiological sodium chloride solution 
produced an immediate increase of pressure inside the perilymphatic fluid 
space, while no change occurred when the aqueduct was obstructed. 

It is the general consensus that in the cat the cochlear aqueduct allows 
direct communication of the cerebrospinal fluid and the perilymph. 

OUR EXPERIMENTS 

The final goal of this part of our research was to study the influence of 
an increase in the cerebrospinal fluid pressure on the pressures of the 
perilymph and, especially, of the endolymph. The influence of an increase 
in the cerebrospinal fluid pressure on the perilymphatic pressure was 
investigated by KERTH and ALLEN (1963), and others. 
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'1'0 our knowiedge, MARTINEZ (1969) was the only one who did not only 
investigate the inHuence of an increase in the cerebrospinal Huid pressure 
on the perilymphatic Huid, but also on the endolymphatic Huid; he used 
guinea pigs for these experiments. By intravenous injection of more than 
half a mI isotonic saline solution, he produced a transient rise in cere
brospinal and perilymphatic Huid pressure, while the endolymphatic 
pressure was not affected. He also studied the influence of an anaphylactic 
shock on the pressure of the cerebrospinal fluid, the perilymph, and the 
endolymph and found a different influence on each of them. Also in this 
respect it will appear th at our results disagree with those of Martinez. 

In addition to what we set out to study in this chapter, - namely the 
influence of a change in the cerebrospinal Huid pressure on the pressures 
of the perilymph and endolymph - we also hit on some aspects which we 
consider an interesting by product th at will be briefly discussed later on. 

METHODS AND MATERIAL 

The experimental cat was anesthetized with pentobarbital sodium and 
a tracheotomy was performed. Lumbar laminectomy served to expose 
the dural sac. We employed an operating microscope and made a hole 
in the dura with a fine needie. An intravenous catheter (intracath No. 
1619 K, manufactured by C.R. Bard inc., Mary Hill, N.Y., U.S.A.) 
was provided with side holes at the distal end and inserted, via the opening 
in the dura, into the cerebrospinal space. Whenever this manipulation 
caused a bleeding the experiment was terminated, as this bleeding could 
influence the cerebrospinal Huid pressure. Leakage along the catheter was 
prevented at th is stage by applying Eastman 910 1) adhesive all around the 
site of insertion. Further fixation of the catheter was assured by filling 
the wound around the catheter with miniature pieces of gauze, af ter which 
the extern al wound was closed. The catheter was connected to a pressure 
transducer E.M.T. 33 which was carefully calibrated (see chapter III for 
details). 

Subsequently all actions necessary for measuring the intralabyrinthine 
pressure were executed as previously described (see chapter lIl). For 
measurement of the cerebrospinal fluid pressure the pressure transducer 
was placed at the same height as the one used for intralabyrinthine 
pressure measurement (cf Fig. 4--1). 

Af ter the initial pressure measurements of cerebrospinal fluid and 
perilymph, we induced an increase in the pressure of the former fluid. 
This was accomplished by turning the three-way stopcock (stopcock SI 
of Fig. 4--1) allowing the application of an additional pressure by means 
of a norm al saline column via the calibration cannula. Fluid then flowed 
into the cerebrospinal fluid compartment; because the cannula is connected 
to a large reservoir a nearly constant level of the fluid column is assured. 

1) Manufacturer Kodak Company U.S.A. 
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Fig. 4-1. Schematic drawing of the in vivo experiment for perilymphatic, endolymphatic and cerebrospinal fiuid pressure m easurements and of 
the provision to apply a pressure head to the cerebrospinal fiuid . 

B.M. basilar membrane 
C.A. cochlear aqueduct 
C.S.F. cerebrospinal fiuid 

E .S. endolymphatic space 
F . contact adhesive 
L .R . 'large reservoir' 

P.S. perilymphatic space 

P.T'l' } E P.T.z. pressure transducers .M.T . 33 

R.W.M. round window m embrane 
SI, Sz. stopcocks 
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Meanwhile we continued measurement of the perilymphatic pressure 
(cf right hand side of Fig. 4--1); af ter about four minutes this pressure has 
reached its equilibrium value. The three-way stopcock (SI) was then 
turned to cut off the fluid column, leaving a connection between the 
cerebrospinal fluid and the pressure transducer. Subsequently, both the 
cerebrospinal fluid pressure and the perilymph pressure were measured 
and compared with each other. When these pressures had stabilized to 
constant values, we brought the microcannula tip through the basilar 
membrane into the endolymphatic space using the micromanipulator. 
At this stage of the experiment the endolymphatic pressure was measured. 
By turning the stopcock, again an overpressure was applied to the cere
brospinal fluid. When the endolymphatic pressure seemed to have reached 
its equilibrium value this pressure was compared to the cerebrospinal 
fluid pressure. 

RESULTS 

Table IV-I shows experimental numbers at the various stages of the 
experiment. For the sake of clarity we shortly describe these stages once 
again. 

The fust row of every experiment in this table lists the initial values of 
the pressures of cerebrospinal fluid and perilymph. 

A water column was applied to the cerebrospinal fluid. Af ter the peri
lymphatic pressure had reached equilibrium, the stopcock SI (Fig. 4--1) 
was turned, allowing the cerebrospinal fluid pressure to be measured. 
The second row shows the height of thc applied water column, the corres
ponding equilibrium value of the perilymphatic pressure, and the cere
brospinal fluid pressure directly af ter turning the stopcock as just described. 

Hereafter, the pressures of cerebrospinal fluid and perilymph slowly 
drop to certain equilibrium values which are shown in row three. Now 
the basilar membrane was pierced allowing measurement ofthe endolymph
atic pressure which is also listed in row three of every experiment. Again 
an overpressure was applied to the cerebrospinal fluid and af ter equilibrium 
of the endolymphatic pressure we measured the pressure of cerebrospinal 
fluid and endolymph, the results of which are shown in row four of every 
experiment. 

The measurements of the endolabyrinthine pressures and the cere
brospinal fluid pressure (cf Fig. 4-1) were performed with two measuring 
systems, having pressure transducers and electromanometers of the same 
type. The error in any pressure difference between perilymph and endo
lymph is, therefore, much smaller than the one between cerebrospinal 
fluid and either endolymphatic or perilymphatic pressure. 

From table IV-I we may conclude th at the average pressure ofthe cere
brospinal fluid is 0.8 cm of water higher than that of perilymph and 
endolymph (see row one and three of every experiment). As pointed out in 
chapter 11 there is much doubt in our mind about the validity of comparing 
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results obtained with two measuring systems in case a large degree of 
accuracy is required. The pressure difference measured in this way may not 
be real. However, we feel obliged to report on three earlier experiments in 
which we used only one pressure transducer, while a three-way stopcock 
enabled us to alternate between the cerebrospinal Huid and the perilymph
atic one. In these experiments also, the cerebrospinal Huid pressure exceeded 
that of the perilymph bya small margin of about 0.6 cm of water. However, 
the physiology of the experimental animal was definitely more disturbed 
in these supplementary experiments. We drilled a hole in the bony 
cochlear wal1 at the site suggested by HUGHSON (1932) and immobilized 

Table IV-l 

Pressures of cerebrospinal fluid, perilymph, and endolymph at equilibrium; over
pressures were applied to the cerebrospinal fluid by m eans of a water column 

(large reservoir), for experimental setup confer to Fig. 4-1. 

I H eight of 
I water Pressure of Pressure of Pressure of 

Identification 
i 

column (cm cerebrospinal perilymph endolymph 
number of of water) fluid (cm (cm of (cm of 

the cat I applied to of water) water) water) I 

cerebrospinal I 
I fluid 

13 1 ) 11.4 11.2 -
16.2 15.9 15.6 -

2) 14.8 14.6 14.6 
19.4 18.6 - 18.5 

18 1 ) 21.6 20.2 
i 

-

25.8 25.2 23.9 -
2) 21.6 20.3 20.4 
26.4 25.8 - 24.6 

22 1 ) 16.5 14.8 -
21.9 20.8 19.4 -
2) 16.8 15.8 15.9 
30.4 28.8 - 27.9 

26 1 ) 18.6 18.0 -
24.0 23.1 22 .5 -
2) 18.9 18.3 18.3 
25.2 24.0 - 23.4 

29 1 ) 13.2 12.9 -

18.1 17.1 16.6 -
2) 13.9 13.4 13.4 
20.2 19.0 - 18.4 

1) no external pressure on the cerebrospinal fluid. 
2) stopcock (SI see Fig. 4-1) blocked the connection between the pressure column 

(large reservoir) and the cerebrospinal fluid; during th is blockage the m icrocannula 
tip pierced through the basilar membrane af ter which the endolymphatic pressure 
could be measured. 
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a metal cannula with a large amount of Woods metal and some 
Eastman 910 adhesive. We, therefore, feel less confident about the 
reliability of the results of these three experiments. 

As mentioned already, MARTINEZ (1969) reported an average pressure 
difference both in the guinea pig and the cat of 1 mm Hg. This finding 
would be in agreement with ours, although in our opinion the reliability 
of these findings is questionable. In itself, a possible explanation of th is 
pressure difference might be a continuous flow from the cerebrospinal 
space through the cochlear aqueduct into the perilymphatic space, 
where constant resorption would occur. This is only conjecture and definite
ly no fact , but the explanation it offers is intriguing. It would be interest
ing to answer the question of cxistence and size of this pressure difference 
conclusively. 

The increase of the cerebrospinal fluid pressure due to a water column 
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Fig. 4-2. Plot of pressure variations in the cerebrospinal Huid (eSF) due to 
breathing and the reHection thereof in the perilymphatic pressure (P). Note the 
attenuation occurring in the upper curve. A careful inspection also reveals that this 

curve lags behind the cerebrospinal Huid curve. 
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applied to this fluid is - within the small errors of our measurements -
equal to the increase of the perilymphatic and also the endolymphatic 
pressure. Table IV-l reveals this, as can be seen if for each experiment 
one compares the data presented in row one to those in row two or the 
data in row three to those in row four. 

A few final findings with respect to the cochlear aqueduct will conclude 
this chapter: Fig. 4-2 shows that the variations in pressure of the cere
brospinal fluid due to breathing are reflected in the perilymphatic pressure, 
but that a good deal of attenuation occurs. In order to check how much 
of this attenuation might have been caused by the pyrex microcannula we 
connected th is small tipped cannula (80 microns) to the much wider 
polythene cannula through which previously the cerebrospinal fluid 
pressure variations had been measured. The microcannula indeed had a 
definite smoothing effect on the curve as is shown in Fig. 4-3. (A comparison 
of the measurements presented in Figs. 4-2 and 4-3 reveals that there 
is a time lag between the perilymphatic pressure and the cerebrospinal 
fluid pressure fluctuations . A similar result was obtained for the endolymph.) 
The cochlear aqueduct appears to have an even stronger smoothing effect 
which is understandable if we consider its small effective cross section. 
Possible volume changes of the endolabyrinthine space due to a flexible 
round window membrane may contribute to this smoothing effect. The 
following phenomenon relates to th is : Application of abdominal pressure 
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Fig. 4-3. A demonstration of the smoothing effect on the pressure fiuctuations in the 
cerebrospinal fiuid (eSF) by a microcannula with a tip of 80 microns outer diameter. 
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increases the cerebrospinal fluid pressure by a factor of up to two or 
three, which is coupled with an equal ri se in perilymphatic pressure. 
However, the perilymph pressure reaches its top slowly upon an abrupt 
ri se in cerebrospinal fluid pressure ; when abdominal pressure is not applied 
any longer, the abrupt fall in cerebrospinal fluid pressure is accompanied 
by a slowel' but equal fall in perilymphatic pressure. The above is equally 
applicable to perilymph and endolymph. The presence of heartbeat 
fluctuations in Fig. 4-2 and the absence thereof in Fig. 4-3 suggest that 
heartbeat fluctuations in the endolabyrinthine fluid pressure occur inde
pendently of those in the cerebrospinal fluid. 



CHAPTER V 

THE INFLUENCE OF OBSTRUCTION OF THE COCHLEAR 
AQUEDUCT ON THE PERILYMPHATIC AND 

THE ENDOLYMPHATIC PRESSURE 

In the previous chapter we concluded that pressure increases in the 
cerebrospinal Huid are followed bythe same pressure increases in perilymph 
as weIl as in endolymph. KERTH and ALLEN (1963) and MARTINEZ (1969) 
showed absence of any such response in the perilymph when the cochlear 
aqueduct was obstructed. 

In 1933 UYAMA reported a displacement of Reissner's membrane towards 
the scala vestibuli af ter he had blocked the cochlear aqueduct in rabbits. 
LINDSAY et al. (1952) successfully performed two such blockages in 
cats: after a time interval of four and eight months respectively, they 
found no histological changes it' the inner ear. Uyama's finding may imply 
an excess of endolymphatic pressure as compared to the perilymphatic 
one, contrary to what is inferred by the results of Lindsay et al. 

To our knowledge hitherto no one has measured the peri-, and endo
lymphatic pressures af ter blocking the cochlear aqueduct. We have 
performed th is type of measurement: We observed time intervals of 1 
hour and also of several weeks between blocking the aqueduct and the 
pressure measurement. 

MATERIALS AND METHODS 

First, proper localisation of the cochlear aqueduct is a necessity for 
a satisfactory blockage. Hereafter we had to drill a hole medio-caudal 
to the round window more or less perpendicular to the cochlear aqueduct. 
Blockage of th is canal could then be achieved with dental cement. 

Fig. 5-1 shows the path of the cochlear aqueduct made visible by the 
protruding ends of a therein inserted horse-hair. Approximately halfway 
the cochlear aqueduct the hole drilled in order to reach this canal is visible. 
Note the narrow margins of error one can allow oneself, when winding 
up at the right spot is to be assured. Quite some experience is required for 
drilling the hole at the right spot. 

At some time af ter blockage the endolymphatic and perilymphatic 
pressures were measured as described in chapter lIl. Time intervals of 
either one hour or several weeks between obstructing the cochlear aqueduct 
and endolabyrinthine pressure measurement were observed. Whenever 
the elapsed time amounted to weeks, a sterile technique was employed 
during the fust operation. Nevertheless, and in spite of additional prophyl
actic application of penicillin, inflammatory processes prohibited in 
several cases endolabyrinthine pressure measurements. 



44 PRESSURES OF ENDOLABYRINTHINE AND CEREBROSPINAL FLUI DS 

F or comparison of t he results, in several cases t he pressures were 
measured on both sides, only one side having a blocked aqueduct. 

RESULTS 

A survey of the results is presented in Table V-I. In each case t he 
perilymphatic pressure at the side of the blocked cochlear aqueduct was 
inferior to the corresponding perilymphat ic pressure at the non-obstructed 
side. Various influences could explain the spread in the perilymphatic 
pressure values af ter occIusion ofthe cochlear aqueduct. Mter depressuriza
tion of the perilymph via t he three-way stopcock, in none of our cases 
a buildup to original values occurred if the cochlear aqueduct had been 
obstructed (see Table V-I ). Whenever the cochlear aqueduct was intact a 
return to the original value occurred within two minutes. 

Table V- I : Presentation of the values of the different parameters measured on the 
side where the cochlear aqueduct is b locked and where this aqueduct is patent. 

Identification number 

I I ofthe cat 5a 8a 9a I 2a 4 9 II 14 16 

Time interval between l h Ih Ih lh 2Id 21d 43d 58d 63d 
obstruction of the 
cochlear aqueduct and 
pressure measurement 
(d=days and h= hours) 

perilymph pressure 0.0 3.0 6.0 4.4 9.2 5.4 3.2 0.0 8.4 
t (cm of water) (0.01 ) (1.21 ) (3.21 ) 
Cl) difference between :'Sl - - no no no no no no no 
Cl} perilymphatic and 

"0 
Cl) endolymphatic ..., 
Co> pressure detectable2 ? ;::l ... ..., breathing reflected? - - - no no - no no no Cl} 

.D heartbeat reflected? yes 0 - - - no no - no no 

-I- endolymphatic d.c. - - 78 96 84 78 90 72 96 
potential (m V) 

t perilymph pressure - 13 - 14.6 16.8 16.4 - 11.9 15.6 

Cl) (cm of water) (16.81 ) (16.41 ) (15.61 ) 

:'Sl 6P in mm of water - - - 0.0 -2.0 - - 1.2 0.8 
Cl} 

"0 (perilymphatic pres-
Cl) ..., -- --
Co> sure minus endo-
2 ..., lymphatic pressure) Cl} 

.D breathing reflected? yes yes 0 - - - yes yes - -
il heartbeat reflected? - - - yes no - - yes yes 0 .: endolymphatic d.c. - - - 96 84 90 - 72 96 

-I- poten tial (m V ) 

1) Measurement two minutes af ter depressurization. (see text) 
2) For measuring accuracy, see page 45. 



Fig. 5- 1. The skul! of a cat in which a hole (smal! arrow) was dril!ed perpendicularly 
lo t he cochlear aqueduct. A horse-hair (large arrow) was inserted for the purpose of 

checking. 
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Table V-I indicates that we have found no detectable difference between 
endolymphatic and perilymphatic pressure. This finding was not as signi
ficant as in chapter lIl; the inexplicable fluctuations, being far more 
pronounced, caused a higher degree of inaccuracy. 

The endolymphatic d .c. potentials appeared to oe unaffected. Applying 
pressure to the abdomen, a procedure which normally would give a 
pressure increase of the perilymph and also of the endolymph, does no 
longer reveal itself af ter obstruction of the cochlear aqueduct; at the 
obstructed side pressure fluctuations reflecting breathing did not occur 
either, while fluctuations due to the heartbeat were seen in only one case. 

No abnormal behaviour of the cats operated upon, which could point 
towards an abnormally functioning labyrinth, was observed. 



CHArTER VI 

A. THE INFLUENCE OF DESTRUCTION OF 
THE ROUND WINDOW MEMBRANE ON 

THE ENDOLYMPHATIC PRESSURE 

B. THE EXPANSION OF THE ENDOLYMPHATIC SPACE BY 
ARTIFICIAL MEANS l!NTIL BREAKDOWN, PRESUMABLY OF 

REISSNER'S MEMBRANE 

The fa ct that we found no difference between the endolymphatic and 
the perilymphatic pressure made us wonder whether a membrane, such 
as Reissner's, could uphold a pressure difference of any importance (some 
mm Hg as found by others (WEILLE et al. 1958, 1961 and MARTINEZ 1969)). 
Mter all , this thin two cell-Iayer membrane could prove too frail to 
maintain such a difference or to even stand it. The answer would be the 
more intriguing, since it could broaden our knowledge about Ménière's 
disease. Therefore we decided to pursue this matter further by opening 
the round window membrane, thus causing the perilymphatic pressure 
to become atmospheric. The following possibilities then present themselves : 

1. The endolymphatic pressure will be partly affected or not at all . 
2. The endolymphatic pressure will become atmospheric because of 
breakdown of the endolymphatic compartment. 
3. The endolymphatic pressure will become atmospheric while the 
endolymphatic compartment remains intact. 

In order to differentiate between these three possibilities, fust the endo
lymphatic pressure had to be measured af ter partial removal of the 
secondary tympanic membrane. If the endolymphatic pressure became 
atmospheric we then would have to find out whether the endolymphatic 
compartment was still intact or not. We found the endolymphatic pressure 
to become atmospheric and the endolymphatic compartment to remain 
intact. This, however, did not give us an answer to the question as to 
how much pressure the endolymphatic compartment would take. All we 
had learned so far, was that presumably Reissner's membrane seems to 
stretch, thus enlarging the available space. Nonetheless we have been ab Ie 
to provide the answer to this last question by applying increasingly 
larger pressures to the endolymphatic compartment until rupture did 
occur. 

HENRIKSSON et al. (1966) had previously carried out a study of this 
kind in the frog. He added a known amount of fluid to the endolymphatic 
system via a pipet in one of the semicircular canals and measured the 
resulting pressure via the same pipet. He determined the pressure as a 
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function of added volume and found the endolymphatic membranes to be 
elastic; at a pressure gradient of 5-8 cm of water or more frequently 
rupture occurred, mostly of the saccule. The endolymphatic membranes 
ofthe frog bear of course only a limitedresemblance to those ofthe mammal 
in respect to both anatomy and histology. 

MATERIAL AND METHODS 

In a cat the secondary tympanie membrane was partially removed, 
very carefully in order to avoid lesions in the immediate sUIToundings. 
Measurement of the endolymphatic pressure was performed in a manner 
analogous to the one described in chapter 111. With the aid of a micro
manipulator the tip of the microcannula (af ter the initial preparation 
of its distal end (see page 19)) was brought towards a point from which a 
perpendicular intersects with the basilar membrane at the side of the 
spiralligament ; this was now relatively simpie, since the basilar membrane 
had become directly visible and more accessible (cf. page 20). In order 
to qualify, the measurement had again to fulfill the pertinent requirements 
outlined in chapter 111. 

On previous occasions we used the endolymphatic d.e. potential as an 
indicator of both the entrance of the microcannula tip into the endolymph
atic spaee and of leakage. Also in these experiments the d.e. potential 
could at the same time indicate the intactness of the endolymphatie 
compartment. 

Another indicator was utilized to the last mentioned purpose : Through 
the measuring mierocannula tip trypan blue was brought into the endo
lymphatie space and the appearance of this colouring substance in the 
perilymphatic space was watched for through an operating microscope. 
Trypan blue has a molecular weight of 960.81 and supposedly will not 
penetrate the intact Reissner membrane, since the membrane is not 
permeable for thorium dioxyde (molecular weight 264.05 (ILBERG and VOS
TEEN 1968)). Prior to the actual pressure measurement the microcannula, 
connective pieee and measuring cannula were filled with blue coloured 
isotonic solution at the end distal to the isolating xylol (cf. Fig. 3-1). 
A pressure, slightly higher than the endolymphatic one, would cause the 
bluish solution to flow into the endolymphatic space. This pressure was 
applied via a fluid column in the calibration cannula by turning a three-way 
stopcoek. Fig. 6-1 shows the experimental setup. 

A sudden increase in the rate of flow served as a third indicator. We 
could determine the influx of fluid via the mierocannula into the endolymph
atie space by measuring the descent of the fluid level in the ealibration 
cannula. With the exeeption of experiment number 20 (see Table VI-2) 
the ordinary calibration cannula was replaced by a polythene cannula of 
a smaller inner diameter, namely 1.5 mm, in order to ameliorate the 
measurement of the influx. In th is chapter we will refer to this cannula as 
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'pressure head cannula'. The applied overpressure was measured by the 
pressure transducer which was connected to the pressure head cannula 
and to the measuring cannula by means of the three-way stopcock. The 
height of the fluid column causing the pressure head could be increased 
by means of a second micromanipulator. Linear graph paper attached 
to the pressure head cannula made quantitative determination of the 
influx possible, as did the readings of the second micromanipulator. The 
height of the fluid column in the pressure he ad cannula over and above 
the measured endolymphatic pressure proved not to be a reliable indicator 
for measuring the over-pressure, because of relaxation phenomena, due 
to boundary layer tension. With the very small pressure heads under 
consideration in this chapter these phenomena could not be ignored, 
although for the calibration in previous chapters they were of no conse
quence. Unfortunately, our measurements were already completed when 
we discovered the discrepancy between the height of the fluid column and 
the pressure indicated via the transducer. Supplementary measurements 
in vitro have shown beyond doubt that the pressure transducer values 
were reliable. Fortunately, directly af ter each endolymphatic pressure 
measurement, we had turned the stopcock in order to connect the pressure 
transducer with the fluid column in the pressure head cannula bypassing 
the measuring cannula (for the endolymphatic pressure) in this procedure. 
Thereafter we altered the height of the fluid column - which had to 
provide a pressure head - in such a way that the pressure transducer 
showed exactly the same pressure value as previously obtained from the 
endolymph. The electromanometer was used at its highest sensitivity ranges 
(the range selector knob at position 10 or 20; see Fig. 3-4 and page 15). 
Not until af ter this action did the three-way stopcock take on its three-way 
connective function. We increased the pressure head stepwise in the 
course of each experiment. Each step lasted for some time during which the 
pressure he ad was maintained by kooping the fluid level more or Ie ss 
constant with the aid of the second micromanipulator, which had to be 
utilized because of fluid influx into the endolymphatic space. 

We considered the question whether a small microcannula would 
require considerable time for the fluid to flow through it as a result of a 
large flow resistance. Our microcannula tips normally had outer diameters 
ranging from 30 to 130 microns. For the experiments described in this 
chapter we selected the larger cannulae to facilitate the fluid flow. They 
ranged from IlO to 130 microns (most of them were approximately 120 
microns). A calculation af ter Poiseuille's law showed that the measured 
influx rates are not determined by the inner diameter of the microcannula 
tip. This can also be deduced from the sudden increase in flow rate when 
presumably Reissner's membrane ruptures. These rather large cannula 
tips nood more precision in the localization of the right entrance spot of 
the basilar membrane. However, the partial removal of the round window 
membrane facilitates this task considerably. 
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As isotonic solution in the measuring cannula we employed either KCI 
(1.14%), NaCI (0.9%) or an endolymph-like sub stance consisting of: 

RESULTS 

NaCl34 m Eq 
KCl1l4 m Eq 
NaHCOa 32 m Eq 
Dextran 1.1 % 
Aqua dest. ad 1000 mI. 

Not one in a series of 14 cases showed a difference between the pressures 
at either side of the basilar membrane; the perilymph and endolymph 
pressures were equal in all cases though not always precisely the same 
as the atmospheric pressure. This last finding is easily accounted for if 
one realizes the difficulties of placing the pressure transducer exactlyon 
the right level; deviations amounted to some millimeters. 

Endolymphatic pressure variations reflecting heartbeat (as observed on 
many previous occasions) or respiration while the round window membrane 
was intact, were completely absent in any test of th is series in which the 
perilymphatic space was open. 

No indication of a decrease in the endolymphatic d.c. potential as a 
result of the lowering of the perilymphatic pressure (and therefore also 
the endolymphatic one) to atmospheric level was found as is apparent 
from comparison of Table VI-I with Table 111-1. 

Table VI-I. Values of the endolymphatie potentials as the endolabyrinthine pressure 
is made atmospherie by partial removal of the seeondary tympanie membrane. 

Experiment number 

4 
6 
7 
8 
9 

11 
13 
14 
15 
16 
17 
18 
19 
20 

Endolymphatie potential in m V 

87 
90 
96 
87 

102 
102 
87 
96 
90 
90 
87 
90 

102 
108 

Mter applying an over-pressure of 2 mm of water (or even less) with 
respect to the endolymphatic pressure, fluid enters the endolymphatic 
spa ce as is concluded from column 4 of Table VI-2. This column also 
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shows that the endolymphatic compartment is obviously no longer intact 
af ter an infiux of about 10 mm3. A small amount offiuid could theoretically 
have passed through the membrane. This may not be very consequential 
as the duration of the experiments seems to be of no infiuence on the 
quantity of infiux till complete breakdown. 

In this case the infiux of approximately 10 mm3 of fiuid would mean 
that the size of the endolymphatic space has increased by a factor of 

Table VI-2. The total influx (influx) as a function of pressure and total time (time) 
of measurement. 

Pressure head 

Experiment in mm of wa- Time in Total influx Isotonic fluid 
number ter (Pressure minutes inmm3 

transducer 
values) 

I 
13 5 10 8.5 NaClO.9 

122 10.11 (+0.1) 10.23 (+1.7) 

14 2 2.5 1.7 NaClO.9 
6.8 5 (+2.5) 5.1 (+3.4) 

U.4 7.5 (+2.5) 6.8 (+1.7) 
16.42 7.61 (+0.1) 8.53 (+ 1.7) 

15 2 2.5 2.5 NaClO.9 
5.4 4.83 (+2.33) 5 (+2.5) 

U 7.58 (+2.75) 8.4 (+3.4) 
16.42 8.331 (+0.75) 10.13 (+1.7) 

16 0.5 10 0.9 NaClO.9 
3.5 19.75 (+9.75) 2.6 (+1.7) 
8.5 30.25 (+ 10.5) 6.9 (+3.4) 

12.52 34.251 (+4) 9.43 (+3.4) 

18 5.2 3 - KCl1.14 
11.2 5.25 (+2.75) -
15.2 21. 751 (+ 16.5) -
18.82 immediately 10.33 

afterwards 

19 0.8 9 1.7 KCl1.l4 
1.5 15.5 (+6.5) 4.3 (+2.6) 
3.2 27 (+11.5) 6.9 (+2.6) 
5.62 31.51 (+4.5) 9.53 (+2.6) 

20 3 4.25 0.8 endolymph-
6.25 7 (+2.75) 3.1 (+2.3) like 

10.52 19.751 (+12.75) 10.93 (+7.8) 

1) Af ter this moment the influx rate suddenly became much higher due to 
breakdown, presumably of Reissner's membrane. This breakdown was confirmed 
shortly afterwards when we observed trypan blue invading the perilymph. 

2) The upper limit which Reissner's membrane can stand. 
3) Total infiux up to the moment of sudden increase of influx rate. 

http://10.li
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about four compared to its original value (according to data given by 
MAGGIO (1966)). 

Long before the actual rupture of the membrane the endocochlear d.c. 
potential has already reached a minimal value. As a matter of fa ct this 
potential decreases soon af ter influx has begun. It can be used to indicate 
that, at the start of the experiment, the membrane is intact. However, 
it cannot be used to determine the moment of rupture. 

From Table VI-2 column 2, it can be seen that the weakest wall ot the 
endolympltatic space, either Reissner's membrane or the wall of the saccule, 
cannot stand a pressure ot more titan 2 cm ot water. In fact the pressure 
it can stand may be even less. 

The duration of the experiments reported in Table VI-2 column 3 
could perhaps have caused special changes in Reissner's membrane. 
Therefore, in two of our experiments we applied a pressure head of three 
cm of water to the endolymphatic space within a matter of minutes. 
Rupture was now observed af ter a time necessary for the passage of 
approximately 10 mm3 through the microcannula tip. 

Table VI-2 column 4 suggests that the influx rate is not directly propor
tional to the pressure increase. If one takes into account that buIging out 
of Reissner's membrane will probably be accompanied with an increase 
of the endolymphatic pressure, this would be understandable. 



SUMMARY AND CONCLUSIONS 

The histopathological picture in Ménière's disease has induced the idea 
of an endolymphatic hypertension ; the histological picture of the normal 
labyrinth has likewise led to the hypothesis, held by several experts, of 
equal endolymphatic and perilymphatic pressures. 

The outcome of extensive experimental work on the guinea pig by 
Weille et al. and by Martinez contradicted th is last assumption entirely. 
These investigators found that in this animal the perilymphatic exceeds 
the endolymphatic pressure. 

First of all it was our aim to resolve this controversy regarding the 
pressure gradient between perilymph and endolymph. 

Like Weille et al. and Martinez we tried to measure in the guinea pig 
the endolymphatic and the perilymphatic pressure via the bony cochlear 
wall, employing a pressure transducer and an electromanometer. 

We did not obtain reliable results in this manner and became convinced 
that the problems we encountered were insurmountable. We took a close 
look at some of these problems. Our own data and an analysis of the 
publications of Weille et al. and Martinez provided us with three causes 
which might, in retrospect, explain the erroneous finding of a higher 
perilymphatic pressure. 

Ultimately, employing only one measuring system1), we succeeded in 
establishing the pressure gradient between the perilymph and endolymph 
in the cat and in one case in the guinea pig. 

For this purpose the tip of a pyrex microcannula, which constitutes the 
most distal part of the measuring system, was allowed to pierce the round 
window membrane in order to measure perilymphatic pressure and, 
subsequently, to penetrate the basilar membrane at the side of the spiral 
ligament to measure endolymphatic pressure. Because this procedure 
occasions leakage of the endolabyrinthine fluids along the microcannula 
at the site of the secondary tympanic and the basilar membrane, posing 
a serious problem, a special technique had to be developed. Simultaneous 
measurement of the d.e. potential at the extreme end of the microealillula 
enabled us to establish the entrance of the microcannula tip into the 
endolymphatie spaee through the basilar membrane. 

In both perilymph and endolymph similar pressure variations refleeting 
breathing were recorded. With our instrumentation it was possible in 

1) Detennmation of the pressure gradient between sueh fluids as perilymph 
and endolymph with two measuring systems ereates great diffieulty as deteetion 
of the minute pressure differenees involved requires identieal systems, whieh are 
hard to realise. 
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many cases to demonstrate superimposed heartbeat variations in these 
fluids as weIl. The pressure line was also subject to irregular pressure waves. 
At a later stage of our investigation corresponding pressure waves were 
also detected in the cerebrospinal fluid. The order of magnitude of the 
latter fluctuations was smalI, up to 3 mm of water, in an interval ofvariable 
duration, sometimes as short as 10 seconds. In 12 qualifying measurements 
out of some 80 cases, the perilymphatic pressure turned out to be exactly 
equal to the endolymphatic pressure within the limits of accuracy which are 
determined by our last mentioned irregular pressure waves. In these 12 
measurements the absolute endolabyrinthine pressure was found to vary 
between 11.4 cm and 18.0 cm of water with an average value of 14.5 cm. The 
one successful sequential perilymphatic and endolymphatic pressure meas
urement in the guinea pig yielded also equal pressure values for these fluids. 

Our way of measuring the endolabyrinthine pressure put forward a 
possibility to derive from micromanipulator readings, which distance the 
tip of the microcannula travelled from the moment of closing off the 
microcannula tip by the basilar membrane, until closing off occurred 
again, this time by Reissner's membrane . We used the phenomenon that 
the pressure fluctuations concordant with breathing and heartbeat dis
appear, when the basilar membrane and Reissner's membrane respectively 
close off the tip of the microcannula, recovering in between when these 
membranes have been perforated. It stands to reason that the point of 
perforation of the basilar membrane by the microcannula tip and the 
direction of the axis of this cannula determine the size of 'the distance'. 
The microcannula was directed nearly perpendicularly to the basilar 
membrane at the side of the spiralligament. In this manner we measured 
the distance on 5 cats. Resulting values varied from 475 to 600 microns 
with an average value of 500 microns. Thus it has become possible to obtain 
an in vivo indication for the position of Reissner's membrane with respect 
to the basilar membrane. The d.c. potential is not suitable as a precise 
indicator of the encounter of the microcannula tip with the basilar and in 
particular Reissner's membrane; hen ce distance measurement cannot be 
reliably achieved using this parameter. 

We also studied the relation between the pressures of the cerebrospinal 
fluid and endolabyrinthine ftuids . In the 5 successful measurements the 
cerebrospinal fluid pressure appeared to be higher by an amount ranging 
from 0.2 to 1.7 cm of water with an average value of 0.8 cm. However, 
we cannot exclude the possibility of this being an artefact because of the 
usage of two measuring systems. 

Application of an artificial overpressure of approximately 5 cm of water 
to the cerebrospinal fluid , resulted, af ter several minutes, in an equilibrium 
situation at which the cerebrospinal, the perilymphatic and the endolymph
atic pressure had risen by the same amount. When this overpressure was 
not enforced any longer the pressure decrease was the same for all three 
ftuids once equilibrium had been reached. 
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In the cerebrospinal fluid, pressure line fluctuations reflecting the respi
ration are clearlyvisible and far more pronounced than in the endolabyrin
thine pressure line. Actually, these fluctuations in the endolabyrinthine 
pressure turned out to be an attenuated reflection of those in the cere
brospinal fluid: this we concluded from the observation that the endola
byrinthine pressure line looses the breathing fluctuations when we close 
off the cochlear aqueduct. The attenuation of the pressure fluctuations 
observed in the endolabyrinthine fluids is interpreted as a result of smooth
ing by the cochlear aqueduct with itil small effective cross section; possible 
volume changes of the endolabyrinthine space due to a flexible round 
window membrane may contribute to this smoothing effect. Fluctuations 
due to heartbeat were also observed in the cerebrospinal fluid. 

Application of abdominal pressure increases the cerebrospinal fluid 
pressure by a factor of up to two or three which is coupled to an equal 
rise in perilymphatic pressure. However, the perilymphatic pressure 
reaches its top slowly upon an abrupt ri se in cerebrospinal fluid pressure ; 
when abdominal pressure is stopped suddenly, the abrupt fall in cere
brospinal fluid pressure is accompanied by a slower but equal fall in 
perilymphatic pressure. This is equally applicable to perilymph and 
endolymph. 

The small effective cross section of the cochlear aqueduct and possibly 
also changes in the volume of the endolabyrinthine spacE'> via the round 
windO"\v membrane may serve as a protective mechanism against conse
quences of sudden changes in the cerebrospinal fluid pressure. 

With the purpose of blocking the cochlear aqueduct, in 9 cats we drilled 
a hole mediocaudal to the round window, this hole ending approximately 
half way the aqueduct. When the duct was reached it was obstructed 
with den tal cement. The endolabyrinthine pressures were measured one 
hour af ter blocking in four of these cats and several weeks af ter blocking 
in the other five cats. We did not see any difference between these two 
groups. Normally, the endolabyrinthine pressure amounts to some 14 cm 
of water; af ter blocking the cochlear aqueduct th is pressure was consider
ably lower, ranging from 0.0 cm to 9.2 cm of water with an average 
of 4.0 cm. In some cases we depressurized the perilymphatic compartment 
to atmospheric value. Ordinarily, when depressurization was discontinued 
the endolabyrinthine pressure recovered completely within minutes, 
but when we blocked the cochlear aqueduct, the endolabyrinthine pressure 
remained near atmospheric value. The fluctuations due to breathing 
were absent in all 'blocked' cases. Pressure fluctuations due to heartbeat 
seemed to occur in the endolabyrinthine fluid independent of the connection 
with the cerebrospinal fluid via the cochlear aqueduct. The vascularity 
of the endolabyrinthine space might explain this. The blocking operation 
had no effect on the endolymphatic potential. Also in these instances we 
did not detect any difference in pressure between the perilymph and 
endolymph. 
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We investigated whether the endolymphatic compartment remained 
intact when the round window membrane was partially removed and, if 
so, whether we could detect a pressure difference between the endolymph 
and the perilymph open to atmosphere. The endolymphatic compartment 
turned out to be intact, the pressure of the endolymph became atmospheric 
without showing pressure variations due to breathing or heartbeat; we 
found the endolymphatic potential to be unaffected. 

Finally we determined in 7 cases af ter partial removal of the round 
window membrane, how much overpressure with respect to atmosphere 
could be applied to the intact endolymphatic compartment before rupture 
occurred. We increased the endolymphatic pressure in steps and applied 
each overpressure as long as inflow offluid into the endolymphatic compart
ment was apparent and sometimes longer. The total duration of over
pressure varied from 8 to 32 minutes with an average of 19. The over
pressure before rupture of the endolymphatic compartment occurred was 
definitely lower than 2 cm of water. Therefore, damage to the sensory cells 
due to pressure in case of an endolymphatic hypertension is very improbable 
provided the perilymphatic pressure is not affected, which is likely when the 
cochlear aqueduct is open. The total amount of fluid which could enter the 
endolymphatic compartment before rupture was about 10 mm3 implying 
a rather acute expansion of the endolymphatic compartment by a factor 
of four with respect to its original volume. 

We may conclude that changes in the pressure of the cerebrospinal fluid 
are - with a time lag - reflected in the perilymph via the cochlear aqueduct 
and passed on to the endolymph, probably via Reissner's membrane. 
The hypothesis that the endolymphatic pressure is transmitted by the 
cerebrospinal fluid via the endolymphatic sac and duct appears to be 
refuted by our results. 

Of course, whether our findings in the cat will be also applicable to man 
remains to be seen. 
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