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Otoacoustic emissions evoked in Ménière’s disease

Emissões otoacústicas evocadas na doença de Ménière

Cristiana Corvaro1 , Lorena Carvalho Cavalcanti Lagreca1 , Mário Sérgio Lei Munhoz1 ,  
Marisa Frasson de Azevedo1 

ABSTRACT

Purpose: To verify the responses of Evoked Otoacoustic Emissions by 
transient stimulus and distortion product in individuals with Ménière’s Disease. 
Methods: Cross-sectional study with a sample composed of 60 individuals, 
aged 19 to 75 years, divided into two groups: study group, with 32 individuals 
with a medical diagnosis of Ménière’s disease, without other risks and a 
control group formed by 28 individuals with cochlear loss without Meniere’s 
disease, age and sex matched to the study group. Eligibility criteria: type 
A curve, without conductive or mixed loss or suspected retrocochlear 
alteration. The audiological evaluation consisted of anamnesis, inspection 
of the external acoustic meatus, pure tone audiometry, logoaudiometry, 
measures of acoustic immittance and transient evoked otoacoustic emissions 
and distortion product. 
Results: Individuals with Ménière’s disease had a higher occurrence of 
unilateral hearing loss, low pitch tinnitus, vertigo and ear fullness in relation 
to the control. In these individuals, there was greater incompatibility between 
the results of OAE and pure tone audiometry: in unilateral hearing loss, 
alterations in OAE were observed in ears with normal hearing thresholds on 
the contralateral side, characterizing cochlear dysfunctions. In the ears with 
cochlear loss, there was the presence of TEOAE and absence of DPOAE, 
in contrast to the control group, which showed the absence of TEOAE and 
DPOAE, as expected in cochlear losses of other etiologies. 
Conclusion: The investigation of emissions in Ménière’s disease identified 
cochlear dysfunction in the contralateral ear in unilateral cases and the 
presence of TOAE with absence of DPOAE in ears with hearing loss, 
differentiating from cochlear losses of other etiologies.

Keywords: Hearing tests; Ménière’s disease; Hearing loss; Vertigo; Tinnitus; 
Endolymphatic hydrops; Hearing

RESUMO

Objetivo: Verificar as respostas das emissões otoacústicas (EOA) evocadas 
por estímulo transiente e produto de distorção em indivíduos com doença 
de Ménière. Métodos: Estudo transversal com casuística composta por 60 
indivíduos de 19 a 75 anos de idade, distribuídos em dois grupos: grupo 
estudo, com 32 indivíduos com diagnóstico médico de doença de Ménière, 
sem outros riscos, e grupo controle formado por 28 indivíduos com perda 
coclear, sem doença de Ménière, pareado por idade e gênero ao grupo estudo. 
Critério de elegibilidade: curva tipo A, sem perda condutiva ou mista ou 
suspeita de alteração retrococlear. A avaliação audiológica foi composta por 
anamnese, inspeção do meato acústico externo, audiometria tonal limiar, 
logoaudiometria, medidas de imitância acústica e emissões otoacústicas 
evocadas por estímulo transiente e produto de distorção. Resultados: Os 
indivíduos com Ménière apresentaram maior ocorrência de perda unilateral, 
zumbido pitch grave, vertigem e plenitude auricular em relação ao controle. 
Nesses indivíduos, houve maior incompatibilidade entre os resultados das 
EOA e da audiometria tonal: nas perdas unilaterais, observaram-se alterações 
nas EOA nas orelhas com limiares auditivos normais do lado contralateral, 
caracterizando disfunções cocleares. Nas orelhas com perda coclear, houve 
presença de EOAT (por estímulo transiente) e ausência de EOAPD (produto 
de distorção), contrapondo-se ao grupo controle, que apresentou ausência 
de EOAT e de EOAPD, como o esperado em perdas cocleares de outras 
etiologias. Conclusão: A pesquisa das emissões na doença de Ménière 
identificou disfunção coclear na orelha contralateral nos casos unilaterais e 
presença de EOAT com ausência de EOAPD nas orelhas com perda auditiva, 
diferenciando-se das perdas cocleares de outras etiologias. 

Palavras-chave: Testes auditivos; Doença de Ménière; Perda auditiva; 
Vertigem; Zumbido; Hidropsia endolinfática; Audição
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INTRODUCTION

Ménière’s disease (DM) was first described in 1861 by 
French physiologist Prosper Ménière as a symptomatic triad 
characterized by tinnitus, hearing loss and episodes of vertigo 
in paroxysmal attacks. It is the most frequent vestibulopathies 
in adults, especially over 40 years old(1). Its incidence varies 
greatly: 157 per 100,000 in the United Kingdom, 46 per 100,000 in 
Sweden, 7.5 per 100,000 in France, and 15 per 100,000 in the 
United States(2), or 34-190 per 100,000(3), for example. In Brazil, 
the lack of data regarding the incidence of Ménière’s disease 
points to little epidemiological studies in the area.

Endolymphatic hydrops, a distension of the endolymphatic 
spaces in the inner ear, is the main histopathological finding of 
Ménière’s disease(4).

Its etiology is related to viral or bacterial infectious processes, 
temporal bone development anomalies, genetic factors, trauma, 
otospongiosis, among others(1).

Diagnosis is made based on well-defined clinical criteria. 
According to the American Academy of Otorhinolaryngology-
Head and Neck Surgery’s criteria (AAO-HNS), Ménière’s 
disease can be assigned to individuals who reported two or 
more episodes of vertigo lasting 20 minutes, hearing loss 
observed in at least one occasion and presence of tinnitus and/
or ear fullness(3).

Definitive conformation of the pathophysiological alteration 
that characterizes Ménière’s disease can only be proven by a 
pathological study of temporal bones, postmortem(5).

Audiological evaluation of individuals with Ménière’s 
disease was initially conducted using pure-tone audiometry 
threshold, speech audiometry and acoustic immittance measures. 
Electrocochleography (ECOG) has also been used to identify 
hydrops and aid diagnosis(6). More recently, otoacoustic emissions 
(OAE), defined as a sound generated by the cochlea that propagates 
from the inner ear to the ear canal(7), have been recommended 
to identify cochlear alterations in Ménière’s disease(8).

Emission research has been useful in the topodiagnosis 
of hearing loss, identification of cochleopathy and cochlear 
dysfunctions, and monitoring of cochlear function, contributing 
to diagnose Ménière’s disease. Evidence shows that small 
changes in cochlear functioning could be detected by otoacoustic 
emissions before audiogram alterations(9,10).

Overall, audiometry results in cochlear losses are compatible 
with otoacoustic emissions. However, some tests performed 
with individuals affected by Ménière’s disease at UNESP’s 
Audiology Clinic have shown transient evoked otoacoustic 
emissions (TEOAE) with thresholds higher than 30 dBHL, as 
in retrocochlear alterations. Such clinical findings prompted us 
to study otoacoustic emissions in Ménière’s disease.

Given this context, our interest lied in studying TEOAE 
and DPOAE responses in individuals with Ménière’s disease, 
hypothesizing the incompatibility between emissions and pure-
tone audiometry as typical of this disease.

Hence, this study examined the symptomatic manifestations, 
auditory alterations, and compatibility between evoked otoacoustic 
emissions and pure-tone audiometry thresholds in individuals 
diagnosed with Ménière’s disease.

METHODS

In this cross-sectional study, audiological evaluations were 
conducted with 32 individuals diagnosed with Ménière’s disease 
by a medical team from the Department of Otorhinolaryngology, 
Federal University of São Paulo (UNIFESP), and compared to 
28 individuals with sensorineural hearing loss without Ménière’s 
disease, evaluated at the Department of Speech, Language 
and Hearing Sciences of the same university. This study was 
approved by UNIFESP’s Research Ethics Committee, under no. 
3.733.753. All participants signed the informed consent form.

Eligibility criteria for participating in the control and study 
groups included individuals without mixed conductive loss or 
clinical suspicion of retrocochlear alteration, evaluated by an 
ENT physician. The study group consisted of 32 individuals, 
aged 19-75 years, 21 (65.6%) of them women, diagnosed 
with Ménière’s disease and type A tympanogram. Individuals 
exposed to occupational noise, with otosclerosis, undergoing 
chemotherapy or radiotherapy, or previous use of ototoxic drugs 
were excluded. The control group included 28 individuals, 
aged 19-74 years, 19 (67.8%) of them women, diagnosed with 
cochlear hearing loss by another etiology, without Ménière’s 
disease, and type A tympanogram. The control and study groups 
were paired by age and gender. Mean age was 53.5 years and 
55.8 years in the study group and control group, respectively.

All individuals underwent complete audiological evaluation 
in an acoustic booth, with anamnesis, inspection of the ear canal, 
pure-tone audiometry threshold (PTT), speech audiometry, 
acoustic immittance measures, and assessment of transient-
evoked and distortion-product emissions. Ear canal inspection 
was performed using a TK otoscope to rule out the presence of 
foreign bodies or excess cerumen, which could compromise the 
evaluation. Pure-tone audiometry threshold was performed using 
Interacoustics AD-229 audiometer, TDH-39 headphones, duly 
calibrated(11). Pure-tone air-conduction thresholds were measured 
at frequencies of 250 Hz to 8000 Hz by descending technique(12). 
We evaluated pure-tone bone-conduction thresholds when air-
conduction thresholds were over 25 dBHL, at frequencies of 
0.5 to 4 kHz. Hearing thresholds equal to or below 25 dBHL 
were considered normal, whereas thresholds over 25 dBHL 
characterized hearing loss. The degree of hearing loss was 
classified according to the mean of the 500 Hz, 1000 Hz and 
2000 Hz frequencies(13).

To verify the inclusion criterion—tympanic-ossicular 
integrity—, we obtained acoustic immittance measurements 
using an Interacoustics middle ear analyzer, model AT 235, 
with a 226 Hz probe. Tympanograms were classified as A, B, 
C, Ad and Ar

(14). Individuals with middle ear alterations (type 
B and C tympanograms) were excluded. Transient evoked 
otoacoustic emissions (TEOAE) survey was performed using 
a Otodynamics ILOV6 equipment, in an acoustically treated 
booth, connected to a microcomputer. Nonlinear clicks were used 
as stimuli, with regular pulses of 80 milliseconds, presented in 
a series of 260 cycles per second, in a 20 ms window. TEOAE 
were considered present when there were emissions 3 dB above 
noise in the frequency bands from 1 to 4 kHz, with response 
reproducibility and probe stability greater than 70%(15).

Distortion product otoacoustic emissions (DPOAE) were 
evoked by two pure tones, presented simultaneously, with 
close sound frequencies (f1/f2=1.22). The response component 
considered was 2f1-f2, with F1 and F2 stimulus intensity level 
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of 65 dBSPL and 55 dBSPL, respectively. Response analysis 
considered the amplitude and signal-to-noise ratio at frequencies 
of 1 kHz, 2 kHz, 3 kHz, 4 kHz, 6 kHz and 8 kHz. DPOAE was 
considered present for positive response with a signal-to-noise 
equal to or over 5 dB and negative noise(16). When four or more 
frequencies were absent, we considered DPOAE to be absent.

Considering all the evaluations performed, final diagnosis 
was defined as: normal hearing sensitivity (hearing thresholds 
below or equal to 25 dBHL on audiometry, with the presence of 
transient-evoked and distortion-product otoacoustic emissions); 
cochlear hearing loss (hearing thresholds over 25 dBHL, with 
absence of otoacoustic emissions in the frequencies where loss 
occurred) and cochlear dysfunction (hearing thresholds below or 
equal to 25 dBHL, with absent or partial otoacoustic emissions). 
Thus, unilateral hearing loss were classified as cochlear loss 
with normal hearing or contralateral cochlear dysfunction.

Results were considered compatible when there was absence 
of TEOAE in hearing losses with thresholds over 25 dBHL 
and absence of DPOAE in hearing losses with thresholds over 
40 dBHL.

Statistical analysis adopted a 5% significance value 
(p ≤ 0.05). We used the SPSS Statistics version 25.0 (IBM 
Corp., Armonk, NY, USA). The Mann-Whitney U-test, 
univariate analysis of variance (ANOVA), Kruskal-Walli’s 
test, Spearman’s correlation test, McNemar’s test, and Fisher’s 
exact test were applied.

RESULTS

The study and control groups included, respectively, 
32 individuals with hearing loss from Ménière’s disease and 
28 individuals with hearing loss by other etiologies. Statistical 
analysis (Mann-Whitney U test) showed no difference between 
the groups regarding gender (p > 0.999) and age (p = 0.482).

Table 1 presents the group distribution according to the 
affected side, tinnitus classification, presence of vertigo and 
ear fullness. Compared with the control group, the study group 
presented higher occurrence of unilateral loss, severe tinnitus, 
presence of vertigo and ear fullness.

In the TEOAEs and DPOAEs, comparative analysis showed 
no difference between the left and right ears in bilateral losses, 
both in the control and study groups.

Degree of hearing loss ranged from mild to profound in both 
groups. Mild and moderate losses accounted for most cases: 
22.7% mild loss and 26.4% moderate loss in the Ménière’s 
disease group; 15.1% mild loss and 30.2% moderate loss in the 
control group. Severe hearing loss was 7.5% in both groups, 
whereas profound loss accounted for 5.7% in the control group 
and 3.8% in the study group. Hearing loss occurred at isolated 
frequencies, without defined degree of loss, in 39.6% of the 
study group and 41.5% of the control group. As for audiometric 
configuration, both groups presented higher occurrence of flat 
curves: 30.2% in the Ménière’s disease group and 41.5% in 
the control group. Rising curves were more frequent in the 
study group (30.2%), compared to control (7.6%). The sloping 
configuration occurred most often in the control group (39.6%), 
compared to the study group (26.4%). Reversed U-shape curves 
accounted for 9.4% in both groups, whereas anacusis was 3.8% 
in the study group and 1.9% in the control group.

For pure-tone audiometry, we compared the hearing thresholds 
over 25 dBHL obtained for each analyzed frequency between 
the groups (Figure 1). We identified 53 years with hearing loss 
in each group: 21 individuals with bilateral loss (42 years) and 
11 with unilateral loss (11 ears) in the study group; 25 individuals 
with bilateral loss (50 ears) and 3 with unilateral loss (3 ears) 
in the control group. Three ears from the control group and 
11 ears from the study group presented hearing thresholds 
within the normal range. We found a statistically significant 
difference between the groups only at the 500 Hz frequency, 
with the study group showing a higher proportion of ears with 
altered results (p = 0.039).

Table 2 summarizes the results of the transient evoked 
emissions survey, which covered all ears with hearing loss 
(106 ears: 14 unilateral and 46 bilateral). In comparing the groups, 
we found a difference only in the 4000 Hz band. Compared 
with the control group, the study group had a lower proportion 
of ears with absent TEOAE at 4000 Hz .

The results of the distortion product otoacoustic emissions 
survey showed no differences between groups (Table 3).

Table 4 presents the joint analysis of TEOAE and DPOAE 
results, comparing the groups. Results show that individuals 
with Ménière’s disease had a higher proportion of ears with a 
“present TOEAE, absent DPOAE” result, compared with the 
control group.

Group comparison of the compatibility or incompatibility 
between the results of pure-tone audiometry threshold and 

Table 1. Comparison between control and study groups regarding the affected ear, tinnitus classification and presence of vertigo and ear fullness 
(N=60)

Variable Category
Group

Total
p-valueStudy Control

n % n % n %
Type of loss Unilateral 11 34.38 3 10.71 14 23.33 0.037*

Bilateral 21 65.63 25 89.29 46 76.67
Tinnitus 
classification

Severe 28 87.50 15 53.57 43 71.67 0.005*
Acute 4 12.50 13 46.43 17 28.33

Vertigo Present 26 81.25 11 39.29 37 61.67 0.001*
Absent 6 18.75 17 60.71 23 38.33

Ear fullness Present 16 50.00 3 10.71 19 31.67 0.002*
Absent 16 50.00 25 89.29 41 68.33

Fisher’s exact test; *Statistically significant at 5% level (p ≤ 0.05)
Subtitle: n = number of individuals; % = percentage
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Figure 1. Occurrence of altered thresholds (over 25 dBHL) in the frequencies evaluated in the study and control groups
Subtitle: p = p-value; % = percentage; *Statistically significant at 5% level (p ≤ 0.05) 

Table 2. Comparison between control and study groups regarding transient evoked otoacoustic emissions in ears with hearing loss (N=106 ears)

TEOAE Category
Group

Total
p-valueStudy Control

n % n % n %
1000 Hz Present 28 52.83 24 45.28 52 49.06 0.560

Absent 25 47.17 29 54.72 54 50.94
2000 Hz Present 28 52.83 21 39.62 49 46.23 0.242

Absent 25 47.17 32 60.38 57 53.77
3000 Hz Present 27 50.94 18 33.96 45 42.45 0.115

Absent 26 49.06 35 66.04 61 57.55
4000 Hz Present 25 47.17 13 24.53 38 35.85 0.025*

Absent 28 52.83 40 75.47 68 64.15
Fishers exact test
Subtitle: TEOAE = transient evoked otoacoustic emissions; n = 106 ears; % = percentage

Table 3. Comparison between control and study groups regarding distortion product otoacoustic emissions in ears with hearing loss (N=106 ears)

DPOAE Category
Group

Total
p-valueStudy Control

n % n % n %
1000 Hz Present 12 22.64 18 33.96 30 28.30 0.140

Absent 41 77.36 35 66.04 76 71.70
2000 Hz Present 11 20.75 10 18.87 21 19.81 0.500

Absent 42 79.25 43 81.13 85 80.19
3000 Hz Present 13 24.53 8 15.09 21 19.81 0.165

Absent 40 75.47 45 84.91 85 80.19
4000 Hz Present 7 13.21 6 11.32 13 12.26 0.500

Absent 46 86.79 47 88.68 93 87.74
6000 Hz Present 4 7.55 4 7.55 8 7.55 0.642

Absent 49 92.45 49 92.45 98 92.45
8000 Hz Present 3 5.66 2 3.77 5 4.72 0.500

Absent 50 94.34 51 96.23 101 95.28
Fishers exact test
Subtitle: DPOAE = distortion product otoacoustic emissions; n = 106 ears; % = percentage
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otoacoustic emissions (Table 5) showed that individuals with 
Ménière’s disease had a higher occurrence of incompatibility 
compared with individuals without the disease.

Final diagnoses established in both groups were classified 
as: unilateral cochlear loss with normal hearing thresholds 
in the contralateral ear; unilateral cochlear hearing loss with 
contralateral dysfunction, and bilateral cochlear loss.

Occurrence of hearing thresholds within normal limits, 
cochlear loss, and cochlear dysfunctions showed no statistical 
difference between the groups (p = 0.295) (Figures 2 and 3).

DISCUSSION

This study examined the symptomatic manifestations, hearing 
alterations, and compatibility between evoked otoacoustic 
emissions and pure-tone audiometry thresholds in individuals 
diagnosed with Ménière’s disease (MD).

To verify whether the characteristics observed in the 
32 individuals with Ménière’s disease differed from those with 
cochlear loss by other etiologies, we included a control group 
consisting of 28 individuals with sensorineural hearing loss by 
various etiologies and without suspected MD. Importantly, this 
group included individuals diagnosed with cochlear losses due 
to metabolic diseases, kidney disease, sickle cell anemia, heart 
disease, chemotherapy, and noise exposure.

Participants in the study group (Ménière’s disease) were aged 
19-75 years, with most individuals between 31 and 60 years 
old. Mean age was 53.5 years, similar to other studies in the 
literature(1,17). In fact, Ménière’s disease often begins in the third 
or fourth decade of life(1,3,6). Age and gender comparison between 
the groups showed no statistical difference, an expected finding 
since the groups were previously paired to avoid sample bias.

Figure 2. Final study group diagnosis
Subtitle: % = percentage

Table 4. Joint result of transient evoked otoacoustic emissions and distortion product otoacoustic emissions considering ears with and without 
hearing loss (N=120 ears)

Variable Category
Group

Total
p-valueStudy Control

n % n % n %
Joint result absent 

TEOAE and 
DPOAE

30 46.88a 42 75.00b 72 60.00 0.022*

present 
TEOAE, 
absent 
DPOAE

28 43.75a 11 19.64b 39 32.50

present 
TEOAE and 
DPOAE

6 9.38a 3 5.36a 9 7.50

Fisher’s exact test; *Statistically significant at 5% level (p ≤ 0.05). Letters (a) indicate subsets of the “group” variable whose column proportions are not significantly 
different from each other at 5% significance level (p ≤ 0.05)
Subtitle: TEOAE = transient evoked otoacoustic emissions; DPOAE = distortion product otoacoustic emissions; n = 120 ears; % = percentage

Table 5. Group comparison regarding compatibility between pure-tone audiometry threshold and otoacoustic emissions by ear and individual 
(N=60)

Compatibility Category
Group

Total
p-valueStudy Control

n % n % n %
RE Compatible 17 53.13 21 75.00 38 63.33 0.109

Incompatible 15 46.88 7 25.00 22 36.67
LE Compatible 16 50.00 18 64.29 34 56.67 0.350

Incompatible 16 50.00 10 35.71 26 43.33
Individual Compatible 9 28.13 17 60.71 26 43.33 0.018*

Incompatible 23 71.88 11 39.29 34 56.67
Fisher’s exact test; *Statistically significant at 5% level (p ≤ 0.05)
Subtitle: RE = right ear; LE = left ear; n = 60; % = percentage
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There was a predominance of women with Ménière’s disease 
(65.6%), similar to other studies(1,3,5,8,17-19). Fact already observed 
in a longitudinal study with 169 individuals with MD, in which 
57% were women(18). In a more recent study, 66.5% of the 
200 individuals with MD were women(17). Other research also 
found a predominance of women in the sample of individuals 
with MD(1,2,19). These findings point to a predominance of 
women with Ménière’s disease. In fact, the Multidisciplinary 
Diagnostic Committee for Ménière’s Disease reports a small 
female predominance(3).

When comparing the study and control groups, we observed 
a higher occurrence of tinnitus, vertigo and ear fullness in the 
former. Symptom analysis showed a higher occurrence of 
vertigo in individuals with MD (81.2%) compared to individuals 
without MD (39.3%), and a higher occurrence of severe 
tinnitus (87.5%) compared to individuals with sensorineural 
loss by other etiologies (53.6%). Moreover, only 10.7% of the 
individuals without MD presented ear fullness versus half of 
the study group.

An expected finding, for since it was first described by Prosper 
Ménière, the symptomatic triad (hearing loss, tinnitus, and 
vertigo) was pointed out as characteristic of the disease. In fact, 
diagnosis is made based on well-defined criteria and include 
episodes of vertigo lasting at least 20 minutes, sensorineural 
hearing loss at low and medium frequencies, and the presence 
of tinnitus and/or ear fullness(3). In the literature consulted, 
most studies on individuals with Ménière’s disease observed 
the occurrence of tinnitus, vertigo, and ear fullness(1,3,5,8,17-19). 
Moreover, the occurrence of severe tinnitus in individuals with 
MD has also been widely described in the literature(1,3,17).

Regarding the degree of loss, we observed mild and 
moderate loss in individuals with Ménière’s disease, similar to 
data in the literature(8,17,18). Importantly, in 39.6% of the study 
group and 41.5% of the control group, we could not obtain the 
degree of loss by averaging from 500 Hz to 2000 Hz, for the 
losses occurred in isolated frequencies, for example in the low 
frequencies (250 Hz and 500 Hz). Conversely, we found flat and 
ascending configurations in one third of the Ménière’s disease 
audiograms, as described in the literature(3,8,18,20,21).

Although 77.3% of the control group presented high threshold 
at 4000 Hz, 66% of the study group showed alteration at the same 
frequency, without statistical difference between the groups.

Early audiological assessments in individuals with Ménière’s 
disease included pure-tone audiometry threshold, speech audiometry 
and immittance mesurements(20). Electrocochleography was 
included in audiological evaluation due to its effectiveness in 
identifying endolymphatic hydrops(6). More recently, otoacoustic 
emissions have been added to the audiological evaluation of 
individuals with Ménière’s disease(8,10,21-23). Some studies have 
performed TEOAE(21) and others, DPOAE(8,10,22-24). Thus, the 
present study could be considered a pioneer for comparing 
TEOAE and DPOAE in individuals with Ménière’s disease.

Bilateral hearing loss appeared in 65.6% of individuals with 
MD and in 89.3% of the control group. Unilateral loss occurred 
in 34.4% of the individuals with MD and in 10.7% of the control 
group, with a statistically significant difference between the 
groups. Therefore, individuals with Ménière’s disease showed a 
predominance of unilateral losses when compared to individuals 
with hearing loss due to other etiologies, a finding similar to 
that reported by other studies(3,21,25). The literature points to 
the presence of unilateral losses in Ménière’s disease. A study 
with 39 individuals and mean age of 42.9 years found 66.6% 
of unilateral losses, a result much higher than our findings(1). 
Such disagreement could be explained by the older mean age 
of the individuals in our study (53.5 years), since the literature 
reports evolution of unilateral to bilateral losses over time(18-20). 
Studies have revealed that bilateral losses are associated with 
disease progression. Conversely, we observed a high occurrence 
of bilateral losses (65.6%) in individuals with Ménière’s disease, 
also reported in the literature(1,18).

In bilateral losses, TEOAE and DPOAE results were similar 
regarding ear side and, thus, were grouped together. DPOAE 
responses were similar between groups. When comparing the 
TEOAE results, we found a difference in the 4000 Hz band, with 
more responses in the study group. This result was expected, 
since Ménière’s disease primarily affects low frequencies. 
In fact, when comparing pure-tone audiometry threshold results, 
we observed a statistically significant difference between the 
groups at 500 Hz, similar to other studies(8,20). Animal study 
by inducing hydrops in guinea pigs found hearing loss at low 
frequencies(22). Studies have shown that low-frequency losses 
occur early in the disease, progressing to a flat hearing loss 
over time(18-20). This was confirmed by a monitoring study with 
161 individuals with Ménière’s disease, which identified rising 
curves in 20% of the individuals in the early phase, dropping 
to 12.1% after 13-16 years(18). Moreover, studies have shown 
that hearing fluctuation occurs mainly during the first year of 
Ménière’s disease and at low frequencies(3,20,26). By means of 
serial OAE evaluations and audiometry, an auditory monitoring 
of 30 individuals with Ménière’s disease verified the presence 
of fluctuation as a characteristic of the disease(26); data we could 
not confirm in our study, as we did not perform audiological 
monitoring of the individuals with Ménière’s disease.

When comparing the OAE and pure-tone audiometry results, 
we observed absent TEOAE and DPOAE, present TEOAE 
and DPOAE, and present TEOAE with absent DPOAE in 
both groups. In the study group, 43.7% of the participants had 
present TEOAE with absent DPOAE. In the control group, 
most cases (75%) had absent TEOAT and DPOAE, with only 

Figure 3. Final control group diagnosis
Subtitle: % = percentage
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19.6% showing present and absent DPOAE. This difference 
was statistically significant between the groups, finding that 
had already been described in the literature, with occurrence of 
TEOAE in ears with hearing loss. As the hearing impairment in 
individuals with Ménière’s disease does not involve the outer 
hair cells, TEOAE could be detected even in cases of moderate 
hearing loss(9). A previous study involving 31 individuals with 
Ménières disease had already described the presence of TEOAE 
with thresholds over 25 dBHL(21). Similarly, another research 
identified that five out of 15 individuals with Ménière’s disease 
and thresholds over 40 dB had TEOAE(15).

When comparing TEOAE and DPOAE together, present 
TEOAE with absent DPOAE could be interpreted as a characteristic 
of endolymphatic hydrops in Ménière’s disease, given its low 
prevalence in cochlear losses due to other etiologies. Several 
hypotheses may explain this finding. One refers to the different 
mechanisms that generate TEOAE and DPOAE(27). In TEOAE, 
the generating mechanism occurs by linear reflection, which 
evokes responses from outer hair cells throughout the cochlea. 
In DPOAE, responses are generated by cochlear nonlinearity—
distortion products—at specific points of the cochlea (F1, 
F2 and 2F1-F2). Moreover, since the click is broadband, this 
could provoke responses by interfering with the best audiogram 
threshold(9). Another hypothesis suggests that the hearing 
alterations in endolymphatic hydrops do not involve the outer 
hair cells (OHC) but are attributed to the hydrodynamic and 
biomechanical micro-mechanism of the cochlea(21,23,28).

Despite the still unconfirmed hypotheses discussed by the 
literature, the presence of TEOAE in ears with loss over 30 dBHL 
in individuals with MD is widely known and may be a specific 
characteristic of endolymphatic hydrops(9,15).

Such results, therefore, could be explained by the difference 
in the mechanisms generating TEOAE and DPOAE, by fact 
that the click is broadband and suffers interference from the 
best audiogram thresholds, and by the possibility that hydrops 
does not involve a specific lesion of the outer hair cell, with 
changes in the cochlea’s hydrodynamic and biomechanical 
mechanism(9,21,23,27,28). Differences in TEOAE and DPOAE 
technology have already been discussed, indicating that DPOAE 
reject all frequencies, excepting the 2F1-F2(7). TEOAE, in 
turn, record all frequency bands, and the cochlear response is 
observed between stimulation and the relaxation phase, which is 
relevant for low intensities(7). Thus, the two techniques observe 
the cochlea under different conditions. In TEOAE, the time 
spent would be considered highly effective in separating the 
stimulus from the delayed response (reflection). In DPOAE, 
nonlinearity would be the main factor separating the stimulus 
from the response. Moreover, TEOAE cease to be recorded 
at losses between 25 and 30 dBHL, while DPOAE, at losses 
between 35 and 45 dBHL.

Group comparison regarding compatibility of the results 
obtained revealed a statistically significant difference, with the study 
group showing a higher occurrence of incompatibility (71.9%) 
compared to the control group (39.3%). The incompatibility 
found in the control group could be explained by the cases of 
hearing loss due to metabolic etiology, noise exposure, and 
chemotherapy, which could also present cochlear dysfunctions 
before alterations in the audiogram.

TEOAE present in ears with hearing loss and absence of 
distortion product appears to be a characteristic feature of 

individuals with MD and endolymphatic hydrops, confirming 
our initial hypothesis. This fact had already been observed in 
the clinical routine of the institution’s Department of Audiology, 
which motivated this research.

In the present study, the incompatibility observed in ears 
with hearing loss was the presence of TEOAE in losses over 
30 dBHL, which could give a false retrocochlear diagnosis. During 
DPOAE, however, the absence of response characterized the 
loss as cochlear. Hence the importance of performing TEOAE 
and DPOAE surveys in individuals with Ménière’s disease.

Another incompatibility found in MD cases with unilateral 
loss was the absence of TEOAE and DPOAE in ears with 
hearing thresholds within normal range, characterizing cochlear 
dysfunctions in the contralateral ears. Such dysfunction suggests 
possible progression of loss and is therefore of clinical relevance.

Final diagnosis was established as: unilateral loss with 
contralateral dysfunction, unilateral loss with contralateral 
normal hearing, and bilateral cochlear loss. In the study group, 
six cases had hearing loss with cochlear dysfunction in the 
opposite ears and five cases had unilateral cochlear loss with 
contralateral normal hearing. The control group reported two 
cases of unilateral loss with contralateral dysfunction and one 
case of unilateral loss with contralateral normal hearing. Bilateral 
cochlear loss appeared in 21 individuals (65%) in the study group 
and 26 subjects (89%) in the control group. Results showed no 
significant statistical difference between the groups. This could 
be due to the presence of metabolic alterations, noise exposure, 
and chemotherapy in some individuals in the control group.

In summary, by comparing the study and control groups, 
we verified a prevalence of unilateral losses in individuals 
with MD, greater occurrence of vertigo, severe tinnitus, and 
ear fullness. Isolated diagnosis of each examination, pure-
tone audiometry, TEOAE and DPOAE showed no statistical 
difference between the groups, but we confirmed incompatibility 
between the results. Individuals with MD presented cochlear 
dysfunctions with normal hearing thresholds and altered OAE 
in the contralateral ears. Cochlear losses showed presence of 
TEOAE and absence of DPOAE. Such incompatibilities could 
be considered as characteristic findings of Ménière’s disease, 
which differ from cochlear loss due to other etiologies. Hence, 
TEOAE and DPOAE would be recommended in cases of 
Ménière’s disease for a more accurate audiological diagnosis.

A limitation in our study was the absence of audiological 
monitoring, which could better indicate whether the contralateral 
ears showing OAE changes would evolve to loss over time. 
Further studies could clarify this issue.

CONCLUSION

Evaluation of otoacoustic emissions in Ménière’s disease 
allowed us to identify cochlear dysfunction in the contralateral 
ear, in unilateral cases, and the presence of TEOAEs with 
absence of DPOAEs in ears with hearing loss, differing from 
cochlear losses by other etiologies.



Audiol Commun Res. 2022;27:e26228 | 9

Corvaro C, Lagreca LCC, Munhoz MSL, Azevedo MF

ACKNOWLEDGEMENTS 

To professor dr. Marisa Frasson de Azevedo my biggest 
thanks for the learning, affection, support, inspiration and 
patience. Through her teachings, they allowed me to complete 
this project.

To professor dr. Mário Sérgio Munhoz, for the opportunity 
and support in the elaboration of this work.

To Isabella, my daughter, who many times encouraged 
me with her kind words, her patience, inspiring me at the 
necessary times.

To my friends who were always available to help me.
To my friend and study companion Lorena Carvalho 

Cavalcanti Lagreca, who taught me a lot and collaborated. Her 
encouragement was very important on this journey.

To my family and my partner who always pointed the right 
direction.

To my mother, who without her would not have made it 
this far.

REFERENCES

1. Chaves AG, Boari L, Munhoz MS. The outcome of patients with 
ménière’s disease. Braz J Otorhinolaryngol. 2007;73(3):346-50. http://
dx.doi.org/10.1016/S1808-8694(15)30078-1. PMid:17684655.

2. Minor LB, Schessel DA, Carey JP. Ménière’s disease. Curr Opin 
Neurol. 2004 Fev;17(1):9-16. http://dx.doi.org/10.1097/00019052-
200402000-00004. PMid:15090872.

3. Lopez-Escamez JA, Carey J, Chung WH, Goebel JA, Magnusson 
M, Mandalà M, et al. Diagnostic criteria for Ménière’s disease. J 
Vestib Res. 2015;25(1):1-7. http://dx.doi.org/10.3233/VES-150549. 
PMid:25882471.

4. Thai-Van H, Bounaix MJ, Fraysse B. Ménière’s disease: pathophysiology 
and treatment. Drugs. 2001;61(8):1089-102. http://dx.doi.
org/10.2165/00003495-200161080-00005. PMid:11465871.

5. Boaglio M, Soares LCA, Ibrahim CSMN, Ganança FF, Cruz OLM. 
Doença de Ménière e vertigem postural. Rev Bras Otorrinolaringol. 2003 
Jan;69(1):69-72. http://dx.doi.org/10.1590/S0034-72992003000100012.

6. Soares LCA, Conegundes LSO, Fukuda C, Munhoz ML. Da 
eletrococleografia transtimpânica em pacientes com e sem hydrops 
endolinfático e limiares auditivos iguais ou maiores que 50 decibéis. Braz 
J Otorhinolaryngol. 2003 Jan;69(1):74-82. http://dx.doi.org/10.1590/
S0034-72992003000100013.

7. Kemp DT. Otoacoustic emissions in perspective. In: Robinette, MS, 
Glattke TJ, editores. Otoacoustic Emissions Clinical Applications. 
New York: Thieme; 1997.

8. Aquino AMCM, Massaro CAM, Tiradentes JB, Garzón JCV, Oliveira 
JAA. Emissões otoacústicas no diagnóstico precoce de lesão coclear na 
doença de Ménière. Rev Bras Otorrinolaringol. 2002 Out;68(5):761-5. 
http://dx.doi.org/10.1590/S0034-72992002000500025.

9. Harris FP, Prosbt R. Otoacustic emissions and audiometric outcomes. 
In: Robinette, MS, Glattke TJ, editores. Otoacustic Emission-Clinical 
Application. New York: Thieme; 1997. p. 151-80.

10. Lopes O Fo. Tratado de Fonoaudiologia. São Paulo: Roca; 1997.

11. ANSI: American National Standard Institute. American National Standard 
specification for audiometers (ANSI 3.6). New York: ANSI; 1969.

12. Katz J, Gabbay WL, Gold S, Almeida CC, Gil D, Kalil DM. Tratado 
de audiologia clínica. 4ª ed. São Paulo: Manole; 1999.

13. Silman S, Silverman CA. Auditory diagnosis: principles and applications 
[Internet]. San Diego: Singular Publishing Group; 1997. Basic 
audiologic testing [citado em 5 Out 2018]. Disponível em: http://
www.scielo.br/scielo.php?script=sci_nlinks&ref=000138&pid=S1809-
4864201200030000500021&lng=pt

14. Jerger J. Clinical experience with impedance audiometry. Arch 
Otolaryngol. 1970;92(4):311-24. http://dx.doi.org/10.1001/
archotol.1970.04310040005002. PMid:5455571.

15. Glattke TJ, Robinette MS. Transiente evoked otoacusic emissions In: 
Robinette, MS, Glattke TJ. Otoacustic Emission-Clinical Application. 
New York: Thieme; 1997. p. 63-83.

16. Gorga MP, Stover L, Neely ST, Montoya D. The use of cumulative 
distribuitions to determine critical values and levels of confiance for 
clinical distortion product otoacoustice mission measurements. J Acoust 
Soc Am. 1996;100(2 Pt 1):968-77. http://dx.doi.org/10.1121/1.416208. 
PMid:8759950.

17. Tootoonchi SJS, Ghiasi S, Shadara P, Samani SM, Fouladi DF. Hearing 
function after betahistine therapy in patients with Ménière’s disease. 
Braz J Otorhinolaryngol. 2016;82(5):500-6. http://dx.doi.org/10.1016/j.
bjorl.2015.08.021. PMid:26810620.

18. Friberg U, Stahle J, Svedberg A. The natural course of Ménière’s 
disease. Acta Otolaryngol Suppl. 1984;406:72-7. PMid:6591717.

19. Albera R, Canale A, Cassandro C, Albera A, Sammartano AM, Dagna 
F. Relationship between hearing threshold at the affected and unaffected 
ear in unilateral Ménière’s disease. Eur Arch Otorhinolaryngol. 
2016;273(1):51-6. http://dx.doi.org/10.1007/s00405-014-3466-8. 
PMid:25552243.

20. Enander A, Stahle J. Hearing in Ménière’s Disease: a study of pure-
tone audiograms in 334 patients. Acta Otolaryngol. 1967;64(5):543-56. 
http://dx.doi.org/10.3109/00016486709139139. PMid:6083380.

21. Harris FP, Probst R. Transiently evoked otoacoustic emissions in 
patients with Ménière’s disease. Acta Otolaryngol. 1992;112(1):36-44. 
http://dx.doi.org/10.3109/00016489209100780. PMid:1575035.

22. Horner K, Cazals Y. Distortion products in earlystage experimental 
hydrops in the guinea pig. Hear Res. 1989 Dez;43(1):71-9. http://
dx.doi.org/10.1016/0378-5955(89)90060-9. PMid:2613568.

23. Harris FP. Distortion-product otoacoustic emissions in humans with 
high frequency sensorineural hearing loss. J Speech Hear Res. 1990 
Set;33(3):594-600. http://dx.doi.org/10.1044/jshr.3303.594. PMid:2232776.

24. Ikino CMY, Bittar RSM, Sato KM, Capella NM. Hidropsia endolinfática 
experimental sob ação de inibidor do óxido nítrico sintase tipo II: 
avaliação com emissões otoacústicas e eletrococleografia. Rev Bras 
Otorrinolaringol. 2006 Abr;72(2):151-7. http://dx.doi.org/10.1590/
S0034-72992006000200002.

25. Hoa M, Friedman RA, Fisher LM, Derebery MJ. Prognostic implications 
of and audiometric evidence for hearing fluctuation in Ménière’s 
disease. Laryngoscope. 2015 Set;125(Supl. 12):S1-12. http://dx.doi.
org/10.1002/lary.25579. PMid:26343803.

26. Liu B, Leng Y, Shi H, Zhou R, Liu J, Zhang W, et al. Modified titration 
intratympanic gentamicin injection for unilateral intractable Ménière’s 
disease. J Huazhong Univ Sci Technolog Med Sci. 2015;35(5):747-51. 
http://dx.doi.org/10.1007/s11596-015-1501-7. PMid:26489633.

https://doi.org/10.1016/S1808-8694(15)30078-1
https://doi.org/10.1016/S1808-8694(15)30078-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17684655&dopt=Abstract
https://doi.org/10.1097/00019052-200402000-00004
https://doi.org/10.1097/00019052-200402000-00004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15090872&dopt=Abstract
https://doi.org/10.3233/VES-150549
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25882471&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25882471&dopt=Abstract
https://doi.org/10.2165/00003495-200161080-00005
https://doi.org/10.2165/00003495-200161080-00005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11465871&dopt=Abstract
https://doi.org/10.1590/S0034-72992003000100012
https://doi.org/10.1590/S0034-72992003000100013
https://doi.org/10.1590/S0034-72992003000100013
https://doi.org/10.1590/S0034-72992002000500025
https://doi.org/10.1001/archotol.1970.04310040005002
https://doi.org/10.1001/archotol.1970.04310040005002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5455571&dopt=Abstract
https://doi.org/10.1121/1.416208
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8759950&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8759950&dopt=Abstract
https://doi.org/10.1016/j.bjorl.2015.08.021
https://doi.org/10.1016/j.bjorl.2015.08.021
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26810620&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6591717&dopt=Abstract
https://doi.org/10.1007/s00405-014-3466-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25552243&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25552243&dopt=Abstract
https://doi.org/10.3109/00016486709139139
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6083380&dopt=Abstract
https://doi.org/10.3109/00016489209100780
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1575035&dopt=Abstract
https://doi.org/10.1016/0378-5955(89)90060-9
https://doi.org/10.1016/0378-5955(89)90060-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2613568&dopt=Abstract
https://doi.org/10.1044/jshr.3303.594
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2232776&dopt=Abstract
https://doi.org/10.1590/S0034-72992006000200002
https://doi.org/10.1590/S0034-72992006000200002
https://doi.org/10.1002/lary.25579
https://doi.org/10.1002/lary.25579
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26343803&dopt=Abstract
https://doi.org/10.1007/s11596-015-1501-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26489633&dopt=Abstract


Audiol Commun Res. 2022;27:e2622 9 | 9

Otoacoustic emissions evoked in Ménière

27. Abdala C, Ortmann AJ, Shera CA. Reflection - and distortion -source 
otoacoustic emissions: evidence for increased irregularity in the human 
cochlea duringaAging. J Assoc Res Otolaryngol. 2018 Out;19(5):493-
510. http://dx.doi.org/10.1007/s10162-018-0680-x. PMid:29968098.

28. Yoshida T, Sugimoto S, Teranishi M, Otake H, Yamazaki M, 
Naganawa S, et al. Imaging of the endolymphatic space in patients 
with Ménière’s disease. Auris Nasus Larynx. 2018;45(1):33-8. http://
dx.doi.org/10.1016/j.anl.2017.02.002. PMid:28256285.

https://doi.org/10.1007/s10162-018-0680-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29968098&dopt=Abstract
https://doi.org/10.1016/j.anl.2017.02.002
https://doi.org/10.1016/j.anl.2017.02.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28256285&dopt=Abstract

