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Abstract

Introduction: Diagnosing Méniére’s disease (MD) by its char-
acteristics such as episodes of vertigo, fluctuating hearing
loss, and tinnitus with aural fullness remains challenging.
Available tests evaluating the presence of endolymphatic
hydrops (EH) are often expensive or time assuming. An in-
office quick and simple non-invasive diagnostic test is mul-
tifrequency tympanometry (MFT). It can measure conduc-
tance at 2 kHz probe tones, which was demonstrated to re-
flect variations in cochlear pressure. Previous studies
investigating MFT as a diagnostic test for MD showed con-
flicting outcomes possibly biased by their retrospective de-
sign. Methods: We prospectively collected MFT results (Y
width) in patients with dizziness and compared MFT test re-
sults in affected (group 1) and unaffected (group 2) ears of
37 MD subjects and in control ears of 33 non-MD subjects
(group 3). Results: The mean value of the Y width in affected
ears was 315.6 + 70.2 daPa compared t0 292.3 £ 98.6 daPain
unaffected ears in MD subjects and 259.4. + 60.6 daPa in the

non-MD group. A positive test result (i.e.,, a Y width of 235
daPa or more) was found in 35 ears in the MD group, 21 times
involving the affected ear and 14 times involving the unaf-
fected ear, compared to 16 in the non-MD group. No signifi-
cant differences between the three groups could be demon-
strated (p > 0.05). We found a sensitivity of 58.3% and speci-
ficity of 66.3% for detecting EH in an affected ear in MD
subjects. Conclusion: There is a trend towards increased
conductance tympanometry in affected ears. However, we
noticed a high false positive rate of MFT and do not support
standardized use of MFT as an additional diagnostic tool for
detecting EH in MD patients. A negative test result on the
contrary is unlikely related to EH. ©2023 S. Karger AG, Basel

Introduction

Méniere’s disease (MD) is typically characterized by
spontaneous episodes of vertigo, fluctuating hearing loss,
and tinnitus with aural fullness. Endolymphatic hydrops
(EH), first described in 1938, has been proposed as the
essential histopathological substrate [Hallpike and
Cairns, 1938]. The hydropic extension of the endolym-
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phatic space may be a result of unbalance in production
or absorbance of endolymph; however, its etiological
mechanism remains unknown [Paparella, 1985; Mer-
chant et al., 1996]. Diagnosis mainly relies on a proper
history taking and as other underlying pathologies might
present with similar clinical symptoms (such as vestibular
migraine, vestibular paroxysmia, hyperventilation),
sometimes correct diagnosis is challenging. Therefore,
supporting additional objective measures are of value.

Diagnostic procedures more directly evaluating the
presence of EH include electrocochleography [Morrison
et al., 1980; Moon et al., 2012], vestibular-evoked myo-
genic potentials [Young, 2013], and 3D fluid-attenuated
inversion recovery MRI after intratympanic or intrave-
nous gadolinium application [Fukuoa et al., 2011; Le et
al., 2013]. These tests take a fair amount of time while
more recently an in-office quick and simple non-invasive
diagnostic test has been introduced, the multifrequency
tympanometry (MFT). If such a test has a diagnostic val-
ue for MD, one can understand that it might have a role
in diagnosing MD compared to other more expensive and
time-consuming tests especially in clinics that lack such
resources. MFT measures the acoustic admittance of the
middle ear and the external ear canal at a wide range of
frequencies, from 200 Hz to 2 kHz [Lilly, 1984; Franco-
Vidal et al., 2005, 2015].

It derives several individual vectors: impedance (Z)
defined as the total opposition of the middle ear system
to the flow of acoustic energy and admittance (Y) which
is the opposite, representing the amount of acoustic en-
ergy that flows into the middle ear. Admittance has three
components: mass susceptance (Bm), stiffness suscep-
tance (Bs), and conductance (G) which represent the re-
sistive forces. G is the only contributor to the admittance
(Y) at the resonance frequency (RF) of the middle ear,
which occurs when the stiffness and mass elements of the
ear are in balance. In other words, the RF is the frequency
at which the phase angle of the middle ear admittance is
0°. It shifts towards lower frequencies with mass loading
and toward higher frequency with abnormal stiffness.

As traditional tympanometry uses probe tones at a sin-
gle low frequency of 226 Hz, it is relatively insensitive to
middle ear pathologies. For example in otosclerosis where
traditional tympanometry is often unremarkable, the
MFT tympanogram shows a distinct pattern. Likewise,
higher frequency tympanometry has been proposed as a
diagnostic tool for EH. A possible explanation for the re-
lated mechanism has been described in a study on guinea
pigs [Darrouzet et al., 2007]. Injecting a small amount of
liquid into the scala tympani, increasing the cochlear
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pressure, resulted in a double peak in the conduction
tympanogram at 2 kHz whereas aspiration of liquid from
the scala tympani caused disappearance of the peaks.
They concluded that the admittance, susceptance, and
conductance measured at 2 kHz probe tones reflected the
annular ligament and cochlear pressure. An increasing
amount of injected fluid in the scala tympani resulted in
a more widened double peak and therefore tympanome-
try at 2 kHz probe tones was suggested a useful method
to measure variations in intracochlear pressure and pos-
sibly EH.

In 2005, it was demonstrated that MFT at a frequency
of 2 kHz might reveal EH in MD patients, represented by
an increased G width (between the two peaks) of the con-
ductance tympanogram [Franco-Vidal et al., 2005], and
therefore, may be suitable as a complementary test in the
diagnosis of MD. Also, MD patients compared to con-
trols revealed a decrease in the RF [Franco-Vidal et al.,
2005; Lilly, 1984]. Study findings were validated as Fran-
co-Vidal et al. demonstrated a reproducible increase of
the inner ear pressure in normal subjects (by body tilts,
Trendelenburg) with a concomitant increase of the G
width [Franco-Vidal et al., 2015]. However, body tilt in-
creased the RF. More recent studies did not all confirm a
reduction in RF among MD patients, whereas they had a
modest accuracy or conflicting results on the G width in
the conductance tympanogram [Sugasawa et al., 2013;
Ishuzu et al., 2018; Cetin et al., 2019].

With such conflicting results, further research is needed
to evaluate the usefulness of MFT in clinical practice. No
study has yet prospectively investigated the diagnostic value
of MFT for patients suspected of MD. In the present study,
we prospectively collected MFT results in patients with diz-
ziness and will aim to answer the following question: is
there a role for MFT in diagnosing MD (presence of EH)?

Materials and Methods

In this cross-sectional designed study, patients, who presented
with complaints of dizziness to the Apeldoorn Dizziness Centre
between 2016 and 2018, were prospectively included. All data were
analysed anonymously.

Standard Diagnostic Procedure

In all dizzy patients, the workup included vestibular tests (ocu-
lomotor, caloric and positional tests, and video-head impulse test),
pure tone audiometry, admittance tympanometry at multiple fre-
quencies, and blood pressure monitoring (to detect orthostatic hy-
pofunction). We used current available diagnostic criteria to con-
firm MD [Lopez-Escamez et al., 2015], benign paroxysmal posi-
tional vertigo [Lempert et al., 1995], vestibular neuritis [Jeong et
al,, 2013], vestibular migraine [Lempert et al., 2012], and benign
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Fig. 1. Representation of the Y-width double peak for an unaffected ear (229 daPa) (left) and affected ear (476
daPa) (right), the latter one showing a clear M-shape. X-axis: air pressure (daPa). Y-axis: admittance (mmho).

recurrent vertigo [Leliever and Barber, 1981]. Orthostatic hypo-
tension was defined by a reproducible fall in systolic blood pres-
sure of 20 mm Hg during the first 2 min of standing. We diagnosed
patients with a central vascular disorder based on clinical history
and abnormal findings on neurologic and MRI examinations.

Patients were excluded from analysis in case they were suffer-
ing from an active additional neuro-otological disorder that mim-
ics MD (e.g., vestibular migraine, benign recurrent vertigo, persis-
tent postural perceptional dizziness, vertebro-basilar transient is-
chemic attacks, vestibular schwannoma). We excluded patients
with a perforated eardrum, an active middle ear disease (e.g., otitis
media acuta, otitis media with effusion), a history of intratympan-
ic injections with corticosteroids, gentamicin, and ear surgery as
these may influence the impedance of the middle and external ear
transmission system [Ogut et al., 2008].

Multifrequency Tympanometry

The MFT was recorded using a Titan Firmware version 1.08.08
(Amplifon-EmiD-Interacoustics, USA, Titan PC Suite 3.2, hard-
ware version 1.01). An admittance tympanometry at 226 Hz was
recorded to exclude patients with middle ear abnormalities. The
test was performed by inserting the tympanometry probe in the ear
canal measuring the eardrum responses at different frequencies
from 200 Hz to 2 kHz. A series of data were plotted as a tympano-
gram (shown in Fig. 1).

The admittance (Y), susceptance (B), and conductance (G) at
2 kHz were recorded with the MFT device. Similar to the methods
of previous studies [Yasui et al., 2012; Sugasawa et al., 2013], the
width of the double peaks in magnitude of the Y tympanometry (Y
width) was used to identify presence of EH. The test was performed
by trained laboratory technicians. Data imputation was executed
by an independent research nurse whereas the results were anal-
ysed by two of the researchers.

Audiological Evaluation

The hearing thresholds were measured by pure tone audiom-
etry at the frequencies of 500, 1,000, 2,000, and 4,000 Hz. “Definite”
unilateral MD is defined by a sensorineural hearing loss on pure

Diagnostic Utility of Multifrequency
Tympanometry in Méniére’s Disease

tone thresholds for bone-conducted sound that are 30 dB higher
(i.e., worse) in the affected ear than in the contralateral ear present
at each of two contiguous frequencies below 2,000 Hz [Lopez-Es-
camez et al,, 2015]. Patients with a bilateral form of MD during
inclusion had episodes of vertigo, fluctuating aural symptoms and
documented low-frequency hearing loss in both ears during audi-
ometry testing. In such cases, absolute hearing thresholds for
bone-conducted sound must be 35 dB or higher in each of two
contiguous frequencies below 2,000 Hz. A subclassification based
on a potential aetiological substrate such as a genetic, auto-im-
mune, or a migraine-related causative factor for bilateral MD was
not performed.

Statistical Analysis

A'Y width of 235 daPa or higher was defined as a presence of
EH (positive test result). Subjects that met the diagnostic criteria
for “definite” and “probable” MD as published in 2015 were eli-
gible for inclusion in the MD group [Lopez-Escamez et al., 2015].
The diagnostic criteria are shown in the online supplementary ma-
terial (see www.karger.com/doi/10.1159/000528852 for all online
suppl. material). Subjects that did not meet the criteria were in-
cluded in the non-MD group.

Values of the Y width and PTA as mean * standard deviation
were compared. Y width results of affected and unaffected sides in
MD patients were compared to the Y width results of the non-MD
subjects by applying the independent t test. A p value of <0.05 was
considered statistically significant. Pearson’s correlation coefficients
were calculated to describe the relation between Y width and PTA in
the MD patients. Analysis was performed using SPSS version 23.

Results

We included 70 subjects (n = 140 ears) in which MFT
was performed. Among the 70 subjects, 37 patients even-
tually met the criteria for probable (n = 5) or definite (n
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Fig. 2. Box plots of Y width at 2 kHz for three groups. Left: affected ears in the MD group. Middle: unaffected
ears in the MD group. Right: control ears from the non-MD group.

=32) MD. The other 33 subjects, with a mean age of 58.1
+13.5 years, were not suspected of EH and did not suffer
a neuro-otological or middle ear disorder as mentioned
in the exclusion criteria. From the 37 patients with MD
(13 female [35%] and 24 male [65%] with a mean age of
59 + 13.3 years), a total of 33 (89%) suffered from a uni-
lateral form, leaving 4 (11%) patients with a bilateral form
of the disease. In 15 ears, the MFT failed as a result of a
technical problem and no data could be analysed leaving
125 ears for evaluation. This resulted in 36 MFT test re-
sults in affected ears in the MD group, 25 MFT test results
in unaffected ears in the MD group, and 64 MFT test re-
sults in the non-MD group.

Double peaks in the Y tympanometry curve were ob-
served in 82 ears, 43 in the MD group (70.5% of the MFT
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measurements in the MD group) and 39 in the non-MD
group (60.1% of the MFT measurements in the non-MD
group). Of the 43 double peaks seen in the group with
unilateral MD, 18 were related to a patient with MD on
the same side and 20 to patients with MD on the opposite
side. Among the 4 subjects with a bilateral form of MD,
only one had a double peak in both ears; the remaining
had a double peak only on one side. This resulted in 23
double peaks in affected ears. In 43 ears, no double peak
could be detected, 18 of them in the MD-group and 25 in
the non-MD group.

The mean value of the Y width in affected ears in the
MD group was 315.6 + 70.2 daPa compared to 292.3 +
98.6 daPa in unaffected ears in the MD subjects and 259.4
+ 60.6 daPa in the non-MD group (shown in Fig. 2). With
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Table 1. MFT test results for MD and non-MD subjects

Affected ears in the

Unaffected ears in Non-MD group,

MD group, n =36 the MD group, n = 25 n=64
Double peak present 23 20 39
No double peak present 13 5 25
Number of positive test results in the groups
(double peak with Y width 235 daPa or more), n (%) 21 (58.3) 14 (56.0) 16 (25.0)
Mean Y width for all double peaks, mean + SD, daPa 315.6+70.2 292.3+98.6 259.4+60.6
Mean Y width for positive test results, mean £ SD, daPa  328.1+59.8 340.0+53.2 303.3+42.7

Difference in Y width for positive test results between
group and affected ears in the MD group -

t(32)=-0.6 (p=0.612) t(34) =139 (p=0.061)

SD, standard deviation.

respect to a positive test result (i.e., a Y width of 235 daPa
or more), 35 ears from patients in the MD group revealed
a positive test result, 21 times involving the affected ear
and 14 times involving the unaffected ear, compared to
16 in the non-MD group. After extracting the positive test
results, no significant differences between the three
groups could be demonstrated (p > 0.05) by means of the
independent ¢ test. MFT results are summarized in Ta-
ble 1.

When calculating the sensitivity and specificity for
MFT test results in the total study population, we found
a sensitivity of 58.3% and a specificity 66.3% for detecting
EH in an affected ear in a patient with MD. There was a
relatively high number of false positives (56.0%) mainly
in unaffected ears of MD subjects.

Y Width Results Related to the Pure Tone Average

The mean average hearing loss was 51.8 + 18.4 dB on
the affected side and 26.0 + 20.6 dB on unaffected side of
the MD patients. Both visual inspection and linear regres-
sion analyses revealed no relationship between the
amount of hearing loss and the Y width; beta regression
coefticient was 0.006 for the left ear (p = 0.74) and 0.005
for the right ear (p = 0.75). We summarized our study re-
sults in Table 2 in comparison to the previous studies in-
vestigating the role of MFT in diagnosing MD.

Discussion

The present study was designed to investigate the use-
fulness of MFT in diagnosing an EH (pathophysiological
substrate of MD) in our patients. As the studies of Vidal
et al. showed promising results and a possible diagnostic

Diagnostic Utility of Multifrequency
Tympanometry in Méniére’s Disease

role for MFT in MD, later studies revealed conflicting re-
sults [Kato et al., 2012; Ishuzu et al., 2018].

We suspect that previous study results could have been
biased by their retrospective study design, not only in pa-
tient selection but also in test performance and data selec-
tion. In contrast, our study provides a prospective study
design. During workup and data collection, the diagnosis
of MD was not yet made or ruled out based on the clas-
sification criteria. Only two researchers (B.E. and M.].)
involved in the analysis were aware of the final diagnosis.
Secondly, the non-MD group, serving as the control
group, went through the same workup. This would most
closely resemble the performance of MFT in daily prac-
tice. It might support and confirm a possible MD diagno-
sis after suspicion based on clinical assessment and phys-
ical examination.

A limitation in our study is a suspected inter- and in-
travariability in conducting MFT. Small variations can
occur during the test, even when performed by the same
technician in the same subject. Despite optimizing test
standardization by using the same device in one institu-
tion by a limited number of laboratory technicians, MFT
remains prone to variation in test results. Even some-
times, no measurement results, without a good explana-
tion for test failure. This should be considered during in-
terpretation of MFT results.

In our present study, we used the Y width instead of
the G width, similar to the methods of Yasui et al. [2012]
and Sugasawa et al. [2013]. Double peaks in Y tympa-
nometry were found to be more stable to record and less
small compared to the G width. The rate of double peaks
was previously found comparable (92% for Y width vs.
88% for G width) [Sugasawa et al., 2013]. At RF, G is the
only contributor to admittance (Y) and therefore they
closely represent each other. We found a similar trend for
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the Y width in affected and unaffected ears of MD and
non-MD subjects, namely, lower values for unaffected
ears. But there is a relatively high percentage (56%) of
positive test results for MFT in unaffected ears of MD pa-
tients. This is also represented by the low sensitivity and
specificity we calculated (sensitivity 58.3% and specificity
66.3%). A study from 2017 found that lowering the cut-
off to 200 daPa improved the sensibility to 35.1% with a
specificity of 95% [Ishuzu et al., 2018]. Applying this cut-
off to our data would not improve the sensitivity and neg-
atively affect the specificity because the number of false-
positive MFT tests in unaffected ears and non-MD sub-
jects remains high. In our prospective study, we found a
higher mean value for Y width (259.4 + 60.6 daPa) among
non-MD subjects, indicating the need for a higher cut-oft
value to improve the specificity at the expense of the sen-
sitivity. This difference could partly be explained by the
absence of selection bias, as well as the fact that studies
have found cochlear and vestibular hydrops among
healthy subjects [Conte et al., 2018]. The high number of
false-positive results in unaffected ears of MD subjects is
an example of possible EH in asymptomatic ears. Also, as
a true representation of the clinical setting, our control
group at inclusion suffered from dizziness in contrast to
the control groups in previous studies. MD at that stage
was not confirmed and another explanation was found
for their symptoms. This raises an interesting question if
those symptoms could be related to the high false-positive
rate, but for the purpose of our study, we did not contin-
ue follow-up.

The correlation between a positive MFT test result and
EH in the MRI hydrops would be an interesting field for
further study. Nowadays, an MRI hydrops is the gold
standard for diagnosing and confirming EH. Kato et al.
examined the relationship between the degree of EH and
peak width of 2 kHz conductance tympanometry [Kato et
al., 2012]. The peak width in ears with significant EH was
larger than that observed in ears with no EH. There was
no significant different peak width between cases of mild
and absent EH. Secondly, in the presence of a significant
EH, the average G width was 178.8 + 102.7 daPa below
the cut-off value of 235 daPa. They also found a tendency
towards lower RF in ears with significant EH [Kato et al.,
2012]; however, the difference was not significant. We did
not analyse the RF in our population since previous re-
sults are very conflicting. Moreover, the RF decreased
during the glycerol test in a study by Oz et al. from 2019
[Oz et al., 2019]. The glycerol test is a dehydration test
used in the diagnosis of MD. It temporarily improves
hearing thresholds by increasing plasma osmolality. Low-
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er RF values were suspected to return to similar values as
control ears; however, the opposite occurred. Average RF
values for MD patients decreased significantly from 808.0
+410.1 Hz to 748.0 £+ 402.1 Hz postulating that the inner
ear dynamics for the RF are different in MD.

We also found that only 8.7% (n = 2) of affected ears
in MD patients were tested negative for MFT. Applying a
cut-off value of 200 daPa resulted in only one false-nega-
tive test case in the affected MD ears. Although our study
sample is small, this suggests that a negative test result is
unlikely related to an affected ear with EH. Performing an
expensive and time-consuming MRI hydrops in such cas-
es might therefore not be recommended.

A study conducted on MD patients during an acute
episode showed no suspected increase in peak width or
decrease in RF and values were not significantly different
from controls [Cetin etal., 2019]. They concluded that the
diagnostic utility of MFT in acute episodes of MD is non-
existent. Likewise, our prospective data do not provide
convincing evidence supporting that MFT is useful as an
additional diagnostic tool for detecting EH in MD pa-
tients.

Conclusion

Based on our analysis of prospective data regarding
MFT test results in MD subjects and non-MD subjects
from the Apeldoorn Dizziness Centre, we do not find ev-
idence for the use of MFT as a diagnostic instrument in
MD. Although there is a similar trend towards increased
conductance tympanometry in affected ears and to a less-
er extend in unaffected ears of MD subjects, the diagnos-
tic utility is not convincing. We excluded possible bias
through prospective measurements and data collection,
closely simulating a daily clinical practice setting. As a
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