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Chapter 6

Limited value of electrocochleography
for analysis of Menière’s disease

Mateijsen DJM, van Huffelen WM, van Hengel PWJ, Wit HP, Albers FWJ. Limited
value of electrocochleography for analysis of Menière’s disease. Submitted.
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Introduction

A wide variety of findings has been reported in the extensive body of literature on
electrocochleography and Menière’s disease. Various studies often show many
different results that are not easily reconciled. Comparisons between studies are
generally complicated by the lack of standardization. A serious  problem is posed by
the large differences in inclusion criteria for the populations of Menière patients
investigated. Additionally, large differences are found in the actual EcoG measurement
procedures. Finally, EcoG results of different studies are analyzed  using very different
methods. The literature on electrocochleography and Menière’s disease is summarized
in [1] and [2]. Generally speaking, there is only consensus on two EcoG findings in
Menière’s disease. When click stimuli are applied, the average ratio SP/AP of the
summation potential SP and action potential AP is larger for a population of Menière
patients than for a group of normal hearing persons or non-Menière patients [3].
Additionally, for toneburst stimuli, the average amplitude of the summation potential
SP is larger for Menière patients, when using 1 kHz and/or 2 kHz bursts [4].
The main objective of the present study was to investigate a possible subdivision of
Menière’s disease into stages, based on a carefully selected population of Menière
patients and well-defined electrocochleographic parameters. The EcoG results were
related to the duration of the disease, the magnitude of the hearing loss and the severity
of complaints such as vertigo, tinnitus or the feeling of pressure in the ear. In addition,
the results for affected and unaffected ears were systematically compared.

Patients and methods

A total of 128 patients suspected of suffering from Menière’s disease were admitted
for four days to the  Department of Otorhinolaryngology of the University Hospital in
Groningen. These patients had a history of (at least two) vertigo attacks, suffered or
had suffered from tinnitus and had a sensorineural hearing loss upon admission of at
least 20 dB at one of the pure tone audiogram frequencies. During their stay, patients
were subjected to a wide range of tests. This eventually resulted in a database
containing data from routine ENT examinations, questionnaire results, audiovestibular
tests, routine laboratory investigations, electrocochleography, oto-acoustic emission
examinations and MRI of the temporal bones and cerebellopontine angle, for 111
patients diagnosed with Menière’s disease, according to the ‘Definition Menière
Groningen’. A detailed discussion of this definition, and the inclusion and exclusion
criteria for patients in the study is given elsewhere [5]. Of these 111 patients, 57 were
male (51%) and 54 were female (49 %). The mean age was 50 (±11) years, with no
significant difference between male and female patients. Ages ranged from 19 to 77
years. Hearing loss and/or tinnitus was present in only one ear (unilateral affection) in
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67 patients (60%), whereas 44 patients (40%) had all symptoms in both ears (bilateral
affection).
All patients underwent transtympanic electrocochleography in both ears while lying
comfortably on a hospital bed in a soundproof chamber. A standardized measurement
protocol was used on a Nicolet Spirit AEP machine. The protocol consisted of
averaging 1500 responses to each of the following stimuli: clicks - alternating,
condensation and rarefaction (duration 80 µs); alternating tonebursts - 1 kHz, 2 kHz, 4
kHz, 8 kHz (duration 10 ms, rise and fall time two cycles of the sinewave). The
amplitude of the clicks and tonebursts was 90 dB nHL, except for 8 kHz bursts that
were presented at 75 dB nHL.
The stimuli were delivered to the ear at a rate of 11.3/s, using an insert earphone. The
flexible tube of  this transducer was inserted into the earcanal with its tip about 1 cm
away from the tympanic membrane, using a speculum that was left in place during the
measurements. Prior tests using a KEMAR artificial ear plus body dummy in the room
of the actual EcoG measurements showed this setup to be preferable to a loudspeaker:
A better  waveform shape was found for both clicks and tonebursts, with much less
ringing and reverberation, and thus less unwanted frequency sidebands. Responses
were measured with a transtympanic needle electrode, placed through the tympanic
membrane, on the promontory.
The compound action potential AP and its latency were obtained from the click
responses,  The definition of the AP is illustrated in figure 1.

Figure 1. Definition of the potentials in EcoG: SP1-conventionally used summation potential, based
on the characteristic deflection preceding the compound action potential AP. After toneburst
stimulation a plateau is present, the summation potential SP2 is defined midway the plateau at a fixed
time.
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For alternating clicks, the summation potential SP was also obtained, from the
downward deflection preceeding the AP. Although this definition is generally used, it
is often difficult to identify the SP unambiguously. For tonebursts the summation
potential, action potential and its latency were obtained in an analogous way, but the
summation potential was labeled SP1 to distinguish it from a second  definition that
was employed. SP2 was obtained from the response at a fixed latency, as indicated in
figure 1, and could be obtained unambiguously. The latency was chosen to fall about
halfway the response to the toneburst (9, 8, 8 and 7 msec for 1 kHz, 2 kHz, 4 kHz and
8 kHz respectively).
In the present study, the EcoG data contained in the database mentioned above were
used together with audiometric data and the results of a questionnaire.  Average
hearing loss was defined as the averages of the measured thresholds of the pure tone
audiogram (0.5, 1, 2, 4 and 8 kHz). The questionnaire attempted to classify the
subjective severity of the symptoms experienced by the patient during the three months
immediately prior to hospital admission. The categories used are listed in table 1.
Although feeling of aural fullness or pressure in the ear was not  employed as an
inclusion criterion, it is often present and was scored as well.
Statistical analysis was performed using SPSS 9.0 for Windows. Parametric (Pearson’s
Correlation, ANOVA) as well as non-parametric (Spearman’s Correlation) analyses
were done.

Table 1. Categories of the three symptoms of Menière’s disease (plus the feeling of pressure that is
often present) as experienced during the last three months prior to hospital admission

Symptom     Category

Hearing loss Unchanged Improved Worse Fluctuating
Tinnitus None Mild Moderate Severe

Pressure None Mild Moderate Severe

Vertigo Absent or
attacks < 5 min.

Attacks > 5 min.

Results

Affected ears vs. unaffected ears
An overview of  the average values of the EcoG potentials obtained for the population
is shown in table 2. Comparing affected and unaffected ears, the most prominent
feature was the significant difference in both the summation potential SP2 and the ratio
SP2/AP, at the lower frequences (1 kHz and 2 kHz). For 2 kHz tonebursts, this
difference is illustrated in figure 2. For the summation potential SP1, a significant
difference was only found at 1 kHz, with a poorer significance level. A significant
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difference in SP1/AP ratio was not found for any stimulus. For click stimuli, only a
small latency difference was present for rarefaction clicks.

Table 2. Comparison of the average values of EcoG parameters of affected and unaffected ears
(Mann Whitney U test). Statistically significant differences are indicated by bold print (n= number of
ears, p= statistical parameter)

EcoG parameter Average
(affected)

n
(aff.)

Average
(unaffected)

n
(unaff.)

p

Alt click SP ( V) -1.77±1.94 112 -1.74±2.34 43 0.63

Alt click SP/AP 0.33±0.32 112 0.26±0.23 43 0.10

Alt click latency (ms) 2.39±0.23 131 2.33±0.23 58 0.08

Rare click lat. (ms) 2.38±0.26 125 2.28±0.22 55 0.02

Con click lat. (ms) 2.39±0.25 125 2.33±0.25 54 0.44

Rare-Con click
lat.difference (ms)

-0.02±0.14 125 -0.06±0.12 54 0.02

SP1 1000 Hz  ( V) -2.00±2.52 16 -0.68±0.53 10 0.04

SP2 1000 Hz  ( V) -1.36±2.57 34 0.67±0.92 12 <0.001

SP1/AP 1000 Hz 0.54±0.21 15 0.39±0.28 10 0.08

SP2/AP 1000 Hz 0.25±0.64 33 -0.69±0.96 12 <0.001

SP1 2000 Hz  ( V) -1.49±2.12 74 -0.71±0.41 27 0.14

SP2 2000 Hz  ( V) -1.06±2.15 88 0.04±0.73 39 <0.001

SP1/AP 2000 Hz 0.35±0.25 73 0.35±0.17 27 0.80

SP2/AP 2000 Hz 0.26±0.33 88 -0.02±0.33 39 <0.001

SP1 4000 Hz  ( V) -1.61±1.61 71 -1.52±1.82 32 0.55

SP2 4000 Hz ( V) -0.07±1.13 84 -0.20±1.26 39 0.76

SP1/AP 4000 Hz 0.39±0.21 71 0.28±0.27 32 0.14

SP2/AP 4000 Hz 0.02±0.60 84 0.06±0.32 39 0.43

SP1 8000 Hz  ( V) -1.43±0.77 26 -1.24±1.24 24 0.21

SP2 8000 Hz  ( V) 0.54±1.62 42 0.79±1.33 25 0.40

SP1/AP 8000 Hz 0.44±0.21 26 0.05±1.11 23 0.25

SP2/AP 8000 Hz -0.14±0.41 41 -0.13±0.90 25 0.80
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No significant difference between affected and unaffected ears was found for any of
the other EcoG parameters.

Figure 2. Distributions of the SP2 and SP2/AP after 2kHz toneburst stimulation (affected and
unaffected ears).

Relation between EcoG and duration of the disease or hearing loss
We studied the dependence of each of the EcoG parameters on the average hearing loss
for both affected and unaffected ears (Pearson correlation analysis). The results of this
analysis are shown in table 3. The most prominent feature was the significant
correlation between latency and hearing loss for the three click stimuli: very similar
correlation coefficients of about 0.3-0.5 were found in affected and unaffected ears. As
shown in figure 3, the latency increased with hearing loss, but there was a large spread
in latencies for a given hearing loss.
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Additionally, there was a significant correlation with hearing loss for SP2/AP at 2 kHz
in both affected and unaffected ears.

Table 3. Pearson’s correlation analysis for EcoG parameters versus average hearing loss. Significant
correlation coefficients are indicated by bold print (n= number of ears, r= correlation coefficient, p=
statistical parameter).

EcoG parameter r (p)
(affected)

n
(aff.)

 r (p)
(unaffected)

n
(unaff.)

Alt click SP ( V) -0.15 (0.11) 112 0.09 (0.56) 43

Alt click SP/AP 0.16 (0.08) 112 0.25 (0.10) 43

Alt click latency (ms) 0.44 (< 0.001) 131 0.51 (<0.001) 58

Rare click lat. (ms) 0.34 (< 0.001) 125 0.37 (0.01) 55

Con click lat. (ms) 0.38 (0<0.001) 125 0.41 (0.002) 54

Rare-Con click lat.difference
(ms)

-0.05 (0.60) 125 -0.09 (0.53) 54

SP1 1000 Hz  ( V) -0.27 (0.32) 16 0.18 (0.61) 10

SP2 1000 Hz  ( V) -0.18 (0.31) 34 -0.44 (0.15) 12

SP1/AP 1000 Hz -0.13 (0.65) 15 0.11 (0.75) 10

SP2/AP 1000 Hz -0.01 (0.97) 33 0.38 (0.22) 12

SP1 2000 Hz  ( V) -0.22 (0.06) 74 -0.20 (0.31) 27

SP2 2000 Hz  ( V) -0.24 (0.03) 88 -0.30 (0.06) 39

SP1/AP 2000 Hz 0.13 (0.28) 73 0.50 (0.01) 27

SP2/AP 2000 Hz 0.49 (<0.001) 88 0.32 (0.04) 39

SP1 4000 Hz  ( V) -0.22 (0.07) 71 0.10 (0.60) 32

SP2 4000 Hz ( V) -0.14 (0.22) 84 -0.20 (0.23) 39

SP1/AP 4000 Hz 0.38 (0.001) 71 0.27 (0.13) 32

SP2/AP 4000 Hz 0.06 (0.58) 84 0.09 (0.57) 39

SP1 8000 Hz  ( V) -0.10 (0.64) 26 0.04 (0.87) 24

SP2 8000 Hz  ( V) 0.06 (0.73) 42 -0.32 (0.11) 25

SP1/AP 8000 Hz 0.07 (0.75) 26 0.11 (0.60) 23

SP2/AP 8000 Hz 0.07 (0.68) 41 0.03 (0.89) 25
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Figure 3. Correlations between AP latency (alternating clicks) and average hearing loss (affected
and unaffected ears)

A significant correlation was present in affected ears but absent in unaffected ears for
only two parameters: SP2 at 2 kHz and SP1/AP at 4 kHz. As shown in figure 4, there
was a considerable spread in SP2 values for a given hearing loss. A significant
correlation was present in unaffected ears and absent in affected ears for SP1/AP at 2
kHz.

Figure 4. Correlations between SP2 and average hearing loss and correlations between SP2/AP and
average hearing loss after 2kHz toneburst stimulation (affected and unaffected ears).
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Using the criterion of p<0.05, no other significant correlations with hearing loss were
found. Figure 5 shows the click SP amplitude as a function of hearing loss for affected
ears. For this example, a non significant r=-0.15 was found, with p=0.11.
The dependence of the EcoG parameters on the duration of the disease was also
studied for affected ears. Significant but poor correlations were only found for the
three click latencies (with correlation coefficients of about 0.20, p=0.01-0.04) and for
SP1/AP at 4 kHz (r=0.31, p=0.01). No significant dependence on the duration of the
disease was found for any of the other EcoG parameters.

Figure 5. Correlations between SP (click) and average hearing loss (affected and unaffected ears).

EcoG and subjective evaluation of the disease
Based on the questionnaire described in table 1; the group of patients studied was
divided in different categories, according to the severity of the complaints. For
example, four categories were distinguished based on the assessment made by patients
of their tinnitus: ‘none’, ‘mild’, ’moderate‘ and ’severe’. The average values of, for
example SP1 of these four categories were compared by using an analysis of variances
(ANOVA). In this way, a comparison of the averages of the different categories
referring to tinnitus, pressure, hearing loss and vertigo was made for each of  the EcoG
potentials listed in tables 2 and 3. Significant differences between the categories of a
given symptom were found in only a few of  the ANOVAs.
For aural pressure, there were differences between the SP1/AP at 1 kHz and the SP1 at
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for all six parameters, the ’worse‘ group had the largest (absolute value of the) SP and
SP/AP ratio. The ’unchanged‘ group had either the smallest SP and SP/AP, or the
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value of these parameters was comparable for both groups. These differences are listed
in table 4.
For all the other EcoG parameters, no significant difference between average values of
the categories was  found for any of the symptoms.

Table 4. Significant differences between subgroups of subjective complaints (one way ANOVA).
Average values of the EcoG parameters are listed, plus standard deviations. The number of ears
involved is listed in parenthesis.

Hearing
loss

Unchanged Improved Worse Fluctuating p

SP
click

-1.31 ± 1.28 (56) -2.03 ± 2.75 (4) -2.64 ± 2.98 (25) -1.91 ± 1.52 (26) 0.04

SP/AP
click

0.25 ± 0.19  (56) 0.27 ± 0.21  (4) 0.47 ± 0.56  (25) 0.37 ± 0.18  (26) 0.03

SP1
(2 kHz)

-1.10 ± 1.20 (35) -2.53 ± 3.03 (2) -2.58 ± 3.35 (21) -0.76 ± 0.59 (15) 0.03

SP1/AP
(2 kHz)

0.30 ± 0.26  (35) 0.40 ± 0.26  (3) 0.48 ± 0.17  (21) 0.28 ± 0.24  (14) 0.03

SP2
(2 kHz)

-0.40 ± 1.37 (42) -1.23 ± 3.01 (2) -1.93 ± 2.89 (25) -1.38 ± 1.95 (18) 0.03

SP2/AP
(2 kHz)

0.14 ± 0.33  (42) 0.06 ± 0.47  (3) 0.39 ± 0.27  (25) 0.38 ± 0.29  (18) <0.01

Pressure None   Mild Moderate Severe p

SP1/AP
(1 kHz)

0.66 ± 0.02  (3) 0.19 ± 0.09  (3) 0.68 ± 0.05  (6) 0.50 ± 0.25  (2) <0.001

SP1
(8 kHz)

-0.90 ± 0.55 (10) -2.14 ± 0.52 (3) -1.54 ± 0.83 (9) -1.90 ± 0.41 (3) 0.04

Vertigo Absent or attacks < 5 min. Attacks > 5 min. p

SP1/AP (4 kHz) 0.45 ± 0.20 (31) 0.34  ± 0.21 (40) 0.03

SP1/AP (8 kHz) 0.30 ± 0.18   (7) 0.50 ± 0.21  (17) 0.04

Discussion

Affected versus unaffected ears
Comparing the average EcoG potentials obtained by click stimulation of  affected and
unaffected ears, we did not find an enlarged summation potential in affected ears. Both
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SP and AP are known  to be highly dependent on the exact position of the needle
electrode on the cochlea [6]. As has often been reported [7], normalizing the SP
against the AP can result in a more pronounced difference. We did find a slightly
larger average value for the SP/AP in affected ears, but the difference was not
statistically significant, possibly due to the large spread in SP/AP values for a given
hearing loss. The difference in latency for rarefaction clicks was significant, but the
value of 0.1 ms was too small to be of clinical relevance. Levine et al.[8]. did not find
any AP latency differences between affected and unaffected ears. Margolis et al. [9]
described an increased AP latency difference for condensation and rarefaction clicks,
probably due to biasing of the basilar membrane. This biasing may increase the time
required for the basilar membrane displacement to reach an excitory level at which
clicks are presented of one polarity. Clicks of the other polarity result in the exitory
level being reached much earlier because the initial displacement of the basilar
membrane is in the excitory direction. This difference has been reported to be the cause
of widening of the AP, which is thought to be diagnostic for Menière’s disease [9]. In
the aforementioned study and in our study, the difference between the latency
differences (rarefaction-condensation) in affected and unaffected ears was statistically
significant. As stated by Margolis, it is concluded that amplified latency difference in
response to rarefaction and condensation clicks is due to endolymphatic hydrops [9].
Using tone bursts, significant differences in the summation potential were found.
These differences were clearer in SP2 than in SP1. Differences were found in the
amplitude of the potential SP2 itself, as well as the SP2/AP ratio, at 1 kHz and 2 kHz.
For SP1, a difference was found only for the amplitude itself (at lower significance
level than for SP2), at 1 kHz, and not for the SP1/AP ratio. In the literature, there are
several different opinions on how to determine the SP in the electrocochleogram
concerning tonebursts. In 1982, Kansaki defined his SP for tonebursts similarly to our
SP1 in figure 1, whereas Gibson and Dauman, for example, defined the SP as
occurring after AP, which is similar to SP2 in figure 1 [4,10,11]. A consistent
definition of the SP is important for uniform measurements and for comparing data in
electrocochleography in patients with Menière’s disease [12].
The large (negative) SP amplitude and SP/AP ratio we found is in agreement with most
other studies. The most prominent feature reported in the literature is the increased
summation potential, thought to be caused  by the distention of the basal membrane
due to endolymphatic hydrops [13]. Nevertheless, it should be noted that the difference
between affected and unaffected ears in the present study is clearer when the
summation potential is defined as SP2 [12]. This definition is preferable for another
reason as well, namely, that it is easily standardized and SP2 is obtained from the
EcoG reponse waveform in a consistent and unambiguous way. In contrast, finding
SP1 involves determining of a small structure in a waveform that is often not too easily
identified.
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Even when the SP2 definition is used, the value of the analysis is restricted. Despite
the highly significant difference in group averages, the scatter in individual values is
very large, leading to a considerable overlap between the distributions. This is
illustrated by figure 2, in which the most significant differences we found are
represented. Thus, even a precise measurement of the summation potential for several
frequencies does not allow distinction between an affected and an unaffected ear in
individual cases. This might imply that high estimations are not justified regarding the
next logical step in the analysis: distinction of certain stages by EcoG when the ear is
already known to be affected by Menière’s disease. A better distinction might possibly
be found by analyzing a combination of Ecog parameters as a predictor for the affected
or unaffected side.

Hearing loss and duration
The extensive correlation analysis (table 3) shows an interesting increase of click
latency with hearing loss (figure 3). As this correlation is very similar in both affected
and unaffected ears, it appears to be related to hearing loss in general, rather than to
Menière’s disease. Strictly speaking, the value of comparing affected and unaffected
ears is somewhat limited by the smaller range of hearing losses in the latter group. In
1993, Orchik described an abnormal EcoG, which was strongly influenced by the
degree of hearing loss. This study mainly focused on the summation and action
potential and not on latency [14].
Ferraro previously stated that the probability of eleciting an abnormal
electrocochleogram to tonebursts may increase if the type, degree and configuration of
the hearing loss are taken into consideration [15]. Until now, the relationship between
EcoG and these aspects has been poorly defined and further study is necessary. In our
study, several correlations with hearing loss were found, but it is impossible to identify
a clear overall trend. At 4 kHz, SP1/AP correlated with hearing loss for affected ears,
but not for unaffected ears. At 2 kHz however, SP1/AP correlated with hearing loss for
unaffected ears, but not for affected ones. Additionally, a correlation was present for
SP2/AP at 2 kHz, for both affected and unaffected ears (figure 3). Finally, a correlation
was found for SP2 at 2 kHz, for affected ears only (figure 3). For all these correlations,
there was a very large spread  in the data, and rather small correlation coefficients of
0.2-0.5 were found, implying that only 4-25 % of the variance in the EcoG parameters
was due to the variance in the hearing loss. Although the magnitude of the hearing loss
might intuitively seem a measure for the severity of the disease, it is not very helpful in
explaining the variance in the EcoG data.
The relevance of the duration of the disease for the analysis appears to be limited as
well [4]: of all the EcoG parameters, only the three click latencies and SP1/AP at 4
kHz correlated with duration. The small correlation coefficients of 0.2-0.3 imply a
spread in the results too large to be clinically useful. As not all of the distributions
involved were fully normal, strictly speaking a non-parametric Spearman’s Correlation
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Test should be used in some cases; we have performed this analysis for all the cases
and found no quantitative differences with the Pearson analysis.

Subjective severity
Another line of analysis was  to compare the EcoG outcome with the subjective
severity of the symptoms [4]. Only a few of the EcoG parameters were able to
distinguish between the different categories of the four symptoms: hearing loss,
vertigo, pressure and tinnitus. The distinctions between the ‘pressure’ and ‘vertigo’
subgroups reported in table 4 were statistically significant, but did  not seem to be very
relevant in a clinical sense. For ‘pressure‘ the number of ears involved in the analysis
was small; for ’vertigo‘ for 8 kHz burst, a smaller SP1/AP was found for the ’mild‘
category whereas for 4 kHz, a larger SP1/AP is found for the ‘mild’ category.
In the past poor correlations were found between hearing loss (measured by pure tone
audiometry) and Ecog parameters [14]. In the present study, we also looked at the
subjective symptom score. Only for the subjective symptom ‘hearing loss‘ could a
relatively clear distinction between the subgroups be made from the EcoG parameters.
The general feature (disregarding for the moment the ‘Improved’ category, as the
numbers of ears involved were very small) was an enlarged SP or SP/AP for those
patients whose hearing has recently declined. The difference between the 2 kHz
SP2/AP values was most pronounced. When taking a close look at the averages
however, the SP2/AP parameter seemed at best able to distinguish clearly between
‘relatively good‘ (= unchanged + improved) and ’not good’ (= worse + fluctuating).
The clinical relevance of this broad categorization is restricted. Moreover, for each
symptom, significant differences were also found for other EcoG parameters. In other
words, not one of the EcoG parameters was able to distinguish between categories for
more than one symptom. Even for the ‘ear’ symptoms tinnitus and pressure, which
were divided into the same categories of increasing severity, there was no single EcoG
parameter  that indicated a significant difference between the categories for both
symptoms.
The lack of correlation between the EcoG results and the severity of symptoms could
be related to the nature of the questionnaire. Specifically, the duration of  the period as
subject to the questionnaire covered  (three months) could be too long or too short for
an optimum correlation with EcoG. In this context, Ferraro [15,16] has made an
interesting observation: the combined (subjective) severity of pressure and hearing loss
on the day of the EcoG measurement is a very good predictor of an enlarged SP/AP
ratio (though not of SP itself), with a negative  predictive value of 100% (n=74) and a
positive  predictive value of 75% (n=36). Thus, one could speculate that EcoG results
are mainly correlated to the state of the patient during a relatively short period, for
example one or a few days. The clinical usefulness of such EcoG results with short-
duration validity for the staging of Menière’s disease seems limited. When a stage of
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the disease ultimately pertains to a group of patients that can be treated in a specific
uniform  way, results that can vary from day to day can hardly be expected to be of
great use.

Conclusion

The present results do not provide obvious clues for the staging of Menière’s disease.
On an individual basis, EcoG parameters can not identify a diseased ear. If an ear is
diseased, there are no clinically relevant correlations between EcoG parameters and the
severity of the hearing loss or duration of the disease that lead to a natural staging.
There is no single EcoG parameter that distinguishes between the categories of the
three symptoms that are fundamental to the disease. At best, a broad categorization of
the symptom of ‘hearing loss’ can be made into two classes, using some EcoG
parameters.
A possible approach to staging is the combined use of several tests instead of a single
one. Instead of performing a detailed analysis on one test, only an overall analysis is
performed on each of the individual tests. The individual tests on Menière’s disease
usually display large variances and can be expected to lead to only a very broad
categorization, for example two classes that are significantly different in a statistical
sense, but clinically not immediately useful. Combining two tests with two broad
classes could, in principle, lead to four distinct classes. By employing two or more
selected tests this way could ultimately lead to a division in stages that is clinically
relevant.
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