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CHAPTER I

GENERAL INTRODUCTION

Precisely 125 years ago, in the year 1861, Prosper Meniere 
assistant professor of the Medical Faculty in Paris and physician to 
the Imperial Institute for Deaf Mutes, presented a paper in the 
Gazette Medical de Paris (1). In this paper entitled "Mémoire sur 
des lésions de l'oreille interne donnant lieu a des symptömes de 
congestion cérébrale apoplectiforme" he described the symptoms 
of deafness, tinnitus and vertigo as a syndrome caused by a 
disorder of the labyrinth. Until that time this triad of symptoms 
was diagnosed as an apoplectiform cerebral congestion or an 
epileptic equivalent. The patient he described had suffered from a 
hemorrhage in the labyrinth and did not suffer from Menière's 
disease as it is "defined" today. Exactly 125 years later there is 
still much controversy about the pathogenesis and treatment of 
Menière's disease and despite much experimental research and 
clinical experience, no general agreement has yet been reached as 
to the definition of Menière's disease (2, 3, 4).

Definition of Menière's disease
Many investigators restrict the diagnosis of Menière's disease 

to the patients showing the classical triad of symptoms while the 
origin of the symptoms is unknown. It is questionable whether or 
not this "per exclusionem" diagnosis is still sufficient nowadays.

In the last decades there is a tendency to diagnose Menière's 
disease on the basis of two findings: on the one hand the presence 
of the syndrome without an apparent cause and on the other hand 
the presence of certain diagnostic findings. The diagnostic findings 
generally accepted as obligatory for the diagnosis are positive 
recruitment and normal perstimulatory adaptation. Apart from 
these audiometric findings which are characteristic of a cochlear 
hearing loss three other clinical examinations are considered 
helpful to establish the diagnosis of Menière's disease. These are: 
the glycerol test, electrocochleography and radiography.
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The glycerol test has now been used for about 20 years (5). The 
diagnosis of Menière's disease is confirmed if after glycerol 
administration a hearing improvement of more than 10 dB is found. 
It is generally accepted that an endolymphatic hydrops is present in 
Menière's disease. This hydrops might be attended by an increased 
pressure in the inner ear. Glycerol might reduce this increased 
intracochleär pressure (6).

A second clinical examination which can possibly be helpful in 
the diagnosis of Menière's disease is electrocochleography. This is 
an objective method of audiometry in which electric activity of the 
cochlea and the first order neuron is recorded. Apart from an 
increase in threshold, certain characteristic changes in the 
electrocochleogram of Menière patients have been described. The 
most frequently reported changes are: an excessive increase of the 
amplitude of the compound eighth-nerve Action Potential (AP) 
with stimulus level, an enhanced negative Summating Potential 
(SP) originating in the cochlea and an increased SP-AP ratio (7, 8, 
9).

In 1968 Clemis and Valvassori (10) introduced radiography of 
the temporal bone in Menière's disease. In normal ears the 
vestibular aqueduct can be made visible by polytomography. In 
Menière's disease a hypoplastic or invisible vestibular aqueduct was 
found in the majority of cases (11, 12). This finding may therefore 
be valuable to confirm the diagnosis. Recently, this finding was 
confirmed by computertomography in a study of the Groot et al. 
(13).

These three clinical examinations are carried out regularly in 
the department of Otorhinolaryngology of the University Hospital 
in Utrecht. However, until now these examinations are not required 
for the diagnosis. The following criteria are essential for "our" 
diagnosis of Menière's disease.
1. Unilateral or bilateral sensorineural hearing loss with tinnitus 

and (history of) vertiginous attacks of unknown origin.
2. Positive recruitment and normal perstimulatory adaptation as 

measured by ABLB test, Békésy audiometry, stapedius reflex 
measurements and tone decay test.

3. Normal X-ray anatomy of the temporal bone (Schuller and 
Stenvers projection).

4. No other otological, neurological or internal disorder that could 
account for one of the symptoms.
In this study all patients fullfilled these four criteria.
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Present study
Changes in the electrocochleogram of patients with Menière's 

disease led to the electrocochleographic studies reported in 
chapters II, III and IV.

Chapter II describes a study of the effect of different 
electrode positions on the electrocochleogram of healthy guinea 
pigs. The results show that the AP amplitude and the SP polarity 
and amplitude are highly dependent on the position of the recording 
electrode on the cochlear surface. The electroanatomy of the 
cochlea as determined in this study can be helpful in both clinical 
and experimental studies. In particular, we were interested in 
finding an electrode position on the guinea pig cochlea from where 
potentials can be recorded comparable to those found on the human 
promontory. The results of this experiment were used in the study 
described in the following chapter.

Chapter III describes the electrocochleographic results for 
guinea pigs with an endolymphatic hydrops. This hydrops was 
experimentally induced by obliteration of the endolymphatic sac. 
The electric responses of the cochlea were recorded 1, 2, 4 or 8 
months after obliteration. The results of this study are interesting 
in relation to the electrocochleographic findings in Menière 
patients.

Chapter IV reports upon the electrocochleographic changes in 
relation to the histopathological findings in these animals. Some 
possible explanations of the electrophysiological changes are 
discussed.

The treatment of Menière's disease has been a matter of debate 
since many years and a great number of medical and surgical 
therapies have been advocated by various authors in the last 40 
years. The endolymphatic hydrops and possible increase of inner 
ear pressure mentioned before are important factors in the 
discussion about the treatment of Menière's disease. These two 
factors led to the two clinical studies described in chapters V and 
VI.

In chapter V a study of the effect of exposure to underpressure 
is presented. In Sweden underpressure treatment has been applied 
with positive effects since 1975 (14, 15, 16). Others (17) found very 
little beneficial effect of underpressure.

In chapter VI the therapeutic effect of a diuretic (DyazideR) was 
investigated in a double-blind cross-over placebo-controlled study.
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Diuretic treatment has been investigated before (18, 19) and in 
these studies it showed to have a therapeutical effect. Whether or 
not DyazideR produces more than a placebo effect is studied in this 
last chapter.
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CHAPTER II

ELECTROCOCHLEOGRAPHY FOR DIFFERENT ELECTRODE 
POSITIONS IN GUINEA PIG

G.W. van Deelen and G.F. Smoorenburg,

Laboratory of Experimental Audiology, Department of 
Otorhinolaryngology, University Hospital, Utrecht, The 
Netherlands.

ABSTRACT

In 20 guinea pigs the relation between the electrode position on 
the cochlear surface and the recorded potentials was studied. We 
found the greatest AP amplitudes at the free lateral part of the 
cochlea; AP amplitudes decreased when the electrode was moved 
into the direction of the attachment of the cochlea to the petrous 
bone. Moving the electrode from the basal turn to the apex the 
maximal AP amplitude was found at the apex.

The most negative SP was always recorded from the apex. This 
negative SP decreased when the electrode was moved to the basal 
turn. Near the round window a small negative SP was recorded for 
1 kHz stimuli and a positive SP for most 4 kHz stimuli. Moving the 
electrode from the free lateral part of the cochlea to the place of 
attachment to the petrous bone the magnitude of the SP decreased 
in a fashion similar to the AP amplitude.

For 4 kHz stimuli we recorded a range of SP-AP ratios from 
+0.50 to -0.21 merely by varying the electrode position. Thus the 
SP-AP ratio highly depends on the electrode position.

Key words: electrocochleography, extracochlear potentials, 
compound action potential, summating potential, SP-AP ratio.
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INTRODUCTION

Electrocochleography is an objective method of audiometry in 
which electric activity of the cochlea and the first order neuron in 
relation to acoustic stimuli is recorded. In the past decade it has 
proved to be a valuable diagnostic technique. Various papers 
present the technique of electrocochleography and the way the 
electrode is placed (1, 2). For patients the transtympanic electrode 
is used in almost all cases. Although most papers describe a nearly 
similar electrode position, differences in the electrocochleogram 
due to electrode position are still possible.

They may be caused by:
- disparities in the anatomy of the middle ear
- different protocols in the various studies
- differences in how one protocol is being executed by different 
members of a research team.

Eggermont (3) even reported differences on different occasions 
when the electrode was placed by the same investigator according 
to the same protocol. For high-frequency tone pips or clicks he 
sometimes found positive summating potentials (SP) while the 
common finding for these stimuli is a negative SP. He speculated 
that the reversal of polarity must have been caused by deviant 
electrode positions.

The position of the electrode is also important when 
electrocochleography in man is compared with 
electrocochleography in animals. For animals the relation between 
the electrode position and the cochlear potentials, especially the 
SP, was studied in many investigations. However, most of these 
studies were carried out with intracochleär electrodes (4, 5, 6, 7, 
8). The common extracochlear recording place in guinea pigs is the 
round window. At this place the polarity of the SP evoked by high- 
frequency tone pips is positive while the SP recorded from the 
human promontory is negative. Thus, the extracochlear potentials 
at the common recording places in man and guinea pig are not 
directly comparable.

The guinea pig cochlea, however, is well suited for 
electrophysiological research, in particular with respect to one of 
our research programs concerning endolymphatic hydrops in 
relation to Menière's disease. In guinea pigs we can evoke, by
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surgical means, an endolymphatic hydrops which offers the 
opportunity of recording electrophysiological effects due to a 
histologically verified hydrops (9). In this study we chose to rely 
on extracochlear potentials in order to avoid the risk of disturbing 
the evoked hydrops by opening the cochlea. Therefore, we were 
interested in finding a place on the surface of the cochlea of the 
guinea pig that can be reached by an electrode while the potentials 
at this place are similar to those found on the human promontory. 
With such an electrode location we would have the opportunity to 
compare the electrophysiological effects of the evoked hydrops 
with electrocochleograms found for patients with Menière's 
disease. These electrocochleograms often show an enhanced 
negative SP (2, 10, 11, 12, 13).

In this paper we present a systematic study on the relation 
between the potentials and the electrode position on the cochlear 
surface of the guinea pig. We included data for normal cochleas 
only. The potentials were evoked by tone pips at 1, 2, and 4 kHz. 
The data consist of the compound action potential (AP) and the 
amplitude and polarity of the SP.

MATERIAL AND METHODS

Albino guinea pigs, of which the Preyerreflex had to be 
positive, were used as experimental animals. A surgical level of 
anaesthesia was achieved by gasanaesthesia: a gasmixture of 
oxygen and nitrous-oxyde (1:2). By means of an evaporator 
HalothaneR was added to this mixture. The animals breathed 
spontaneously. All animals were tracheotomized. During the 
experiment the animal was lying on its back and rectal 
temperature was maintained at approximately 38 C by means of a 
thermostatically controlled heating blanket.

The bulla tympanica was approached ventrally through the 
neck. After the periosteum was removed from the bulla, a little 
hole was made and the bulla could be opened. By means of this 
approach a complete view of the middle ear, and especially of the 
cochlea, was obtained (Fig. 1). A silverball electrode was placed on 
the cochlear surface and the indifferent electrode was placed in 
the neck muscles.
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Sound stimuli consisted of tone bursts 5 ms in duration and were 
delivered by a magnetodynamic earphone placed 5 mm in front of 
the pinna. Acoustic calibration was carried out by measuring the 
sound pressure level with a microphone 5 mm in front of the 
earphone. The stimulus repetition rate was 10 per second. Cochlear 
microphonics (CM) were suppressed with respect to the AP-SP 
complex by using a tone burst with a freely running phase of the 
sinewave at stimulus onset (14). The tone burst was switched on 
immediately, without shaping. This implies a broad frequency 
spectrum at stimulus onset. Therefore, we did not measure the SP 
in the initial part of the response (before the AP) but in the later 
part after the AP. In this later part the SP is related to the 
frequency of the tone burst.

In contrast to most of the literature the amplitude of the AP 
was measured from the SP level and not from the baseline (Fig. 2). 
Thus, the true AP amplitude was measured and not the amplitude 
of AP+SP.

RESULTS

We divided the study into two experiments
Experiment 1: In the first series of animals (N=10) we compared 

AP and SP measured at three different electrode positions, namely 
(see Fig. 1):
- near the round window (pos. 1)
- between the second and the third turn (pos. 2)
- at the apex of the cochlea (pos. 3).

Experiment 2: In the second series of animals (N=10) we 
compared the responses at 8 electrode positions as indicated in Fig. 
1.

In both series we used tone bursts of 1, 2, and 4 kHz. The 
highest stimulus level was 90 dB SPL. In the first series the 
stimulus level was decreased in intervals of 10 dB until the AP 
could not be measured anymore. In the second series only one 
stimulus level was used for each frequency; 80, 85, and 90 dB SPL 
for 1, 2, and 4 kHz, respectively. (The stimulus levels differ 
because the calibration was carried out after the experiment).
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TYMPANIC
MEMBRANE

BRIM OF THE 
ROUND WINDOW

Fig. 1.
View of the middle ear and of the cochlea of the guinea pig after 
opening of the bulla. The electrode positions used in both 
experimental series are indicated by digits 1-8.

lOpVl

/IIHIIllllUllIlK TONE BURST

1 MS

Fig. 2.
Example of a +SP and a -SP. The AP amplitude was measured from 
the SP level.
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Experiment 1, Action Potentials
The amplitude of the AP in response to the tone burst was 

measured as a function of stimulus level. Fig. 3 gives, for each of 
the three stimulus frequencies, the mean result for the three 
electrode positions of the first experimental series. The AP 
amplitudes are plotted on a logarithmic scale. Per condition, the 
standard deviation of the individual measurements was roughly 
proportional to the AP amplitude. Therefore, this standard 
deviation could be indicated by one bar marked S.D. in Fig. 3.

-1000 r

1kHz 2kHz

-1000
4kHz

ROUND
WINDOW*----

■O: 4tn TURN
20 40 60

stimulus level in dB SPL

Fig. 3.
Mean AP amplitude as a function of stimulus level measured for 3 
electrode positions and 3 stimulus frequencies. S.D. denotes the 
standard deviation of the individual measurements.
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Analysis of variance shows that, in spite of the immediate onset 
of the stimulus, there is a significant effect of frequency on the 
AP amplitude (p<0.001). At constant stimulus level the greatest AP 
amplitudes are found for the highest stimulus frequency of 4 kHz. 
in addition, analysis of variance showed a significant effect of 
electrode position on the AP amplitude (p=0.001). The greatest AP 
amplitudes are found at the apex of the guinea pig cochlea (pos. 3). 
Analysis of variance also showed that the effect of stimulus 
frequency did not depend on electrode position (p>0.5). The effect 
of frequency, averaged across the three electrode positions, is 
given in Fig. 4. This figure shows that the effect of frequency is 
determined by the 4 kHz stimulus. These results are found when 
either the variance in the AP amplitude values is analysed or when 
this is done after logarithmic transformation of the amplitude 
values.

1000

.2kHz
.□:4kHz

20 40 60
stimulus level in dB SPL

Fig. 4.
Mean AP amplitude as a function of stimulus level measured for 3 
stimulus frequencies and averaged across electrode positions 1, 2 
and 3.
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Experiment 1, Summating Potentials
Fig. 5 shows, for each of the stimulus frequencies, the SP 

amplitude as a function of stimulus level for the three electrode 
positions. The SP amplitudes have been plotted on a linear scale 
because, for one condition, both positive and negative SP's were 
found. The data points represent median values because, for a 
number of conditions, the distribution of the individual results was 
asymmetrical. The bars connect the highest value but one and the 
lowest but one. With a normal distribution and N=10 these values 
would be close to the average value plus and minus the standard 
deviation, respectively.

•300

1 kHz 2 kHz 4 kHz

ROUND
"* WINDOW

200 : 21X1 TURN

:4fn TURN

300

stimulus level indBSPL

Fig. 5.
Median SP amplitude as a function of stimulus level measured for 3 
electrode positions and 3 stimulus frequencies. The bars connect 
the highest but one and the lowest but one values.
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For electrode position 1 (near the round window) we measured: 
a negative or absent SP at 1 kHz, a small negative, absent or small 
positive SP at 2 kHz and a positive SP for nearly all 4 kHz stimuli. 
For electrode positions 2 and 3 we measured a negative SP at all 
frequencies and all levels. For each frequency, level, and animal 
the SP was almost always larger at position 3 than at position 2. 
When a negative SP was measured at position 1 (at lower 
frequencies) its amplitude was always smaller than the one 
recorded at position 2 for the same frequency and level. When the 
electrode was moved from the apex into the direction of the basal 
turn a polarity reversal occurred for most 4 kHz stimuli.

Experiment 2, Action Potentials
The mean values and standard deviation of the AP amplitudes 

for the 10 animals and 8 electrode positions of this second series 
are given in Table I. Fig. 6 shows the isopotential curves for the AP 
based on the mean amplitudes for the three stimulus frequencies. 
These curves run nearly parallel to the longitudinal axis of the 
cochlea.

oat/
50

Eig. 6.
Mean AP amplitude in pV averaged across the 3 stimulus 
frequencies at each electrode position and the inferred isopotential 
curves.
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Table I: Mean value and standard deviation of the AP, SP 
amplitude (in pV) and SP-AP ratio for the 10 animals of the 
second series.

Stimulus
frequency 1 kHz 2 kHz 4 kHz

Sound press
ure level 80 dB 85 dB 90 dB

Electrode 
position:

1 AP -121 + 84 -143 + 76 -235 + 90
SP - 7 + 10 + 12 + 37 + 52 + 53

SP/AP + 0.11+ 0.17 - 0.02+ 0.18 - 0.21+ 0.21

2 AP -107 + 64 -170 + 86 -238 +125
SP - 28 + 33 - 55 + 36 - 63 + 40

SP/AP + 0.20+ 0.20 + 0.32+ 0.13 + 0.26+ 0.11

3 AP -187 + 99 -263 + 91 -346 +111
SP -123 + 63 -146 + 54 -139 + 39

SP/AP + 0.67+ 0.17 + 0.56+ 0.10 + 0.44+ 0.11

4 AP -121 +103 -150 +111 -207 + 88
SP. - 66 + 57 - 93 + 55 -103 + 40

SP/AP + 0.60j+ 0.21 + 0.67+ 0.11 + 0.50+ 0.05

5 AP -102 + 89 -151 + 91 -206 + 90
SP - 49 + 50 - 55 + 26 - 83 + 51

SP/AP + 0.50+ 0.20 + 0.41+ 0.16 + 0.37+ 0.17

6 AP - 55 + 40 - 67 + 62 -102 + 98
SP - 17 + 25 - 19 + 30 - 34 + 55

SP/AP + 0.22+ 0.26 + 0.25+ 0.20 + 0.20+ 0.19

7 AP - 59 + 28 -111 + 48 -161 + 62
SP - 5 + 6 - 5 + 11 + 10 + 29

SP/AP + 0.08+ 0.11 + 0.07+ 0.12 - 0.05+ 0.17

8 AP - 37 + 20 - 52 + 24 - 72 + 29
SP - 3 + 3 - 4 + 5 - 0.5 + 13

SP/AP + 0.09+ 0.09 + 0.09+ 0.09 - 0.01+ 0.15
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Experiment 2, Summating Potentials
For all frequencies the largest negative SP was again recorded 

near the apex (Table I). On the surface of the whole first cochlear 
turn (pos. 1, 7, and 8 in Fig. 1) the SP was small and negative for 1 
kHz, negative or positive for 2 kHz, and positive for 4 kHz. Fig. 7 
shows the isopotential curves of the SP for the three frequencies 
separately. These curves run nearly perpendicular to the axis of the 
cochlea.

2kHz1kHz

Fig. 7.
Mean SP amplitude in pV at 
each electrode position and 
inferred isopotential curves for 
1, 2 and 4 kHz.

-100

V-34'
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Experiment 2, SP-AP ratio
For patients the SP-AP amplitude ratio (the division of the SP 

amplitude by the AP amplitude, SP/AP) is often used. Table I shows 
the calculated SP/AP values in the second series of animals which 
was found to vary from -0.21 to +0.50 (for 4 kHz stimuli). From 
Table I it is obvious that at the apical positions 3 and 4 the 
standard deviations of the SP/AP values are only 10-35% of the 
average SP/AP value while the standard deviations of both the AP 
and SP are much higher (28-86%). On the contrary, the standard 
deviations (in %) of the SP/AP values recorded from the basal 
positions (positions 1 and 7) are of the same magnitude as the 
standard deviations of both the AP and SP. For this reason it is 
meaningful, for studies like these, to mark not only the AP and SP 
separately but the SP-AP ratio as well (especially for the apical 
electrode positions).

Electrode position in stylomastoid foramen
In an earlier study we recorded in seven animals from another 

electrode position. When the electrode is introduced through the 
stylomastoid foramen into the canal of the facial nerve the tip of 
the electrode is near the oval window. This electrode position 
might be a good position for long-term electrode implantation (15). 
The mean values and standard deviations of the AP amplitude and 
also of the SP amplitude and of the SP-AP amplitude ratio are 
given in Table II. This table shows that the AP amplitude for this 
electrode position is smaller than the AP amplitude near the round 
window. The SP amplitude for this electrode position was negative 
for the three stimulus frequencies , whereas it was mostly positive 
near the round window.

Table II: Mean value and standard deviation of the AP, SP 
amplitude (in pV) and SP-AP ratio for 7 animals. The 
electrode is situated in the facial nerve canal.

Stimulus
frequency 1 kHz 2 kHz 4 kHz

Sound press
ure level 80 dB 85 dB 90 dB

AP 61 + 35 - 76 +38 - 95 +34
SP 8+8 - 18 +10 - 38 +20
SP/AP + 0.13+ 0.14 + 0.25+ 0.16 + 0.38+ 0.09
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DISCUSSION

In this study we always recorded the most negative SP at the 
surface of the fourth turn and we discovered that this negative SP 
decreased when the electrode was moved into the direction of the 
basal turn. Near the round window we measured a small negative 
SP for the 1 kHz stimuli and a positive SP for most 4 kHz stimuli. 
In healthy guinea pigs we recorded for 4 kHz stimuli a range of 
SP-AP ratios from -0.21 to +0.50 (Table I) merely by varying the 
electrode position. This shows that the value of the SP-AP ratio is 
dependent on the electrode position.

In studies carried out with intracochleär electrodes SP 
recordings were made from scala vestibuli, scala media, and scala 
tympani. Kupperman (8) recorded from scala tympani and 
demonstrated that a frequency producing maximal basilar 
membrane displacement at the recording place also produces a 
maximal positive SP.

Dallos et al (4) recorded with differential intracochleär 
electrodes in scala vestibuli and scala tympani. One might expect 
that the potentials recorded from the cochlear surface correspond 
with the average potential in the two scalae; the AVE component 
as described by Dallos.

For pos. 1, near the round window, we measured a small 
negative SP for the lower frequencies and a positive SP for most 4 
kHz stimuli. These recordings correspond both with scala tympani 
recordings (8) and with the AVE component (4). In the electrode 
positions 2 and 3 we always recorded a negative SP. These 
recordings neither correspond with scala vestibuli nor with scala 
tympani recordings. The negative SP recorded from positions 2 and 
3 differs from the AVE component described by Dallos (16). At pos.
2 the AVE SP component is positive for the mid-frequency stimuli 
(2 kHz), at pos. 3 it is positive for the low-frequency stimuli (1 
kHz).

In our study we found that near the attachment of the cochlea 
to the petrous bone the amplitudes of the AP and SP were smaller 
than the amplitudes measured in the more lateral electrode 
positions. At this lateral part the thinnest place of the cochlea, the 
apex, and the round window are situated. Possibly, these two places 
are the sources of the recorded potentials which from there are 
conducted to the petrous bone.
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Eggermont (3) pointed at a difference in electroanatomy 
between the human cochlea and the cochlea of the guinea pig. In 
humans mostly a negative SP is recorded from the promontory for 
all frequencies and high stimulus levels. For a round window 
recording from the guinea pig one nearly always measures a 
positive SP for high frequencies and high stimulus levels. When we 
compare the interior of the cochlea of the guinea pig (Fig. 8) to the 
interior of the human cochlea (Fig. 9) we think it is obvious that in 
guinea pigs the potentials in the vicinity of the round window are 
mainly determined by scala tympani potentials. On the contrary in 
humans the potentials recorded from the most frequently used 
place on the promontory (shaded area in Fig. 9) could be mainly 
determined by scala vestibuli potentials. Recordings from the 
facial nerve canal in guinea pigs showed a negative SP for the 
three frequencies. In this 'basal turn' electrode position the tip of 
the electrode is situated near the oval window. It is probable that 
recordings from this position are mainly determined by potentials 
in scala vestibuli.

Fig. 8.
Interior of the cochlea of the guinea pig, viewed from the lateral 
aspect. Behind the largest part of the basal turn the scala tympani 
is situated.
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For an ear of a patient with Menière's disease Kanzaki (12) 
found differences in SP magnitude and polarity for different 
electrode positions. In one patient he recorded a positive SP from 
position A and a negative SP from position B (see Fig. 9). In 
position A the electrode is close to the round window. This position 
is comparable to the round window position in the guinea pig. At 
this position the recorded potentials could be mainly influenced by 
scala tympani potentials.

Both in humans and in guinea pigs there is a dominating 
negative SP in extracochlear recordings. Only when the electrode 
is placed in the vicinity of the round window a positive SP can be 
recorded.

\

Fig. 9.
Interior of the humnn cochles, viewed from the Isteral aspect. The 
shaded area represents the part of the promontory most frequently 
used for recording. This part is closest to the scala vestibuli. The 
electrode positions described by Kanzaki (12) are indicated by the 
letters A and B.
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Although in human beings only a very restricted part of the 
cochlear surface can be used for electrocochleography we must be 
aware of the possibility that the electrode position influences our 
recordings (3, 12). All the factors that may influence the electrode 
position should be controlled as good as possible, both in clinical 
studies and in animal studies. In order to be able to compare the 
different studies on this subject an exact description of the 
electrode position is necessary.

We noticed that the AP amplitudes measured in the first series 
were higher than those recorded in the second series. A satisfying 
explanation to account for this difference cannot be given.

We have already stated that it is meaningful to use the SP-AP 
ratio in electrocochleographic studies. Kitahara (13) has reported 
that the SP-AP ratio is less than 0.37 in 99% of the normal human 
population. He recorded with the electrode placed on the surface 
of the eardrum. Kitahara coined the term dominant negative 
summating potential (DNSP) for SP's with a SP-AP ratio of more 
than 0.37. He frequently observed this DNSP in patients with 
Menière's disease (67%) and in patients with cochlear Menière's 
disease (100%). In his animal experiments with guinea pigs Kitahara 
found the DNSP after a period of anoxia (3 minutes) but in guinea 
pigs with an endolymphatic hydrops the DNSP was not observed. 
The electrode position in this animal experiment was not given.

In our hydrops experiment we attempted to determine the most 
suitable electrode position (9). The following arguments played a 
part in our final decision. If an enhanced negative SP is due to a 
hydrops, position 3 will be the best recording place to demonstrate 
this in guinea pig. In this position the standard deviations of the 
mean SP-AP ratio are relatively small (Table I). However it is 
questionable if the negative SP recorded from the human 
promontory can be compared with the negative SP recorded from 
the apex of the guinea pig cochlea.

In this study we used guinea pigs as experimental animals 
because this animal is well suited for electrocochleographic 
research. However, the guinea pig is very sensitive to many 
anaesthetics. The therapeutic ratio is often low (17). We tried out a 
combination of ketamine and atropine and a combination of 
HypnormR (fluanoson and fentanyl), diazepam and atropine before 
we started with gasanaesthesia.

The combination of ketamine (100-150 mg/kg i.m.) and atropine 
(0.04 mg/kg i.m.) did not give a surgical level of anaesthesia. The
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analgetic effect of ketamine lasted only for 15-25 min. The 
combination of HypnormR (1.0 ml/kg i.m.), diazepam (2.5 mg/kg
i.p.) and atropine (0.02 mg/kg i.m.) gave an excellent anaesthesia 
(18). However, this neurolept anaesthesia only lasted for about one 
hour and after this period of time we had to administer a certain 
dosage of HypnormR and diazepam again. It was difficult to 
determine which dosage was needed to maintain the same level of 
anaesthesia. Too often an inadequate anaesthesia or an overdosage 
occurred.

The use of gasanaesthesia gave us the possibility to adjust the 
dosage when needed and thus to regulate the time during which the 
anaesthesia had to be maintained. Another advantage was that the 
guinea pigs tolerated the gasanaesthesia very well. Especially in 
those cases in which repeated narcosis is needed we prefer 
gasanaesthesia above the others for the reasons mentioned above 
and also because the animals recover without agitation.
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CHAPTER III

ELECTROCOCHLEOGRAPHIC STUDY OF EXPERIMENTAL 
ENDOLYMPHATIC HYDROPS

G.W. van Deelen, P.R.J.W. Ruding and G.F. Smoorenburg,

Laboratory of Experimental Audiology, Department of 
Otorhinolaryngology, University Hospital, Utrecht, The 
Netherlands.

ABSTRACT

An endolymphatic hydrops was induced in the left ear of 32 
guinea pigs by obliteration of the endolymphatic sac. One, two, 
four or eight months after obliteration both, the hydropic ear and 
the control ear were examined electrocochleographically with 
electrodes on the apex and near the round window. Immediately 
after electrocochleography the animals were sacrificed for 
histological study.

One month after obliteration the threshold of the compound 
action potential (AP) and the increase of the AP amplitude with 
sound pressure level (SPL) did not differ from the results for the 
control ear; this in spite of the histologically confirmed hydrops. In 
the 2-months group, small AP threshold differences (10-20 dB) 
were recorded, increasing up to 10-40 dB in the 4-and 8-months 
groups. In the latter groups we also found a more rapid increase of 
the AP amplitude with SPL, which is reminiscent of recruitment.

In the 1-month group we recorded an enhanced negative SP for 
2- and 4 kHz stimuli when the electrode was placed near the apex. 
The same was recorded for 4 kHz stimuli in the 2-months group. In 
the 4- and 8-months groups there was a tendency of a decrease of 
the negative SP. The SP-AP ratio recorded from the apical position 
showed the same pattern as the SP amplitude, an increase after 1 
month and a tendency of a decrease in the following months. Near
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the round window no significant effect of hydrops on SP amplitude 
nor on SP-AP ratio could be recorded. A deviation in the AP-SP 
waveform was recorded in 69% (22/32) of the guinea pigs. Most 
frequently this deviation consisted of an increased second peak 
(N2) in the AP waveform.

Key words: electrocochleography, endolymphatic hydrops, 
extracochlear potentials, guinea pig.

INTRODUCTION

Since electrocochleography is performed in humans, changes in 
the electrocochleogram, specific for Menière's disease, have been 
reported. The changes most frequently described are:
1. Small and distorted cochlear microphonics (CM) (1),
2. High action potential (AP) thresholds (2, 3),
3. Steep increase of AP amplitude with stimulus level (2),
4. Prolonged AP latency (3),
5. Increased negative summating potential (SP) (4, 5, 6, 7).
6. Wide AP-SP complex (1, 4).

Although most authors agree upon the occurrence of these 
changes there are noticeable differences in frequency of 
occurrence and in the size of the changes when the results are 
compared more closely. Possibly, the way in which the Meniere 
patients are selected varies from one study to the other. 
Differences in pathogenesis may occur among the patients 
diagnosed as having Menière's disease. These differences may 
cause the unequal changes in the electrocochleogram mentioned 
above. In addition, differences in electrocochleographic techniques 
used by different investigators may also cause changes in the 
electrocochleogram (8).

At present, there is no valid animal model for Menière's disease 
which enables us to verify the electrophysiological and histological 
disorders found for patients with Menière's disease. Yet, since 
Hallpike and Cairns (9) demonstrated the presence of an 
endolymphatic hydrops in temporal bones of Menière patients, 
these findings have become the histopathological substrate for 
Menière's disease. This endolymphatic hydrops can be
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experimentally evoked in guinea pig by obliteration of the 
endolymphatic sac (10, 11, 12). Consequently, the evoked hydrops is 
studied in relation to Menière's disease. Several investigators 
studied the histological and electrophysiological effects of the 
evoked endolymphatic hydrops (10, 11, 13, 14).

In our study the AP and SP were recorded from the cochlear 
surface of guinea pigs with an experimental endolymphatic 
hydrops. We investigated whether or not the specific variations in 
the electrocochleogram of patients with Menière's disease do occur 
in guinea pigs with an endolymphatic hydrops. In addition, we 
looked for other abnormalities in the AP and SP of these animals.

The morphological changes found in this study are reported in a 
companion paper (12). In summary, this morphological study shows 
that one month after endolymphatic sac obliteration a mild to 
moderate hydrops was observed in all cochlear turns without 
further significant microscopical changes. Two and four months 
after obliteration the extension of Reissner s membrane was 
distinct. Besides, a wide range of structural changes was evident 
(in stria'vascularis, organ of Corti, Reissner's membrane and nerve 
supply). Eight months after obliteration these morphological 
changes were even more outspoken.

MATERIAL AND METHODS

From the study by Ruding et al (12) we used thirty-two albino 
guinea pigs as experimental animals. Electrocochleography was 
performed one (N=8), two (N=8), four (N=8) or eight (N=8) months 
after obliteration of the endolymphatic sac of the left ear. The 
right ear of most animals served as control. A surgical level of 
anaesthesia was achieved by gasanaesthesia. a gasmixture of 
oxygen and nitrous-oxyde (L2). By means of an evaporator 
HalothaneR was added to this mixture. All animals were 
tracheotomized and were breathing spontaneously. By means of a 
thermostatically controlled heating blanket the rectal temperature
was maintained at approximately 38 .

The bulla tympanica was approached ventrally through the 
neck. After opening the bulla a complete view of the middle ear 
and especially of the cochlea, was obtained (Fig. 1). A silverball 
electrode was placed on the cochlear surface while the reference
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electrode was placed in the neck muscles.
Sound stimuli consisted of tone bursts 5 ms in duration and were 

delivered by a magnetodynamic earphone placed 5 mm in front of 
the pinna. Acoustic calibration was carried out by measuring the 
sound pressure level with a microphone 5 mm in front of the 
earphone. The stimulus repetition rate was 10 per second. 
Averaged responses were based on 100 tone pips. We used tone 
bursts of 1, 2, and 4 kHz. The highest stimulus levels were 80, 85, 
and 90 dB, respectively. These levels were the maximum levels 
that could be obtained from our apparatus. The stimulus level was 
decreased in steps of 10 dB until the AP could not be noticed 
anymore. The CM was suppressed with respect to the AP-SP 
complex by using a tone burst with a freely running phase of the 
sinewave at stimulus onset. The tone burst was switched on 
immediately, without shaping. This implies a broad frequency 
spectrum at stimulus onset. Therefore, we did not measure the SP 
in the initial part of the response but after the AP. In this later 
part of the response the SP is related to the frequency of the tone 
burst. In contrast to most of the literature, the amplitude of the 
AP was measured from the SP level and not from the baseline. 
Thus, the true AP amplitude was measured and not the amplitude 
of AP+SP (15).

Since the polarity and amplitude of the SP depend on the 
electrode position on the cochlear surface we always recorded 
from 2 specific places (Fig. 1). Near the round window a small 
negative SP can be recorded for the 1 kHz stimuli and a positive SP 
for most 4 kHz stimuli. For all frequencies the largest negative SP 
is recorded at the apex (15).

For each animal we supplemented the measurements of the AP 
and SP with calculation of the SP-AP ratio and examination of the 
AP-SP waveform.

Immediately after electrocochleography the animals, still under 
anaesthesia, were fixated by vascular perfusion. Afterwards, the 
temporal bones were removed and prepared for histological 
analysis (12).
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View of the middle ear and the cochlea of the guinea pig after 
opening of the bulla. The apical and basal electrode positions are 
indicated by digits 1 and 2 respectively.
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RESULTS

Action Potentials
The amplitude of the AP in response to the tone burst was 

measured as a function of stimulus level (input-output curve). In an 
earlier study (15) we found for the same stimuli with immediate 
onset and running phase, that the differences in the input-output 
curves from the two electrode positions and for the three stimulus 
frequencies were statistically significant. However, for each 
animal these curves run parallel. The path of each curve is 
representative for all of them. The same was found for the 
hydropic ears in this study. In addition, threshold shifts and steep 
input-output curves reported below appeared to be independent of 
stimulus frequency and electrode position.

Fig. 2 gives the input-output curves for the 32 guinea pigs with 
an endolymphatic hydrops when the stimulus frequency is 4 kHz 
and the electrode is near the apex (pos. 1 in Fig. 1). The shaded 
area gives the mean input-output curve plus and minus one 
standard deviation for the control ears. This figure shows that 
after one month the threshold of the AP and the increase of the AP 
amplitude with SPL for the hydropic ears do not differ from those 
for the control ears. In the two months group two hydropic animals 
do not show a threshold shift. The other six hydropic ears present 
threshold shifts from 10 to 20 dB. In the four months group seven 
hydropic ears have a threshold shift from 15 up to 30 dB. One ear 
presents a threshold shift of 50 dB. In the eight months group one 
hydropic ear does not show a threshold shift. The remaining seven 
ears present threshold shifts from 10 up to 40 dB. Analysis of 
variance showed a significant effect of the hydrops on the AP 
amplitude for the low-level stimuli (30-50 dB SPL) in the two 
months group. The effect was significant for the low and mid 
intensity stimuli (30-70dB SPL) in the four and eight months 
groups.

When the animals in the two, four, and eight months groups 
show an increased threshold we also note a more rapid increase of 
AP amplitude with sound pressure level. The steep input-output 
curves are reminiscent of recruitment.
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Fig. 2.AP amplitude as a function of stimulus level measured for the 
apical electrode position and 4 kHz stimuli. The separate curves 
represent the input-output curves for the hydropic ear of each 
animal. The shaded area represents the mean input-output curve 
plus and minus the standard deviation for the control ears.
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Summating Potentials
For all animals Fig. 3a gives the SP amplitude and polarity 

recorded from the apex for the three stimulus frequencies at the 
highest stimulus levels. This figure shows that an increased 
negative SP was regularly recorded from the hydropic ears in the 
one month group. The increased negative SP is apparent for the 2 
kHz and 4 kHz stimuli. Analysis of variance showed a significant 
effect (p<0.05) of the hydrops on the SP amplitude for these two 
frequencies. In the two months group a significant increase of the 
SP amplitude was recorded for the 4 kHz stimuli only. In addition 
to the effect of hydrops there is a tendency of a decrease of the 
negative SP with time. This tendency is somewhat greater for the 
hydropic ears than for the controls.

Fig. 3b shows the SP amplitude for all animals recorded from 
the round window for the three stimulus frequencies and the 
highest stimulus level. This figure suggests that there is no clear 
increase or decrease of the SP at the round window due to hydrops. 
This was confirmed by analysis of variance.

Fig. 3.
SP amplitude and polarity for the three stimulus frequencies and 
the highest stimulus levels for both the hydropic ears (•) and the 
control ears (o). For each group and each frequency the mean SP 
amplitude plus and minus one standard deviation is given below the 
panels. This standard deviation gives an impression of the 
interanimal variability, 
a: apical electrode position, 
b: round-window electrode position.

38



-1000

MV

-100

-10

o

-1000

-100

-10

o

-1000

-100

-10

o

1 MONTH 2 MONTHS 4M0NTHS 8 MONTHS
y+84+76 I:+26+58 I:+38+59 ¥:+4Q+30 
5-+61+47 5:+45+80 5:+53+43 C:+66+53

39



SP-AP ratio
Fig. 4a shows the SP-AP ratio for all animals submitted to 

apical recordings. This figure shows the same pattern as Fig. 3a. In 
the one- and two months groups we recorded a significant increase 
of the SP-AP ratio for the 4 kHz (p<0.05) stimuli. In the next 
months there was a tendency of a decrease of the SP-AP ratio for 
the lower frequency stimuli. Like for the SP itself, this tendency is 
somewhat greater for the hydropic ears than for the controls.
The SP-AP ratio recorded from the round window (Fig. 4b) did not 
show an increase or decrease due to the hydrops. This was 
confirmed by analysis of variance.

Fig. 4.
SP-AP amplitude ratio and polarity for the three stimulus 
frequencies and the highest stimulus levels for both the hydropic 
ears (•) and the control ears (o). For each group and each frequency 
the mean SP-AP amplitude ratio plus and minus one standard 
deviation is given. This standard deviation gives an impression of 
the interanimal variability, 
a: apical electrode position, 
b: round-window electrode position.
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AP-SP waveform
A change in the AP-SP waveform was noticed frequently. This 

change consisted of an increased amplitude of the second peak (N2) 
in the AP waveform. This phenomenon was seen in 69% (22/32) of 
the guinea pigs with an endolymphatic hydrops. It was never 
recorded from the control ear. In some animals a fusion of the N1 
and N2 peak was recorded (Fig. 5), which resulted in a broad AP 
complex. This broad AP complex was not related to the SP 
amplitude. A widening of the AP waveform, as suggested in 
literature about Menière's disease, was not apparent from our 
results.

Fig. 5:
Examples of a normal AP waveform (a) and of an increased second 
peak (N2) in the AP waveform (b). In some animals a fusion of the 
N1 and N2 peak was recorded (c).
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DISCUSSION

The AP responses recorded from the hydropic ears one month 
after obliteration of the endolymphatic sac are completely 
comparable with the responses recorded from the control ears. The 
one-month group of animals shows no increase of AP threshold and 
the same AP amplitudes, this in spite of the histologically 
confirmed hydrops. The AP responses recorded from the hydropic 
ears two four and eight months after obliteration show an increase 
of the threshold of 20-40 dB. The input-output curves for these 
animals are steeper than the curves found for the control ears 
which suggests recruitment. The presence of normal AP responses 
(as found in the one-month group) is no proof of undisturbed 
hearing. The AP responses recorded from Meniere patients (with a 
mild and fluctuating hearing loss) at the time they have a hearing 
loss can be completely comparable with those obtained from 
normals (3). The results from the guinea pigs 2, 4 and 8 months 
after obliteration are comparable with those recorded from 
patients with a more pronounced hearing loss. This stage of the 
disease probably corresponds with apical cochlear degeneration in 
our guinea pigs beginning about one month after endolymphatic-sac 
obliteration (11, 12, 14, 16).

In hydrops experiments one might expect the appearance of a 
threshold increase at the lower frequencies before a threshold shift 
at the higher frequencies similar to the findings for patients with 
Menière's disease. In this study, however, the moment at which the 
threshold increased did not differ from one stimulus frequency to 
the other. This might be related to the fact that the lowest 
stimulus frequency we used (1kHz) is "located" in the third 
cochlear turn (17) while cochlear degeneration mainly appears in 
the apical turn. Another explanation might be that the tone burst 
we used was switched on immediately, without a gradual onset. The 
immediate onset of the tone burst implies a broad frequency 
spectrum at stimulus onset and consequently, our AP responses 
have only limited frequency specificity. Low-frequency hearing 
loss might escape from our observation.

The SP amplitude was measured in a later part of the response, 
after the AP. At this time the frequency splatter at stimulus onset 
has vanished and thus, the SP is related to the frequency of the
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tone burst.
The relationship between Menière's disease and an increase of 

the negative SP was reported in various papers (4, 5, 6, 7). Durrant 
and Dallos (18) described the effect of a displacement of the 
basilar membrane on the SP recorded with intracochleär electrodes 
(scala vestibuli relative to scala tympani). When the basilar 
membrane is moved towards scala media a negative SP decreases 
in amplitude and may even become positive. When the basilar 
membrane is moved towards scala tympani the negative SP 
increases. The enhanced negative SP in Meniere patients could be 
attributed to a displacement of the basilar membrane due to the 
hydrops (19). The enhanced negative SP found in our study after 
one month (for 2- and 4 kHz stimuli) and after two months (for 4 
kHz stimuli) supports the hypothesis that an increased negative SP 
can be produced by an endolymphatic hydrops. However, a normal 
or decreased SP does not exclude the existence of an 
endolymphatic hydrops. We expect to find an enhanced negative SP 
only when there is little or no degeneration of hair cells. 
Otherwise, a loss of SP amplitude due to hair cell loss might 
override an enhancement of SP due to hydrops. In guinea pigs this 
loss of sensory cells occurs within a few months after obliteration 
(12, 16). In Menière patients the enhanced negative SP can be 
recorded for a longer period of time during the disease (20). This 
suggests that the development of an endolymphatic hydrops and 
degeneration of sensory cells occur more slowly in humans than in 
guinea pigs. If in a Menière patient an enhanced negative SP is 
recorded this possibly means that the hair cell population is still 
functional and that the hearing loss will be reversible. In this case 
a causal therapy (e.g. betahistine, diuretics) should be preferred 
above a symptomatic therapy.

The SP amplitude recorded from the round window did not show 
alterations due to the hydrops. At this position the SP amplitude is 
smaller and for the 1 and 2 kHz stimuli it can be positive or 
negative. Possibly, the SP recordings from this position are not 
sufficiently reliable to find an effect of hydrops.

Because there is a large variability of SP and AP amplitude, 
both in animals and in humans, the SP-AP ratio was introduced (the 
division of the SP amplitude by the AP amplitude). Several authors 
report an increase of the SP-AP ratio in patients with Menière's 
disease (3, 5, 21). For the 4 kHz stimuli we found an increased SP- 
AP ratio one and two months after obliteration when the electrode
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was at the apex. The tendency of a decrease of the SP-AP ratio 
with time is not regularly found in Menière patients.

The most frequently described change in the AP-SP waveform 
found electrocochleographically in patients with Menière's disease 
is a widening of the AP-SP complex evoked by a click. The click 
stimulus complicates the analysis of this change in waveform. The 
change may be caused by an increased negative SP. For our tone 
pips we did not record a widening of the AP waveform in the 
thirty-two guinea-pigs with an endolymphatic hydrops. Yet, 
another deviation in the waveform was recorded from 69% of the 
hydropic ears. This deviation consists of an increased second peak 
(N2) in the AP-waveform. Possibly this enlarged N2 is caused by 
synchronous repeated firing of the fibres. It may be responsible for 
overrecruitment, a phenomenon often observed in Menière's 
disease (22).
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CHAPTER IV

ELECTROCOCHLEOGRAPHIC CHANGES IN RELATION TO 
COCHLEAR HISTOPATHOLOGY IN EXPERIMENTAL 
ENDOLYMPHATIC HYDROPS

G.W. van Deelen, P.R.J.W. Ruding, G.F. Smoorenburg, J.E. 
Veldman and E.H. Huizing

Department of Otorhinolaryngology, University Hospital, Utrecht, 
The Netherlands.

ABSTRACT

The relation between electrocochleographic and histological 
changes in experimental endolymphatic hydrops was studied one, 
two, four or eight months after obliteration of the endolymphatic 
S clC

An increase of the compound Action Potential (AP) threshold 
was found two, four and eight months after obliteration. This 
increase was strongly correlated with loss of outer hair cells, nerve 
fibers and spiral ganglion cells. An enhanced negative Summating 
Potential (SP) and an enhanced SP-AP ratio were found mainly in 
animals with an endolymphatic hydrops without further cochlear 
pathology. A normal or decreased SP and SP-AP ratio was regularly 
recorded in animals with both an endolymphatic hydrops and a 
variety of other histopathological changes in the inner ear. An 
increased second peak (N2) in the AP waveform was recorded from 
63% (15/24) of the hydropic ears, equally divided over the four 
groups. There was no obvious correlation between the increased N2 
and other electrophysiological or histological findings.

Key words: endolymphatic hydrops, electrocochleography, 
extracochlear potentials, histopathology.
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INTRODUCTION

An experimental endolymphatic hydrops in the guinea pig 
results in histological and electrocochleographic changes. These 
changes have been described in detail in previous papers (1, 2). In 
summary, the results of these studies show that 1 month after 
obliteration of the endolymphatic sac a mild to moderate hydrops 
is present in all cochlear turns without further significant 
microscopical changes. In these animals no threshold shift of the 
compound action potential (AP) was recorded. However, when the 
electrode was placed near the apex the negative summating 
potential (SP) amplitude and the SP-AP ratio were enhanced for 2 
and 4 kHz stimuli. After 2, 4 and 8 months the hydrops increased 
slightly and a wide range of structural changes was evident 
(degeneration of the stria vascularis, organ of Corti and nerve 
supply as well as mesothelial defects, foldings and ruptures in 
Reissner's membrane). Two months after obliteration a small rise 
of AP threshold (10-20 dB) was recorded increasing up to 10-40 dB 
in the 4 and 8 months groups. The enhanced negative SP and SP-AP 
ratio, recorded in the 1 month group for 2 and 4 kHz stimuli, were 
also found in the 2 months group, but for 4 kHz only. However, 
there was a tendency of a decrease of the negative SP in the 4 and 
8 months groups for both the operated and the control ears. In the 
vicinity of the round window no significant effect of hydrops on SP 
amplitude nor on SP-AP ratio could be recorded. Finally, in most 
of the guinea pigs an increase of the second peak (N2) in the AP 
waveform was measured.

The aim of this paper is to present the relation between the 
electrocochleographic and the histopathological changes. This 
might increase the insight into the origin of electrocochleographic 
changes in experimental hydrops. Besides it might give us the 
opportunity to understand more about the different stages of 
Menière's disease.

MATERIAL AND METHODS

For 24 guinea pigs out of the set of 32, reported on before (1, 
2), we were able to compare electrophysiology to histology on an 
individual basis.
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The techniques of obliteration of the endolymphatic sac, 
electrocochleography, fixation of the cochlea and subsequent 
histological analysis have previously been described in detail (1, 2). 
In short, the endolymphatic sac obliteration was performed through 
an extradural posterior fossa approach according to Konishi et al. 
(3).

Before sacrificing the animal the electric responses of the 
cochlea were recorded from the vicinity of the round window and 
from the apex, For each animal we measured the AP and SP, 
calculated the SP-AP ratio and examined the AP-SP waveform. 
Sound stimuli consisted of tone bursts 5 ms in duration and at 
frequencies of 1, 2 and 4 kHz.

Fixation was performed by ascending aorta perfusion with 80 cc 
Karnovsky fixative or 80 cc trialdehyde fixative. The cochlea and 
the medial wall of all temporal bones were postfixed separately in 
1% OsO decalcified in 10% EDTA-2Na, dehydrated and embedded 
in Spurr's low viscosity resin. The cochleas were divided in a 
midmodiolar plane and sectioned in parallel planes with a glass 
knife (l-5p). Methylene blue/azur II or methylene blue/fuchsin 
staining was routinely used for light microscopical examination. 
The grade of hydrops and the histopathology of the stria vascularis, 
outer hair cells, spiral ganglion cells, nerve fibers and Reissner's 
membrane were determined.

RESULTS

The electrocochleographic and histological findings in each 
animal are given in Table I.

Compound Action Potentials and histopathology
In the one month group none of the animals showed an AP- 

threshold shift, this in spite of the presence of a mild to moderate 
hydrops (Fig. 1). In the two, four and eight months groups a 
significant AP-threshold shift and a more rapid increase of AP 
amplitude with sound pressure level was recorded in respectively 4, 
6 and 5 out of 6 animals. Besides the endolymphatic hydrops, these 
animals showed progressive histopathological changes, in 
particular: degeneration of the stria vascularis (Fig. 2), the organ 
of Corti and the nerve supply (Fig. 3 and 4). Also the 
histopathology of Reissner's membrane was distinct.
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Table I: Electrocochleographic and histological findings 
for the hydropic ear of each animal.

Histopathology of Reissner's membrane

No.

Grade! 

of Fold-
hydr. ing

Bony
wall
connect.

Thick
ening

Mesoth.
defects

Rup
ture

Atro
phy

Stria
edema

1 1 3 - + — — — — +
m 2 1 - — — — — — +
o 3 1 - + — — — — —
n 4 1 - — — — — — —
t 5 2 - — + — — — +
h 6 2 - — — — — — +

2 1 2 - — — — + — —
m 2 2 - — — — — — +
0 3 3 + + — — — — +n
t 4 3 - + — — — — +
h 5 2 + — — — — — +
s 6 1 - — + — — — +

4 1 2 - — — — — + +
m 2 3 + — — — + -1- —
o 3 3 + + — — — + +n
t 4 3 - — — + — + +
h 5 2 - — — — — — —
s 6 3 + + — — — + —

8 1 3 - + + + + + +
m 2 1 - — — — — — +0 3 2 + — — + + + —
t 4 3 + + — — + + +
h 5 2 - + — — — + +
s 6 3 +

1: mild
2: moderate
3: severe

+ + +
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Loss of
nerve Loss of AP Increase + Increase + Normal
fibres or outer threshold Normal = Normal = Increase

Stria ganglion hair shift Decrease — Decrease — of N2
atrophy cells cells in dB of SP of SP/AP amplitude

— + _ 0 — — =
— — — 0 = = +
— — — 0 + + +
— — — 0 + + =
— — — 0 + + +
— — — 0 + + +

— + _ 10- 15 — — =
— — 0 + + =

— + + 10- 15 = = +
— — + 15-20 = = +
+ — — 0 + + +
— — — 10 + + =

+ + + 10 - 15 = = +
—- — + 20 - = +
+ — + 15-25 = = +
— — — 10-15 = = =
— — — 20 = = +
+ + + 30-50 — — =

+ + + 20-30 - = +
— — — 0 = = =
— + — 15-20 = = +
+ + + 25 — — +
— + — 15 = = =
+ + — 20 — = +
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Fig. 1.
Midmodiolar section of a cochlea with a mild to moderate 
hydrops, one month after endolymphatic sac obliteration.
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Fig. 2a.
Eight-months normal cochlea. Normal architecture of the stria 
vascularis; apical turn (1600x).
Fig. 2b.
Atrophy of the stria vascularis eight months after obliteration. 
Only one cell layer of the stria remained; apical turn (1600x).

55



Fig. 3.
Midmodiolar section of a cochlea eight months after 
endolymphatic sac obliteration. Note loss of nerve fibers and 
spiral ganglion cells in the apex.
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Fig. 4a.
Eight months normal cochlea. Normal spiral ganglion cells in 
the third turn (1600x).
Fig. 4b.
Eight months hydropic cochlea. Atrophy and loss of spiral 
ganglion cells in the apical turn (1600x).
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The relation between the AP-threshold shift and these 
histological changes of the inner ear was analysed. The mean AP- 
threshold shift for ears with a loss of outer hair cells was 
significantly higher (p<0.01) than the mean AP-threshold shift for 
ears without hair cell loss. The same was found with regard to the 
loss of nerve fibers and ganglion cells. Moreover, a clear 
correlation (r=0.71) was found between the AP-threshold shift and 
the loss of outer hair cells, nerve fibers and ganglion cells. The 
correlation coefficient was calculated by rating no loss with 0, 
either outer hair cell loss or neuronal loss with 1 and both hair cell 
and neuronal loss with 2.

Summating Potentials and histopathology
An enhanced negative SP and an increased SP-AP ratio were 

mainly recorded from animals with an 1 and 2 months 
endolymphatic hydrops without histopathological changes in the 
other inner ear structures. In a 4 and 8 months hydrops a normal or 
decreased SP, or SP-AP ratio, was regularly recorded in 
combination with various histopathological changes in the inner 
ear. The tendency of a negative SP, decreasing with time, was also 
found in the control ears. However, this tendency was somewhat 
more obvious for the hydropic ears than for the controls (2). In the 
control ears we did not find histological changes that could account 
for the decrease in the negative SP.

AP waveform and histopathology
An increased second peak (N2) of the AP waveform was 

recorded from 63% (15/24) of the hydropic ears. The latency 
between the Ml and N2 was not constant but varied between 0.8 
and 1.2 ms. The occurrence of an increased N2 in the AP waveform 
was equally divided over the four groups. The only common feature 
in these animals was the presence of an endolymphatic hydrops. 
From the results for individual animals (Table I) a correlation 
between the increased second peak and some ' other 
electrophysiological or histological aspects was not obvious.

DISCUSSION

Action Potentials
In our investigation no AP-threshold shift was found one month
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after endolymphatic sac obliteration, in spite of the histologically 
confirmed hydrops. This observation corresponds with the 
electrocochleographic results obtained from patients in an early 
stage of Menière's disease. Both Kumagami (4) and Gibson (5) 
recorded almost normal AP amplitudes from Menière patients with 
a hearing loss of 0-40 dB. Coats and Alford (6) reported comparable 
results and found that a positive glycerol test (improved tone 
audiometric threshold after glycerol intake) did not necessarily 
imply an increase of the AP amplitude. In some cases they even 
recorded a decreased AP amplitude although a hearing gain was 
measured.

These findings indicate that the early stage of fluctuating 
hearing loss cannot always be demonstrated by an AP-threshold 
shift in the electrocochleogram. Our recordings in the guinea pig 
suggest that in this early stage of Menière's disease an 
endolymphatic hydrops without further light-microscopical changes 
is present. It seems likely therefore that the fluctuations in hearing 
loss are caused by variations in the grade of endolymphatic hydrops 
and/or inner ear pressure.

However, AP-threshold fluctuations are also described in the 
literature (7). This might imply a stage of Menière's disease 
preceding irreversible hearing loss. It may be caused by temporary 
dysfunction of inner ear structures that will degenerate in a later 
stage of the disease. Probably, this dysfunction is caused by other 
factors than hydrops or overpressure. Circulatory changes in the 
cochlea may be an important factor.

It is obvious that a degeneration or loss of inner ear structures 
will cause an irreversible AP-threshold shift. However, differences 
in threshold shifts among animals with comparable microscopical 
changes were found 4 and 8 months after obliteration. (Table I). In 
this stage of the disease the threshold shift may be partially 
irreversible due to degeneration and loss of inner ear structures 
and partially reversible due to temporary cochlear dysfunction.

It will be interesting to perform repeated recordings in animals 
with an endolymphatic hydrops in order to get a better insight into 
the temporal course of the effects induced by hydrops. A long-term 
electrode implantation as described by Hildesheimer et al. (8) could 
be a suitable technique for this purpose.

Summating Potentials
An enhanced negative SP, as recorded 1 and 2 months after

59



obliteration, can be explained from different angles. The most 
frequently used explanation is the one based on displacement of the 
basilar membrane into the direction of the scala tympani. Davis et 
al. (9) demonstrated that displacement into this direction causes an 
increase of the negative SP. Generally, this explanation is also 
accepted with respect to the enhanced negative SP which is 
frequently recorded in Menière patients. Results from experiments 
by Klis and Smoorenburg (10) support this view. They found 
modulation of the SP amplitude and even polarity reversals when a 
low-frequency sound, displacing the basilar membrane, was added 
to the initial tone-burst stimulus.

In addition to displacement of the basilar membrane, electrical 
and structural changes may also effect the SP amplitude. 
Suppression of the endocochlear potential (EP) in guinea pigs with 
experimental endolymphatic hydrops has been demonstrated in 
various studies (11, 12). This suppressed EP has been recorded not 
only in endolymphatic hydrops but also in cases of increased 
perilymphatic pressure (13) and anoxia (14). Konishi et al. (11) 
postulate that the EP suppression in hydrops reflects a dysfunction 
of the stria vascularis. Possibly, this dysfunction exists before 
microscopical changes can be observed.

Honrubia and Ward (15) showed that the EP plays an important 
role in the production of the cochlear microphonics (CM) and SP. 
From the results of their study we learn that a decrease in EP 
causes a decrease in SP. Thus the basilar membrane deviation and 
the decreased EP will have opposite effects on the SP amplitude.

Both the effects of basilar membrane displacement and the 
decreased EP are of importance for the explanation of the SP 
recordings in this study. In view of the increasing elasticity of the 
basilar membrane in apical direction we expect, in a hydropic 
situation, the largest displacement of the basilar membrane at the 
apical side of the cochlea. At this place the possible effect of the 
displacement on the SP might therefore dominate over the effect 
of the decrease in EP. This might explain the enhanced negative SP 
recorded with the apical electrode whereas no significant change in 
SP amplitude was found near the round window. At this place, 
therefore, the effects of basilar membrane displacement on SP 
amplitude on the one hand and the decrease in EP on the other 
hand may be in balance. The experiments by Klis and Smoorenburg 
(10) showed an increase in the SP amplitude recorded from the 
round window when the basilar membrane was displaced towards
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the scala tympani (by low-frequency sound stimulation). They made 
use of healthy guinea pigs and probably recorded the effect of 
basilar membrane displacement only. Combining the results of 
these experiments we might hypothesize that in an early hydrops 
two different and opposing effects on the SP amplitude play a role. 
On the one hand there might be SP enhancement due to basilar 
membrane displacement, on the other hand SP suppression due to a 
decrease in EP.

In a later stage in the development of endolymphatic hydrops a 
loss of outer hair cells was found (16). This stage may be preceded 
by dysfunction of hair cells. Thus, the decrease of SP amplitude 4 
and 8 months after obliteration will probably be the result of this 
dysfunction or loss of hair cells.

If in a Menière patient an enhanced negative SP can be 
recorded it is to be expected that there still is a relatively intact 
population of hair cells. This suggests that at this stage the disease 
is still (partially) reversible.

AP waveform
As mentioned before, the increased second peak (N2) in the AP 

waveform was equally divided over the four groups (Table I). If in 
one particular animal an increased N2 was found this was not the 
case at each frequency and/or intensity but only at certain 
unpredictable frequencies and/or intensities. The occurrence is 
therefore not systematic.

In a previous paper (2) we suggested that the N2 was caused by 
synchronous repeated firing of the fibres. This may be the fact in 
those cases in which the latency between N1 and N2 was more than 
1 ms (refractory period). However, when this latency was less than 
1 ms it is unlikely that the N2 is evoked by the same fibres as the 
Nl. Possibly the firing of fibres innervating hair cells in the more 
apical turns is an important factor in these cases.

With endolymphatic hydrops and/or inner ear pressure changes 
we expect a change of cochlear hydrodynamics including increased 
stiffness of the basilar membrane. This may result in a shift of 
tuning of the more apical parts of the cochlea to higher 
frequencies which, in turn, may cause an increase of the N2 
stemming from the apical part of the cochlea. Distortion and 
diplacusis, as regularly found in Menière patients, may be related 
to the increased N2.
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CHAPTER V

THE USE OF THE UNDERPRESSURE CHAMBER IN THE 
TREATMENT OF PATIENTS WITH MENIERE'S DISEASE

G.W. van Deelen, J. Hulk and E.H. Huizing,

Department of Otorhinolaryngology, University Hospital, Utrecht, 
and the National Aerospace-Medical Centre, Soesterberg, the 
Netherlands.

ABSTRACT

34 Menière patients (43 ears) were treated in an underpressure 
chamber. Békésy audiometry and impedance audiometry were 
performed immediately before and after the exposure to 
underpressure. A hearing gain of more than 10 dB was found in 19% 
of the ears (8/43). In five ears this improvement lasted for a few 
days. Only one patient (2%) reported a relief of tinnitus. In 9 out of 
the 30 patients (30%) with recent vertiginous attacks a positive 
subjective effect on the vertigo was obtained.

Keywords: Menière's disease, underpressure treatment.
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INTRODUCTION

Although many studies have been performed on the 
pathogenesis of Menière's disease its etiology is still unknown. 
Since Hallpike and Cairns (1) discovered the presence of an 
endolymphatic hydrops in the temporal bones of Menière patients 
this observation has been confirmed by various other investigators 
(e.g. 2, 3). However, an endolymphatic hydrops was also observed in 
temporal bones of patients with other inner ear disorders (4, 5). In 
spite of these findings endolymphatic hydrops is generally 
considered to be the histopathological substrate for Menière's 
disease.

It is questionable whether or not the distension of the scala 
media is attended by an increased pressure in only the 
endolymphatic system or in the whole inner ear. The hypothesis 
concerning the overpressure is supported by the experiments of 
Tonndorf (6). By increasing the "endolymphatic" pressure in a 
mechanical cochlear model this author found a low frequency 
hearing loss, as is often seen in the early stages of Menière's 
disease.

Until now three different modes to reduce a high inner ear 
pressure have been attempted: decompression of the endolymphatic 
sac, diuretics and exposure to underpressure.

To what extent the decompression of the endolymphatic sac 
influences the inner ear pressure is not clear. However, the effect 
of diuretics on the inner ear pressure has become apparent in 
certain animal studies, like the one performed by Carlborg and 
Farmer (7). They demonstrated a decrease of the inner ear pressure 
(perilymphatic pressure) after administration of osmotic diuretics 
(glycerol, urea). The effect of these osmotic diuretics lasts only a 
few hours. However, in other studies long-term diuretics were 
found to have a therapeutical effect in Menière's disease (8, 9). 
This effect might be due to a decrease of the inner ear pressure.

The idea to influence inner ear pressure in Menière patients by 
exposure to underpressure was introduced by Densert et al. in 1975 
(10). They described an immediate improvement of low-frequency 
sensory hearing loss, tinnitus, fullness of the ear and vertigo in 
some of their patients by placing them in an underpressure 
chamber. Ingelstedt et al. (11) described positive results of this
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treatment in four out of five Meniere patients during an acute 
vertiginous attack. In 1980 Tjernström et al. (12) reported an 
immediate hearing gain in 21 out of 47 ears (46 Meniere patients) 
after underpressure treatment. In 1982 Densert and Densert (13) 
obtained a hearing improvement in all patients (N=5) by local 
application of overpressure in the middle ear through a grommet. 
Younger et al. (14) found very little beneficial effect of 
underpressure treatment in 16 patients with fluctuating hearing 
loss due to Menière's disease.

The present article reports on our experiences with 
underpressure treatment in cases of Menière's disease with the aim 
to study the changes of objective and subjective parameters in our 
patients.

MATERIAL AND METHODS

34 patients with Menière's disease (25 unilateral, 9 bilateral) 
participated in this study. The patients had to meet the following 
criteria in order to be included in the study:
1. Unilateral or bilateral sensorineural hearing loss with tinnitus 

and (history of) vertiginous attacks of unknown origin.
2. Positive recruitment and normal perstimulatory adaptation as 

measured by ABLB test, Békésy audiometry, stapedius reflex 
measurement and tone decay test.

3. Normal X-ray anatomy of the temporal bone (Schüller and 
Stenvers projection)

4. No other otological, neurological or internal disorder that could 
account for one of the symptoms.
In order to exclude other diseases as much as possible all 

patients underwent general ENT-, extensive audiometric and 
vestibular examination and when indicated neurological and 
internal check-up.

The group of cases consisted of 24 male and 10 female patients 
with a mean age of 47 (range: 25-62). Unfortunately, we did not 
have the opportunity to treat Menière patients during an acute 
attack. 30 patients suffered from recent attacks of vertigo with 
nausea and vomiting. The remaining 4 patients had a long history of 
Menière's disease with vertiginous attacks in an earlier stage.

All patients were exposed to underpressure in the underpressure
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chamber of the National Aerospace-Medical Centre of Soesterberg. 
Immediately before and after the treatment middle ear pressure 
was measured by impedance audiometry. Hearing thresholds were 
determined by means of Békésy audiometry with interrupted tones. 
Because middle ear pressure differences might influence the pre- 
and posttreatment hearing thresholds the middle ear pressure had 
to be normal (again) before the hearing tests were made.

The patients were exposed to underpressure in sitting position 
and were instructed to avoid active opening of the Eustachian tube 
until the pressure was raised to atmospheric level again. 
Underpressure was applied according to the scheme as used by 
Tjernström et al. (12) (Fig. 1). The speed of pressure change was 5 
cm of water per second. In general 4-5 patients were exposed 
simultaneously.

Hearing improvement and hearing loss was defined as a 
threshold change of more than 10 dB for at least one of the 
frequencies: 0.25, 0.5, 1 or 2 kHz. The effect on tinnitus was 
evaluated by using subjective parameters. The influences on 
vertigo and vertiginous attacks were also determined on the basis 
of the patient's experiences (incidence, grade).

After treatment the patients were regularly followed up for 1-3 
years (mean 1.4 years). Subjective parameters as to tinnitus and 
vertigo were recorded and audiometry was repeated.

RESULTS

A hearing improvement of more than 10 dB for at least one 
octave frequency was found in 8 out of the 43 ears (19%). The 
maximal hearing gain obtained amounted to 25 dB for all 
frequencies. This effect lasted for more than 3 months. Then 
hearing deteriorated to its previous level again. By renewed 
exposure to underpressure an almost identical hearing gain of 20-25 
dB for all frequencies was obtained. This effect lasted for a few 
weeks. In the other seven ears hearing gains were between 10-20 
dB and mostly concerned the low and middle frequencies. In five 
ears this improvement in hearing lasted for a few days. In the 
remaining two ears the effect lasted for a longer period of time 
(maximal 1.5 years).
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Fig. 1.
Schematic representation of the administration of underpressure 
and the moments at which Békésy audiometry and impedance 
audiometry was performed.
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Figure 2 shows the change in hearing threshold for all ears 
(N=43) and the 4 test frequencies. In Fig. 3 the cumulative hearing 
gain and hearing loss for each frequency are given. From both 
figures we learn that the maximal hearing gain was obtained at 0.5 
kHz. However, in a small number of cases an increase of hearing 
loss was measured for the lower frequencies, In one patient this 
(reversible) increase amounted to more than 10 dB at 0.5 kHz.

Only one patient who had a hearing gain of 10 dB reported a 
relief of tinnitus for some days.

In 9 out of the 30 patients (30%) with recent attacks of vertigo 
a positive effect was obtained. The patients reported that the 
vertiginous attacks had been less frequent or absent after the 
treatment. In six cases this positive effect was temporary (from 
1.5 months to 2.5 years). The other three patients did not 
experience vertigo spells again. In two patients there was an 
improvement both of the hearing loss and of the vertigo.

0.25 kHz 0.50 kHz

1 kHz 2 kHz

-11 -6 -1 \ \ 6 11 16 21 26 -11 -6 -1\ \ \ \ X > \ '
-15 -10 -5 5 10 15 20 25 30 -15 -10 -5 5 10 15 20 25 30

THRESHOLD CHANGE IN d8
Fig. 2.
Posttreatment change in hearing threshold for each of the four test 
frequencies.
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Fig. 3.
Posttreatment cumulative hearing gain and hearing loss for each of 
the four test frequencies.

71



We studied the histories of the selected patients to find possible 
characteristic features in symptomatology or in audiometric 
results which would enable us to predict the results of 
underpressure therapy. Table I shows that no significant difference 
in effect could be found between the patients with a positive 
glycerol test as compared to the patients with a negative glycerol 
test (Fisher exact test: p>0.05). In patients with a short history of 
Menière's disease (less than 12 months) or with fluctuations in the 
hearing loss a positive effect on hearing and on vertigo was found 
more frequently than in patients with a longer history or non
fluctuating hearing loss. The difference in effect on hearing in 
patients with a short history was significant (p<0.05). The other 
differences were not.

Figure 4 shows the overall results as described above.

Table I: The effect on hearing loss and on vertigo in 
relation to the outcome of the glycerol test, the duration 
of the disease and the presence of fluctuations in the 
hearing loss. Statistical analysis by Fisher exact test 
(The probability value is given for each group).

Effect on Effect on
hearing vertigo
(N = 43) (N = 30)

+ +
Glycerol test (< 1 year)
Positive glycerol test 
Negative glycerol test 
No recent glycerol test

2 7
3 15
3 13
(P=1.0)

2 3
4 10
3 8
(p=l.0)

Duration of the disease
Less than 12 months 
More than 12 months

3 2
5 33
(p=0.04)

2 2
7 19
(p=0.56)

Fluctuations in hearing
Presence of fluctuations 
Absence of fluctuations

8 24
0 11
(p=0.09)

6 16
3 5
(p=0.67)
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DISCUSSION

Discussion of the results
In this study we recorded a hearing gain of more than 10 dB in 

19% of 34 Menière patients after underpressure treatment. For 
most of these patients this hearing gain lasted only for a few days. 
This improvement of hearing occurred less frequently than in 
similar studies of Tjernström et al. (12) and Densert and Densert 
(13). However, in contrast to Younger et al. (14) we confirm that 
hearing can improve considerably in some patients. This hearing 
gain was recorded by Békésy audiometry and is not due to test- 
retest variability. A hearing gain caused by changes in middle ear 
pressure was excluded by pre- and postexposure impedance 
audiometry.

In our study only one patient (2%) reported a relief of the 
tinnitus. Also Younger et al. (14) reported no significant effect of 
the underpressure on the tinnitus (N=16). These results are in 
contrast to the findings of Densert and Densert (13). They found a 
positive effect on the tinnitus in 100% (N=5) by applying local 
overpressure in the middle ear.

In our study the effects on vertigo were positive. In 30% of the 
patients who had recurrent vertiginous attacks an improvement 
was reported by the patient. Also in the studies mentioned above 
(13, 14) a positive effect on vertigo was reported. The effects on 
vertigo in their and also in our study are based on subjective 
parameters. Since no control study was undertaken and Menière 
patients are well known placebo responders the results as to 
vertigo are doubtful, at least not yet proven.

Discussion of the theory
The influence of the middle ear pressure on the inner ear fluids 

has been studied since more than a hundred years (15). Carlborg 
(16) has recently demonstrated that the perilymphatic pressure is 
influenced by the middle ear pressure. Also the relation between 
the cerebro-spinal-fluid (CSF) pressure and the inner ear pressure 
has been a subject of many studies (16, 17, 18).

The CSF can reach the perilymphatic cavity through the 
cochlear aqueduct. Whether or not this aqueduct is patent in man is 
still a matter of debate (19, 20). In lower animals there is a wide 
connection. When the cochlear aqueduct is not patent there will
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probably be no pressure release from the inner ear to the CSF. A 
decrease of the environmental pressure induces a decrease of the 
hydrostatic venous pressure and thereby a reduction of both the 
CSF pressure and the inner ear pressure. This change in inner ear 
pressure will occur when the cochlear aqueduct is either patent or 
not patent because the perilymphatic pressure and the CSF 
pressure are probably regulated by a similar mechanism (7). When 
the patient is instructed to avoid active opening of the Eustachian 
tube the middle ear pressure will remain at atmospheric level. This 
middle ear pressure effects the pressure of the inner ear fluids via 
the cochlear windows and thus a pressure gradient between on the 
one side the inner ear and middle ear and on the other side the CSF 
(and endolymphatic sac) will exist. This pressure gradient might 
cause a passive opening of the temporary closed endolymphatic 
duct, possibly facilitated by venous decongestion (21).

As stated before we did not treat Menière patients during an 
acute attack. Ingelstedt (11) reported positive results in patients 
during an attack and these results are in line with the theory that a 
Menière attack is due to an increase of the inner ear pressure. This 
increased pressure possibly causes an insufficient capillary blood 
supply. Another hypothesis about the cause of an attack is the 
"rupture theory". An increase in endolymphatic volume might cause 
a distension and rupture of Reissner's membrane. The following 
potassium intoxication from the endolymphatic space into the 
perilymphatic space can explain the symptoms of an attack (22, 
23). The immediate effect of the underpressure on the vertigo and 
also on the hearing loss does not support this theory.
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CHAPTER VI

THE USE OF A DIURETIC (DYAZIDER) IN THE TREATMENT OF 
MENIERE'S DISEASE

A double-blind cross-over placebo-controlled study.

G.W. van Deelen and E.H. Huizing

Department of Otorhinolaryngology, University Hospital, Utrecht, 
The Netherlands.

ABSTRACT

In 33 Menière patients (42 ears) the therapeutic effects of 
DyazideR (50 mg triamterene and 25 mg hydrochlorothiazide) were 
investigated in a cross-over placebo-controlled study. The hearing 
was measured by tone and speech audiometry whereas tinnitus and 
vertigo were recorded using fixed scales. In this study DyazideR was 
found to have no significant effect on hearing or tinnitus. However, 
the vestibular complaints decreased significantly during the 
DyazideR treatment.

Ears with a positive glycerol or furosemide test and ears with a 
fluctuating hearing loss did not show significant differences in 
hearing thresholds between the two periods in the trial.

Of the 33 patients 17 had a distinct preference for DyazideR 
whereas 3 patients chose for the placebo. The remaining 13 
patients had no preference.

Key words: Menière's disease, diuretics, glycerol test, furosemide 
test.
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INTRODUCTION

Already before endolymphatic hydrops was discovered in 
patients with Menière's disease a correlation between their 
symptoms and both water and electrolyte metabolism was 
suspected. In the thirties Dederding (1) and later Fürstenberg et al. 
(2) treated their patients by a low-salt diet and/or a diuretic 
(ammonium chloride).

Since the sixties the effect of the diuretics glycerol, urea and 
furosemide have been studied by a great number of authors (3, 4, 
5). Hearing was found to improve after 1 to 2 hours in many cases 
but the effect lasted only for a short period of time. These 
diuretics are therefore considered to be of diagnostic value only.

In 1967 Klockhof and Lindblom (6) studied the effect of 
Hydrochlorothiazide (DichlotrideR) in a double-blind study in 30 
cases of Menière's disease with fluctuating hearing loss. They 
found a statistical significant improvement of the hearing loss, 
vertigo and the general condition. In a second study by Klockhof et 
al. (7) the effect of Chlorthalidone (HygrotonR) was found to be 
effective on vertigo in 26 out of 34 patients treated and observed 
for 7 years. In spite of these findings the use of diuretics has not 
become a general accepted mode of treatment in Menière's disease 
and no further study has been carried out concerning the possible 
effects of the modern diuretics. For this reason, after a pilot study 
in 10 patients, a double-blind cross-over placebo-controlled study 
using DyazideR(=DytenzideR) was carried out and completed in 33 
patients during the period 1980-1985. DyazideR (50 mg triamterene 
and 25 mg hydrochlorothiazide) was chosen for this experiment 
because it is an effective diuretic of moderate strength. It can be 
administered over a longer period of time without great risks of K+ 
depletion and/or hypotension. Triamterene is a diuretic which 
inhibits Na -K "exchange" whereas hydrochlorothiazide inhibits 
the Na reabsorbtion in the distal tubule.

The following issues were investigated:
1. Does DyazideR have an effect on hearing, vertigo, tinnitus and 
the general condition in Menière's disease?
2. Is there any difference in effect between patients with a 
positive and a negative glycerol or furosemide test?
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3. Is there any difference in effect in patients who had a proven 
fluctuating hearing loss in the year preceding the trial in 
comparison to those with a constant hearing loss?

MATERIAL AND METHODS

Selection of patients
Thirty-four patients with Menière's disease entered the trial. 

One patient had to be withdrawn because of an increased serum 
glucose level during treatment, so the trial was completed by 33 
patients.

In order to be included the patients had to meet the following 
requirements:
1. Unilateral or bilateral Menière's disease. For this diagnosis the 

following criteria were applied:
- unilateral or bilateral sensorineural hearing loss with tinnitus 
and (a history of) vertiginous attacks of unknown origin;
- positive recruitment and normal perstimulatory adaptation as 
measured by ABLB test, Békésy audiometry, stapedius reflex 
measurement and tone decay test;
- normal X-ray anatomy of the temporal bone (Schüller and 
Stenvers projection);
- no other otological, neurological or internal disorder that could 
account for one of the symptoms.

2. No contra-indication for diuretic treatment.
3. No surgical treatment for Menière's disease before.

For this purpose all patients underwent general ENT-, 
audiometric and vestibular examination as well as a neurological 
and internal screening.

The group of 33 patients who completed the trial consisted of 
19 males and 14 females with an age range of 23 - 64 years (mean: 
43). The disease was unilateral in 24 and bilateral in 9 patients.

Altogether 42 affected ears were involved in the study. In 35 a 
glycerol test (1.3 g/kg orally) or a furosemide test (20 mg 
intravenously) was carried out before the trial. Of these 14 had a 
positive and 21 a negative outcome. In 30 ears a fluctuating 
hearing loss (spontaneous fluctuations of more than 20 dB for at 
least one octave frequency) existed during the year preceding the 
trial.
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METHODS OF TRIAL

The effect of DyazideR was compared with that of the placebo 
in a double-blind cross-over trial of two periods of 17 weeks. One 
group of patients (N=16) received DyazideR during the first and the 
placebo during the second period. The other group (N=17) received 
the placebo and DyazideR in the reverse order. Patients were 
admitted to both groups according to an at random procedure. 
During the first 5 days of each period the patients were 
administered two capsules daily, during the remaining period two 
capsules every second day.

All medications prescribed for Menière's disease were stopped 
two weeks before the trial started and during the trial no other 
treatment was allowed apart from sleeping tablets.

METHODS OF ASSESSMENT

The effects on hearing, vestibular function, tinnitus, general 
condition as well as possible side effects were investigated. For 
this purpose the patients were seen once in three weeks by the 
same investigator.

Hearing was examined by tone and speech audiometry at the 
beginning of the trial at each three weeks visit and at the end of 
the trial.

Vestibular complaints were recorded using a subjective six point 
rating scale, tinnitus by a four point scale (Table I). At each visit 
bloodpressure, bloodserum potassium, sodium, chloride and glucose 
were checked.

The glycerol and the furosemide tests were considered positive 
when the hearing threshold improved within 3 hrs by more than 10 
dB at at least one octave frequency.

For the evaluation of the results each treatment period was 
divided into five time intervals. For each time interval the 
following scores were calculated.
-mean air conduction threshold increase for each of the 
frequencies 0.25, 0.5, 1 and 2 kHz;
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-speech intensity required for 50% discrimination (dB 50), 
maximum speech discrimination (Max Disc) and speech intensity at 
maximum discrimination (dB max);
-vertigo score 
-tinnitus score.

The data obtained were processed by analysis of variance. At 
the end of the trial the patients were asked for their personal 
preference for one of the two therapies.

Table I: Rating of vestibular complaints and tinnitus.

Score Vertigo Tinnitus

0 none none

1 attacks : 
unsteady:

no
sometimes

slight

2 attacks : < 1/month moderate

3 attacks :

unsteady:

> 1/month 
< 1/week 
frequent

severe

4 attacks : > 1/week 
< 3/week

-

5 attacks : _> 3/week -
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RESULTS

The mean threshold increase for all 42 ears was slightly lower 
during DyazideR treatment than during the placebo period. 
However, analysis of variance showed that this difference was not 
significant (p>0.05) as is shown in Table II. The three speech 
audiometric scores (dB 50, Max Disc, dB max) during the two 
treatment periods did not differ either. The data for the three 
parameters are given in Table III. DyazideR was therefore found to 
have no positive effect on hearing in Menière's disease

Table II: Mean hearing threshold increase for four octave 
frequencies during the DyazideR and placebo period and the 
significance of the difference (p).

Threshold loss (dB)

Frequency (kHz)

p
Dyazide
period

placebo
period P

0.25 52.1 52.5 0.73

0.5 50.1 52.0 0.50

1.0 48.8 49.8 0.51

2.0 47.4 49.0 0.20

Table III: Speech hearing scores during the DyazideR and 
placebo period and the significance of the difference (p).

Speech hearing 
scores

DyazideR
period

placebo
period P

dB 50 48.6 50.1 0.28

max. disc. 88.9 89.9 0.29

dB max. 90.4 91.9 0.25
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Ears with a positive glycerol or furosemide test (N=14) did not 
show significant differences in hearing thresholds between the two 
periods of the trial, as can be seen in Table IV. According to our 
findings these two tests cannot be considered reliable predictors as 
to a possible therapeutic effect of DyazideR in Menière's disease 

Table IV also shows that the effects on hearing in the 30 ears 
with fluctuating hearing loss did not differ between the two periods 
of the trial. Also this phenomenon has no predictory value for the 
effect of DyazideR.
Table IV: Mean hearing threshold increase in ears with a 
fluctuating hearing loss and in ears with a positive 
glycerol/furosemide test during the DyazideR and placebo 
period and the significance of the difference (p).

Threshold loss (dB)

Dyazide placebo
period period p

Fluctuating 
hearing loss
(N=30) 49.4 51.1 0.32

Positive glycerol 
or furosemide test
(N=14) 49.6 48.7 0.66

The results as to vestibular complaints and tinnitus are shown in 
Table V. The mean vertigo score during the DyazideR treatment 
was 1.4 and during the placebo treatment 2.0. This difference is 
highly significant (p=0.0005). Tinnitus scores were somewhat lower 
during DyazideR treatment but this was found to be non
significant.

Table V: Mean patient scores for vestibular complaints and 
tinnitus during the DyazideR and placebo period and the 
significance of the difference (p).

p
Dyazide placebo
period period P

Vertigo 1.43 1.97 0.0005

Tinnitus 1.97 2.11 0.10
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Of the 33 patients 17 had a distinct preference for DyazideR 
whereas 3 patients chose for the placebo. The remaining 13 
patients had no preference.

DISCUSSION

In this trial DyazideR was found to give a significant decrease of 
vertigo in Meniere’s disease, whereas no significant effect on 
hearing or tinnitus could be found. Although no hearing gain was 
found in the DyazideR period of the trial some patients (N=7) 
showed a marked hearing improvement during this period. 
Especially these cases have been studied thoroughly but no common 
feature was revealed which might serve as a criterion for selection 
for diuretic treatment.

If the effect of DyazideR on the inner ear is comparable with 
the effect of glycerol or furosemide one would expect to find 
hearing improvement in particularly those patients with a positive 
glycerol and/or furosemide test. However, as found by Klockhoff et 
al. (7) as well, we found no difference in effect on hearing between 
patients with a positive test outcome as compared to those with a 
negative test.

We also found no correlation between the effect on hearing and 
the presence of a fluctuating hearing loss in the year preceding the 
trial. This finding is in contrast to the results reported by 
Klockhoff and Lindblom (6).

Why DyazideR was found to have a significant effect on vertigo 
and no effect on hearing and tinnitus is difficult to explain. It has 
previously been pointed out that vertigo is the most responsive 
symptom on both the medical and surgical treatment (6, 7, 8, 9). 
Whereas the effect on hearing can be measured in a quantitative 
way, the effect on vertigo is investigated in almost all studies by 
means of a subjective patient scale. Moreover, in our double-blind 
cross-over trial the patients may have noticed an increase of 
diuresis during DyazideR treatment. Unequal placebo effects during 
the two treatment periods of our trial can therefore not be ruled 
out completely. On the other hand vertigo is often the most 
troublesome symptom. The disability can decrease considerably if 
the vestibular symptoms improve. For this reason diuretic therapy 
can be of great value in the treatment of Menière's disease, 
especially in patients with severe vertiginous attacks.
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As is known from the study of Futaki et al. (10) there is, with 
respect to hearing loss, no significant difference between the 
glycerol test and the furosemide test. For this reason we made use 
of both tests. However, in contrast to this finding reported by 
Futaki et al. we found a significant difference between the two 
tests in our study. The glycerol test was positive in 65% (11/17), 
the furosemide test in 17% (3/18). The differing results between 
the two studies may be due to different test criteria.

It is questionable whether or not the effect of long-term 
diuretics and the effect of glycerol on the inner ear have the same 
mechanism. The diagnostic value of osmotic diuretics is probably 
based on a rapid dehydration followed by a decrease of the inner 
ear pressure. This has been demonstrated by Carlborg and Farmer 
(11). Whether or not long-term diuretic treatment influences the 
inner ear pressure is questionable. Klockhoff and Lindblom (6) 
discussed the possibility that besides the dehydration also an effect 
on the labyrinthine electrolyte regulation might cause the 
therapeutic effect. DyazideR increases the excretion of Na and 
reduces the excretion of K+. It acts mainly on the distal renal 
tubules. The mechanism that actively transports Na+ and K+ in the 
kidney and the ion-transport mechanism in the stria vascularis have 
certain similarities. Previous studies have demonstrated atrophy of 
the stria vascularis in endolymphatic hydrops (12, 13). A
dysfunction of the stria might result in changes of the ion 
concentration in the endolymphe. Whether or not the dysfunction 
of the stria vascularis is a result or a cause for the endolymphatic 
hydrops is unknown. Possibly, long-term diuretics, such as DyazideR 
have an effect on the function of the stria vascularis and 
consequently on the electrolyte regulation.
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SUMMARY

This thesis presents various studies on endolymphatic hydrops in 
the inner ear and Menière's disease.

In chapter I a short introduction is given about the history and 
definition of Menière's disease. Changes in the electrocochleogram 
of patients with Menière's disease led to the experimental 
electrocochleographic studies reported in the chapters II, III and IV.

Chapter II describes a study on the relation between the 
electrode position on the cochlear surface and the recorded 
potentials in 20 healthy guinea pigs. The greatest Compound Action 
Potential (AP) amplitudes were found at the free lateral part of 
the cochlea; AP amplitudes decreased when the electrode was 
moved into the direction of the attachment of the cochlea to the 
petrous bone. Moving the electrode from the basal turn to the apex 
the maximal AP amplitude was found at the apex.

The most negative Summating Potential (SP) was always 
recorded from the apex. This negative SP became smaller when the 
electrode was moved to the basal turn. Near the round window a 
small negative SP was recorded for 1 kHz stimuli and a positive SP 
for most 4 kHz stimuli. Moving the electrode from the free lateral 
part of the cochlea to the place of attachment to the petrous bone 
the magnitude of the SP decreased in a fashion similar to the AP 
amplitude.

For 4kHz stimuli we recorded a range of SP-AP ratios from 
+0.50 to -0.21 merely by varying the electrode position. Thus, we 
can assume that the SP-AP ratio highly depends on the electrode 
position.

Chapter III describes the electrocochleographic study of an 
experimental endolymphatic hydrops which was induced in the left 
ear of 32 guinea pigs by obliteration of the endolymphatic sac. 
One, two, four or eight months after obliteration both, the 
hydropic ear and the control ear were examined 
electrocochleographically with electrodes on the apex and near the 
round window. Immediately after electrocochleography the animals 
were sacrificed for histological study.

One month after obliteration the threshold of the AP and the 
increase of the AP amplitude with sound pressure level (SPL) did 
not differ from the results of the control ear; this in spite of the
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histologically confirmed hydrops. In the 2-months group, small AP 
threshold differences (10-20 dB) were recorded, increasing up to 
10-40 dB in the 4- and 8-months groups. In the latter groups we 
also found a more rapid increase of the AP amplitude with SPL, 
which is reminiscent of recruitment.

In the 1-month group we recorded an enhanced negative SP for 
2- and 4 kHz stimuli when the electrode was placed near the apex. 
The same was recorded for 4 kHz stimuli in the 2-months group. In 
the 4- and 8-months groups there was a tendency of a decrease of 
the negative SP. The SP-AP ratio recorded from the apical position 
showed the same pattern as the SP amplitude, an increase after 1 
month and a tendency of a decrease in the following months. Near 
the round window no significant effect of hydrops on SP amplitude 
nor on SP-AP ratio was recorded.

A deviation in the AP-SP waveform was recorded in 69% 
(22/32) of the guinea pigs. Most frequently this deviation consisted 
of an increased second peak (N2) in the AP waveform.

Chapter IV reports upon the relation between 
electrocochleographic and histological changes in experimental 
endolymphatic hydrops. This was studied one, two, four or eight 
months after obliteration of the endolymphatic sac.

An increase of the AP threshold was found 2, 4 and 8 months 
after obliteration. The increase was strongly correlated with loss 
of outer hair cells, spiral ganglion cells and nerve fibers. An 
enhanced negative SP and an enhanced SP-AP ratio were recorded 
mainly from those animals with an endolymphatic hydrops that did 
not show further pathological changes in the other inner ear 
structures. A normal or decreased SP and SP-AP ratio was 
regularly recorded in animals with both a hydrops and a variety of 
other histopathological changes in the inner ear. An increased 
second peak (N2) in the AP waveform was recorded from 63% 
(15/24) of the hydropic ears, equally divided over the four groups. 
A correlation between the increased N2 and some other 
electrophysiological or histological aspects was not obvious.

Chapters V and VI describe two clinical studies about the 
treatment of Menière's disease.

In chapter V a study of the effect of exposure to underpressure 
is presented. 34 Menière patients (43 ears) were treated in an 
underpressure chamber. Békésy audiometry and impedance 
audiometry were performed immediately before and after the 
exposure to underpressure. A hearing gain of more than 10 dB was
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found in 19% of the ears (8/43). In five ears this improvement 
lasted for a few days. Only one patient (2%) reported a relief of 
tinnitus. In 9 out of the 30 patients (30%) with recent vertiginous 
attacks a positive subjective effect on the vertigo was obtained.

Chapter VI reports upon a study on the therapeutic effect of 
DyazideR (50 mg triamterene and 25 mg hydrochlorothiazide) which 
was investigated in a cross-over placebo-controlled study in 33 
Menière patients (42 ears) . The hearing was measured by tone and 
speech audiometry whereas tinnitus and vertigo were subjectively 
rated using four and six point scales, respectively. In this study 
DyazideR was found to have no significant effect on hearing or 
tinnitus. However, the vestibular complaints decreased 
significantly during the DyazideR treatment.

Ears with a positive glycerol or furosemide test and ears with a 
fluctuating hearing loss did not show significant differences in 
hearing thresholds between the two periods in the trial.

17 out of 33 patients 17 had a distinct preference for DyazideR 
whereas 3 patients chose for the placebo. The remaining 13 
patients had no preference.
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SAMENVATTING

In dit proefschrift worden verschillende studies betreffende de 
endolymfatische hydrops in het binnenoor en de ziekte van Menière 
beschreven.

In hoofdstuk I wordt een korte introductie gegeven handelend 
over de historie en de definitie van de ziekte van Menière. 
Veranderingen in het electrocochleogram bij Menière patiënten 
leidden tot de electrocochleografische studies welke worden 
beschreven in de hoodstukken II, III en IV.

In hoofdstuk II wordt een onderzoek beschreven naar de relatie 
tussen de electrode positie op het cochleaoppervlak en de 
geregistreerde potentialen bij 20 cavia's. De grootste 
samengestelde Actie Potentiaal (AP) amplitudes worden 
geregistreerd aan de vrije laterale cochlearand. De AP amplitude 
neemt af wanneer de electrode wordt verplaatst in de richting van 
de aanhechting van de cochlea aan het os petrosum. Wanneer de 
electrode wordt verschoven vanaf de basale winding naar de apex, 
wordt de maximale AP amplitude aan de apex geregistreerd.

De meest negatieve Sommatie Potentiaal (SP) wordt altijd aan 
de apex geregistreerd. De negatieve SP wordt kleiner wanneer de 
electrode in de richting van de basale winding wordt verplaatst. 
Aan het ronde venster wordt een licht negatieve SP voor de 1 kHz 
stimuli en een positieve SP voor de 4 kHz stimuli geregistreerd. 
Wanneer de electrode wordt verplaatst vanaf de vrije laterale rand 
van de cochlea in de richting van de aanhechting aan het os 
petrosum neemt de SP, op gelijke wijze als de AP, af in amplitude.

Door de electrode positie te variëren blijkt een spreiding in de 
SP-AP ratio voor 4 kHz stimuli te bestaan van +0.50 tot -0.21. De 
SP-AP ratio is dus sterk afhankelijk van de electrode positie.

In hoofdstuk III wordt een electrocochleografisch onderzoek bij 
32 cavia's met een experimenteel opgewekte endolymfatische 
hydrops beschreven. Zowel het hydrops oor als het controle oor 
werden een, twee, vier of acht maanden na obliteratie van de 
saccus endolymphaticus electrocochleografisch onderzocht. Er 
werd zowel een apicale als een basale (ronde venster) electrode 
positie gebruikt. Aansluitend werden de cavia's opgeofferd voor 
histologisch onderzoek.

Een maand na obliteratie werd met betrekking tot de AP
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drempel en de toename van de AP amplitude met het geluidniveau 
geen verschil gevonden tussen de hydrops-oren en de controle-oren, 
dit ondanks een histologisch bevestigde hydrops. In de 2-maands 
groep werd een geringe AP drempel toename (10-20 dB) 
geregistreerd welke verder toenam tot 10-40 dB in de 4- en 8 
maands groepen. In deze 4- en 8-maands groepen werd tevens een 
snelle toename van de AP amplitude met het geluidniveau 
gevonden, dit doet denken aan recruitment.

In de 1-maands groep werd vanaf de apex een toegenomen 
negatieve SP geregistreerd voor de 2 en 4 kHz stimuli. Hetzelfde 
werd gevonden voor de 4 kHz stimuli in de 2-maands groep. In de 4- 
en 8-maands groepen werd een neiging tot afname van de negatieve 
SP gevonden. De SP-AP ratio, gemeten aan de apex, vertoonde 
hetzelfde patroon als de SP amplitude, een toename na 1 maand en 
een neiging tot afname in de volgende maanden. Aan het ronde 
venster kon geen significant effect op de SP amplitude of op de SP- 
AP ratio worden geregistreerd.

Een afwijkende AP-SP golfvorm werd gevonden in 69% (22/32) 
van de cavia's. Deze afwijking bestond meestal uit een vergrootte 
tweede top (N2) in de AP golfvorm.

In hoofdstuk IV wordt een onderzoek beschreven naar de relatie 
tussen de electrocochleografische en histologische veranderingen 
bij een experimenteel verkregen endolymfatische hydrops, 1, 2, 4 
of 8 maanden na saccus-obliteratie. De AP drempel toename, zoals 
werd gevonden 2, 4 en 8 maanden na obliteratie, bleek sterk 
gecorreleerd met het verlies van buitenste haarcellen, cellen van 
het ganglion spirale en zenuwvezels. De vergrootte negatieve SP en 
SP-AP ratio werden voornamelijk geregistreerd in de cavia's met 
een endolymfatische hydrops zonder verdere histopathologische 
veranderingen in het binnenoor. Een vergrootte tweede top (N2) in 
de AP golfvorm werd in 63% (15/24) van de hydrops-oren 
geregistreerd. Deze vergrootte tweede top was gelijk verdeeld over 
de vier groepen. Er was geen correlatie tussen de toename van de 
N2 en andere electrofysiologische of histologische bevindingen.

In de hoofdstukken V en VI worden twee klinische studies naar 
de behandeling van de ziekte van Menière beschreven.

Hoofdstuk V handelt over een onderzoek naar het effect van 
behandeling in een onderdruk-cabine bij 34 Menière patiënten (43 
oren). Direct voor en na het verblijf in de onderdruk-cabine werd 
Békésy-audiometrie en impedantie-audiometrie verricht. Een 
gehoorsverbetering van meer dan 10 dB werd in 19% (8/43) van de
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aangedane oren gevonden. Bij vijf hiervan duurde deze verbetering 
slechts enkele dagen. Slechts één patient (2%) meldde een 
vermindering van de intensiteit van het oorsuizen. Door 30% (9/30) 
van de patiënten met regelmatige klachten van duizeligheid werd 
na de behandeling vermindering van deze klachten gemeld.

In hoofdstuk VI wordt een cross-over placebo-gecontroleerd 
onderzoek naar het therapeutisch effect van DyazideR (50 mg 
triamtereen en 25 mg hydrochlorothiazide) bij 33 Menière 
patiënten (42 oren) beschreven. Het gehoor werd door middel van 
toon- en spraak audiometrie gemeten. De graad van oorsuizen en 
duizeligheid werden subjectief gewaardeerd met een 4- en 6-punts 
schaal. In deze studie blijkt dat DyazideR geen significant effect 
heeft op het gehoor of op het oorsuizen. De klachten van 
duizeligheid echter verminderde significant gedurende de DyazideR 
behandeling.

De oren met een positieve glycerol of furosemide test en de 
oren met een fluctuerend gehoorsverlies vertoonden wat betreft 
het gehoor geen significant verschil tussen de twee perioden in het 
onderzoek.

Van de 33 patiënten spraken 17 een voorkeur uit voor DyazideR, 
terwijl 3 patiënten voor de placebo kozen. De resterende 13 
patiënten hadden geen voorkeur.
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STELLINGEN

1. Voor de evaluatie van zowel experimenteel als klinisch 
electrocochleografisch onderzoek is een exacte beschrijving 
van de electrode-positie essentieel.

2. Een toegenomen negatieve sommatie-potentiaal (SP) in het 
electrocochleogram kan passen bij een endolymfatische 
hydrops. Een normale of afgenomen negatieve SP sluit een 
hydrops echter niet uit.

3. Mede gezien de diversiteit van klinische bevindingen en 
behandelingsresultaten is het waarschijnlijk dat binnen de 
groep patiënten bij wie de diagnose M. Menière is gesteld 
verschillen in pathogenese voorkomen.

4. De diagnose "het syndroom van Menière" zegt meer over de 
kwaliteit van de arts dan over de kwaal van de patient.

5. Huidige functietesten van de tuba Eustachii hebben geen 
prognostische waarde met betrekking tot een succesvolle 
myringoplastiek.

6. Door Mononucleosis Infectiosa veroorzaakte tonsilhypertrofie, 
resulterend in een dreigende luchtwegobstructie, is een 
absolute indicatie voor tonsillectomie.

7. Het uitoefenen van de alternatieve geneeskunde is pas dan 
acceptabel wanneer ernstige aandoeningen zijn uitgesloten c.q. 
uitbehandeld.

8. In het oude klassikale onderwijs is een gehoorstoornis een 
grotere handicap en daardoor sneller te constateren dan in het 
nieuwe systeem van individuele benadering.

9. Palpatoir onderzoek naar de grootte van het adenoid is natte- 
vingerwerk.



10. Niet alert op het verkeersaanbod reagerende verkeerslichten 
hebben een averechts effect op het beoogde doel: de 
verkeersveiligheid.

11. In de winter is de temperatuur van het Friesche bloed 
omgekeerd evenredig met de buitentemperatuur.

12. De stellingen der promovendi onthullen hun karakter.
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